Geophysical online monitoring of ores delivered to processing plants of
Kazakhmys Corporation LLC, targeting silver

A.N. Kan, R.V. Yun, S.A. Yefimenko (Kazakhmys Corporation LLC, Republic of Kazakhstan),
A.V. Erushkin (SGS MPS, Russia), V.I. Onyshchuk (Taras Shevchenko National University of
Kyiv, Ukraine)

This study discusses the results of methodological, hardware and experimental research
targeting the objective of providing efficient online geophysical monitoring of grades for
main (Cu, Pb, Zn) and by-product (Ag, Cd, Mo) elements in copper-containing ores from
deposits developed by mining operations of Kazakhmys Corporation LLC in order to ensure
enhanced operational control of copper and silver production; prorated and highly unbiased
redistribution of overflow metal among sources of ore. Key issues: low silver grades (from
I+ ppm) in ores from most of deposits; complex chemical composition of produced ores,
large pieces of ore (—300 mm), ore in dirt and dust. Method used: x-ray fluorescence.
Hardware equipment used in the study: energy dispersive x-ray fluorescent (EDXRF) ore
controlling stations (OCS) RLP-21. Target elements: copper, lead, zinc, silver, cadmium
(molybdenum) and iron. OCS RLP-21 were implemented at processing plants located in
Zhezkazgan, Balkhash and Karagaily as well as on the main conveyor at Nurkazgan
Underground Mine (the total number of OCS deployed is 8 units). The studies have
demonstrated that the objective of ensuring con-trolled mine production process on such ores
has been achieved successfully: silver can be determined efficiently starting at the grade level
of 1+ ppm.
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Introduction

Kazakhmys Corporation LLC is the largest cathode copper producer in Kazakhstan. Shafts of PA
Zhezkazgantsvetment, PA Balkhashtsvetmet, and PA Karagandatsvetmet of the Mining and Processing
Complex (MPC) are used to develop deposits of copper-containing polymetallic ores of highly complex
mineral compositions: Zhekazgan, Zhaman — Aybat, Zhilandinskaya Cluster, Kounrad, Sayak Cluster,
Shatyrkol, Nurkazgan, Abyz, Akbastau, Kusmuryn. The best copper grade areas of the aforementioned
deposits have been mined out, which has to gradual year-on-year reduction of copper grades. Economic
losses from dropping head grades of copper have been partly compenstated with by-product silver output.
This has determined the high priority of operational quality management of the produced copper-containing
ores and delivery of by-product silver over other proiduction objectives. Modern equipment for online
monitoring of copper and silver grades in ROM material along with state-of-the-art methods and software
will be required to achieve this objective. Objective of the study: select and extensively test and implement
in production new advanced equipment for online monitoring of copper and silver grades in various
existing ores and provide a solution for online management in copper and silver mines output.

In the mining phase, portable energy dispersive X-ray fluorescent analyzers of chemical composition of ore
RPP-12T (Aspap Geo LLC, Almaty, Kazakhstan) have been tested as they allow X-ray fluorescence
sampling (XRFS) of ores to determine 34 components, including copper and silver. These spectrometers
are the only of their kind that allow sampling in faces with the height of up to 7 meters (ore deposits at
Zhezkazgan, Zhaman—Aybat and Zhilandinskaya Cluster represented in blanket-type or low-angle dip
orebodies that have to be sampled in vertical sections). RPP—12T spectrometers with 10 sec intervals for
every single measurement are capable of tracing silver grades starting from 1.0 ppm (Nigmatullin et al,
2019). This is sufficient for the purposes of organizing managed/selective mining of copper and silver. This
process can however be efficient only if XRFS is applied each time a stope has been cleaned. The fleet of
RPP-12T currently used at these mines cannot ensure sampling in stopes at this frequency, which means
that XRFS on its own does not achieve the overall objective. Therefore, online monitoring of incoming ores
on conveyor belts at Kazakhmys Corporation LLC must be organized to encompass the following plants:
Zhezkazgan No.l and No.2 (ZPP-1, ZPP-2), Blakhash (BPP), Karagaily (KPP) and Nurkazgan (NPP)
using ore control stations (OCS’s). This will provide themining teams with comprehensive online tracking
data on the material they dispatch to processing plants at any time giving them ideas of the online
adjustments they need to make to their ore dispatch schedules. Online monitoring of this type helps manage
dispatching ores for processing and must become an efficient tool for proportionate and highly precise
redistribution of overflow metal back among ore suppliers (various mines). At the same time, OCS’s must
clearly determine silver grades in material containing 1+ ppm of this metal. There is no evidence of base
metals companies successfully using OCS method to ensure efficient monitoring of such low silver grades.

