182 Proceedings of the National Academy of Sciences of Belarus. Physical-technical series, 2022, vol. 67, no. 2, pp. 182-190

ISSN 1561-8358 (Print)

ISSN 2524-244X (Online)

UDC 622.363.2.013.364(045)(476) Received 14.07.2021
https://doi.org/10.29235/1561-8358-2022-67-2-182-190 [octynuna B pegaximro 14.07.2021

Ivan I. Golovaty', Sergei A. Chizhik?, Andrey B. Petrovskiy', Viktor Ya. Prushak®

1JSC “Belaruskali”, Soligorsk, Minsk Region, Belarus
’Presidium of the National Academy of Sciences of the Republic of Belarus, Minsk, Belarus
3Soligorsk Institute of Resources Saving Problems with Pilot Production, Soligorsk, Minsk Region, Belarus

DEVELOPMENT OF TECHNOLOGY FOR ADDITIONAL EXTRACTION OF POTASH ORE
RESERVES FROM PREVIOUSLY MINED OUT PANELS AT THE DEPTHS EXCEEDING
600 METRES OF THE STAROBIN POTASH SALT DEPOSIT

Abstract. Studied the possibility to extend the life of the Production Unit no. 3 mine of JSC “Belaruskali” through the
additional extraction of sylvinite ore reserves left in the previously mined panels of the mine field of the 3" potash level. It was
determined, that during the period from 1971 to 1980 a considerable part of the southern direction of the mine field on the area
of more than 5,3 million m? was mined by the roadways on the layers 2, 2-3, 3 without the mining of the 4" sylvinite layer.
The volume of the leftover reserves of minerals in the mined panels makes more than 22 million tons. There is direct access
to these panels from the main southern gates. As a study result of geological structure of the mined panels it was determined
that under the influence of rock pressure the undermined sylvinite layer no. 4 took the form of a wave-shaped seam with the
capacity of about 1 meter which rests on compressed inter-chamber pillars and on compressed rocks of layers 2, 2-3, 3 of de-
stroyed inter-roadway pillars, which fills the space of the roadways. Such geological structure of the seam enables to extract
minerals using the technology of selective layer mining by successive top and bottom faces. As a study result of the stability
of the mine workings performed along the roadways and inter-chamber pillars under conditions of different roof positioning,
it was determined that during the preparation of the faces the most advantageous locations for development workings are the
areas previously mined by the room and pillar mining system. In this case, the highest stability of mine workings located in
the stopes of the room and pillar mining system will be provided by their roofing location with cut of 0.15 m of the 4 sylvin-
ite layer. When this occurs, their predicted life without repair, even without the use of special protection methods, would be
between 3.5 and 8 years. Based on the results of the study, a conclusion was made on the technical possibility and economic
feasibility of additional extraction of sylvinite ore reserves left in the western panels of the southern direction of the mine field
of the 3™ potash level of the Production Unit no. 3 mine, finished over 40 years ago by the room and pillar mining system us-
ing selective layer mining technology by the longwall faces. With minimal capital, organizational and technical expenditures,
the extraction of these reserves will allow the company to produce additionally 5.5 million tons of potash fertilizers.
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PA3PABOTKA TEXHOJIOI' MM JOU3BJIEYEHU S 3AITACOB KAJIMITHOM PY/IbI 13 PAHEE
OTPABOTAHHBIX ITAHEJIEN HA I'TYBUHAX CBBILIE 600 METPOB CTAPOBUHCKOI'O
MECTOPOXKJIEHUSI KAJTUNHBIX COJIEN

