MINING SCIENCE AND TECHNOLOGY (RUSSIA) elSSN 2500-0632
FOPHbIE HAYKU U TEXHOJIOIMA https://mst.misis.ru/

2024;9(4):387-394 Kalashnik A. |. Effect of water inflows on the strength characteristics of the Lovozero rare-metal deposit rocks

MINING ROCK PROPERTIES. ROCK MECHANICS AND GEOPHYSICS
Research paper

https://doi.org/10.17073/2500-0632-2023-09-160
BY

UDC 622.023.23:556.16(470.21)

Effect of water inflows on the strength characteristics
of the Lovozero rare-metal deposit rocks

A. 1. Kalashnik P4
Mining Institute of the Kola Scientific Center of the RAS, Apatity, Russian Federation
>4 a.kalashnik@ksc.ru

Abstract

The Lovozero rare-metal deposit is represented by a series of sheet-like ore bodies of small and medium
thickness exposing on the northwestern slopes of the Lovozero massif. The purpose of the work is to assess
the impact of water inflows on the strength characteristics of the rocks of the Lovozero rare-metal deposit
developed by the Karnasurt mine. The data on water inflow into Karnasurt mine workings, which exploits
two ore bodies of the Lovozero rare-metal deposit, are considered. Statistical processing of the data on
water volumes collected by the mine over the latest 4 years was performed, with assessment of their changes
during a calendar year. The peculiarities associated with calendar climatic changes were identified. The main
purpose of the study was to assess the effect of water inflows on the strength characteristics of the rocks
composing the support pillars. The analysis and calculations of precipitation accumulation within the mine
allotment and water inflows into the mine workings were performed and compared with actual data on mine
waters. The samples of the most representative rocks of the deposit were collected and tested for dry and
water-saturated compressive and tensile strength. The quantitative indicators of the changes in the strength
characteristics of rocks due to water saturation were determined. It was found that the water saturation led
to a decrease in the rock strength by up to 10-20%, especially for compressive strength values.

Keywords
mine, extraction, water inflows, rocks, pillars, properties, strength, water saturation, rockburst hazard,
Lovozero rare metal deposit, Karnasurt mine

Acknowledgments

The paper was written on the basis of initial data prepared by Alexander V. Lovchikov, Dr. Sci. (Eng.). For more
than 60 years A.V. Lovchikov dealt with the issues of the geotechnical safety of the Lovozero deposit mining,
and, in fact, the last task of his life was to study the effect of rock watering on the stability and rockburst
hazard of the pillars of the Karnasurt mine.

For citation

Kalashnik A.I. Effect of water inflows on the strength characteristics of the Lovozero rare-metal deposit rocks.
Mining Science and Technology (Russia). 2024;9(4):387-394. https://doi.org/10.17073/2500-0632-2023-09-160

CBOWCTBA NOPHbIX MOPOJ. FTEOMEXAHUKA U FTEODU3UKA

Hay4Has cTaTbs

BnuaHue BOAONPUTOKOB Ha NPOYHOCTHDIE XapaKTepuCTUKH nopoa
Hososepcxoro pPeAKOMeTaNl/IbHOIro MeCcTopoXxaeHus

A.U. KanamHuk 2
Topubiii unHcmumym Konbckozo HayuHozo yenmpa PAH, 2. Anamumel, Poccutickas @edepayus
< a.kalashnik@ksc.ru

