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Introduction

Relevance of the research.

Currently leaders of the “FIK “Alel” JSC have decided to mine gold-
containing ore from the bottom horizons of the Suzdal deposit by the way of field
development system with filling: slicing and sublevel and pillar mining.

Up to date 2 projects on the construction of the concrete-filling complex
(CFC) at Suzdal mine, both surface and underground, have been completed:

- technological regulation for designing of the surface CFC with a grinding
method of filling mixture production, and feeding of the filling mixture to
interstices of worked areas by pipeline transport (“VNIITsvetmet” Affiliated
Public Enterprise NC KPMC);

- a project of construction of the underground CFC with a grinding method
of filling mixture production at the 160™ horizon, components for mixing being
delivered from the surface to the 160™ horizon through the wells and filling
mixture being delivered to interstices by pipeline transport (“BAISiK” Ltd.).

While conducting scientific researche works at Suzdal mine, scientists of
“VNIITsvetmet” Affiliated Public Enterprise NC KPMC also thoroughly studied
basic properties and characteristics of filling mixture’s components. Efficient
compositions of filling mixtures for the conditions of Suzdal mine were developed
in the technological regulation: binding material (Portland cement of the Semey
cement plant, M400-D20 sort) — 150 kg/m’, filling material (overburden of open
pits and rhyolites from rock quarries) — 1430 kg/m’, water (industrial water of the
pit Ne2 of the Suzdal deposit) — 365 kg/m”.

While preparing filling mix, “VNIITsvetmet” Affiliated Public Enterprise
NC KPMC used the following inert materials as an inert aggregate: rhyolites from
rock quarries; inequigranular sand from the pit Ne2; inequigranular limestones
from the internal waste pile of the pit Nel; carbonaceous-argillaceous siltstones
from the pit Ne3.

Constructing the CFC, a composition of filling mixture in the project was
taken as follows: cement of the Semey cement plant, 400 sort (GOST 10178-87) —
115 kg/m’; crushed heaped rock of the fraction of 5-25-40 mm— 1135 kg/m’, sand
— 760 kg/m’, water — 240 I/m’.

To suit conditions of Suzdal mine the following technology was
recommended as a main technology of filling operations: joint preparing of filling
components and preparation of mixture, having set-up parameters for coarse and
fine aggregates at the MShR 2.1x3.0; delivery of the mixture to the worked areas
by pipeline transport in a self-flowing mode.

However these projects have not been implemented at Suzdal mine due to
high capital expenditures for the purchase of a ball grinder, and additional
expenditures for pumping of water drained during the formation of filling mass



while using pipeline transportation of filling mixture and conducting operations in
small volumes — within 12 m*/h.

Now leaders of “FIK *“Alel” JSC are planning not to use the grinding
method of filling mixture preparing because of its high cost. They are going to
develop a technology of filling mixture’s preparation at the surface complex and
transportation of the mixture to worked areas by mobile mixers. Mixture placing to
the worked areas is to be conducted by concrete placers with an inert aggregate of
the size up to 20 mm, having a possibility to feed mixture to the worked area of 80
m in depth.

In this regard, it is necessary to develop and conduct experimental-industrial
test of technology of filling mixtures’ preparation at the surface concrete mixing
unit for the conditions of Suzdal mine. The unit should perform the following
technological processes:

Crushing and storing of crushed overburden at the site of crushing and sorting
plant;

Shipping, receiving and storing of cement and chemical additives;

Loading of crushed rock to the feed bins, feeding of the bins into the mixer of
the concrete mixing unit;

Feeding of cement, chemical additives and water to the repulpator, preparing
of cement wash and feeding it into the mixer;

Mixing and preparing of filling mixture in the mixer;

Transporting of filling mixture by the mixers to the site in the mine, where
mixture will be placed to the worked areas;

Placing of filling mixture to the worked areas by concrete placers.

For the practical implementation of the technology of filling mixtures
preparing at the surface concrete mixing unit, it is necessary to select filling
mixture with a minimum amount of sealing components while preserving
necessary strength characteristics of the filling mass, to develop a technological
scheme of a filling mixture’s preparation and transportation, to select main
processing equipment, to calculate an operating procedure of filling operations.

The research objective:

Selection of efficient compositions of filling mixture for the conditions of
Suzdal mine, development of technological schemes of a filling mixture’s
preparation and transportation with substantiation of a selection of the main
processing equipment for the achievement of high technical and economical
indexes of filling operations.

The object of the research:
The technology of filling operations at Suzdal mine.

The subject of the research:
Hardening filling mixtures and technological process of mixtures’
preparation and transportation.



The method of the research:

A complex method that includes an analysis and generalization of scientific
and technical information, an analysis of technical and economical indexes of CFC
of mining enterprises, laboratory researches aimed to study rheological and
strength properties of filling mixture, methods of mathematical statistics, technical
and economical analysis, experimental-industrial test, implementation of
recommendations.

