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Abstract

Purpose. Geological research character and real quality assessment of Nickel source based on the geostatistical survey
analysis and comparing the block quality grade results by assessing present mining condition of nickel mineral resources
and its exploitation perspective.

Methods. New geological research has confirmed geological reserves, quality and extent of ore body and its position pre-
sented in geological transverse and longitudinal profiles. Herein we address the nickel ore exploitation stage by dividing the
source in mini blocks and calculating the exploitable ore quality credibility interval.

Findings. Based on geological drills and ore quality at different depths, we have assessed the nickel ore quality at the
source. This quality has been assessed by setting the nickel quality credibility interval according to terrain profiles and quo-
ta. Therefore, our findings provide complete assurance that during exploitation we will have ore homogenization and the
quality will be reasonable.

Originality. The use of appropriate software, creation of databases according to the values acquired from field research
provides us the best possible assessment that is argued in this paper.

Practical implications. Deep geological researches provide safety during exploitation, which should be continuous during
the ore exploitation stage, therefore the geological research character is divided in two research stages, according to profiles
and according to exploitation blocks.
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1. Introduction

The source of nickel silicate ore “Gllavica” is characteri-
zed by several favorable factors in relation to the ore exploi-
tation; the most important being the drop and extent of ore
bodies located in relatively shallow depths from the surface.
On the other hand, the ore, the accompanying rock and the
cover are characterized by the favorable geo-engineering
conditions [1], [2].

Exploration of the Glavica mineral deposit is done in ac-
cordance with mine planning and exploitation needs of the
mine. The goal of this research is intended to define exploita-
tion limits of the deposit which is done based on deep drill-
ings and optimized ore blocks having a reasonable grade for
exploitation. From geological drillings in the field, the de-
posit data and interpolation of the mineral deposit zone will
be processed. So, the stripping ratio will be determined based
on the evaluated data of the deposit [2], [3]. It is suggested
that drilling and blasting technique will not be applied. So,
excavators which fulfill the mine needs and with high per-
formance will be utilized to exploit nickel mineral deposit.
Excavation and transportation of the overburden will be done
using fully mechanized equipment [4].

The source was researched with the 25x25m drilling
grid, but seen from the practical sense, the ore body belongs
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entirely to the “crust of breaking”, with a defined extent and
drop. In the geological space of this stage, the research drills
were initially conducted according to the 25x25 m grid den-
sity, in a research length of 125 m, the ore body contour and
field geologic border was defined based on the results from
the conducted drills (Fig. 1).

Figure 1. Map of Gllavica mine research and division of the
source in blocks
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The exploration map clearly shows a large number of
source segregation in blocks as the result of geological ex-
ploration by means of deep geological drilling. The different
colored map section shows the new research area which is
expected to move into the exploratory phase after scientific
evaluations [5]. In comparison to the mine situation map the
mine block model is presented in Figure 2.

Figure 2. Source discretizetion in blocks

The creation of the discretized block model represents the
surface and depth of the source field, precisely the green
curved part shows the depth and extent of the nickel ore body
defined after the completion of deep geological exploration.
Below is the block model with all geological drills (Fig. 3).

Figure 3. Presentation of geological drills according to depths

3D layout presentation of the deposit, especially in green
color, shows all the geological exploratory drilling from the
surface to the final depth. Below are presented all digital
values of the nickel presence in the research zone (Fig. 4).

Figure 4. Presentation of Nickel quality in the segments of each
geological drill

In all geological drilling, starting from the surface of the
field to the final depth of each geological drilling, we have
presented in 3D the quality of nickel metal in the depth
intervals at every 1 m depth, so we evaluated the quality of
nickel in the field after analyzing the samples in the labora-
tory and the values obtained in the laboratory have been
attributed to the depths where the samples were extracted at
each geological drill.

2. Methods

2.1. Nickel ore quality credibility
interval at the 595 m level

Tracking the nickel ore quality during exploitation and
setting the credibility interval provide us much deeper
knowledge on the type of quality of the extracted ore while
also considering the geological conditions of the source con-
struction and the type of machinery as in the specific case it
may often cause the increase of the ore impoverishment
coefficient in the stage of its use.