AnHoTanus. M3ydeHa BO3MOKXHOCTD IPOJICHNUS CPOKa CiIy)Obl pyaHuKa TpeTtsero pynoympasierus OAO «bemapychb-
KaJlMi» 3a CYeT JOM3BICYEHHS 3allacoB CHIIBBHHUTOBOHM PYyJBI, OCTAaBJIEHHBIX Ha riyOuHax cBeime 600 M B oTpaboTaH-
HBIX paHee MaHeJsAX IAaXTHOTro Mmojs TpeTkero KaaumiHoro ropu3oHTa CTapoOHMHCKOIO MECTOPOXKICHHS KAJHHHBIX CONCH.
YcranoBineHo, uto B iepron ¢ 1971 mo 1980 1. 3HaunTeNbHAs YacTh F0KHOT'O HAIIPABJICHHS MIAXTHOTO IOJIs Ha IO i Oojee
5.3 MutH M GbLIa oTpaboTaHa OYUCTHBIMHU XOAaMHU TI0 ¢J10siM 2, 2—3, 3 6e3 BbIeMKH 4-T0 CHIIBBUHHUTOBOTO cJiosi. O0beM ocTaB-
JICHHBIX 3aI1aCOB TIOJIE3HOTO MCKOMIAeMOT0 B OTPA00TAHHBIX TAHENSIX COCTaBIIsIeT Oonee 22 MitH T. [Ipr 5TOM MMeeTcst psiMoit
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JOCTYH K 3THM TTaHEJSIM CO CTOPOHBI INIABHBIX I0XKHBIX IITPEKOB. B pe3ynbraTe H3ydeHus reoJornIeckoro CTpOeHUs 0Tpado-
TaHHBIX MaHeJIeH yCTAaHOBJIEHO, YTO MOJ[ BO3EHCTBHEM T'OPHOTO JIABJICHUS, ITOAPA00TaHHEIH 4-1 CHIIBBUHUTOBBIH CIIOW MPHUHSIT
BHJI TJTACTa BOTHOOOPA3HOTO MPOGHIIS, MOIIHOCTBIO OKOMO | M, KOTOPBIH MOKOUTCSI HA CAABIEHHBIX MEKKAMEPHBIX IIENNKaX
U Ha YIUIOTHEHHBIX ITOpOJiax CJIoeB 2, 23, 3 pa3pyIICHHBIX MEXXO/IOBBIX IIEJINKOB, 3aIIOJHUBIIMX IIPOCTPAHCTBO OUYMCTHBIX
x0710B. Takoe reonornyeckoe CTPOSHHE MIacTa AeIaeT BO3MOKHBIM H3BJICUEHHUE MTOJIE3HOTO HCKOMAEMOT0 C TPIMEHEHUEM TeX-
HOJIOTHH CJIOEBOH CEJIeKTUBHON BBIEMKH ITOCIIE/IOBATEIBHO BEPXHEH N HIDKHEH 1aBaMu. B pesynbraTe n3ydeHns ycTOHYNBOCTH
BBIPAOOTOK, MPOHIEHHBIX MO OUUCTHBIM XOJaM M MEKKaMEPHBIM II€INKaM, B YCIOBHUX Pa3HON MPHUBSI3KH KPOBJIH YCTaHOBIIE-
HO, YTO IIPH TIOJATOTOBKE OYHCTHEIX JIaB HanOoJiee palioHaIbHBIMI MECTAMH 3aJI0XKEHHSI IIOATOTOBUTEILHBIX BEIPAOOTOK SIBIISI-
I0TCS y4acTKH paHee oTpaboTaHHbIE KAMEPHOI CHCTEMOM, TPH 3TOM HanboJjiee BHICOKYIO yCTOHUYNBOCTh BBIPAOOTOK MPH PACIIO-
JIO’KCHUY B OYUCTHBIX OJIOKaX KaMEPHOH CHCTEMBI 00ECIICUUT MPUBSI3KA UX KPOBIH ¢ pupe3koit 0,15 M 4-ro CHIBBHHUTOBOTO
ciiost. B 3ToM citydae ux nporHo3upyemMslii 6e3peMOHTHBIN CPOK CIIykKObl, ake 0e3 IPUMEHEHHUS CHELHAIBHBIX CII0COO0B 0X-
paHBbL, COCTAaBUT OT 3,5 1o 8 etT. Ha ocHOBaHMM pe3yIbTaToOB HCCIECAOBAHNS CETAH BBIBO O TEXHHUYECKOI BOZMOKHOCTH U HKO-
HOMHUYECKOH 11eJ1ecO00pa3HOCTH IOM3BIICUCHHUS 3aM1aCOB CUIILBHHUTOBOM PY/Ibl, OCTABJICHHBIX B 3aMaHBIX MaHEISX F0XKHOIO
HAIpaBJICHUS MIAXTHOTO MO TpeThero KaIMuHHOTO TOPH30HTA pyAHMKA TPeThero pyAoympaBieHHUs, OTPadOTaHHBIX Ooiee
40 neT Ha3aJ KaMEPHOU CUCTEMOH pa3pabOTKH C MCIOJIb30BAHUEM TEXHOJIOIMH CJIOCBOH CEJICKTHBHON BHIEMKH IJIACTa OUUCT-
HBIMU JIaBaMu. [Ipyn MEHNMAaIBbHBIX KAaTUTAIbHBIX H OPraHU3allHOHHO-TEXHHUECKHX 3aTPaTax U3BJICUCHUE YKA3aHHBIX 3aI1acoB
MOJIE3HOT'0 MCKOMAEMOT0 MO3BOJIUT MPEAIIPUSTHIO BBIITYCTUTH JOMOJTHUTEIBHO OKOJIO 5,5 MITH T KQJIMHHBIX YI0OpEHUI.

