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ANNOTATION

The thesis isdevoted to the study of the methodology for calculating stocks in
mestrogeny Budenovskoe, as well as evaluating the effectiveness of the methodology
used. In addition, suggestions were made to optimize the calculation based on
geological modeling.

Problems: technology for calculating reserves at the Budenovskoye field, and ways
to optimize it.

The purpose of the work: to study the geological and geophysical foundations of the
field study, with the aim of subsequent calculation of reserves. Justify the proposed
optimization option.



AHHOTALIUA

JlunioMHasi paboTa MOCBALIEHA MCCIEIOBAHUIO METOJUKH IOJCYETa 3alacoB Ha
MecTopoxaeHnn bylieHOBCckoe, a Takke OLEHKH 3(PPEKTUBHOCTH HCIOJIb3yEeMOU
MeToauku. [ToMrUMO 3TOrO, BHECEHBI MPEMJIONKEHHUS 110 ONTHUMHU3AIMU MOJICUeTa, Ha
OCHOBE I'€0JIOTHUECKOT0 MOJICTUPOBAHMUS.

OcHOBHast  3ajaya: HCCIENOBAaHUE TEXHOJOTHHM IIOACYETAa 3alacoB  Ha
MECTOPOXIeHUU ByJIeHOBCKOE, 1 CIOCOOBI €€ ONTUMHU3AIUY.

[lenp  paboOTHI:  W3YYUTh  IEOJIOTO-T€O(PU3NYECKUE  OCHOBBI  H3YUYEHUS
MECTOPOXKACHUIN ypaHa, C LEJNbI0 MOCIEAYIOIEro nojacyera 3amacoB. OOOCHOBATH
MPEIOKEHHBIM BapUaHT ONTUMU3AIUU.



AHHOTALIUA

JIumioMIbIK )KyMBIC ByTIeHOBCKOE KeH OpHBIHIAFBI KOPJIAP/Ibl €CEITEY 9IICTEMECIH
3epTTeyre, COHJIa-aK KOJJIaHbUIATHIH OICTEMEHIH THIMILUIITH Oarajnayra apHajfraH.
CoHbIMEH KaTap, T€OJIOTHSIIBIK MOJICTBICY HETI31HAE KOP €CenTey/Ii OHTANIaHbIPy
OolipIHIIIa YCBhIHBICTAp eHT13uIal. Herisri mocenenep: By/eHOBCKOe K€H OpPHBIHIAFbI
KOpJIap/Ibl €CENTEY TEXHOJIOTHSICHIH JKOHE OHBI OHTAMIaHIBIPY 9ICTEPiH KapacThIpy.
JKyMmbIc MakcaTbl: KopJjapIbl €cenTey MaKcaThlHAa KEH OpPBIHIBI 3epTTeyIiH
r'€0JIOTHSUTBIK-TeO(U3UKAIBIK HETI37IepiH KapacThlpy. Y CHIHBUIFAH OHTAMIAHABIPY
HYCKacblHa HET13/IeMe Kacay.
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INTRODUCTION

Uranium is a special wealth of Kazakhstan. Rare States are lucky to have
reserves of this strategically important element. Kazakhstan is the first in the world in
terms of uranium production and the second in terms of proven reserves (after
Australia). Kazakhstan's uranium concentrate provides about 40% of the needs of
peaceful nuclear energy and is supplied to almost all countries of the world where
nuclear power plants are operated.

The object of research is a method for calculating uranium reserves at the
Budennovskoye field.

The aim of the work is to study the methodology of inventory calculation based
on the analysis of available materials

The purpose of this paper is to describe the geophysical study of the
Budenovskoye field, describe the conducted geophysical studies on the territory on the
basis of which the calculation of uranium reserves is carried out, as well as a detailed
study and analysis of the technology and results of the calculation of reserves.

The relevance of the work lies in the economic benefits of uranium mining,
due to its extreme demand on the world market in the form of energy raw materials. In
addition, the efficiency of energy production and consumption significantly determines
the level of development of the country. Uranium mining in general is of the greatest
relevance in the territory of Kazakhstan, as the most economical and environmentally
friendly method is available-ISL. In addition, the method of calculating reserves used
in the field is outdated and requires significant optimization.

The methodological basis of the work is materials on calculating uranium
reserves, as well as materials obtained during practical training. Information about the
geological and geophysical study of the area, the work carried out on the calculation of
reserves.



1 Geological structure of the Budennovskoye field. Uranium mineralization
1.1 General information about the Budyonovskoye field

Administratively, the work site is the Sozak district of the South Kazakhstan
region.

Site 1 of the Budennovskoye field is in the southwestern part of the Shu-Sarysu
depression. Orographically, the territory is a gently sloping foothill accumulative plain,
adjacent from the north to the Big Karatau ridge. The relief is characterized by
alternating hills, gentle hills, and river valleys, elongated in the north and south
directions. In the north, there are hilly and cellular sands of the Moinkum massif, which
are stretched in a strip from 20 km to 30 km wide from west to east. The sands are
alluvial-Aeolian, covered with sparse desert vegetation. Absolute marks of the flat part
plus 125 m, sandy massif plus 310 m.

In the transition part to the desert, there is an intermittent band of salt marshes
and sores of the NW strike; the largest salt marshes lakes (Aizhaikyn, Ashchikol) are
in the lower reaches of the Shu River in the northern part of the area and to the NW
from it.

The hydrographic network is poorly developed. The Shu River flows in winter
and spring, and in summer it turns into a chain of ples with bitter-salty water. Small
mountain rivers from the Karatau Basin are lost in the loose sediments of the outflow
COnes.

The climate is sharply continental with cold, low-snow winters (up to minus 30
°C) and hot (up to 40 °C) dry summers. The amount of precipitation in the flat parts of
the territory does not exceed 190 mm per year (in the mountainous parts from 300 m
to 400 m). Their maximum (up to 85 %) occurs in the winter-spring period. The heating
season is from October 15 to April 15. The freezing depth of the soil is from 50 cm to
60 cm.

The population in the district is unevenly distributed and concentrated mainly
near the mountains and the Shu River.

The main industrial enterprises of the district are connected with the uranium
mining industry. The Uvanas, Mynkuduk, Inkai, Budennovskoye, Kanjugan,
Moinkum, and Akdala fields are already being developed in the region; the base city
of Taukent has been built.

Since the object of interest is in the Upper Cretaceous aquifers, this chapter
focuses on this part of the Mesozoic section.

The field area is in the southwestern part of the Shu-Sarysu depression, which is
a large Epicaledonian depression characterized by a three-tiered structure. In its vertical
section, the following are highlighted: 1. A folded basement composed of dislocated
Proterozoic and Early Paleozoic formations; 2. An intermediate structural floor or
lithified sedimentary layer; 3.A platform cover consisting of weakly lithified
Mesozoic-Cenozoic deposits containing industrial uranium mineralization.

Within the ore field of the deposit, the folded foundation lies at depths of more
than 2 km. The Middle-Upper Paleozoic sedimentary deposits of the intermediate floor

10



reach the daytime surface within the northwestern tip of the Big Karatau ridge, and in
the field itself they are opened by a number of wells at depths from 540 m to 750 m
with a regular gentle dip in the direction of the Main Karatau Fault. They include
complexes of the Early carboniferous marine terrigenous-carbonate formation overlain
by a continental series of sediments up to 1500 m thick: the Dzhezkazgan (C,.3dz) and
Zhidelisai (P1zd) formations. The latter are dominated by red-colored siltstones with
sandstone interlayers.

1.2 Stratigraphy of the Mesozoic-Cenozoic cover

Lower Mesozoic formations in the area of the deposit are practically unknown.
The most ancient of them, presumably Jurassic (J;-2), were found in single wells on the
Aksumbinsky ledge at a depth of 580 m. This is a typical continental terrigenous
molass composed of gray siltstones and sandstones with abundant carboniferous plant
remains. Within the Leontief graben (Karatau basin), this complex is coal-bearing.