The complexity of the analytical objective set in this case can be confirmed through listing of unfavorable
circumstances that undermine accuracy in online monitoring of chemical composition of ore using OCS
method such as variability in ore sizes (ranging from 1-2 mm to 300 mm); low average silver grades
(Zhezkazgan has 15 ppm, Kounrad and Nurkazgan produce 2—-3 ppm); dirt and dust covering the surface of
ore pieces; variable specific ore density (since ores come from a variety of sources); non-uniform layers of
ore on the belt; conveyor belt fluctuations deviating from the central axis of the conveyor frame; waste slag
deliveries to Balkhash Processing Plant as this material is characterized by a highly complex elemental
matrix of grades; variability in the distance between ore surface and OCS sensor; zinc present in conveyor
belt tissues in the quantities of 2 to 4%.

Balkhash Processing Plant has presented the most difficult analytical objective to achieve because this
facility takes in ores from natural deposits as well as waste slags from Balkhash Copper Smelter (BCS).
Processed ores range very widely in terms of copper grades and include high-grade materials from
Shatyrkol, average-grade ore from Sayak—1, Tastau, Nurkazgan, low-grade (Konyrat) and very low-grade
material (Akjal, South Ashaly). BCS waste slag has a highly complex elemental grades matrix: Cu up to
1.15%, Zn up to 6.0%, Pb up to 0.70%, Fe up to 53.0%.

Zhezkazgan Processing Plants 1 and 2 treat ores delivered from Zhezkazgan, Zhaman — Aybat,
Zhilandinskaya Group of deposits; Karagaily Processing plant processes ores from Abyz, Akbastau,
Kusmuryn; Nurkazgan Processing Plant takes in ore from Nurkazgan UG Mine (NUGM).

Summing up this section, we clearly state that an objective of such high level of methodological and
hardware complexity has never been addressed and no method has been demonstrated as efficient in this regard.
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Method and/or Theory

The study is designed to establish a unified, reliable and highly efficient online monitoring system to
monitor chemical composition of copper-containing polymetallic ores at mining and ore processing
operations of Kazakhmys Corporation LLC, which would be focusing not only on the primary element
(copper) but on by-product metals (silver, cadmium, molybdenum) as well. A system like this carries the
capabilities allowing online adjustment of ore mining processes as well as delivery of ore to processing plants.
OCS positioned over conveyor belts provide an efficient method for online monitoring of copper and silver
grades transported to ore processing plants on conveyors. The variety of globally commercially available
OCS’s was reviewed to select EDXRF-based OCS systems. The process of OCS system selection is
discussed in detail in the study (Nigmatullin et al, 2018). Since the end of 2014 Zhezkazgan Processing
Plant-2 has operated an EDXRF OCS RLP—3—02 unit (Geotech LLC, Saint-Petersburg, Russia), which has
demonstrated its strengths in x-ray monitoring of copper grades in ROM ore (it was not performing in a
stable manner on low silver grades and therefore it was not selected as a component for our copper and
silver production management system). The EDXRF OCS RLP-21 (Aspap Geo LLC, Almaty, Kazakhstan)
was preferred since it was designed specifically in order to perform x-ray monitoring of ores characterized
by very low silver grade (1+ ppm) ores. The main structural components of EDXRF OCS RLP-21 include
a VF-50J/W/S x-ray tube; uX50P50/XCC high voltage power source; XR-100SDD X-Ray
semiconductors-based detector; MaxBotix MB7067 ultrasound distance meter; and Laird Technologies
AA-150-24-44-00-XX thermal electrical module. OCS RLP-21T is shown in fig. 1.

A B
Figure 1 EDXRF OCS RLP-21. A - General view, B - Operating unit of the sensor

The following procedure was implemented to perform x-ray monitoring of ores. Single measurements (1
sec) performed in sequence without interruptions. Grades: Cu, Pb, Zn, and Fe are calculated as averages for
every 20 single measurements; Ag, Cd, and Mo are calculated as averages for every 40 single
measurements.

The alternating distance between ore and OCS is accounted for in OCS RLP-21 using two mechanisms:
using the ultrasound distance meter MaxBotix MB7067 (main mechanism); using the intensity of scattering
radiation of elements comprising the ore flow on the conveyor belt.

The studies involved using a test sample for assessment of the impact that the height of OCS positioning
over the belt has on accuracy of copper and silver grades determination. It was thus established (at
exposure time of 300 seconds) that if the suspended OCS height changes from 22 to 72 centimeters, the ore
and silver grades readings change very little as follows: copper — from 0.776 to 0.785%, silver — from 10.95
to 9.8 ppm. At the same time the measurement errors have shown a wider range of fluctuation: copper —
from £0.0088 to +0.038%, silver — from +3.2 to +18.0 ppm.

A large number of OCS installations, availability of ores delivered from several deposits, the low levels of
silver grades in ores delivered to Balkhash and Karagaily processing plants have dictated that a two-phase
approach be preferred in achieving the objective set. In the first phase, the OCS RLP-21 was tested on ores
from specific deposits processed at Zhezkazgan Processing Plant—1 and Zhezkazgan Processing Plant-2.
This phase allowed realistic testing of overall capabilities of OCS RLP-21 in terms of sustainable operation
in low silver and cadmium grade conditions with recommendations issued with regard to required
improvements in apparatus, methods and software used in OCS RLP-21 so as to guarantee successful
achievement of objectives set for phase two (BPP, KPP, NUGM).
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Dedicated software was put in place (OCS client (ZPP-1, ZPP-2), OCS BPP (BPP), OCS KPP and OCS
NUGM) to enable generation of online reports on OCS performance. Specialists of Kazakhmys
Corporation LLC that have access to this software are able to check on current status on ore dispatches and
contained copper and silver at ZPP-1,2, BPP, KPP, NUGM and, if required, take immediate measures for
adjustment of ore delivery processes.