KuroueBble c10Ba: pyIHUK, IIJIaCT, OYHUCTHBIC KAMEPBI, KaJIUHHAs Py, T€0JIOTHIECKOe CTPOCHHE

Juasi nutupoBanusi: Pa3paboTka TEXHOJOTMHM JIOM3BJICYCHHMs 3aMacoB KaJIMWHOW pyAbl W3 paHee oOTpa-
OoraHHBIX mnaHened Ha TiyomHax cBbime 600 MerpoB CTapoOOMHCKOTO MECTOPOXACHUS KalUHHBIX Coled /
W.U. Tonosatsiii [u ap.] / Bec. Ham. akan. naByk Bemapyci. Cep. ¢i3.-taxH. HaByk. — 2022. — T. 67, Ne2. — C. 182-190.
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Introduction. JSC “Belaruskali” is the world’s largest producer of potash fertilizers. Its main raw
material base is the Starobin potash deposit. The development of the deposit is carried out by four
Production Units, including the Production Unit no. 3 (PU 3), which mined out and processed 14.3 mil-
lion tons of sylvinite ore in 2020. Such intensive extraction of minerals from the subsurface is rapidly
depleting mineral reserves. Currently, the mine mines out the second and third potash levels, which con-
tain all the resources of the PU 3 mine field and previously they were classified as commercial reserves.
The 2" potash level is mined out for 90 %, while the 3" level, which is the main one in terms of reserves
and ore extraction volumes, is mined out for 75 %.

The urgent need to replenish and develop the mine’s resource base requires careful, resource-effi-
cient approaches to mining the left reserves. One such promising approach, aimed at extending the mine
life, is the additional extraction of potash reserves left in the 4™ sylvinite layer and the inter-chamber and
inter-roadway pillars in the areas of the 3™ potash level previously mined out using the room and pillar
mining system.