1.2.1 Cretaceous-Paleogene platform complex

Lower Cretaceous (K;). Deposits of this age were discovered by wells in the
western part of profile I on the Aksumbinsky uplift at depths of 490-540 m. These are
cherry-red clays with interlayers of clay siltstones up to 22 m thick. The age (Aptian-
Albian-Cenomanian) is given conventionally by analogy with the Lower Cretaceous
of the Syrdarya depression.

Upper Cretaceous (K3). Upper Cretaceous deposits occur in the southwestern part
of the Shu-Sarysu depression at depths from 250 m to 670 m and deeper and are
represented by non-lithified rocks formed in the conditions of lacustrine-alluvial and
foothill-alluvial plains. On the Paleozoic roof, they occur almost horizontally or with
very gentle (up to 1-2°) angles of incidence.

The stratigraphic division of the section is based on the principles of cyclicity
and rhythmostratigraphy using logging data, as well as paleontological age
determination and analysis of the material composition of clays and sands. There are
three Upper Cretaceous horizons (from bottom to top) in the Budyonovsky field area:
Mynkuduk, Inkuduk and Zhalpak.

In the Paleogene section, the following horizons are distinguished: Uvanas
(Kanzhugan), Uyuk, Ikan, and Intymak.

1.2.2 Late Alpine activation complex

Neogene deposits of the region form the main component of this complex of
sediments. Its formation is associated with the latest stage of tectonic activation. The
main content and essence of the neotectonic stage is determined by the increasing
intensity of tectonic movements. The Neogene part of the upper floor consists of the
Betpakdala formation and the Toguzken formation.
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Quaternary deposits (Q) in the deposit are represented by all divisions and links
(from the lower to the modern one). They are widely developed in flat areas and form
modern river valleys, dry channels, takyr and salt marsh basins, and sandy massifs. The
thickness of sandy precipitation does not exceed 10 m, increasing to several tens of
meters in the cones of the outflow of the foothill part of Big Karatau and within the
Moinkum sand massifs.

1.3 Tectonics

The field area is the western part of the Suzak depression. The central structure
of the district is the Aksumbinskaya basin, 80x40 km in size, which stretches along the
Karatau Ridge in the NW direction with Paleozoic roof markings of up to 600 m. The
basin is bounded to the south by the gorst anticline of B. Karatau, to the west by the
Daut-Bugudzhil saddle, and to the north by the Bugudzhil uplift. The southwestern side
is complicated by the Aksumbinsky protrusion measuring 6 x 2 km, which can be
traced under the cover in the South direction for 20 km.

The Daut-Bugudzhil saddle, which closes the Suzak Depression from the west,
is a submeridional elevated structure with an absolute Paleozoic roof elevation of 350
m.

A characteristic feature of modern structures is the conformality of the folds of
the platform cover and the relief of the Paleozoic base.

The structural and tectonic structure of the southern flank of the Budenovskoye
ore field is rather complex and is determined by its position on the NW dipof the
gorstanticline uplift of the Big Karatau. The influence of block structures of the
northwestern (“Karatau™) orientation, limited by long-lived fault-shear disturbances
laid down in the Upper Paleozoic (possibly earlier), on the paleomorphology of the
ancient surface of the pre-Upper Cretaceous alignment is manifested differentially,
increasing in the Southwesterly direction as it approaches the BKF.

Fault tectonics in the area is quite widely developed. The most pronounced are
the deep-laid faults of the NW (Karatau) direction: BKF, Aksumbinsky and others. The
activation of faults in this direction with vertical and horizontal displacements of
hundreds of meters is associated with the uplift of the horst anticline in the Neogene-
Quaternary period.

1.4 Characteristics of uranium mineralization

The Budenovskoye deposit, together with its northern extension, Inkai, is
controlled by the leading part of the giant arc, which is formed by regional ore —
forming fronts of reservoir oxidation in permeable horizons of the Upper Cretaceous.
The ore-bearing zones of the deposit are traced from North to South at a distance of
about 51 km from profile 0 (north) border) to the Zhabakol profile (in the south).

In the most drilled northwestern part of the geological allotment of the site
(200x50 m network), the width of the wing rectilinear elements of deposits in the Low
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Inkuduk subhorizon ranges from 400 m to 500 m (normal). The bag part, according to
available data, has a width of 150 m to 200 m.

1.5 Lithologicaland facies characteristics of productive horizons. Control of
uranium mineralization

The position of the deposit in the frontal part of the regional reservoir water flow,
significant thickness and high permeability of productive horizons determined a
number of mineralization features at this site. These include:

- a very complex morphology of mineralization in terms of, which is expressed
in the tortuosity, deep and frequent "corrugation” of ore belts, repeating the very
whimsical outlines of the ore-controlling boundaries of the PO,

- a large scale of mineralization along the vertical with its clearly manifested
multi-tiered nature,

- very complex and diverse forms of ore deposits in vertical sections,

- significant scale of ore production,

- high productivity of deposits and

- certain features of the material composition of ores.

Unlike the Mynkuduk deposit, where the main ore-bearing horizon is the
Mynkuduk horizon, and Inkai, where both horizons are approximately equivalent in
their ore content, the main uranium reserves at the Budyonovsky deposit are
concentrated in the Inkuduk horizon.

1.6 Morphology of uranium mineralization

The Inkuduk horizon contains the main uranium reserves in the field, and in the
detailed explored part of site 3, almost all of them are located. According to the data
obtained during exploration work, uranium mineralization with industrial parameters
in the underlying Mynkuduk horizon is currently underexplored in the eastern half of
the geological allotment. The Inkuduk horizon is characterized by the greatest
thickness of water-permeable sediments, relatively low reduction, and high filtration
properties, which is why the ore-controlling geochemical boundary in it is located to
the west of the others. In the plan, ore deposits are sinuous belts of complex
corrugation. With the general general meridian direction of the ore-bearing strip, which
reaches about 6.75 km in section 3, the direction of complicating the morphology of
bays and festoons is NW, almost at 45° to the general one.

The forms of deposits in transverse vertical sections are extremely diverse.
Among them, the following stand out:

- a large group of monorolls of various modifications with different ratios of the
sac and wing parts of ore bodies.

- a group of so-called "cascade" rolls formed when two or more monorolls merge
vertically.
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- a group of "conjugated" rolls controlled by the borders of adjacent oxidation
zones that are laterally close together, resulting in the merging of the bag parts of the
roll bodies associated with them.

The castle parts of the rolls have a width of several tens to 100, rarely more than
meters with a thickness of up to 20 m, and its wedging occurs bluntly, sharply, without
ore leaks into the gray-colored part of the section. The wings of the rolls are developed
everywhere, and the lower one is most pronounced; the mineralization thickness in the
wing parts does not exceed the first meters, rarely up to 5m. Separate ore bodies,
remnants, occur in the rear zone of oxidation in the central parts of the horizon, which
is explained by the heterogeneity of the section, the abundance of small lenses of clay-
silty water-resistant rocks in the horizon.

The depths of balance ores in the Low Inkuduk subhorizon in site 1 gradually
increase from north to south from 680 m to 705m and deeper.
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2 Geophysical well logging
2.1 Geological tasks

The value of the geophysical parameter measured during logging is influenced
not only by many geological, continuously changing characteristics, which are
complexly interrelated and have random variability, but also by the conditions for
performing measurements, so the geological characteristics obtained through empirical
connections in each individual case can significantly differ from the actual values.

The optimal ratio of geophysical methods and modifications in the general
complex of well logging was determined from geological problems. When performing
geophysical work in wells, the following main tasks were solved:

1. Detection of radioactive anomalies in wells.

2. Determination of the depth, boundaries and thickness of ore intervals and their
uranium content for calculating reserves.

3. Litho-stratigraphic division of the borehole section.

4. ldentification of permeable and impermeable rocks in the section of the ore-
bearing horizon with a breakdown of permeable rocks by litho-filtration types, as well
as determination of layer-by-layer Kf valuesy, in the section of wells.

