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Introduction

Modern reality mining industry in Russia and in the world
features reduction in rich and readily accessible mineral re-
serves. The task of replenishment of mineral resources re-
quires that low-grade and difficult-to-access minerals are in-
volved in development together with the fields that occur in ar-
eas subjected to the environmental limitations [1]. Among such
objects is Partomchorr apatite-bearing ore deposit. The cur-
rent development process is constrained for such reasons as:
low content of P,O; (round 7.5%); absence of transport infra-
structure; complicated climatic conditions; proximity of the to-
be mine to Simbozero Wildlife Area and Khibiny National Park
under project; high tectonic stresses that make the deposit
rockburst-hazardous [2]. The latest appraisal of the mineability
of the deposit made 10 years ago showed its inefficiency [3]. In
the course of the years, the market situation changed many
times, mining and processing technologies and equipment
were upgraded, new modern software programs appeared for
geological modeling and reserves assessment [4]. In this con-
nection, it became necessary to re-appraise in-place reserves
and revise mineral mining technology. Unstable prices of min-
erals governed the efficiency assessment of mining in terms of
a pricing scenario. The implementation of the tasks is possible
using the computer modeling of objects and processes includ-
ed in the geotechnology [5-7].

To this effect, the computer-aided research was per-
formed in order to find and justify the most rational variant of
mineral mining. As a part of the research, 3D models of the
deposit were constructed, reserves and distribution of useful
minerals were adjusted, geotechnical solutions on mining
were justified, various layouts of ore transportation to a pro-
cessing plant were reviewed and their feasibility studies were
completed, ore processing technology was selected, con-
struction cost of the processing plant was evaluated and en-
vironmental impact of mining and processing was assessed.

Digital geological modeling of the deposit and mining
and processing infrastructure layout solutions

Using the geological information system MINEFRAME
and borehole sampling data, the framework and block mod-
els of the deposit were constructed, and economic and une-
conomic reserves were estimated per geological blocks, as
well as the distribution of basic and associated minerals was
revealed [8, 9]. The results of the reserves appraisal both
across the deposit and per ore bodies appeared akin to the
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earlier estimate (approved by the USSR State Reserves Com-
mittee as of July 7, 1978). On the other hand, distribution of
useful components per calculation blocks differed by 20-
30% sometimes, and the difference exceeded 30% in a few
blocks. The reliability of 3D modeling data were proved by the
check-up assessment using the method of polygons and
backed with the more accurate consideration of interdepend-
ence and spatial arrangement of geological exploration holes.

In line with the geological modeling, the scope of the re-
search embraced a few construction layouts at Partomchorr
deposit:
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Fig. 2. Mining stage 1, down to level -90 m, in accordance to layout no. 2

1) a full-cycle mining and processing plant with mineral
extraction using the underground method and with all pro-
cessing areas arranged on the surface in the territory of the
deposit;

2) the same with the hybrid mining method;

3) an underground mine with the processing plant con-
structed on the site of Oleni Ruchey mining and processing
works.

In accordance with the proposed construction layout
solutions, digital models of the surface relief and ground and
underground infrastructure were built-up, and the bounda-
ries of open pit and underground mining were determined
(Figs. 1 and 2).

The cardinal difference between layout no. 3 and the
two first layouts is the construction of the processing plant at
the industrial site of Oleni Ruchey mining and processing
works located 30 km off Partomchorr mine. Such arrange-
ment requires an extended transport system under condi-
tions of complex topography of the Khibiny. Table 1 de-

scribes 8 probable scenarios developed for ore haulage with
surface and underground routes.

Laying-out with regard to the location of the environ-
mental protection areas allowed modeling transportation
routes (Fig. 3).

Production forecasts and geotechnology justification

Economic evaluation of Partomchorr mining technology
consisted of two parts: selection of efficient mining and trans-
port system for layout no. 3 and cost-effectiveness evaluation
of the three layouts [10, 11].

Modeling of construction and operation costs for trans-
portation for the period of mining stage 1 showed that based on
the minimum discount rate the most-preferred transportation
variant was scenario no. 2 with the cable belt conveyors (Fig.
4). The previous research and the experience of cable belt con-
veyors operation in many foreign and some domestic mines
showed that RBC were among the most efficient transport sys-
tems with the ore haulage capacity of 400 t/h for a distance
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Table 1. Probable external transportation systems

Scenario
no.