It is known that initially since 1971 the 3" potash level at the PU 3 mine was mined out using a room
and pillar mining system with a low mineral extraction rate. Only since the 1980s progressive longwall
mining began to be used to ensure a more complete extraction of sylvinite ore from the rock mass [1, 2].
As aresult of the ten-year period of intensive application of the room and pillar mining system, a large sec-
tion of the mine field has formed, containing significant amounts of minerals left in the 4™ sylvinite layer,
inter-chamber and inter-roadway pillars. According to preliminary estimates, this amount significantly ex-
ceeds the annual output of the mine. However, the possibility of re-mining the stated area in order to mine
additionally the left reserves has not been studied and appears to be a complex scientific and technical
problem. Till now, many important geological and mining and technical aspects of this problem have not
been investigated. Although there are a number of works devoted to the study of geological structure of the
seam, describing the features of the distribution of rock pressure in the development and mining workings
during the extraction of undermined and abandoned reserves in the 4™ sylvinite layer and between the pil-
lars under conditions typical to the 3" potash level of the PU 3 mine [3—8]. However, the following import-
ant aspects regarding the problem of abandoned mineral reserves mining in areas mined out by the room
and pillar mining system at depths greater than 600 m have not been studied or have been insufficiently
studied in these works: a condition and a degree of disturbance of the left reserves, a character of lowering
the 4" sylvinite layer above the roadways, a geological structure of rocks above the face roof: the content
of KCI on the collapsed rocks in the inter-roadway pillars and roadways; possibility of extraction of the
left reserves in relation to the sylvinite layers 2, 2-3, 3, 4; a character of the workings deformation, caused
by roadways and inter-chamber pillars, their stability in conditions of different roof location. Currently,
there is only one known work [9], which addresses some aspects of the above problems in relation to other
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geological and mining conditions of the Starobin deposit, different from the conditions of the PU 3 mine,
characterized, first, by a significantly lower formation depth of mineral deposit. Therefore, the results of
the abovementioned work could not be directly used to solve the problem of re-mining the mentioned sec-
tions of the 3™ potash level of the PU 3 mine, although we have used the methodology of this study. The
task of the study was to solve the abovementioned issues, and the purpose of which was to assess the tech-
nical feasibility and economic viability of extracting the reserves left in the 4™ sylvinite layer, inter-cham-
ber and inter-roadway pillars at the sections of the 3 potash level of the PU 3 mine, previously mined out
using the room and pillar mining system, as well as to develop a technology for re-mining these sections.

Results and discussion. In accordance with the methodology adopted, the study was carried out
along the following lines: study of the mine surveyor’s documents describing the location of the mine
field areas, mined out by the room and pillar mining system; time and mining technologies used; visual
and instrumental study of the rocks geological structure in the mined out area, characteristics of the rock
pressure and course of deformation processes in the workings; calculation of mineral reserves in the
areas available for re-mining; developing the ways for re-mining these areas, selecting the best methods
for performing the development workings and assessing their stability.

Parameters of stopes driven by the room and pillar mining system in the 3™ potash level of the PU
3 mine were studied during the analysis of the survey documents taking into account the layers and the
time for minerals mining. It was determined that in the period from 1971 to 1980 a part of the area of
the mine field of the 3" potash level, on the panels of the south direction from the 1% west to the 18™
west panel (Figure 1, a), was mined out by room and pillar mining system on the layers 2, 2-3, 3. At the

|
|

|

H

,,
/)
/
/
/
/
| M
|

1 -

AT
(o o NN

b

_onaind

O — [ — [ — —

NN NN N W F/

)

© -location of the research station

Figure 1. Mining plan of the 3" potash horizon of mine: @ — plan of the mine field (I — blocks of the chamber development
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same time, significant amounts of minerals were left not only in the undermined 4" sylvinite layer, but
also in inter-chamber and inter-roadway pillars where layers 2, 2-3, 3 were mined with recovery factor
0.38-0.45. Accordingly, should be investigated the possibility of preparing for mining followed by the
extraction of the reserves left in all abovementioned layers of the western panels 1-18. It was assumed
that the reserves of the 4 sylvinite layer, being prepared for mining, might have changed their spatial
position over the past 40 years after undermining. Moreover, the main transport and air-feeding work-
ings of the future face, its assembly gate on the pillar to be mined out should be carried out in the stope
area of the room and pillar mining system.