Examples

The total number of OCS RLP-21T commissioned at operations of Kazakhmys Corporation LLC is 8
units: on conveyor belts No.1T (25.10.2016) and No.2T (25.01.2017) at ZPP-2, conveyors No.1A (25.01.
2017) and No.1 (27.08.2019) at ZPP-1, conveyors No.2 and No.2A (04.05.2018) at BPP, main conveyor
No.1 (14.06.2018) at NUGM, on conveyor No.4 (27.07.2018) at KPP. Size of ore pieces on these belts is
300 mm (and 50 mm on belt No.4 at KPP). OCS’s at ZPP-2 are shown in fig. 2A, OCS at ZPP-1 are
shown in fig. 2B, OCS at KPP is shown in fig. 3A, OCS at NUGM is shown in fig. 3B, OCS at BPP is
shown in fig. 4.

A B

Figure 2 EDXRF OCS RLP-21 on conveyors at ZPP-2 and ZPP-1. A - ZPP-2. Conveyors No.IT and
No.2T, B - ZPP-1. Conveyors No.l and No.1A.

A B

Figure 3 EDXRF OCS RLP-21 on conveyors at KPP and NUGM. A. KPP. Conveyor No.4, B. NUGM.
Conveyor No.1 (in shaft)

Figure 4 EDXRF OCS RLP-21 on conveyors No.2 and No. 24 at BPP

Since the commissioning of OCS RLP-21 the following silver grades have been observed:
—at ZPP-1, 2: 68.2 ppm (maximum) and 3.2 ppm (minimum);
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— at BPP: maximum: 11.5 ppm (Tastau) and 12.3 ppm (waste slag); minimum — 1.9 ppm (Kounrad);

—at KPP: 19.6 ppm (maximum) and 6.5 ppm (minimum);

—at NUGM: 7.4 ppm (maximum) and 1.1 ppm (minimum); molybdenum grades: 0.2437% (maximum) and
0.0011% (minimum).

The studies proved that, for the first time, practical applications of EDXRF OCS resulted in tracking silver
grades at such low levels contained in ore sizes of =300 mm.

Accuracy of readings from all OCS units can be reviewed from the results of OCS RLP-21 operation at
ZPP-2 (table 1).

Table 1 Results achieved with OCS RLP-21 on conveyors No.IT and No.2T at ZPP-2 in 2019/2020

Copper, % Silver, ppm

Month
Plant o/f OCS A o, % Plant o/f OCS A G, %
1 0.86 0.82 0.04 4.65 11.546 11.848 -0.302 -2.62
2 0.83 0.82 0.01 1.20 10.850 11.396 -0.546 -5.03
3 0.81 0.80 0.01 1.23 10.732 11.393 -0.661 -6.16
4 0.83 0.81 0.02 241 12.037 12.257 -0.220 -1.83
5 0.777 0.74 0.037 4.76 11.226 11.545 -0.319 -2.84
6 0.835 0.823 0.012 1.44 12.950 13.37 -0.423 -3.27
7 0.821 0.825 -0.004 -0.49 13.729 13.923 -0.194 -1.41
8 0.807 0.83 -0.023 -2.85 12.042 12.777 -0.735 -6.10
9 0.820 0.812 0.008 0.98 13.037 13.363 -0.326 -2.50
10 0.824 0.813 0.011 1.33 14.387 14.952 -0.565 -3.93
11 0.817 0.834 -0.017 -2.08 16.103 14.936 1.167 7.25
12 0.810 0.824 -0.014 -1.73 15.300 14.281 1.019 6.66
2019 0.820 0.813 0.007 0.91 12.828 13.004 -0.175 1.37
1 0.818 0.812 -0.024 0.733 11.897 15.077 14.500 3.827
2 0.834 0.838 -0.019 -0.480 13.210 16.634 16.490 0.866
3 0.804 0.813 -0.090 -1.119 16.569 16.569 15.168 8.456
4 0.781 0.777 0.004 0.512 13.769 13.337 13.930 -4.446
5 0.802 0.795 0.007 0.873 14.574 14.574 14.790 -1.482
6 0.842 0.819 0.023 2.732 14.957 14.957 14.763 1.297
2020 0.814 0.809 0.004 0.553 15.191 14.940 0.251 1.653

Conclusions

The complex objective set for the reviewed studies has been achieved successfully. The mine operator

received:

— current (online) updates on ore and contained metals dispatched to processing plants;

— ability to make quick adjustments in ore dispatching processes;

— a tool that guarantees objective redistribution of overflow metal among mining shafts and pits by shifts,

days, and months.
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