5. Evaluation of the quality of core material and completeness of its extraction
during well drilling.

6. Monitoring of the technical condition of wells.

2.2 Complex of methods

To solve the above-mentioned geological problems, a complex of geophysical
well research methods was applied, including:

- gamma logging (GI);

- electric logging in modifications of apparent resistivity logging (RL)and
spontaneous potential logging (SP);

- inclinometry (IN);

-instantaneous fission neutron logging (NL);

- cavernometry (CM).

- thermometry (TM);

- induction logging (IR);

- current logging (CL).

At the same time, the first three methods from the complex (gamma logging,
electric logging of RL, SP, inclinometry) were performed in all wells, regardless of
their goals, tasks and purpose. Therefore, this complex is called "Standard"”. Without
performing all the methods included in its composition, the well could not be accepted
for activation as having completed the geological task. The remaining logging methods
are additional, aimed at solving individual specific problems of a geological, technical
and technological nature and were carried out in hydrogeological wells.
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2.3 Gamma logging

Measuring the lg intensity of natural g radiation from rocks along the wellbore is
called gamma logging (GL).

It is conventionally assumed that the effective range of the gamma — ray logging
facility (the radius of the sphere from which 90% of the radiation perceived by the
indicator originates) corresponds to approximately 30 cm; radiation from more remote
rock areas is absorbed by the environment before reaching the indicator. An increase
in ds due to well wall erosion and cavern formation (usually in clayey rocks) is
accompanied by a decrease in gamma — ray logging readings. In most cases, the cement
ring also affects the value of the detected g-radiation, reducing it. To determine the g-
activity of the reservoir, the gamma — ray logging data is interpreted quantitatively to
standard conditions.

The intensity of radioactive radiation from rocks in the well is measured using a
g-radiation indicator located in the depth device. Registration is carried out during the
interaction of gamma radiation with the atoms and molecules of the substance filling
the indicator. Geiger — Muller counters or more efficient scintillation counters that
better dissect the section are used as indicators.

As is known, radium halos are formed at the boundaries of uranium ore bodies
during ore formation. Residual radium halos are one of the most characteristic features
of the radiology of exogenous reservoir-infiltration uranium deposits.

According to current concepts, they are formed due to differences in the
migration capacity of uranium and radium in the hypergenesis zone. Uranium is a more
mobile chemical element in an oxidizing environment than radium. When the reservoir
oxidation zone moves, the contour of uranium deposits moves along the groundwater
flow faster than the contour of radium deposits. Therefore, in the sections, we observe
that the contours of radium and uranium deposits do not coincide, radium is shifted
towards the oxidation zone, and in the parts of ore deposits adjacent to the it, there are
so-called residual radium halos.

The radioactive equilibrium between uranium and radium in uranium ores is
determined by the radioactive equilibrium coefficient (Crc), which is calculated by the
formula:

Crc =qgRa/qU, (1)

where gRa and qU are the mass fractions of radium in units, respectively

equilibrium uranium (1 g U = 3.4x10-7 G Ra) and uranium.

2.4 Instantaneous fission neutron logging

The method is based on the registration of instantaneous fission neutrons of
uranium-235 nuclei that occur when uranium ores are irradiated with a fast neutron
flux from a pulsed neutron generator. Consequently, the NL data do not depend on the
contents of radium, thorium, and potassium radioisotope in ores. In contrast to the
interpretation of gamma-ray logging data, the results of the uranium content
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interpretation do not require corrections for the radioactive equilibrium between the
elements of the uranium-radium series.

At the stage of search and evaluation, exploration works, the NL method is used
as a control method, which allows to study and evaluate the reliability of correction
coefficients for gamma-ray logging in the most complete way.

The use of the NL method at the search and exploration stage makes it possible
to quickly make a decision on the further direction of drilling operations, assess the
detected radioactive anomalies, identify Ra halos, and clarify the presence and position
of it for interpreting GL data. In the future, obtaining quantitative mineralization
parameters (thickness of the ore interval and mass fraction of uranium) using NL will
reduce the volume of drilling with core sampling along the ore-containing horizon, and
accordingly reduce the volume of testing and analytical laboratory work.

The NL method is necessary for sites with a complex geological situation, where
it is almost impossible to obtain representative core material for testing, for example,
when the ore-bearing rocks are represented by boulder and pebble deposits.

Most effectively, the NL method can be used to determine the parameters of
uranium mineralization in cases where the radioactive equilibrium between uranium
and radium is shifted in one direction or another due to various reasons as in the Figure
1 below and Appendix A.

c TexHonoru4yeckan CKBaXXuHa
onepxanne U,%

no KHA MKp/iyno MK

—001%U0 —KHO —TK
0.20 2000
0.15 1500
0.10 : A 1000

| | /\’\,
| N A

4 N S e e )

e 3

662.5
7
2
92.5

FnybuHa, m

Fig.1 Twhe resul?s of co(r%parisor? of the (Ddata of G'Ehe GL and NL showing the
differences in the halo distribution of uranium and radium within the well

As practice shows, this situation inevitably occurs during the industrial
development of reservoir-infiltration deposits by the ISL method. This is because only
uranium passes into productive solutions during leaching. Radium remains in its place
of occurrence. Naturally, this leads to a sharp shift in the radioactive equilibrium
between uranium and radium, which, ultimately, may differ from the equilibrium by
two or more orders of magnitude.
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Thus, the use of NL data in conducting technological experience, in preparing for
operation and operation of reservoir-infiltration uranium deposits allows us to obtain
reliable and very useful information necessary for solving a whole range of problems.

2.5 Standard electric logging (RL, SP)

The purpose and objectives of the method are to perform a lithological and
stratigraphic division of rocks in the borehole section, estimate the permeability of
rocks in the ore-bearing horizon, and divide it into lithological and filtration types, with
the assignment of the uranium mineralization localized in them to one or another
lithological and filtration type to take these factors into account when calculating
uranium reserves.

Survey electric logging was performed on a scale of 1:200 and 1:1000, while
detailed electric logging was performed on a scale of 1:50 within the ore-bearing
horizon. The speed of electrical logging was determined and limited by the speed of
the borehole device during gamma logging.

Considering that the electric logging materials were used for quantitative
interpretation, special attention was paid to the quality of electric logging works, as
well as to gamma-ray logging.

During search and exploration operations, control measurements of
apparent resistances were constantly carried out. According to the main and control
logging data, the error in determining the values of apparent resistances was estimated.
Based on these measurements, the presence or absence of systematic discrepancies was
determined and, if any, the value of the correction factor for a particular logging station
was estimated.

Earlier relative discrepancies were calculated using the formula:

o k

X —X

O =171 200%, (2)

o

X; +xl.
where: x’ - the average value of the monitored parameter (pk) in the i-th interval

according to the main logging data.
x! - the same according to the control (repeated) logging data.

Summary data on the results of control electric logging of CS, PS at site 1 of the
Budenovskoye field are shown in Table 1.

Table 1
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Summary results of the main and control RL logging

Operating | Number of | Numberof Counter Average
period K- | drilled wells. counter  points. | volume relative
number of Loggingdata(sle.) logging differences, in %
drilled rate(%)
wells.

1 2 3 4 5

198 26 12 46,2 3,7
5-86

198 21 15 71,4 49
8-89

200 114 16 14,0 5,2
8

200 45 3 6,7 5,6
9

201 150 15 10,0 4,8
1

201 20 7 35,0 4,6
2
Total 331 66 19.9

Table 1 shows that in general, the volume of control logging for all periods of
operation is 19.9 %. This indicates that the volume of control logging is quite
representative, the quality of primary materials is high, and thus, all of the above
indicates that the electrical logging data is reliable and can be used to solve the tasks
assigned to the method.

2.5.1 Geoelectric characteristics of rocks

Electric logging of wells in the modification of apparent resistances and natural
polarization is one of the main methods for performing lithological and stratigraphic
dissection of a section with an assessment of the technological and filtration properties
of ore-bearing horizons. In most cases, geophysical information is the only one that
allows us to obtain information about the geological and technological properties of
the well section, so the geoelectric properties of the section, which determine the
capabilities of the method, were studied, and analyzed in detail.