The mined out panels 1-18 are located close to the active main south gates, but direct access for
visual and instrumental investigation of the geological and mining conditions was not possible due to
destruction of the panel entries. Taking into account the inaccessibility of these sections of the mine field
for visual and instrumental studies, it was decided to fulfill a special research working (Figure 1, ) in
the roadways and inter-chamber pillars of the 18'" west panel in its north-east section adjacent to the face
no. 4, that undermined the 4™ sylvinite layer in the period from 1979 to 1981. Considering the fact, that
while starting the researches described above, driving the development workings of the face no. 11-5, in
the border zone of the 18™ west panel, parallel to old gates of the above panel began, a research working,
240 m long, was made by the roadheading machine KRP-3 starting from the haulage road of the face
no. 11-5.

As aresult of visual inspection and instrumental measurements in the research working, it was found
that the panel workings and the roadways of the 18" west panel, made 40 years ago, are collapsed and
are in “compressed” condition, i.e. the previously mined out space is filled with rock debris. The soft pil-
lars in the roadways were crushed and compressed by about 1 m. Accordingly, layers 3—4, 4, 4-5, 5 were
lowered by the same value in this area; hard inter-chamber pillars with the width from 5.0 to 9.0 m were
slightly compressed by 50—-150 mm, in comparison with their capacity in the virgin rock. The results
obtained are well in line with the results of the previous study of the geological structure of the deposit
rocks in the southeastern border zone of the 18™ west panel in its southeastern section [8].

The geological structure of the roof rocks was also investigated in the research working, with core
sampling over 3.0 m high. Samples were taken from the bored core to assess the KCl content in the ore
by chemical analysis. The boreholes chart for core samples collection and the geological structure of the
roof rocks are shown in Figure 2.

Analysis and compilation of the obtained data on the geological structure of the deposit rocks of the
18" western panel enabled to calculate forecast values in relation to quantity and quality of the remain-
ing ore reserves in other western panels of the south direction, mined out by the room and pillar mining
system. According to the calculations, more than 22 million tons of sylvinite ore are concentrated in the
area of 5.3 million m?, including 13.4 million tons in the 4" sylvinite layer and 9 million tons in com-
pressed and collapsed rocks of layers 2, 2-3, 3.

Analysis of the identified features of the seam geological structure allowed drawing the conclusions
about its important features directly affecting the choice of mining technology of minerals left in the
18" western panel and, by analogy, in other western panels, mined out by the room and pillar mining
system. It was found that the 4™ underworked sylvinite layer took the form of a wave-shaped seam
with the capacity of about 1 meter, with the wave height of 0.6—1.3 m at a wave pitch of about 17-20 m.
The wave crests, located above the inter-chamber pillars, are parallel and directed along the strike of the
roadways. Such geological structure of the 4™ sylvinite layer enables to mine it with a top face using the
SL-300-type shearers, with subsequent mining the layers 2, 2-3, and the 3™ layer — with a bottom face,
i.e. the layer can be mined out by the widely used selective mining technology with longwall faces. This
technology is described in “Instructions on application of development systems at the Starobin deposit”
(Soligorsk, 2018).

In order to select the possibility and optimal locations for development workings of the future faces
designed to mine the western panels of the south direction, the deformation character of the research
workings contour was studied, including measuring the deformations of the workings contour according
to the stations of the contour survey plugs; assessment of the workings stability and preliminary calcu-
lation of their maintenance-free period, depending on the chosen roof positioning; visual assessment of
the workings contour condition after the mining.
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Figure 2. Study of geology aspects of the deposit rock from the research working: a — boreholes

chart for core samples collection in the roof of the research working no. 5 (I — 1% sylvinite layer, 2 —

2™ sylvinite layer, 3 — 3™ sylvinite layer, 4 — 4™ sylvinite layer, 5 — 5" sylvinite layer, 6 — roadways

of the 18" western panel, 7 — roof and ground profile of the research working no. 5); b — geological
structure of roof rocks by boreholes

The research working was made in stages with several risings in order to study its stability in dif-
ferent roof locations. The working was conventionally divided into 4 sections, differing in their location
and roof positioning:

section 1 is approximately 90.0 m long. The working was made in a protective pillar, with a protec-
tive band, left in the roof, in the 3 sylvinite layer with the capacity of 0.25—0.30 m;

section 2 is approximately 60.0 m long. The working was made in the roadways and in the in-
ter-chamber pillars; the roof positioning was done with 0.15 m cut of the 4™ sylvinite layer;

section 3 is approximately 60.0 m long. The working was made in the roadways and in the in-
ter-chamber pillars, with a protective band, left in the roof, in the 4" sylvinite layer with the capacity of
0.3 m;

section 4 is approximately 30.0 m long. The working was made by the 5™ sylvinite layer.

