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Physical properties and forecasted resources of Shubarcol coal deposit

At the presented work was described the method of estimating the forecasted reserves of mineral deposits.
A general formula is proposed that relates the differentiated reserves of a mineral with its physical properties.
As a physical value, both the results of geophysical exploration methods and measurements in laboratory
conditions on core samples and formation samples can be used. Comparison of the reserves calculated by the
proposed formula, but with different physical quantities, showed good accuracy of the proposed method.
The method is used to estimate the reserves of the Shubarkol coal field, where the detailed geological explo-
ration has not been carried out. The calculation gave total reserves of about 3 billion tons. The proposed
method allows reducing the volume of geological exploration work and reducing the costs of their implemen-
tation.

Keywords: coal, deposit, forecasted reserves, gravity prospecting, electrical exploration, seismic exploration,
mineral.

Introduction

One of the most common areas of quantitative assessment of promising metal reserves is the estimation
based on the empirically established dependence of the reserves on the clarke of the corresponding element.
For the first time this dependence was described by V. McKelvey, later it was studied in detail by
L.N. Ovchinnikov [1]. The latter, on the example of several dozen metals, as well as boron, sulfur, phospho-
rus and fluorine, showed that there is a direct relationship between the cliché of the chemical element and its
total world reserves in the ores of the deposits

Q=kc,, (1)

where ¢y — average content of element in the earth's crust; k' — coefficient of proportionality.

The values of k' for these elements for continental depths of the order of 1.5-2 km are k' = (3.2 + 1.08) - 10"
tons. The distribution of the values of &' is subject to normal law with a standard deviation of 3.07 - 1010. For
depths of the order of 5-6 km, this coefficient is supposedly equal to &' ~ 1 - 10" tons. The presence of such
a certain direct connection of the world's metal reserves in ores from its clark allows to obtain estimates of
the indicated total reserves of it to depths of 2 or 6 km. In those cases where the currently known reserves are
significantly smaller than the estimate based on the average value of &', can expect their respective increment
in the future.

For nonmetallic minerals, equation (1) is unsuitable for estimating the forecasted reserves of mineral
deposits. In this connection, up to the present time, various approaches to solving this problem have been
developed [2-5].

In this paper, we consider the use of physical properties of coal to assess its predicted reserves in the
coal deposit Shubarkol.

Estimation of predicted reserves of coal deposits

In general, the estimation of the forecasted resources belongs to the category of research, rather than
engineering, tasks. Resources divided into three categories in terms of their reliability. Forecasted resources
of category P; take into account only the potential possibility of discovering deposits on the basis of certain
geological and paleogeographic prerequisites. Resources of category P, take into account the possibility of
discovering new deposits in the basin, the area, and category P;are based on the possibility of expanding the
boundaries of the distribution of minerals beyond the already explored contours [6].

When choosing methods for estimating the forecasted resources, it is necessary to give preference to
those that allow calculating resources using parameters obtained on the basis of direct observations and
measurements (geological, geophysical, geochemical, etc.) with minimal use of certain assumptions.
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The most universal of these methods are estimation methods based on the use of analogies with standard ore
objects (9) or with their generalized model and the varieties of these methods based on the use of regression
or pattern recognition algorithms. In the absence of standards (in particular, fossils with predictable minerali-
zation of new genetic or industrial types) methods of direct (standardless) estimation of the forecasted re-
sources by calculations on the parameters of the medium and mineralization [7-9].

In the practice of calculating the reserves of all types of solid minerals, a single method of calculating
reserves, called the geological block method, is used. Its essence consists in dividing the entire counting loop
into a system of sections homogeneous by a group of parameters, called geological counting blocks. In this
case, the number of stocks within each block can be determined using various methods. In the practice of
exploration of coal deposits, two traditional methods are most common: the arithmetic mean and vertical cuts
[6]. The essence of the method of the average arithmetic is that the complex body of a mineral, limited with-
in the geological block under consideration from below and from above by geometrically irregular surfaces
of topographical order, is transformed into an equal volume «plate», the area of which is equal to the area of
the counting contour of the formation, the slope angle to the mean angle of fall of the formation, and the
thickness corresponds to the average normal thickness of the formation. The method of vertical sections is
used for conditions of complex dislocation deposits. When it is realized, the volume of minerals is deter-
mined between two geological sections. To do this, for each of the sections, the amount of coal within the
vertically disposed plate having an area equal to the section of the formation in the cut plane and a thickness
of 1 m is predetermined.