Results:

— As aresult of laboratory tests in the laboratory of construction and filling
operations of Ridder ore dressing and processing enterprise of “Kazzinc” Ltd.,
rheological and strength properties of filling mixture were found out. Basing on
them, efficient compositions of filling mixtures for the conditions of Suzdal mine
were substantiated.

— Technological schemes of preparation and transportation of filling
mixture in Suzdal mine were developed;

— Technological processes of filling works for the conditions of Suzdal
mine were calculated;

— Main processing equipment for filling operations at Suzdal mine was
selected.

The novelty of the dissertation:

The most efficient granulometric composition of filling mixture, that meets
the requirements of mixture’s transportability through pipelines and standard
strength for the conditions of Suzdal mine, because of system under —storeyed
chamber’s ore excavation (raise mining):

- mounting cased layer (rated rigidity 2,5-2,8 MPa fixed period curing 14
day): cement M 400 -175 kg/m’; inert aggregate 1695 kg/m’ (limestone 425 kg/m’,
sand 1270 kg/m’); colliery water -310 kg/m’;

- massif bord (rated rigidity 1,5 MPa ; fixed period curing 28 day): cement
M- 400 -125 kg/m’; inert aggregate -1695 kg/m’ (limestone 424 kg/m’, sand 1271
kg/m’) colliery water -320 kg/m’;

- frame layer (rated rigidity 4- 4,5 MPa; fixed period curing 90 day); cement
M-400 — 200 kg/m’; inert aggregate 1642 kg/m’ (limestone 411 kg/m’, sand 1232
kg/m’) colliery water 315 kg/m’.

Efficient compositions of filling mixture for the conditions of the Suzdal
mine were substantiated for slice and sublevel and pillar field development
systems, taking into account the normative strength of the filling mass;

Efficient technological schemes of filling mixture’s preparation and
transportation in Suzdal mine were substantiated using main processing equipment:
MB-30WS concrete mortar-mixing unit, produced by MEKA, having production
capacity of 30 m*/h; UNI 50-3 mining machine of PAUS firm production; P 715
Putzmeister mixer and compact trailed pump for fine concrete feeding;



Technological processes of filling operations for the conditions of Suzdal

mine were calculated basing on planned production capacity of the CFC at the rate
of 12m’/h.

The scientific significance of the research:

Complex theoretical and experimental studies were conducted to find most
efficient compositions of filling mixtures for the conditions of Suzdal mine;

Efficient technological schemes of filling mixture’s preparation and
transportation in Suzdal mine were substantiated using main processing equipment:
MB-30WS concrete mortar-mixing unit, produced by MEKA, having production
capacity of 30 m’/h; UNI 50-3 mining machine of PAUS firm production; P 715
Putzmeister mixer and compact trailed pump for fine concrete feeding.

The practical significance of the research consists in:

Development of the technology of filling mixture’s preparation and
transportation in Suzdal mine;

Given recommendations for experimental-industrial test of the developed
technology of filling mixture’s preparation and transportation, author’s control of
processes such as designing, constructing, testing and adopting of technique and
technology of filling operations at Suzdal mine.
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Bulk

As it is known, mining and smelting industry provides about a quarter of a
total country’s industrial output. Its share in the total volume of export is about
20%. The Head of the State and the Government of the Republic of Kazakhstan set
a task before mining and smelting industry to double a volume of output and
export of production by 2015, to extend processing and to create higher production
area.

Because of increase in capacity of Suzdal mine of “FIK
“Alel” JSC of “Severstal” company from 300 to 500-600 thousand ton a year and
because of deepening of mining works, it i1s planned to use sublevel and pillar ore
mining method with filling and to use mobile equipment.

Currently leaders of the “FIK “Alel” JSC have decided to mine gold-
containing ore from the bottom horizons of the Suzdal deposit by the way of field
development system with filling: slicing and sublevel and pillar mining.

To suit conditions of Suzdal mine the following technology was
recommended by “VNIITsvetmet” Affiliated State Enterprise NC KPMC as the
main technology of filling operations: joint preparing of filling components and
preparation of mixture, having set-up parameters for coarse and fine aggregates at
the MShR 2.1x3.0; delivery of the mixture to the worked areas by pipeline
transport in a self-flowing mode.

However these projects have not been implemented at Suzdal mine due to
high capital expenditures for the purchase of a ball grinder, and additional
expenditures for pumping of water drained during the formation of filling mass
while using pipeline transportation of filling mixture and conducting operations in
small volumes — within 12 m*/h.