The research working width was 3.0 m. There was no anchoring. As a protection measure in sec-
tion 1, compensating slots were cut in the ground, roof and walls of the working.

Installation lay-out of the monitoring stations for the roof-ground convergence and the convergence
of the workings walls is shown in Figure 1b. Previous investigations in the border zone of the 18" west-
ern panel in its northeastern part showed that the contour of the working is deformed more in the areas
where it crosses the inter-chamber pillars, and the de-stressed zone is still kept in the roadways [8]. This
is why it was decided to install monitoring stations in the most highly stressed zones of the working, i.e.
where the linear parts of the workings intersect the inter-chamber pillars. The monitoring stations were
installed following the roadheader with the lag not exceeding 30.0 m from the face.



Becui Hanpisnanbhaii akagomii aByk benapyci. Cepoist disika-roxniunbix nasyk. 2022. T. 67, Ne2. C. 182-190 187

During the whole monitoring period of 231-306 days, the convergence of the research working was
12—-62 mm and the convergence of the walls was 7-48 mm. The minimum deformations values of the
working contour were observed at the stations installed in the sections worked out by the room and pillar
mining system and were on average 2 times less than at the section of the working made in the protec-
tive pillar (station no. 28). The lowest convergence rate was observed at the section 2 (stations no. 30,
no. 34, no. 36) and it was 0.04—0.09 mm/day. The maximum rate of 0.12—0.20 mm/day was recorded at
the section 1 (stations no. 28 and no. 29) in the protective pillar. At the sections 3 and 4 these rates were
0.13-0.15 mm/day and 0.09 mm/day respectively.

Figure 3 shows the visual condition of the research working and the nature of the deformation along
the entire length of the working. After more than 300 days from start of instrumental as well as visual
monitoring, the condition of the research working was satisfactory. The graphs in Figure 3, e show that
the convergence values in all the study sections do not exceed the maximum permissible values.
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The summary table presents the value on the deformation of the research working and the remaining
time of its maintenance-free condition. The forecast calculation of the remaining maintenance-free ser-
vice life of the working was carried out according to the formula:

t= Umax.perm./Vst:

where ¢ — maintenance-free life of the working, day; Upax perm. — maximum permissible values of the
working contour deformation in mm according to the “Instruction on protection and support of mine
workings in the Starobin deposit” (Soligorsk, 2018); V;; — average steady deformation rate of the working
part, mm/day.

Summary of the deformation nature of the research working

Accumulated deformations of the Maximum Remaining
Stati Monitori contour U, mm permissible Steady conver- mainte-

ation Conditions/roof positioning Jonitoring values of the | gence rate, mm/ nance-free
number time, days Roof-ground Convergence convergence day service life, .
convergence of the walls Unax perms mn’1 days(year;) ’

28 | Section no. 1 in the protective 306 62.0 48.0 120 0.20 530 (1.45)

pillar / 0.25-0.30 m i ] i i
29 3rd sylvinite layer 306 38.0 35.0 120 0.12 928 (2.54)
30 Section no. 2 306 15.0 25.0 120 0.05 2433 (6.67)
34 in thgl roadways / 0.15 m 299 12.0 19.0 120 0.04 2978 (8.16)
36 47 sylvinite layer 294 27.0 29.0 120 0.09 1280 (3.51)
37 Section no. 3 294 16.0 12.0 120 0.05 2189 (6.0)
38 in the roadways /0.3 m 294 37.0 37.0 120 0.13 917 (2.51)
39 47 sylvinite layer 294 44.0 42.0 120 0.15 758 (2.08)
Section no. 4
59 in the roadways / 5th sylvinite 231 20.0 7.0 120 0.09 1366 (3.74)
layer

According to calculations, the longest period of 3.5-8.2 years of maintenance-free working life is
predicted for section no. 2, the shortest of 1.5-2.5 years — for section no. 1.