The geoelectric parameters of the rocks forming the lithological section of site 1
were determined based on the results of interpretation of the data of electric logging of
CS, PS, performed with the use of granulometric analysis data.

Conditions for measuring electrical properties are sandy-clayey rocks watered
almost throughout the section, mainly represented by alluvial and proluvial-alluvial
deposits.

The mineralization of reservoir waters within the ore band of the deposit varies
slightly, from 3.5 g / | in the Inkuduk ore-bearing horizon of the depositto 5.5g/1in
the Mynkuduk ore-bearing horizon. When drilling wells, in the vast majority, drilling
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mud was used, which has a mineralization close to that of reservoir water. This factor
significantly reduces the informative value of the PS method, so this method has a
subordinate, secondary character. The increased salinity of the reservoir waters of the
Mynkuduk horizon reduces the level of CS recording relative to the reservoir waters of
the Inkuduk horizon, which allows us to confidently separate these two horizons.

The results of geological and geophysical studies of the Mesozoic-Cenozoic
rocks show that the lithological section is mainly represented by loose sandy-clay
deposits.

Appendix A provides data describing the electrical resistances of rocks in the
Inkuduk horizon. It is on the knowledge of these geoelectric properties of the section
that the interpretation of the CS electric logging data is based, performed at both
quantitative and qualitative levels of interpretation.

The data presented in the table on the values of apparent rock resistances for
clarity and convenience of analysis are presented in the form of a variational graph

(Fig.2).
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Fig.2 - Variational graph of distribution of RL on Inkuduk horizon

From the variational graphs presented in Figure 1, it can be seen that modal
values of apparent electrical resistances of lithological varieties of rocks within the ore-
bearing horizon confidently and unambiguously distinguish three groups of rocks:

- clay rocks are clays, siltstones, clay siltstones, and silty clays.

- sand rocks are fine-grained, mixed - and medium-grained sands.

- rocks of gravel composition — sand-gravel and gravel-pebble formations.

Sands of different grains with gravel, which occupy, an intermediate position in
terms of p k values, can be distinguished the least reliably and with a greater error.
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The most important thing, from the point of view of studying technological
properties, is the fact that impermeable rocks (clays, siltstones) can be separated from
permeable rocks (sands of varying degrees of granularity and sorting) reliably and
unambiguously.

The proximity of reservoir water and drilling mud mineralization significantly
reduces the informative value of the PS method for lithological section dissection, and
this method in the complex is subordinate in nature and is used as an auxiliary method
for qualitative interpretation of electric logging.

3 Calculation of uranium reserves
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3.1 Conditions adopted for calculating uranium reserves at mestorodeniand
Budenovskoye fields

The following industrial standards were approved for calculating uranium
reserves in the field: Budennovskoe with the following parameters:

- on-board uranium content in the extraction of ore intervals in terms of thickness
—0.01%;

- the minimum total metric percentage for the well included in the contour of the
ore body or block — 0.0400;

- the maximum thickness of ore-free zones and substandard interlayers included
in the ore interval is 1.0 m;

- maximum capacity of non-ore intervals and substandard ores included in one
counting block for reserves:

categories C; —6.0 m.

categories C, —no limit.

- the minimum area coefficient of ore content (the ratio of the number of wells
with balance mineralization to the total number of wells within the area of the counting
block) - 0.75;

- minimum size of an isolated counting block of the category From, — 40
thousand m22.

- the maximum size of a counting block of categoryc; is 300 thousand™?,

- the maximum content of silt-clay particles less than 0.05 mm in size in ore
intervals is 30%;

- minimum permeability of the ore-bearing aquifer (filtration coefficient) - 1.0
m / day;

- delineation of counting blocks should be carried out within single aquifers (sub-
horizons), taking into account local water closures;

- off-balance reserves of blocks in permeable sediments, delineated according to
the minimum metric percentage for the well 0.0200, without limiting the average
metric percentage for the block and the thickness of empty rocks between intervals of
6 m, adjacent in plan to the contours of blocks of balance reserves of category C;, and
also statistically take into account uranium reserves in clays and clay interlayers
(siltstone content- clay particles more than 30 %) with an on-board content of 0.01 %
and an on-board metric percentage of 0.035, off-balance reserves of both types should
be taken into account separately;

- calculate uranium reserves in individual ore bodies that meet the conditions of
balance ores and are located outside the contours of blocks with reserves of category
C,, but are projected on their area at an on-board metric percentage of 0.0200;

- reserves of associated components within the contours of blocks of balance
reserves of uranium: rhenium, scandium, rare earth elements, yttrium — take into
account as off-balance.

3.2 Calculation of balance reserves of uranium
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3.2.1 Inventory calculation methodology

Reserves of categoriesc; andc; are calculated using the geological block method.
The choice of the calculation method is determined by the peculiarities of the
exploration technique carried out by vertical drilling wells along a rectangular network,
subhorizontal occurrence and reservoir-lenticular morphology of ore deposits, the
linear dimensions of which in terms of many times exceed the ore capacity. Combined
with the variability of mineralization morphology within the productive horizon, all
this makes it impractical to use other methods of counting. The use of the geological
blocks method made it possible to output average parameters for counting blocks using
data not only for network wells, but also for wells drilled on additional profiles,
hydrogeological and other wells for various purposes.

Inventory is calculated using the formula:

P=S-Krp 3)
wher P — metal reserves in tons;
e:

S — area of blocks in plan in thousand m2°f™?;

Kr  — area coefficient of ore content;

p — specific productivity for the block in kg/™?, defined as the product
of the average metric percentage for the block by the volume
weight of ore: p = m* c-d-10, (4where:
where:

m is the average ore thickness in the block, m
c is the average ore content in the block, %
d-is the volume weight of the ore, t/m33

In addition to metal reserves, the following are estimated during the calculation::
Mo - total thickness of permeable deposits of the block in m;
m  — average ore thickness of the block, m;
C the average uranium content in the ore mass, separated by 0.01%;

S
Vp - vpisthe volume of ore mass included in the block in thousand™3;
Qop 0 mass of the block in thousand tons;

is the

\ the volume of permeable deposits of the productive pack to be

;
e
[
s treated with solutions, thousand m33

In accordance with the conditions, the calculation was carried out for ore bodies.
The calculated ore body was assumed to be a reservoir-like volume of permeable ores
and rocks, in which uranium mineralization is contained either in the form of a
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monolithic ore layer, or in the form of a series of ore layers separated by empty rocks,
the thickness of which, in general, does not exceed 6 m (for blocks of category C,).

The calculation of reserves with the allocation of an ore-saturated pack as a
counting ore body is most consistent with the projected extraction method, which
involves working out the extracted ore body with a single system of wells.

Ore reserves are considered as balance reserves only in permeable deposits
characterized by a silt-clay particle content of less than 30 % and filtration coefficients
of morethan 1 m/day. The content of silt-clay particles (clay content) was determined
according to granulometric analysis, and the values of filtration coefficients
(permeability) were determined according to the results of quantitative interpretation
of electric logging data based on experimental hydrogeological works.

The C1 and C2 inventory counting blocks; and C; are shown on 1:2,000 scale
plans and presented on Figure 3.

Fig.3 — Technological blocks (plan delineating)

The relative position of block polygons and the overview plan for blocking the
site's inventory are shown in the consolidated inventory calculation plan on a scale of
1: 10,000. Due to the multi - tiered mineralization and excessive workload of the
reserve calculation plans, separate 1:2,000 scale plans show the geometrization of ore
bodies in the Lower and Middle Chuduk subhorizons separately.

In addition to the standard metric percentage parameter, the calculation plans
show the thickness of the ore body and the uranium content at each intersection, which
makes it possible to really judge the ore volume in each well.