Now leaders of “FIK *“Alel” JSC are planning not to use the grinding
method of filling mixture preparing because of its high cost. They are going to
develop a technology of filling mixture’s preparation at the surface complex and
transportation of the mixture to worked areas by mobile mixers. Mixture placing to
the worked areas is to be conducted by concrete placers with an inert aggregate of
the size up to 20 mm, having a possibility to feed mixture to the worked area of 80
m in depth.

In this regard, it is necessary to develop and conduct experimental-industrial
test of technology of filling mixtures’ preparation at the surface concrete mixing
unit for the conditions of Suzdal mine. The unit should perform the following
technological processes:

Crushing and storing of crushed overburden at the site of crushing and sorting
plant;

Shipping, receiving and storing of cement and chemical additives;

Loading of crushed rock to the feed bins, feeding of the bins into the mixer of
the concrete mixing unit;

Feeding of cement, chemical additives and water to the repulpator, preparing
of cement wash and feeding it into the mixer;

Mixing and preparing of filling mixture in the mixer;



Transporting of filling mixture by the mixers to the site in the mine, where
mixture will be placed to the worked areas;
Placing of filling mixture to the worked areas by concrete placers.

For the practical implementation of the technology of filling mixtures
preparing at the surface concrete mixing unit, it is necessary to select filling
mixture with a minimum amount of sealing components while preserving
necessary strength characteristics of the filling mass, to develop a technological
scheme of a filling mixture’s preparation and transportation, to select main
processing equipment, to calculate an operating procedure of filling operations.

On the basis of mentioned points, the research objective is selection of
efficient compositions of filling mixture for the conditions of adopted technology
of filling operations at Suzdal mine, development of technological schemes of a
filling mixture’s preparation and transportation with substantiation of a selection of
the main processing equipment for the achievement of high technical and
economical indexes of filling operations.

The technology of filling operations at Suzdal mine was chosen as the object
the research.

Hardening filling mixtures and the technology of their preparation and
transportation are the subject of the research.

Research tasks are:

To select rheological and strength properties of the filling mixture for the
conditions of Suzdal mine;

To prove efficient compositions of filling mixtures for slice and sublevel and
pillar field development systems taking into account standard strength of the filling
mass;

To develop technological schemes of filling mixture’s preparation and
transportation in Suzdal mine;

To calculate technological processes of filling operations for the conditions
of Suzdal mine;

To select main processing equipment for filling operations at Suzdal mine,
CEC productivity being 12 m’/h.

Scientific theses that will be defended:

The most efficient granulometric composition of filling mixture, that meets
the requirements of mixture’s transportability through pipelines and standard
strength for the conditions of Suzdal mine, because of system under —storeyed
chamber’s ore excavation (raise mining):

- mounting cased layer (rated rigidity 2,5-2,8 MPa fixed period curing 14
day): cement M 400 -175 kg/m’; inert aggregate 1695 kg/m’ (limestone 425 kg/m’,
sand 1270 kg/m’); colliery water -310 kg/m’;

- massif bord (rated rigidity 1,5 MPa ; fixed period curing 28 day): cement
M- 400 -125 kg/m’; inert aggregate -1695 kg/m’ (limestone 424 kg/m’, sand 1271
kg/m’) colliery water -320 kg/m’;

- frame layer (rated rigidity 4- 4,5 MPa; fixed period curing 90 day); cement
M-400 — 200 kg/m’; inert aggregate 1642 kg/m’ (limestone 411 kg/m’, sand 1232
kg/m’) colliery water 315 kg/m’.



The most efficient technological scheme of filling mixture’s preparation and
transportation in Suzdal mine at the production rate of 12 m’/h was defined to be a
scheme of filling mixture’s preparation in the surface concrete mixing unit,
mixture’s transportation to the mine by mobile mixers with mixture’s feeding to
the worked areas by concrete pumps;

The most efficient processing equipment for the conditions of Suzdal mine is
MB-30WS concrete mortar-mixing unit, produced by MEKA, having production
capacity of 30 m’/h; UNI 50-3 mining machine of PAUS firm production; P 715
Putzmeister mixer and compact trailed pump for fine concrete feeding.

Conclusion

The dissertation provides new evidence-based results. The usage of them
will help to solve a big problem of development of an efficient technology of
filling operations for the conditions of Suzdal mine of “FIK “Alel” JSC. This fact
makes a significant contribution to the theory and practice of ore deposits
development with the subsequent filling of worked areas.