Thermodynamic approach to estimating predictive resources

In Refs. [10-12] we substantiated the thermodynamic approach in calculating the forecasted reserves of
mineral deposits and obtained specific formulas, the generalization of which is the formula for differentiated
reserves is

P = 1
In(gA4)

In formula (2), the value of A is equal to: Ag — anomaly of gravity (gravity prospecting); p — specific
electrical resistance (electrical prospecting); y — magnetic susceptibility (magnetic prospecting); v — speed
of seismic waves (seismic prospecting), etc.

The coefficient q for each physical property A has a well-defined value. It is calculated by the method
described by us in [10].

For example, for electrical reconnaissance methods, the constant ¢ = 155121.6. Table 1 presents calcu-
lations of the forecasted differentiated coal reserves of the main formations of the Karaganda coal basin.

-100%. )

Table 1

Forecasted differentiated coal reserves of the main formations of the Karaganda coal basin

Strata Resistivity constant, Differentiated stocks
p (Ohm'm) (%)
Dolinskaya 134,8 14,2
Tentekskaya 155,0 14,5
Karagandinskaya 145,1 14,3
Ashlyarikskaya 86,7 134

The Donetsk coal basin was opened in the 1720s near the present town of Lisichansk, Lugansk region.
Industrial development began with the end of the XIX century. The area is about 60 thousand km?. Total re-
serves to a depth of 1800 m - 140.8 billion tons. In the coal-bearing strata of Carboniferous age, up to 300
strata; The average thickness of the working strata is 0.6—1.2 m. Coals are of stone grades D - T (78 %), an-
thracites (22 %). The heat of combustion is 21.2-26.1 MJ / kg. The main mining centers are Donetsk,
Krasnoarmeysk, Makeyevka, Lisichansk, Gorlovka, Sverdlovsk, Rovenky, Anthracite, Torez, KrasnyilLuch
and others.

Estimate under the formula (2) gives the value of the forecasted reserves for the Donetsk coal basin -
460 billion tons. This overestimation shows that for coal basins as a whole, it is not advisable to calculate the
average value of resistivity. This is due to the change in the latter in a very wide range. Therefore, for exam-
ple, for anthracites the resistivity varies from 10-3 to 10 Ohm ¢ m. Therefore, the proposed method should

36 BecTHuk KaparaHguHckoro yHuBepcuteTa



Physical properties and forecasted...

be used for individual suites containing coals of the same brand and having approximately the same re-
sistance.

Table 2 presents the results of calculating the forecasted resources of some coal deposits in Kazakhstan,
where gravity prospecting was conducted.

Table 2
Forecasted and explored reserves of some coal deposits in Kazakhstan
Deposit Forecasted reserves (mln. tons) Explored reserves (mln. tons)
Teniz-Corzhunkolskiy 2243 355
Borly 1760 478
Cuucheku 3140 636
Mycubinskiy 5500 3647

Table 3 presents the results of calculating the forecasted differentiated resources according to formula
(2) for the coal formations of the Karaganda coal basin that we have already calculated according to the data
of electrical prospecting and seismic survey.

Table 3
Forecasted differential coal reserves of the main suites of the Karaganda coal basin
Strata Differentiated stocks Differentiated stocks
(%) byv (m/s) (%) byp (Ohm'm)
Dolinskaya 14,6 14,2
Tentekskaya 15,1 14,5
Karagandinskaya 14,4 14,3
Ashlyarikskaya 13,6 13,4

It can be seen that both methods are in good agreement with each other within the experimental error,
which speaks in favor of the proposed model.

Shubarkol coal deposit and its forecasted reserves

The Shubarkol deposit (Fig. 1) is an asymmetric trough, curved in a sublatitudinal direction with the
largest axes of 15.0 and 6.5 km with an area of 702 km”.