The plans are accompanied by cross-sections of productive horizons along
exploration profiles along a network of 200x50-25 m. We also present sections along
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short profiles (sections) perpendicular to the profiles of the main network in areas of
complex configuration of ore objects. The given set of sections is essentially a
graphical representation of a three-dimensional model of the site structure and allows
us to assess the validity of one or another method of linking and interpolating ore
deposits between exploration profiles.

The calculated sections are shown in detailed scales (horizontal -1:1000, vertical
— 1:200), which allowed us to apply the necessary geological, technological,
geochemical and other information elements to them with the required accuracy and
detail (Figure 4).

Fig.4 — Technological blocks (cross-section delineating)

Permeable deposits of ore — bearing horizons are characterized by high values of
filtration coefficients (from moderately permeable-Kf=2-3 m/day to highly permeable-
Kf>10 m/day), often significantly exceeding the limit value (1 m/day) established by
the conditions. Thus, all ore bodies located in permeable deposits are very favorable
objects for underground leaching.

The contours and parameters of ore deposits are displayed on the sections of the
productive horizon with the allocation of intervals of permeable and impermeable ores,
represented by the corresponding conventional signs. In addition, histograms of clay
content and carbonate content in ore and ore-bearing rocks are presented. All this data
additionally characterizes the selected counting blocks.
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3.2.2 Drawing polygons of counting blocks in a cross-section and in a plan

The explored balance reserves of categoriesci andc; of site 1 are located within
the Lower and Middle Chuduk subhorizons, which are characterized over the entire
area by common structural-tectonic, facies-lithological, hydrogeological and
geotechnological features. The ores of the Mynkuduksky horizon are sporadically
developed in the southern part of the site and are not of industrial significance.

Based on this, the construction of counting blocks is based on the following
principles:

— the same type of structural and morphological features of mineralization
within the block.

— uniformity of mineralization content to certain vertical sections of the horizon
section and to wedging elements in the section of the reservoir oxidation zone;

— proximity of average values of lithological and filtration properties of ore
rocks included in the block;

— uniformity of the exploration network within each block.

When constructing counting blocks, the principle of their uniformity in structural
and morphological features was adopted as the main one. In ore deposits, bag, wing,
and remnant parts were identified, within which counting blocks were delineated with
a fairly definite spatial correlation along parallel sections. As a rule, the correlation of
ore bodies based on these features in the formation of blocks is quite reliable. However,
in some areas, the correlation turned out to be possible if the six-meter thickness of
non-ore rocks determined by the conditions between the ore intervals included in the
counting block was exceeded.

Due to the absence of a lower regional water barrier, the division of deposit 1 of
the Inkuduk horizon into morphological elements was carried out with an assessment
of their hypsometric position relative to the upper boundary of the Mynkuduk horizon.

Special attention was paid to the uniformity of the lithological and filtration
properties of the ore rocks included in the block. The complex distribution of litho-
filtration types in the alluvial section does not allow for their geometrization and
allocation of blocks entirely composed of one type. Therefore, the filtration uniformity
of the block was achieved by including rocks with close average permeability values
in the block.

In addition to the basic principles listed above, when constructing blocks, in
order to ensure the greatest possible simplicity of their configuration, the authors tried
to avoid including in a single block ore bodies with large fluctuations in thickness and
width, or areas with sharp bends in ore deposits in the section or plan. If ore bodies
with abrupt changes in the above parameters were included in a single block, a more
rigid extrapolation was carried out between wells and profiles, taking into account the
lithological and structural features of mineralization localization and morphostructural
elements of ore bodies.

Delineation of ore deposits and allocation of counting blocks were carried out
on 1:2,000 scale plans and on sections of productive horizons with a horizontal scale
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of 1:1,000 and a vertical scale of 1:200, i.e. on horizontal and vertical projections of
ore bodies.

In the absence of natural mineralization restrictions, the lower and upper
boundaries of the blocks were drawn along the bottom and roof of the ore bodies (the
onboard uranium content of 0.01% established by the conditions).

If the contours of conditioned mineralization were significantly complicated due
to individual wells with sharply reduced ore capacity, the upper and lower boundaries
of blocks were drawn along neighboring wells with the inclusion of non-ore,
substandard or off-balance intervals for a well with an abnormally low ore capacity for
this block. In such cases, the total block capacity for a well with a small ore capacity
was determined graphically on the section.

When determining ore intervals at intersections exceeding the six-meter
thickness of empty rocks, the ore intersection was considered conditioned only when
both intervals (or, as an extreme case, one of them) were themselves conditioned.
Otherwise, this intersection was considered off-balance despite the fact that the total
metric percentage for it could exceed the boundary conditional values.

The blocks were bounded by vertical lines along the width of the ore deposits.

In the plan, the delineation of blocks was also carried out by straight lines
connecting the boundary points obtained during interpolation between the conditioned
and substandard or non-ore wells along the profile. The position of wells on the plan is
defined as the projection of the point of intersection of the wellbore with the base of
the ore deposit. The boundary points (as well as the wellbore) were projected on a
vertical plane (along the profile line) and determined the position of the vertical
boundaries of the counting block in the section.

Determination of boundary points or interpolation between ore and non-ore or
off-balance wells along the profile was carried out on the plan, taking into account the
morphological features of ore deposits.

Baggy parts of ore deposits in most cases wedge out sharply, at short distances,
so the interpolation was carried out in a single way — by 1/4 of the accepted (or actual,
if it is less than the accepted) distance.

From the side of the wing parts of the deposits, the interpolation was carried out
by 1/4 of the accepted (or actual, if it is less than accepted) distance between the ore
and non-ore wells, and by % - between the ore and off-balance wells. If the
mineralization capacity of an ore well significantly exceeds (at least 3 times) the
mineralization capacity in an off-balance well, then, in order to avoid possible
overestimation of the block area, interpolation was carried out by 1/4 of the accepted
(or actual, if it is less than the accepted) distance.

Interpolation between the profiles was carried out by half the distance of the
accepted network, if there are wells with off - balance mineralization corresponding to
the position in the plan and section of the mineralization of the ore profile on the
adjacent profile, and by 1/4-if there are no such wells.

If only one well with balanced mineralization is installed on the extreme profile
in the block, then extrapolation was not carried out and the block was limited to this
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profile, and interpolation between wells along the profile was carried out in the same
way as indicated above.

With a sharp change in the width of the deposit between adjacent profiles and in
the absence of off-balance wells on the profile with a smaller deposit width
corresponding to the position in the plan and section of the balance wells on the profile
with a larger deposit width, the delineation of the ore deposit was carried out with an
interpolation of the larger deposit width by using the interpolation method. This
technique was mainly applied from the wing parts of deposits, the morphology of
which is more whimsical.

3.3 Method for calculating average parameters

3.3.1 Determination of uranium capacities and contents by intersections and
blocks

The determination of the thickness of ore intervals and their uranium content at
the deposit was carried out based on the results of interpretation of gamma-ray logging.
The possibility of using and reliability of the gamma-logging interpretation data for
calculating reserves at the Budennovskoye field is justified by the large volume of
comparison of the results of testing and gamma-logging. Discrepancies in power,
metric percentage, and content do not exceed acceptable limits.

Internal and external controls were performed evenly over time and by grade of
uranium content. The results of the control indicate that there are no random and
systematic discrepancies that exceed the permissible limits.

The thicknesses of ore intervals were determined by a given on-board content
with the inclusion of permeable interbeds of non-ore rocks or rocks with substandard
content with a thickness of up to 1 min the ore interval. At the same time, the uranium
content in the subdivided interval, together with the interlayer with substandard
content, was not less than 0.01 %. The formation of ore intervals was carried out taking
into account the location of each jointed interval to the same element of the ore deposit.

Layers of impermeable rocks with a thickness of more than 0.1m were excluded
from the total thickness of the ore interval. The value of 0.1m is determined based on
the ability of uranium to leach from low-thickness (10-15cm) clay interlayers and the
capabilities of machine processing of logging data.