The following main scientific results, practical conclusions and
recommendations were drawn during the theoretical and experimental researches:

The most efficient granulometric composition of filling mixture, that meets
the requirements of mixture’s transportability through pipelines and standard
strength for the conditions of Suzdal mine, because of system under —storeyed
chamber’s ore excavation (raise mining):

- mounting cased layer (rated rigidity 2,5-2,8 MPa fixed period curing 14
day): cement M 400 -175 kg/m’; inert aggregate 1695 kg/m’ (limestone 425 kg/m’,
sand 1270 kg/m’); colliery water -310 kg/m’;

- massif bord (rated rigidity 1,5 MPa ; fixed period curing 28 day): cement
M- 400 -125 kg/m’; inert aggregate -1695 kg/m’ (limestone 424 kg/m’, sand 1271
kg/m’) colliery water -320 kg/m’;

- frame layer (rated rigidity 4- 4,5 MPa; fixed period curing 90 day); cement
M-400 — 200 kg/m’; inert aggregate 1642 kg/m’ (limestone 411 kg/m’, sand 1232
kg/m’) colliery water 315 kg/m’.

The most efficient technological scheme of filling mixture’s preparation and
transportation in Suzdal mine was substantiated, CFC productivity being 12 m’,
filling mixture being prepared at the surface concrete mixing unit, transported to
the mine by mobile mixers, fed to the worked areas by concrete pumps;

The most efficient main processing equipment was proved for the conditions
of Suzdal mine as follows: MB-30WS concrete mortar-mixing unit, produced by
MEKA, having production capacity of 30 m*/h; UNI 50-3 mining machine of
PAUS firm production; P 715 Putzmeister mixer and compact trailed pump for fine
concrete feeding.

Tasks, set in the dissertation, were successfully solved, the efficient
technology of filling operations in Suzdal mine of “FIK “Alel” JSC was developed.

Recommendations about use of results of the research are being designed
and implemented at Suzdal mine of “FIK “Alel” JSC.



Technical and economical indexes, calculated in the dissertation, indicate a
high efficiency of the technology of filling operations at Suzdal mine.

A scientific level of the research is high enough as compared with the best
achievements in this field.
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Summary

Development of efficient schemes of filling mixture’s feeding at Suzdal
mine of “FIK “Alel” JSC.

The object of the research the technology of filling operations at Suzdal
mine.

The subject of the research hardening filling mixtures and technological
process of mixtures’ preparation and transportation.

The research objective selection of efficient compositions of filling mixture
for the conditions of Suzdal mine, development of technological schemes of a
filling mixture’s preparation and transportation with substantiation of a selection of
the main processing equipment for the achievement of high technical and
economical indexes of filling operations.

The method of the research a complex method that includes an analysis and
generalization of scientific and technical information, an analysis of technical and
economical indexes of CFC of mining enterprises, laboratory researches aimed to
study rheological and strength properties of filling mixture, methods of
mathematical statistics, technical and economical analysis, experimental-industrial
test, implementation of recommendations.

Results:

— As aresult of laboratory tests in the laboratory of construction and filling
operations of Ridder ore dressing and processing enterprise of “Kazzinc” Ltd.,
rheological and strength properties of filling mixture were found out. Basing on
them, efficient compositions of filling mixtures for the conditions of Suzdal mine
were substantiated.

— Technological schemes of preparation and transportation of filling
mixture in Suzdal mine were developed;

— Technological processes of filling works for the conditions of Suzdal
mine were calculated;

— Main processing equipment for filling operations at Suzdal mine was
selected.

The novelty of the dissertation, most efficient granulometric composition of
filling mixture, that meets the requirements of mixture’s transportability through



pipelines and standard strength for the conditions of Suzdal mine, because of
system under —storeyed chamber’s ore excavation (raise mining):

- mounting cased layer (rated rigidity 2,5-2,8 MPa fixed period curing 14
day): cement M 400 -175 kg/m’; inert aggregate 1695 kg/m’ (limestone 425 kg/m’,
sand 1270 kg/m’); colliery water -310 kg/m’;

- massif bord (rated rigidity 1,5 MPa ; fixed period curing 28 day): cement
M- 400 -125 kg/m’; inert aggregate -1695 kg/m’ (limestone 424 kg/m’, sand 1271
kg/m’) colliery water -320 kg/m’;

- frame layer (rated rigidity 4- 4,5 MPa; fixed period curing 90 day); cement
M-400 — 200 kg/m’; inert aggregate 1642 kg/m’ (limestone 411 kg/m’, sand 1232
kg/m’) colliery water 315 kg/m’.

Efficient compositions of filling mixture for the conditions of the Suzdal
mine were substantiated for slice and sublevel and pillar field development
systems, taking into account the normative strength of the filling mass;

Efficient technological schemes of filling mixture’s preparation and
transportation in Suzdal mine were substantiated using main processing equipment:
MB-30WS concrete mortar-mixing unit, produced by MEKA, having production
capacity of 30 m*/h; UNI 50-3 mining machine of PAUS firm production; P 715
Putzmeister mixer and compact trailed pump for fine concrete feeding;

Technological processes of filling operations for the conditions of Suzdal

mine were calculated basing on planned production capacity of the CFC at the rate
of 12m’/h.