In this specific case we are based on the amount of ore in
all profile levels and the quality (presence in %) of nickel in
ore. This study case provides accuracy in assessment; there-
fore, we must make sure that the accuracy of the volume and
quality values is real-factual from the field research work [6].

2.2. Calculation of quality credibility interval

It is imperative that the nickel quality credibility interval is
tracked and calculated in the ore exploitation stage while tak-
ing into consideration the chemical analyses (xi) of the nickel
composition and ore amount (pi), in each profile where ex-
ploitable reserves have been calculated (Table 1) [7].

— average value of nickel content in the produced ore;

— average quadratic deviation or standard deviation;

— variation (dispersion);

—dominant;

— excess (pressure or flatness);

—nickel content credibility interval in the ore body with
relevance level o = 0.05.

Table 1. Presentation of exploitation profiles in the superficial
nickel mine with the planned exploitation ore quality in
the 595 m quota

Profiles Ni, % Ore, t
15 1.00 12.923
16 0.77 14.113
17 1.29 20.745
18 0.91 7.834
19 1.70 9.304
20 1.04 9.664

Average value of nickel percentage in the ore:
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Assessment variation:

s=vo? =274, @3)

Dominant:

geodesic recording was conducted first and the factual
terrain situation was established, the good geodesic outlin-
ing enabled the tracking of other researches by correctly
assessing the location of the source and other geological

n
2 B

i=1

(4)

Credibility interval with significance level (assurance)
o = 0.05, determined based on the relation:

circumstances (Fig. 5).

Figure 5. Terrain presentation with geodesic measures

X—L<pu<x+L, ®)
where:
L=z —_: (6)
aJW’
Z,—according to Laplace is: a=0.05, Za=Zoos = 2.21,
for:
L= 2.21ﬂ =247. (7
J6
The credibility interval at the « = 0.05 level is:
247-112< u<1.12+2.47
: (8)

1.35< 1 <3.59

3. Results and discussion

Below are calculated the credibility intervals — statistical
indicators through various profiles and presented in Tables 2-5.
In the zone terrain where the nickel mine location is, a

From geological explorations conducted in the field of
deposit have identified the upper contact of the ore body with
the cover and this contact has been identified on the basis of
geological structural changes thereby identifying the ore
body and the upper structure contact.

In order to plan the nickel ore exploitation with advanced
technologies deep studies were conducted be-forehand
through geological transverse profiles that have enabled us to
accurately assess the nickel ore quality, thickness of ore
body, and floor and ceiling contact of the ore body.

Table 2. Credibility intervals in ore exploitation profiles P15 to P20, 595 m quota

Profiles Ni, % Ore, t 2Xi - pi Ad\{erage sguare Mode Excess
isplacement measure
15 1.00 12.923 12923.00 104819.80 298526.78 850204.27
16 0.77 14.113 10867.01 133707.75 411552.45  1266758.43
17 1.29 20.745 26761.05 135742.09 347228.26 888209.88
18 0.91 7834.460 7129.36 67625.84 198684.71 583735.67
19 1.70 9.304 15816.80 42927.76 92208.83 198064.58
20 1.04 9.664 10050.56 76199.33 213967.71 600821.32
Amount 74583.460 83547.78 561022.56 1562168.73  4387794.15
Table 3. Credibility intervals in ore exploitation profiles P16 to P28, 588 m quota
Profiles Ni, % Ore, t 2Xi - pi Ad\{erage sguare Mode Excess
isplacement measure
16 0.62 5204.06 3226.52 54226.22 175042.24 565036.36
17 1.60 17063.21 27301.14 86229.00 193842.79 435758.60
18 1.01 7321.33 7394.54 58967.78 167350.55 474940.87
19 1.02 15938.48 16257.25 127469.33 360483.27 1019446.70
20 111 35684.83 39610.16 267516.47 732460.09 2005475.72
21 0.99 34527.72 34182.44 282028.08 806036.25 2303651.61
22 0.91 27850.32 25343.79 240399.62 706294.08 2075092.00
23 1.24 12718.50 15770.94 86506.96 225610.16 588391.30
24 0.89 11837.82 10535.66 103578.13 306384.11 906284.20
25 0.77 19615.32 15103.80 185837.19 572006.87 1760637.14
26 0.77 14697.18 11316.83 139242.32 428587.85 1319193.42
27 1.23 10819.87 13308.44 74158.57 194147.13 508277.18
28 141 18631.68 26270.67 110743.80 269993.38 658243.87
Amount 231910.32 245622.18 1816903.46 5138238.78  14620428.96