The maximum immersion of carbonaceous deposits is of the order of 250 m. The greatest angles of in-
cidence of the coaliferous stratum from 10-25 ° to 30-35 © at the outcrops of coal horizons are in the north
and south of the field. The most steep are the north-west and south-eastern parts.

The western and eastern wings lie more hollow (10-20 °). The internal structure of the trough is simple
with angles of incidence of 3—5 °. Disjunctive disorders within its limits have not been established.
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Figure 1. Shubarkol’s field. Map of outcrops of coal horizons
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The industrial coal deposit of the deposit is confined to the lower part of the Jurassic section and con-
tains three upper, middle and lower coal horizons.

The most interesting is the Upper Coal Horizon, which is widespread in the trough, is the most power-
ful, stable, has a relatively simple structure and is adopted for open development. The area with the simplest
structure extends 1,5-2,0-kilometer strip from the north-western lock of the trough along the north wing of
the fold to the exploration line 10 and belongs to the coal-accumulation unit.

Within its limits, the center of coal accumulation is clearly distinguished, where the horizon is a single
monolithic deposit with a structure that is occasionally more complicated in individual excavations. In the
center of coal accumulation, division of the horizon into two coal layers 2B and 1B is seen (Fig. 2). Plast 2B
is distributed over 60 % of the area of the deposit and is the most powerful in the horizon (up to 22 m). It is
composed of 3-5 coal packs with a thickness of 0.4-8.0 m, separated mainly by thin interlayers of mud-
stones and siltstones (0.03—0.50 m).
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Figure 2. Zoning of the Upper horizon by power

The 1B reservoir is traced by a 2.5-3.0-kilometer strip from the south-west to the northeast in the cen-
tral part of the trough. The thickness of the reservoir is 6-9 m and is composed of 1-2 packs of coal in the
western part of the deposit and 2—5 in the eastern part. In the southern direction, an increase in the number of
coal seams occurs and a regular decrease in the working thickness of the formation is observed. The Seam is
related to the seasoned.

The coal of the Shubarkol deposit belongs to the long-coal coals of grade D. with the heat of combus-
tion from 5200 to 5700 kcal/kg. The industrial reserves of coal of the Shubarkol field are estimated at over
1.5 billion tons.

We now estimate the predicted reserves of the Shubarkol deposit according to formula (2), using as the
physical quantity A the heat of combustion of the Shubarkol coal.

The coefficient ¢ in formula (2) was calculated by the method of [10] and turned out to be 2.16 x 10™.
Taking the average value of the calorific value 5450 kcal/kg, we obtain from the formula (2) the differentiat-
ed reserves of P;— 14.7 %.

The average depth of occurrence of the coal seams of the Shubarkol’s field is 250 m. The total volume
of the Shubarkol field will be 180 » 109 m’.

Knowing all these values, using the formula P = P, * V, we find the predicted reserves of the Shubarkol
deposit:

P=2,58 bill. tons.

The Shubarkol coal field was discovered in 1985, and its industrial development was started already in
1989. Detailed reconnaissance with calculation of reserves was not made. According to some sources
(see, for example, [13]) the reserves of the Shubarkol deposit are estimated as over 1.5 billion tons.
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The lack of detailed geological prospecting data is associated with the high cost of drilling operations
and the subsequent chemical analysis of core and reservoir samples. If the standards are followed, at least
70,000 wells with a depth of at least 120 meters should be drilled in the Shubarkolsky field. To date, the cost
of one running meter of a borehole costs 20 thousand tenge or more, and the cost of a chemical analysis of
one sample is 16 thousand tenge or more. It is clear that the costs of a full geological survey and the calcula-
tion of the Shubarkol field's reserves will amount to an impressive amount.