No correction was made to the power value for the angle of meeting of the well
with ore bodies, since with the near-horizontal (0-1°) occurrence of ore bodies and the
deviation of the wellbore from the vertical, which does not exceed, on average, 3-5°,
the value of this correction is within the accuracy of graphical constructions.

The ore capacity at the intersection included in the counting block was
determined by summing the capacities of individual ore intervals in the block contours.

The average ore capacity of the block (m) was defined as the arithmetic mean of
the ore capacities of all intersections included in the counting block.

The average uranium content for block (c)was defined as the weighted average
of the contents at intersections for their thickness.
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To calculate the volume of rock mass of the block, the total thickness of
permeable deposits of the block was determined with the inclusion of interbeds of non-
ore rocks or substandard ores. In this case, the total crossing capacity was defined as
the sum of the capacities of all permeable rocks from the upper to lower boundaries of
the block, and the average permeable capacity of the block was defined as the
arithmetic mean of the total capacities of all intersections included in the block.

3.3.2 Identification and accounting of outstanding (hurricane) intersections

Detection and limitation of outstanding uranium contents were carried out using
the maximum permissible content (according to the method of I. L. Kogan).
Outstanding intersections were those where the average uranium content in the block
decreased by more than 10 %.

All blocks of categoriesc: andc, were checked for identifying and limiting
outstanding content. When the number of ore intersections in a block is small, to
increase the reliability of the hurricane analysis, data from neighboring blocks were
combined, provided that they are homogeneous and belong to a single ore body. When
checking each subsequent intersection, all detected previous outstanding intersections
were counted with their true values.

In isolated blocks of categoryc, with a small number of ore intersections in the
block (less than 10), hurricane analysis was not performed, provided that the uranium
contents for ore intersections are close to the average uranium contents for this deposit.

3.3.3 Determination of the area coefficient of ore content

When identifying and delineating counting blocks, except for ore wells, the
block contours included non-ore or off-balance wells located inside the block.
Delineating them without distorting the morphology of ore deposits is not always
possible. Therefore, the size of the block area was supplemented with the coefficient
of ore-bearing capacity by area, which makes it possible to statistically take into
account the influence of non-ore and off-balance wells included in the block contour.
The ore-bearing coefficient was determined individually for each block as the ratio of
the number of ore wells to the total number of wells.

Blocks of categoryc: are characterized by high values of the ore-bearing
coefficient from 0.88 to 1.00, with an average value of 0.96. For blocks of categoryc;
Krr varies from 0.80 to 1.00 with an average value of 0.91.

3.3.4 Measuring the area of counting blocks
The areas of counting blocks were measured using the Mapinfo program (version
10.0) on a personal computer at the specified points. In order to avoid possible errors

and as a control, the areas were measured graphically directly on the original plans on
a scale of 1: 2000 with the division of complex areas into elementary figures.
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3.3.5 Determination of the volume weight of ores

The volume weight and moisture content of ores were determined from
monoliths taken from the core of wells.

The volume weight was determined by the method of cutting rings and
hydrostatic weighing of waxed samples, and the humidity was determined by the
weight method according to the existing method. Reserves were calculated for
absolutely dry ore.

Monoliths were selected from ore and non-ore rocks immediately after core
lifting and radiometric listening. Distribution of monolith sampling points over the area
is relatively uniform The selection of monoliths was carried out in such a way as to
characterize all rock varieties. In total, 107 monoliths were selected from the ores at
site 1 along the Inkuduk horizon. To calculate the volume weight and humidity, we
also used the results of studies of monoliths throughout deposit 1, including sections 1
and 3. There are 191 monoliths in total.

To calculate uranium reserves, the volume weight of ores from the Inkuduk
horizon is assumed to be 1.76 g /™,

3.4 Principles of inventory qualification

According to morphological features, the ore bodies of site 1 are divided into
roll and lenticular ones. In the most studied western part of the site, the width of wing
rectilinear deposits in the Inkuduk horizon ranges from 400 m to 500 m. The bag part
has a width of 150 - 200 m. The length of the deposit within the site is the first
kilometers.

Uranium reserves were calculated in the Inkuduk horizon within deposit 1 within
the boundaries of the geological allotment.

Exploration of deposits of the second group for working out by the PV method
with the identification of reserves of category C; is carried out by drilling operations
with a distance between wells along the length of the ore deposit of 400x100 m and in
width - 100x25 m.

During the search and evaluation stage of work on the Southern flank of the field,
experimental work was not carried out to select the most optimal network density at
the exploration site. However, given that the Budennovskoye field is a natural
extension to the south of the Inkai field, the exploration network can be adopted by
analogy. Analysis of the results obtained at the exploration sites of section 1 of the
Inkai field showed that; the following exploration networks are reliable for identifying
C-1 reserves (Table 2).
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Table 2

Exploration network density for identifying C.1 reserves

Width of the deposit (or part

Morphology of ore bodies in

Exploration network density

of it) plan
up to 150 m simple linear shapes 100 x 25 m
more than 150 m simple and fancy shapes 200%50 m

The Budennovskoye field site, where detailed exploration was carried out in
2008-2012 and where C_1 reserves are calculated, Was drilled in a 200x50 m network, but the
variety of morphological features of mineralization in terms of plan (which especially
affects the determination of ore areas) sometimes forced us to deviate from the
direction and density of the network. Three profiles (incisions) perpendicular to the
main network were made in the bag part of the deposit. When calculating reserves,
wells drilled off-grid (prospecting, hydrogeological, etc.) were also taken into account.
They were counted as independent intersections if they were separated from the
exploration wells by at least the accepted distance between the network wells. In cases
where the distance between wells is less than the accepted distance, data for such wells
were averaged with data for the nearest network wells.

An exploration network of 400 x 100-50 m was used to identify C-2 reserves.

All geological and industrial parameters of mineralization were studied at the
site: the size of deposits, their morphology, lithological and material composition of
ores, geochemical and lithological filtration types, thickness of ore bodies and uranium
content, technological properties of ores, hydrogeological and engineering-geological
conditions of deposits in the ore, under-ore and over-ore parts of the section. Field
technological tests were carried out.

Based on the above and based on the requirements of the " Instructions...";,
uranium reserves are classified as category C 1.

- with an exploration network density of at least 200 %< 50 m;

- with a relatively identical and correlated geological and structural-
morphological structure of ore deposits;

- with the completeness of the study of the hydrogeological conditions of the
productive horizon, characterized by pumping from cluster and single hydrogeological
wells;

- with the study of engineering and geological features and water-physical
properties of rocks and ores, provided by the selection and analysis of samples for
granule composition and carbonate content;

- determination of rock filtration coefficients based on the interpretation of well
logging over a network of at least 200 x 50 m;

- with data from laboratory studies of monoliths selected from representative
areas of deposits;

- with the study of the geotechnological properties of ores, provided by the
results of a multi-well experience of PV and data from laboratory studies of
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technological samples, which allow extrapolating the results of OPV to the entire area
of explored reserves.

Category C, includes stocks in blocks:

- with an exploration network density of 400 x 100-50 m.

- with relatively homogeneous structural and morphological features of ore
bodies;

- with the study of hydrogeological features based on pumping data from cluster
and single wells;

- with the study of the engineering and geological features of rocks and ores,
provided by the selection and analysis of samples for granulation and determination of
filtration coefficients based on the interpretation of electric logging over the 400x100
m network;

- with the study of geotechnological properties of ores based on laboratory tests
of technological samples and definitions of clay content and carbonate content.

The study of the balance reserves of categories; and C, C1 and C2 is provided
by the results of 1 cluster and 2 single hydrogeological pumping, analysis of samples
for granule composition, samples for carbonate content, technological samples,
determination of moisture and volume weight of ores by monoliths.

These surveys cover the entire area of the site in accordance with the exploration
and qualification of reserves.

As a result of the calculation of balance reserves in the ore deposits of the site,
23 blocks of category C; and 21 blocks of category C,were identified. The ratio of ¢;
and C2 reserves was 79.50% and 20.50%, respectively.