Nickel quality credibility interval:

X-L<u<x+L

0.656 < 4 <2774
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Table 4. Credibility intervals in ore exploitation profiles P16 to P42, 581 m quota

Profiles Ni, % Ore, t 2Xi - pi Ad\{erage sguare Mode Excess
isplacement measure

16 0.84 8006.25 6725.25 72441.06 217902.72 655451.37
17 1.21 8006.25 9687.56 55715.85 146978.40 387729.02
19 1.16 4048.88 4696.70 29254.51 78636.14 211373.93
21 1.01 10980.00 11089.80 88435.60 250980.23 712281.89
22 0.83 6061.88 5031.36 55213.52 166634.41 502902.64
23 0.97 9721.88 9430.22 80525.16 231751.42 666980.58
24 1.38 47351.26 65344.74 288417.66 711814.79 1756758.90
25 1.12 51354.38 57516.91 382178.47 1042582.88 2844166.09
26 1.40 33626.25 47076.75 201512.16 493301.77 1207602.74
27 1.81 24476.25 44302.01 101660.73 207184.58 422242.16
28 1.30 34312.50 44606.25 222767.18 567610.78 1446272.26
29 1.33 36256.88 48221.65 229880.37 578838.76 1457516.00
30 1.62 38658.75 62627.18 191901.42 427556.36 952595.56
31 1.19 28021.88 33346.04 197973.57 526213.76 1398676.17
32 1.66 30423.75 50503.43 145648.96 318679.92 697271.66
33 1.23 25505.63 31371.92 174813.65 457662.13 1198159.47
34 1.22 32482.50 39628.65 224336.62 589556.63 1549354.83
35 1.53 17156.25 26249.06 92182.66 213679.40 495308.86
36 1.75 14525.63 25419.85 63936.07 134137.88 281421.27
37 1.78 10522.50 18730.05 45000.78 93061.60 192451.40
38 1.57 8578.13 13467.66 44514.35 101403.70 230997.62
39 1.53 14068.14 21524.25 75589.86 175217.30 406153.69
40 1.73 10011.88 17320.55 44912.53 95124.74 201474.21
41 1.01 5970.94 6030.65 48091.41 136483.41 387339.93
42 0.78 9046.88 7056.57 85154.88 261255.17 801530.87

Amount 519175.51 707005.05 3242059.04 8224248.87  21064013.14

X—-L<us<Xx+L

Nickel quality credibility interval: 1.362 -1.104 < 11 <1.362+1.10 .

0.258 < u<2.46
Table 5. Credibility intervals in ore exploitation profiles P15 according to 25x25 m geological drilling grid
Profiles Ni, % Ore, t 2Xi - pi Ad\{erage sguare Mode Excess
isplacement measure

23 0.92 9951.90 9155.75 85319.47 249815.41 731459.51
24 1.04 9198.00 9565.92 72524.98 203650.14 571849.60
25 1.46 31796.24 4642251 181319.46 432990.86 1033982.19
26 1.42 41837.97 59409.92 246642.53 598848.07 1454003.10
27 1.62 29931.93 48489.73 148581.62 331039.85 737556.79
28 1.57 28525.12 44784.44 148024.95 337200.83 768143.50
29 1.20 43262.33 51914.80 303351.30 803274.26 2127070.23
30 1.20 33706.26 40447.51 236345.06 625841.72 1657228.87
31 1.60 25654.24 41046.78 129643.80 291439.27 655155.48
32 1.56 38258.42 59683.14 200280.69 458242.21 1048458.18
33 121 25803.00 31221.63 179564.21 473690.39 1249595.25
34 0.96 25817.84 24785.13 215334.83 621886.99 1796009.63
35 1.24 16927.48 20990.08 115135.03 300272.16 783109.80
36 1.75 18036.87 31564.52 79391.16 166562.65 349448.44
37 1.40 14057.75 19680.85 84243.93 206229.15 504848.96
38 0.99 22223.00 22000.77 181521.11 518787.33 1482694.18
39 1.23 29014.70 35688.08 198864.55 520627.39 1363002.50
40 1.51 23321.00 35214.71 127478.28 298044.21 696827.36
41 0.76 3659.90 2781.52 34899.87 107770.80 332796.22
42 0.92 10602.50 9754.30 90897.18 266146.95 779278.28