As a study result of stability of workings made along the roadways and inter-chamber pillars, their
stability in conditions of different roof positioning, it was concluded that the most advantageous places
for the development workings are areas previously mined out by room and pillar mining system, com-
pletely destroyed and filled with consolidated rocks. Thus the highest stability of mine workings while
locating in the roadways of room and pillar mining system will be ensured by their roof positioning with
0.15 m cut of the 4™ sylvinite layer.

In this case the forecast period of their maintenance-free condition, even without the use of special
protection methods, will be from 3.5 to 8 years.

Then, the studies performed enabled to determine that it is technically possible to extract addition-
ally sylvinite ore reserves from the western panels of the southern direction of the 3™ potash level of
PU 3 mine, which were mined out 40—50 years ago by the room and pillar mining system. Extraction
of mineral reserves is possible and reasonable by means of faces using the selective layer mining.
Preparation of longwall faces will require minimal capital expenditures, associated with development
workings, mainly in the de-stressed zones, with minimum protective equipment, provided that there
is an optimal roof positioning. Re-mining these areas is very convenient from an organizational and
technical point of view, as they are compactly located, close to the skip shafts and adjoin directly to the
existing main southern gates.

The economic feasibility of additional mineral resources extraction at the western panels is also
evident. With minimal capital and organizational and technical costs, about 22 million tons of ore can
be extracted, from which, with the existing beneficiation technology, about 5.5 million tons of potash
fertilizers.

Conclusion. Studied the possibility of extending the life of the PU 3 mine through the extraction
of off-balance reserves of sylvinite ore left in the mine field section of the 3™ potash level, which was
mined more than 40 years ago by the room and pillar mining system. It was determined, that during the
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period from 1971 to 1980 a considerable part of the mine field on the area of more than 5300 million m?

was mined out by the roadways on the layers 2, 2-3, 3 without mining of the 4™ sylvinite layer. The
amount of the mineral resources left in the mined out panels exceeds 22 million tons, including 13.4 mil-
lion tons of the 4™ sylvinite layer and 9 million tons of the 2" and 3™ sylvinite layers. However, these
panels are close to the shaft yard and are directly accessible from the main southern gates.

As a result of studying the geological aspects of the mined panels, it was determined that under the
influence of rock pressure, the undermined sylvinite layer no. 4 took the form of a wave-shaped seam
with the capacity of about 1 meter which rests on compressed inter-chamber pillars and on compressed
rocks of layers 2, 2-3, 3 of destroyed inter-roadway pillars, which fill the space of roadways. Such geo-
logical structure of the seam enables to extract minerals using the technology of selective layer mining
by successive top and bottom faces.

Based on the study result of the stability of the mine workings made along the roadways and in-
ter-chamber pillars, as well as their stability under conditions of different roof positioning, it was deter-
mined that the most advantageous locations for development workings are the areas previously mined
out by the room and pillar mining system, fully destroyed and filled with the consolidated rocks. Thus,
the highest stability of mine workings, when located in the roadways of the room and pillar mining sys-
tem, will be ensured by their roof positioning with 0.15 m cut of the 4" sylvinite layer. In this case, the
forecast period of their maintenance-free condition, even without the use of special protection methods,
will be from 3.5 to 8 years.

As a study result the conclusion was made about the technical feasibility and economic viability of
additional extraction of sylvinite ore reserves in the mine field of the 3™ potash level of the PU 3 mine,
mined more than 40 years ago by the room and pillar mining system using the selective layer mining
of the seam by longwall faces. With minimal capital, organizational and technical expenditures, the ex-
traction of these reserves will allow the company to produce about 5.5 million tons of potash fertilizers.
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