3.5 Inventory calculation using Petrel software

Based on the above, it is obvious that the process of calculating reserves at the
studied field, performed manually, requires optimization. One of the possible options
IS to use geological modeling for the purpose of subsequent calculation of reserves.
Further, using the example of the “Petrel” software, the sequence of actions required
to perform this task is shown.

1. Importing data into Petrel project. Below are the basic data that will be
required for 3D geological model building:

- collar table (well positions);

- trajectory deviation (trace);

- electrical logs;

- radiometric logs;

- equivalent radium;

- ore intervals from;

- stratigraphic markers (if exist);

- core data (lithology, redox);

- geochemical assays (uranium / radium assays, gran-size, CO2).
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2. Building stratigraphic model. Stratigraphic model is the basis of 3D grid in the
whole project. The main source of structural carcass of the model is stratigraphic
markers of formations in the drill holes interpreted by geophysical logging data.
Stratigraphic model starts from creation of reference surface and ends with the
bottom of the last production horizon.

3. Building 3D grid. 3D grid sizes will depend on the purpose of the project.
For reserves estimation the length and width of the drilling grid usually correspond to
drilling mesh: (Appendix C. Fig. 1,2)

Exploration phase and development phase: for example, a X b and cxd.
Technological drilling phase: usually average distance between technological wells is
about vm and taking into consideration grid of exploration and development wells,
the recommended grid will be approximately equal to a x b and cxd.

The height of the cell will also depend on the project purpose:

For reserves estimation — xm

3D grid border will be as following:

For reserves estimation and potential zones assessment a wide region must be chosen
which covers all existing wells to assess any potential mineralization near the
projecting block;

4. Litho Facies modelling. It is done using simple permeable/impermeable
lithological model.(Appendix C. Fig.3)

5. Upscaling and variogram study. Building a variogram according to lithological
permeability.

6. Kriging. Indicator Kriging method is used to interpolate lithological
permeability variable in the grid.

7. Redox modelling. Reduction-Oxidation environment modelling is based on
named variable.

8. Mineralization modelling. VVariogram analysis and model fitting, kriging, and
mineralization domain control. (Appendix C. Fig.4)

Q. Equivalent radium interpolation with kriging. Cell selection, variogram
analysis and model fitting, and kriging of eRa.

10.  Selection of blocks. Horizontal and vertical selection. (Apendix C. Fig.5)
Horizontally: by contours of geological and technological blocks or cells;
Vertically: by reservoir limits or effective thickness of leaching/active zone.

11.  Uranium reserves estimation.

Petrel model can be a good tool:

- to assess geological risks;

- to project technological wells;

- to control technological levels and validate vertical position of screens. This will be
especially relevant for areas with 2 or more productive horizons.

- to calculate rock mass parameters;

- to forecast block behavior;
- to estimate reserves.
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CONCLUSION

The calculation of reserves is the most important stage of uranium mining,
determining the economic feasibility and future direction of work. Geological and
geophysical studies were carried out at the Budennovskoye field, which made it
possible to estimate the reserves, and subsequently start uranium production through
the ISL. However, in the course of the work, we identified ways to optimize this work
using software.

Final work results: Based on the materials provided, conclusions were drawn
about the state of geological and geophysical exploration of the Budennovskoye field.
Based on these data, conclusions were also drawn about the methodology and
technology for calculating uranium reserves. A new technology for calculating stocks
IS proposed.

Completed works: Description of geological and geophysical study based on
the analysis of data on geophysical studies conducted on the territory of the field.
Description of the method for calculating uranium reserves, taking into account the
construction of the contours of counting blocks in the section and in the plan, the
method for calculating average parameters for subsequent calculation (including
determining the capacity and content of uranium by intersections and blocks,
identifying and accounting for outstanding (hurricane) intersections, determining the
area coefficient of ore content, measuring the areas of counting blocks, determining the
volume weight ore), principles of reserve qualification.

An alternative technology for calculating reserves is studied and described using the
example of other deposits.
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Appendix A
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Fig.1 - Comparison between GL and NL
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Appendix B

Name of breeds Lithological Filtration Number | px, S px
difference code | characteristics of of Oom*
rocks* definiti m
ons
1 2 3 4 5 6

Gravel and pebble 1 p 249 | 17.71 | 0.27
deposits
Mixed-grained sands,
mixed-grained sands 2 P 1691 | 15.43 | 0.08
with gravel
Medium-grained sands 3 P 765 12.15 | 0.09
Fine-grained sands 4 P 338 10.60 | 0.09
Clays, siltstones 6-7 N 175 548 | 0.17

Table 1 - Values of apparent electrical resistances of rocks
ore-bearing horizon

* Note:

H — watertight rocks
P — water-permeable rocks.
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Appendix C

Figure 1 - Cross section of 3D grid

Figure 2 — Example of 3D grid in Petrel
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Appendix C (continuation)
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Fig.3 - Exaple oflitholgical model

Fig. 4 - Example of mineralized domain
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Appendix C (continuation)

Fig.5 - Cell selection by mineralized domains
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IIporoxkoa
O ITPOBEPKE HA HAJTUYMNE HEABTOPU30BAHHBIX 3aMMCTBOBaHUM (nﬂarnaTa)

ABTop: bexrypceiHoBa /Ilnana MakcaTKbI3bl
Coasrop (eciu nmeeTcs):
Tun padorsi: J[umiomuas padora

HaszBanmue padotsl: «Interpretation of geophysical well logging data for calculating uranium
reservesusing the example of the Budenovskoye deposit».docx

Hayunblii pykoBoauTesib: Maausp Onuakbap

Ko3¢pduunent Iogodus 1: 3.8

Ko3gdunuent IMogoous 2: 1.4

Muxkponpobeisi: 2

3HaKu U3 31pyrux ajagaBuToB: 3

HNurepBansi: 0

Beabie 3naku: 0

IHocne npoBepku OT4yera [logodus ObLIO0 c1eIaAHO CieAyIOLIee 3aKII0YEeHHe:
3aMMCTBOBaHUS, BBISIBICHHBIE B pa00Te, SBISETCS 3aKOHHBIM U HE SIBISIETCS MJIaruaToM. Y pOBEHb
1o100Ms He MPEBBILIAET TOMYCTUMOTO Ipeaena. Takum o6pazom paboTa He3aBUCHUMA U

MMPUHHUMACTCA.

3anMCTBOBaHUE He SIBJISIETCS MJIaruaToM, HO MPEBBIIIEHO TOPOrOBOE 3HAYEHUE YPOBHS 1MO100US.
Taxum o6pa3oM paboTa BO3BpallaeTcs Ha JIOpabOTKY.

BrIsiBIIEHBI 3aMMCTBOBaHMS U IIJIaruaT Wilv PEAHAMEPEHHBIE TEKCTOBBIE HCKAKEHUS
(MaHUIYJISIMK), KaK TIPenoiaraéMble MONBITKH YKPBITHS IJIaruaTa, KOTOpbIE JeNIatoT

paboTy nmpoTuBopeyaieit TpeboBaHusIM npuiioxenus 5 npukaza 595 MOH PK, 3akony 06
aBTOPCKUX M cMeXKHBIX npaBax PK, a Takxke konekcy 3TUkH U mpoueaypam. Takum oGpa3om padoTa
HE MPUHUMAETCS.

ObocHoBaHME:

1
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npogepsaouULl SKCnepm
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HOI[O6I/I}I HC IIPECBBIIIACT AOIMYCTUMOI'O IIpeaciia. Taxkum 06pa30M pa60Ta HC3aBUCHMaA U
MMPUHHUMACTCA.

3anMCTBOBaHUE He SIBJISIETCS MJIaruaToM, HO MPEBBIIIEHO TOPOrOBOE 3HAYEHUE YPOBHS 1MO100US.
Taxum o6pa3oM paboTa BO3BpallaeTcs Ha JIOpabOTKY.