Amount 481586.45 644602.08 3059364.02 7812360.65  20122518.08

X-L<u<X+L

Nickel quality credibility interval: 1.338 -1.245< ;41 <1.338+1.245 .

0.093< <258

Each transverse profile contains the topography, drilling
number, ore body extent with the accompanying parameters
defined by geological drills and other characteristics. (Fig. 6).

In the geological profile through exploration drillings
we have presented irregularly formed nickel source with

56

many fractures, as well as irregular source levels. So, red
color represent nickel source where the bottom of each
level of the body also shows the nickel content and trace
elements that result from laboratory analysis by deep geo-

logical drillings [8], [9].
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Figure 6. Geological profile of the source

Geological researches in mines have proven geological
reserves, quality and extent of ore body and its position pre-
sented in contact with the floor and ceiling (Fig. 7).

Figure 7. Ore body with geological contacts

Definition of layers or geological contacts on the floor
and upper layer of the nickel source are presented in red
while between these two layers is the nickel ore source which
will be exploited by mining methods.

Finally, according to the calculations with advanced
methods and the application of mining software we have
concluded that the expected ore volume for exploitation is
1307256 (ton ore), with satisfactory ore quality credibility
interval; the assessment results of quality credibility interval
can be read under the foregoing tables.

During the ore exploitation it is recommended to pay atten-
tion to the ore digging and uploading by preserving the impov-
erishment limits, in addition under unknown circumstances
attention should be paid to the selection of soils and clay in
order to preserve the ore quality in the exploitation stage.

4. Conclusions

The source of nickel silicate ore “Gllavica” is character-i-
zed by several favorable factors in relation to the ore exploi-

tation, the most important being the drop and extent of ore
bodies located in relatively shallow depths from the surface.
Gllavica source is under research with varying intensity,
through the application of various methods of research-
geological work, therefore the border of the source has been
defined and the reserves have been calculated according to
the 25x25 m research drilling grid.

The minerals thickness at the source ranges from 2-32 m,
the average thickness is about 11 m. The source was formed
in specific conditions during the formation process of the
lateritic crust of the ultrabasic rocks’ alienation. The most
important part here is the calculation of nickel ore credibility
intervals, meaning that before entering the exploitation stage
we shall know this ore quality credibility interval.

After managing to divide the nickel source in mini
blocks we can now mix the blocks and at the same time we
have tracked their exploitation and data compliance with
the situation in the field. From the practical sense of the
presentation of reserves and resources of polymetallic ore,
it is of interest to have a table presentation of the ore
amount (tonnage) on one side, and the quality and credibil-
ity interval on the other side.
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TI'eocTaTucTHuHMIA aHaTi3 3anaciB Hikeaio Ha maxTi “I'taBunsa”, KocoBo

P. 3exipi

Mera. JlociipKeHHsI T€0JOTiYHIX 0COOIMBOCTEH, pealicTUUHA OLliHKA SKOCTI 3amaciB HiKeJo 3a JOMOMOIOI0 aHajli3y ITe0CTaTUCTUHYHHX
BUMPOOYBaHb i MOPIBHIHHS PE3yJbTaTiB SKOCTI OJIOKY Ha OCHOBI OL[HKH IIOTOYHOTO CTaHy BHIOOYTKY MiHEpalbHUX PECypCiB HIKeNo Ta

MEPCHEKTHUBY X MOJAIBIIO eKCIUTyaTaIlii.