Routes Mode of transport

Overhead conveyor RopeCon
Surface cable belt conveyor
Surface Motor transport

Rail transportation, track 1520 mm, Diesel
operation

Belt conveyor
Slurry pipeline in a trench

Rail transportation, track 1520 mm, Diesel
operation

Under-
ground

N AW OO 0N =

Conveyor-rails-truck haulage package Rail-
Veyor, remote control

Route No. 4,
Scenarios
Nos. 3,4
Partomchorr Peak,

® elevation +1080m

Partomchorr Mine

Railroad stations Umbozersky Pass
Imandra, Nepheline

Sands

Route No. 3
Scenarios
Nos. 2,4,5,6 s

¢ Kuelporr Peak,
elevation +901 m

Route No. 1
Scenarios
Nos. 3,7,8

¢ Eastern Parmochorr Peak,
elevation +619m

e ShobnyukPeak,
elevation +481Tm.  Koashkar Peak,

Njorkpakh Peak,
elevation +877 m

from 4 to 50 km, including the complicated topography and cli-
mate of the North. One of the examples is the Line Creek cable
belt conveyor located inside the Elk Valley wildlife area, Canada,
and having the length more than 10 km [12-14].

Then, the investment efficiency was evaluated for the
mine layouts under analysis. The project capacity of the mine
was assessed considering the requirement for the temporal
pillars to be preserved under the surface water bodies, and
made 7. 5 Mt of ore annually. Geological reserves totaled
more than 840 Mt out which mining stage 1 embraced 330
Mt of ore. The calculated data are reported in Table 2.

The calculated data showed negative NPV for all sce-
narios and the absence of the discount payback at mining
stage 1. For this reason, the minimum cost of apatite con-
centrate so that profitability was positive was evaluated. It
was found that the return of investment began from the apa-
tite concentrate cost starting from
18 thou Rub/t: in 28 and 24 years
for layouts no. 1 and 2, respective-
ly, while layout 3 yet had no period
of payback.

For the most-preferred mining
and processing layout no. 2, the en-
vironmental impact of the produc-
tion was evaluated and the nature-
conservative measures were devel-
oped. The previous studies of the
hybrid mining approach [3] sug-
gested dividing the industrial infra-
structure site into: a main site (in-
cluding the processing plant ar-
ranged at a distance of 7 km from
the mine), an open pit mine area
(two extraction sections) and an un-

L]
Restinyun Peak,
elevation +388 m

elevation +610 m,

Oleni Ruchey Mining
and Processing Plant;
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Fig. 4. Modeling construction and operation costs of external transportation on an accrual basis (discount rate of 10%)
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distance became one of the sources of the
unprofitable operation in accordance with
that layout as well as entailed amortization of
vast lands and enhanced the environmental
impact in the region of Simbozero Wildlife
Area. The presented research provided for
separation of open pit mining into 4 small-
area extraction sections, which, together
with the closer space arrangement of the
other infrastructural objects of the mining
and processing plant, allowed their accom-
modation on the same site. All that enabled
enhancing commercial viability of the mining
and processing plant construction in ac-
cordance with the specified layout and abat-
ed environmental pressure in the unique
natural and climate zone of the Arctic.

Conclusion

In terms of Partomchorr deposit, the
article describes an approach to evaluation
of prospects for mining subsidiary mineral
reserves based on the integration of the

Table 2. Production forecasts

computer modeling and automated feasi-
bility study. The authors think this approach
allows all-inclusive consideration of the
problem and its manysidedness, and ena-
bles avoiding a common ready-made opinion on parameters
of mining, which prevents from the comprehensive analysis of
the international achievements and from their adaptation to
the conditions of a specific object.

As a result of the research performed, reserves of use-
ful mineral components and their distribution inside ore bod-
ies have been refined, basic decisions on mineral mining
have been justified and the promising scheme for ore trans-
portation from the mine to the processing plant located 30
km away have been proposed. The technical and economic
assessment of the mining and processing plant layouts
shows negative profitability at the current market price of ap-
atite concentrate (~9,5 thou Rub) even in case of optimiza-
tion of project solutions. The authors show that investment in
mining is paying back in 24-28 years given the concentrate
price is up to 18 thou Rub. The most efficient variant is the
hybrid open pit/underground mining with the arrangement of

the processing plant in the area of the mine infrastructure
site.
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