Conclusion

The approach proposed at that work when estimating the forecasted reserves of mineral deposits allows
a sharp reduction in the volume of geological exploration work during their geological mapping. This allows
us to judge, at the stage of preliminary geological exploration of the field, the prospects of its further devel-
opment.
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Ily0apke, keMip KeH OPHBIHBIH (U3NKAIBIK KacueTTepi
JK9He 00/17KaM KOpblI

Maxanaza naipansl KazOanapibslH OOJDKaMIBIK KOpPBIH Oaranmay oxicremeci cumartanyaH. MUHepaIblH
capaylaHFaH (PM3UKAIBIK KaCUETTepiMEH OalIaHbICThI KOPBIHBIH JKaJIlbl GOpMynackl YChIHbULABL. DU3NKAIBIK
KYHABUIBIK PeTiHze re0(U3UKaNbIK 3epTTey 9AICTepiHiH HOTIKEIepi MEH 3epTXaHalbIK JKaFaaiiiapaa Herisri
CblHAMajap MeH Yyirinep OoMbIHIIA eJIey KOJIaHbUIybl MYMKiH. YcChIHbUIFaH Qopmyna GoiibiHIIa
ecenTeNreH KOpAbl CaNbICTBHIPY HOTIDKeNepl OoH ekeHniri nomenngenai. byn omic IllyGapken kemip keH
ODHBIHBIH KOpBIH OaFajiay YIIH NaiijanaHpUIbl, anaiila OFaH TIEOJIOTHSUIBIK Oapiay >KYpri3iJMercH.
EcenTeyniH Kaumbl KOpbl LIaMaMEH 3 MIPJA TOHHAHbI Kypajbl. ¥CHIHBUIFAH OMIC TEOJIOTHSIIBIK Oapiay
JKYMBICTapbIHBIH KOJICMiH KbICKAPTYFa JKOHE OJIap/ibl iCKe achIpy LIBIFBIHAAPBIH a3aiiTyFa MyYMKIHIIK Oepai.

Kinm ces0ep: xemip, KeH, OOJDKaHFaH KOp KeJyieMi, TPaBUTAUMSUIBIK i3[ECTipy, IJIEKTpIik Oapiay,
ceficMUKaIbIK Gapiay, MUHEpal.
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du3nvecKre CBOMCTBA U MPOrHO3HBIE PeCypPChl
yroJibHoro mecropo:knenus lilyoapkouan

B pabote omrcan MeTo[] OLIEHKH ITPOTHO3HBIX 3al1acOB MECTOPOXKIACHHH IOJIE3HBIX HCKomaeMbIxX. [Tpemtoxke-
Ha obast Gopmyia, cBs3biBaromas AuddepeHINPOBAHHBIC 3aIIachl MOJIE3HOI0 UCKOMAEMOro ¢ ero (puznue-
CKMMH CBOHCTBaMHM. B kauecTBe (M3MUeCKOil BEIMUMHBI MOTYT OBbITh HCIIOJIL30BAHbBI KaK PE3yJIbTaThl reodu-
3UYECKHUX METOJIOB Pa3BE/IKHU, TaK U U3MEPEHUs B 1a00OPATOPHBIX YCIOBUAX HA KEPHOBBIX H IIACTOBBIX MPO-
0ax. CpaBHeHHE 3a11acoB, BHIYMCIICHHBIX 110 NPEAIOKEHHOH (opMyIie, HO C Pa3IMYHBIMU (U3NUECKUMHU Be-
JIUYMHAMH, TT0Ka3aJI0 XOPOUIYI0 TOYHOCTh NMPEAIOKEHHOT0 MeToaa. MeTos UCIoNb30BaH ISl OLICHKHU 3ama-
COB yrojbHOTrOo MectoposkaeHus Lllybapkoib, neTanbHas reosorndeckas pa3Beka KOTOpOro He IpPOBEJCHA.
Pacuer man cymmapHsle 3amacsl 0koso 3 mipa TOHH. IIpe/uioxeHHBI METO/ MO3BOJISAET COKPAaTHTh 00BEM
Te0JIOropa3Bel0uHbIX padoT U 3aTPaThl HA UX MPOBEICHHUE.

Knrouegvie crosa: yroib, MECTOPOXK/ICHNE, IIPOTHO3HBIC 3aI1achl, IPaBUpa3BelKa, IICKTPOPa3BeaKa, CeeMo-
pa3BeqKa, MUHEpall.
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