Metoauxka. [IpoBeeHa cepist reoOTiYHIX AOCTIIKEHD 3 UIIBHICTIO CITKH 25X25 M, TIpH TOBXKHUHI JOCHIpKEeHHS 125 M Oynu BU3HAYEH]
KOHTYp PYAHOTO TijJla ¥ T€0JIOTiYHa MeXa POIOBHUINA HAa OCHOBI pe3yibTariB OypiHHs. [TounHaroun 3 MOBEpPXHI POJOBHINA IO KiHIEBOI IJIH-
OMHM KOXKHOTO reoJIoriqHoro OypiHHs, B 3D mpeacTaBiIeHo SKICTh HIKEJIEBOrO MeTally B iHTepBaslax ITIMOMHM Ha KOXeH 1 M i oriHeHo rpa-

HUYHY ITIMOMHY eKCIUTyaTallil 3a eKOHOMIYHMM (aKTOPOM.

Pe3yabTaTi. BusBieHO CIpHUATINBI YMOBH 3aJsraHHs MOKJIAAIB HIKEJIEBOI pyH — MaAiHHA i MPOTSHKHICTh PYJHUX TUT Ta BiTHOCHO He-
BeJIMKa 1X rIIMOUHA. BCTaHOBIICHO 13 BUKOPHCTAaHHAM Cy4aCHMX METOAIB 1 3aCTOCYBaHHS MPOrPaMHOro 3abe3neyeHHs Ui BUIOOYTKY KOpHC-
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HUX KOMAJINH OYiKYBaHUI 00CAT pyau IJisl eKCIUTyaTauii, SKuii cCTaHOBUTH 1.3 MIIH T i3 3a[0BIIBHUM IHTEPBAJIOM JOCTOBIPHOCTI ii SIKOCTI.
BcTaHoBIEHO, 1110 MOTYXKHICTh MTOKJIAAIB KOIUBAETHCS B Mekax 2-32 M, 3 cepeaHiM 3HaueHHsM 11 M. BuzHadeHo HOCTOBIpHI MexXi SIKICHUX i
O1IHUX Py, IO BaXIIUBO JJIsI KOMEPUIHHUX HiJIeH.

HaykoBa HoBu3HA. B ymoBax maxTt “I'aBuns” BUSBICHO XapaKTep 3MiHU T€OJOTTYHUX OCOOIMBOCTEH 3asiTaHHs MOKJIAIiB HIKEIEBOi
PYZH Ha OCHOBI MPOrPaMHOro 3a0€3MEUCHHS Ta CTBOPEHOI 0a3u JaHHMX MOJIbOBUX JOCIHIKEHB, IO JO3BOJIMIO IPOBECTH €HEKTUBHY OL[HKY
3araciB HIKEIO 3 KOMEPLIHHOT TOUKHU 30Dy.

IIpakTnyHa 3HAaYUMIiCTh. [ THOOKI T€ONOTIUHI TOCHIIKEHHSI, SIKi HEOOXIIHO MPOBOJUTH MOCTIHO, 0COOIMBO MiJ] Yac Mepioy aKTUBHOI
eKCIUTyaTalii pyaHuKa, 3a0e3MeuyoTh Oe3MeuHy po3poOKy POJOBHII i ACTAIBLHO OLIHIOITH SKICTh Pya. Pe3ynbTaTd MpeacTaBiIsiOTh IiH-
HICTb 3 O3HUIIi1 BU3HAYEHHS JOCTOBIPHUX IMMOKA3HHUKIB IKOCTI Py 1 MeXi eKCIUTyaTalii poIOBHIIA.

Knrwuoei cnosa: 3anacu Hixenro, eeonoziune 0ypinHsa, O10KU, AKICMb Pyo

TI'eocTaTucTHYeCKHId aHAIN3 3amacoB HUKe A B maxTe “I'naBuna”, KocoBo

P. 3exupu

Hean. HccnenoBanne reoJIorMIeCKUX 0COOCHHOCTEH, pealCTHYHAs OIleHKa Ka4ecTBa 3aliacoB HUKEISI TPU TIOMOIIH aHaIn3a reocTaTh-
CTHYECKHX UCTIBITAHUH M CPaBHEHHMS Pe3yJIbTaTOB KadecTBa 0JIOKa Ha OCHOBE OIIEHKH TEKYIIEro COCTOSHUS JOOBIYN MUHEPAITBHBIX PECYPCOB
HUKEJs ¥ IePCIIeKTUBBI UX JAJIbHEHIIel SKCIUTyaTalyy.