BoIsIBIIEHBI 3aMMCTBOBAaHUS U IUIATUAT WIN MTPEAHAMEPEHHbBIE TEKCTOBBIE HCKAXKEHUS
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PEIHEH3UA
Ha JUIJIOMHYIO padoTy 6akanaBpa cnenuanbHocTu «6B07201 — Hedrerazosas u
pynHas reopusuka» Ha Temy: «MHTepnperanus ganubix [ MIC s noacyera 3amnacos
Ha IpuMepe MectopoxacHus bynenosckoe» bekrypesiHoBon [[.M.

AKTYaJbHOCTh PadOThl 3aKIIOYACTCSI B HKOHOMUYECKOM BBITOE JOOBIUU
ypaHa, B CBS3U C €ro KpaiiHell BOCTpeOOBAaHHOCTHIO HA MHPOBOM DPBIHKE B BHJE
HHEPreTHYECKOTo ChIphs. JloObIua ypaHa B IIEJIOM UMEET HAaMOOJIBIIYIO aKTyalbHOCTD
Ha TeppuTopuu Kazaxcrana, Tak Kak JOCTyIeH Hau0o0Jiee SKOHOMHBIN U SKOJIOTHYECKU
oe3omacHeiii ciocod o0k — [ICB. T'eodpusuueckue wucciaenoBaHUs CKBaXKUH
SBIISIIOTCA KJIHOYEBBIM DJIEMEHTOM MCCIIEOBAHUSA JJI TOCJEIYIOIIEro MoJCYeTa
3aracoB. [loMMMO 3TOro, HCIOJIB3yE€MBbIM Ha MECTOPOXKJIEHUM METOJ IOJCcYeTa
3aMacoB SIBJSIETCSl YCTAPEBIIMM M TpeOyeT 3HauMTeNbHOW onTuMu3anuu. I[lostomy
LIEJIbI0 UCCIIEIOBAHNUS SABISICTCA M3ydeHue npumenenus metonoB I'MC mis nmoacuera
3aIacoB U U3YYEHUU METOJUKH B LIEJIOM, a TAKXKE MPEMJIOKEHHE 00Jiee aKTyaJbHbIX
BapUAHTOB paOOThI HAJl IOJICYETOM 3aI1aCOB.

Ha ocHOBe n3yueHus yke MpeicTaBIeHHON METOAUKYU ObLIHM CIETIaHbl BHIBObBI
00 ee 3(pdhekTUBHOCTU, ObUI MPOBEJICH CPABHUTEIBHBIN aHAIU3 U ObUIM OTMEYCHBI
IpEeUMYIIECTBA MIPEIIaraéMoro nporpaMMHOro 00ecreyeHus.

Coucok MCHOJNB30BAHHOW  JUTEPATypbl COAEPKUT 17 HaWMMEHOBAaHHIA.
JuniomHast paboTa OblIa BBIIIOJIHEHa HAa OCHOBE (PAKTHMYECKOro MaTepHala,
COOpPaHHOTO B TMEPUOJA NPOXOXKACHHUA NPOU3BOACTBEHHOM mpaktuku B HAK
«Kazarommpom», AO CII «AxbacTay».

Ouenka  paborbl. PabGota  sABiseTcss  3aKOHYEHHBIM  HAYy4YHO -
WCCJIEIOBATENBCKUM  TPYJAOM, BBIIOJHEHHBIM aBTOPOM  CAMOCTOSITEJIBHO Ha
COOTBETCTBYIOIIEM ypoBHE. PaboTa Hanucana noxoguuBo. [IpensioxkeHHble aBTOpOM
JIOTIOJIHEHUS SIBISIFOTCS JOCTaTOYHO HOBBIMU, 0OOCHOBAHHBIMU U JJOCTOBEPHBIMH.

bektypcbiHoBa JI.M. 3aciaykuBaeT NPHCBOCHHS CTENEHW OakajaBpa 10
cnenuanbHocT «6B07201 — Hedrerazosas u pyaHas reopusukay.

Penensenr
['naBHBIN MeHEKEP TeOPU3NIECKOTO
yrpasieHnust unnana AO «Bonkosreonorna»
-«['eoTexHoOUEHTp»
basicunos Payan A6aukapumoBud
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OT3bIB PYKOBOJAMTEJIA
Anuax6ap M.M. Ha nTuIuIoMHY10 paboTy OakanaBpa crneruaibHocTu «6B07201 —
Hedreraszoas u pyaHas reopusuka» Ha teMy: « Uatepnperanus nanuasix [UC ms
[I0JICYETA 3aIlacOB Ha IPUMEPE MECTOPOKAEHUA by ieHOBCKOe» bekTypChIHOBOM
JM.

JuniomMHast paboTa TOCBSIIEHA AKTYaJlbHOMY BONPOCY — ONTUMH3ALUHU
nojicyeTa 3anacoB ypana Ha ocHoBe JaHHbIX ['MIC. JlaHHbIe UcClieI0BaHUSI TOMOTYT
MOBBICUTH T€OJIOTHUECKYI0 3((HEKTUBHOCTh T€0(U3NUECKUX paboT, MPOBOJAUMBIX Ha
YPaHOBBIX MECTOPOXKACHUIX MH(MUIBTPALIMOHHOTO TUIIA Ha Tepputopun Pecryonuku
Ka3zaxcras.

MeTonon0oruss MCCeI0BaHUl ONPEesuIach MOCTAaBICHHBIMHM 3aJadyaMy, KOTOpas
BKJIFOYAET AHAJIU3 CYIIECTBYIOIIMX METOJIMK IIOJCYETA 3allacOB HA OCHOBE JAHHBIX
['YC. ITpumeHnseMblil Ha MPAKTUKE METOJ MOACYETA 3al1aCOB UMEET PsAJI HEJOCTATKOB,
B CBSI3U C 3TUM, B JIaHHOM paboTe mpeuiokeHa METOAMKA MO/ICYeTa 3alacoB ypaHa B
nporpamme Petrel. JlanHasg nporpaMma mo3BoJjisieT Haubojee JOCTOBEPHO MOCUUTATH
3aracsl YpaHOBOM pyabl, TAK KaK IEepe]] MOJACYETOM 3alacoB B MPOrpaMMe CTPOUTCS
3D-reonoruueckast Moaenb pyAaHoro Tena. K Tomy ke HaJjo OTMETUTh, YTO MOJCYET
3amacoB B I[IO mO3BOJIMT CYyHIECTBEHHO C3KOHOMHTH BpeMs W MUHUMHU3UPOBATH
NOTPENIHOCTH, UMEIOIIME MECTO MPHU MOACUETE 3aMaCOB TPAAUIIMOHHBIM METOIOM.
JInunslii Bkian bektypceiHOBOM JI. cocToUT B cOope, 000OMEHNN U KPUTHUYECKOM
aHaJIM3€ TeoJIoro-reo(pU3NUECKUX JaHHBIX MO0 MECTOPOXKACHUIO0 byaeHHOBCKOE,
IIPOBEPKE aJICKBATHOCTU NPHUMEHSEMON METOJIMKHM IOJICYeTa 3alacoB ypaHa, Ha
OCHOBE COINOCTABJICHUSI IByX METOJIMK MOJCYETa 3a11acOB.

Qdaktuyeckuii  marepuan  ObU1  coOpaH B NHEpPHOJ  IPOXOKIEHUS
npousBoacTBeHHOM npakTuku B AO «CIT AxbacTay».

B nienom, bektypcsinoBa Jlnana moaroroBuia JUIUIOMHYIO paOOTy Ha JOTHKHOM
Hay4yHOM ypoBHE. [loayueHHbIe pe3yabTaThl IPaKTUUECKU 0OOCHOBAHBI.

bektypcbinoBa JI.M. 3acioykuBaeT NPHCBOCHHS CTENEHW OakajiaBpa 10
cneruanbHocT «6B07201 — Hedrerazosas u pyaHas reopusukay.

JlekTop
kagenpsl «I'eopusnka»
KasHUTY um. K.H. CatnaeBa

Anmakoap M;M -
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