Metonuka. [IpoBeneHa cepusi reOJIOTHUCCKUX HCCICIOBAHUI C TUIOTHOCTBIO CETKU 25%25 M, mpH AjuHE McciaemoBaHus 125 M ObutH
ompeesieHbl KOHTYp PYOHOTO Tejla U IeoJIoTHYecKas TpaHulla MECTOPOXKICHHUS Ha OCHOBE pe3ybTaToB OypeHus. Haumnas ¢ moBepXxHOCTH
MECTOPOKACHHS 10 KOHEYHOH ITyOMHBI KaKIO0T0 Ie0Jorndeckoro 0ypenus, B 3D mpeacTaBieHo KauecTBO HUKEJIEBOTO MeTallla B HHTEpBa-
JIaX TIyOWHBI Ha KQXKIBIH 1 M U OlIeHeHa TIpeieNbHas TITyOrHA SKCILTyaTallly 110 SKOHOMUYEeCKOMY (akTopy.

Pe3yabTaThl. BoLiBIeHBI OaronpusTHBIC YCIOBHS 3aJIETaHHS 3aJeXKel HUKEICBBIA PyAbl — MaJieHUE U MPOTSHKEHHOCTh PYAHBIX TEN U
OTHOCHTENIHLHO HeOOJbIIIas UX ITyOnHa. Y CTaHOBJIEHO C MCIOJIB30BAaHHEM COBPEMEHHBIX METO/OB U IPHMEHEHHSI IPOrPaMMHOI0 obecIede-
HUSL IS TOOBIYM TOJIE3HBIX MCKOMAeMBIX OXKHUAAeMBIN 00BEM PYJIbI JUIS SKCIUTyaTalluy, KOTOPBIA cocTaBsieT 1.3 MIIH T ¢ YAOBIETBOPUTENb-
HBIM UHTEPBAJIOM JIOCTOBEPHOCTH €€ KauecTBa YCTaHOBJIEHO, YTO MOIIHOCTB 3aJexkeil koiebnercst B mpezenax 2-32 M, CO CpeTHUM 3Hade-
nueM 11 M. OnpenesneHsl JOCTOBEPHBIE TPAHULIBI KAYECTBEHHBIX U OSTHBIX PYII, YTO BAXKHO IJIsI KOMMEPUYECKUX LIeneil.

Hayunas HoBu3Ha. B ycnoBusax maxTel “['7aBuia” BEIABICH XapaKTep U3MEHEHUS TE€OJIOTHYECKUX OCOOCHHOCTEH 3alleraHus 3alexein
HUKEJIEBOW Pyl HA OCHOBE NMPOTPAMMHOI0 00ECIeYeHUsI M CO3/IaHHOM 0a3bl JaHHBIX MOJEBBIX HCCIEIOBAaHUM, YTO MO3BOJUIO MIPOBECTH
3¢ PEKTHBHYIO OLIEHKY 3aIIacOB HUKEIS ¢ KOMMEPUYECKON TOUKH 3PCHUSI.

IIpakTHnyeckas 3HAYUMOCTB. [ TyOOKHEe re0TOrHUecKie UCCICIOBaHUs, KOTOphIe HEOOXOMMO MPOU3BOAUTH TIOCTOSHHO, OCOOCHHO BO
BpeMsI TIeprojia aKTUBHOM KCINTyaTalliy PyIHHUKA, 00ECIIeunBalOT Oe30IIacHyI0 pa3padoTKy MECTOPOXKICHHH U IEeTaNbHO OICHUBAIOT Kade-
CTBO PyA. Pe3ynpTaTsl MpeACTaBISIOT IIEHHOCTh C MO3UIIMH OIIPEe/IeNICHUs JOCTOBEPHBIX MOKa3aTelied KauecTBa pya M Ipejesia SKCIUTyaTa-
LUK MECTOPOXKICHHS.

Knrouesnie cnosa: 3anacwl nukens, eeonocuieckoe Oypenue, O10Ku, Kayecmeo pyo
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