AHHOTaUuA

JIoBO3epcKoe pemKoMeTa//IbHOe MeCTOPOKAEeH)e IIPeICTaB/JIeH0 CBUTOI IIJIaCTOOOPAa3sHbIX II0J0TOIaja-
IOIINX PYOHbIX 3aJIeskeit MaJjion u Cpe/:u-[eﬁ{ MOIITHOCTH, BBIXOOAIINMX HAa ITOBEPXHOCTb HA C€BEPO-3alladHbIX
cKIo0Hax JIoBo3epckoro Mmaccusa. Lienbio paboThl SIB/ISIETCST OLI€HKA BIMSIHMS BOLOIIPUTOKOB Ha IIPOYHOCTHbIE
XapaKTepPUCTUKY opos JIOBO3epCKOro peAKOMETANIBHOTO MECTOPOXKIEHMSI, pa3pabaThIBAEMOIO PYIHMKOM
«Kapuacypr». PaccMoTpeHbI JaHHbIE O TIOCTYIUIEHMM BOIbBI B TOPHBIE BHIPAOOTKY pymHMKa «KapHacypT», OT-
pabaThIBAOIIETO IBE COMIACHO 3aJIeraloliye pygHble 3a1eXu JIOB0O3epCKOTO peKOMETa/UIbHOTO MECTOPOXKIe-
HMS. BbITTosIHeHa craTucTruueckas o6pa60TKa 06beMOB BOJbI, CO6I/IpaeMOI‘/'I PYOHMKOM 3a IMocdjiegHue 4 roga,
C OL[eHKOﬁ AVHaAMUKHN UX IIOCTYIVIEHMA B Te€UeHMEe KaJIEHAapHOro roga. BrigBieHsl 0CO6€HHOCTI/I, CBS3aHHBbIE
C KaJIEHOAPHbIMU KIMMATUYECKMMU U3MEHEHUAMMN. OCHOBHOI1 11eJIbI0 pa6OTbI SBJISIJIaCh OLI€HKa BJIMSHUS
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BOJIOIIPUTOKOB Ha MPOYHOCTHbIE XapaKTEPUCTUKU IIOPOJ, cjlaraloiiyie OMOpHbIe LieJMKNU. BhITIOTHeHbI aHa-
JIX3 ¥ pacueThl 0CaJKOHAKOILJIEHUSI B IIpeeiaX TOPHOTO OTBOAA PYAHMKA 1 (DOPMUPYIOIIMXCS BOTOIIPUTOKOB
B TOpHbIe BbIPaGOTKM, a TaKKe CpaBHEHME UX C (GaKTUUECKMMM JAaHHBIMM II0 PYIHUYHOI Bome. OTOGpaHbI
00pasiibl HanbosIee MpeaCTaBUTENbHBIX ITIOPOT MECTOPOKIEHMS M BBIITOTHEHBI UCITBITAHMS MX Ha IIPOYHOCTD
Ha ckaTue U pacTsbKeHMe B CyXOM M BOAOHACHIIIEHHOM COCTOSTHMSIX. OTipeiesieHbl KOJIMYeCTBeHHbIe TTOKa-
3aTe M3MeHeHUS! TIPOYHOCTHBIX XapaKTepPUCTUK IOpOoH, BCAeICTBME BOIOHACHIEeHMs. YCTaHOB/IIEHO, UTO
BOIOHACKIIIEHE TPUBEJIO K CHISKEHNIO ITPOYHOCTY ITopox 1o 10-20 %, ocobeHHO 1151 3HaYeHMIT Ha CKaTue.
[MosyueHHbIE Pe3Y/IbTAThI JAIOT OCHOBaHME IJIs1 HEOOXOAMMOCTHM yuyeTa 0OBOJHEHHOCTH MOPOJ, IPY pacueTe
YCTOIUMBOCTY KaK OIOPHBIX IIE€IMKOB, TaK ¥ OOHAKEHMI1 IIOPOJ, B BRIPAOOTKAX pyaHMKa «KapHacypT».

KnioueBble cnoea
PYIHMK, T0ObIUA, BOIOIPUTOKM, TOPHbBIE TOPOIbI, I[€VIKH, CBOVICTBA, TPOYHOCTb, BOJOHACBIIEHHOCTb, YIAPO-
OITaCHOCTB, HOBOSEpCKOE‘ peaKkoMeTa/lJ/IbHO€ MEeCTOPOXKAEeHME, DYTHUK «KapHacypT»

bnaropapHocTu

CraTpsl HanMcaHa Ha OCHOBE VICXOOHBIX TaHHBIX, TOATOTOBJIEHHbIX JOKTOPOM TEXHUYECKMX HAayK JIOBUMKOBBIM
Anexkcangpom BacubeBuuem. A.B. JToBuMKOB 6ostee 60 JIeT 3aHMMAaJICST BOIIPOCAMM TeOMeXaHMIeCcKoi 6e3omac-
HOCTM O0TpPaboTKY JIOBO3€PCKOTO MECTOPOKAEHMSI, ¥ (PaKTMUeCKM MTOCTIeqHel 3a1aueil ero sKu3Hu 6bLI0 Mccie-
JIOBaHMe BIUSTHMSI 00BOJJHEHHOCTH TIOPOJ, HA YCTOMYMBOCTD U YIAPOONIACHOCTD IeJTMKOB pymHuka KapHacypr.
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Introduction

The Lovozero rare-metal deposit is represented
by a series of sheet-like ore bodies of small and me-
dium thickness exposing on the northwestern slopes
of the Lovozero massif [1]. At present, two ore bodies
(I-4 (urtites) and II-4 (malignites)) with a thickness
of 1.0-1.2 m each, occurring at a vertical distance of
about 100 m from each other, are being mined by the
Karnasurt mine. The mine applies room-and-pillar
mining method with breast stoping and support of an
undercut rock strata by chain pillars. Both bodies are
mined by panels along their strike. The panels are cut
at 20-40 m vertical intervals by drifts (adits at the up-
per levels), with leaving support chain pillars near the
drifts. The panels are divided into blocks 60-120 m
long, between which inter-block support chain pil-
lars are left [1]. The deposit is classified as rockburst
hazardous in mining conditions and characterized by
increased seismicity and manifestations of tectonic
rockbursts [2, 3].

At the current stage of the deposit mining, the
support near-drift and inter-block pillars are 3to 10 m
wide. Their total area for each mined ore body can
reach up to 25% of the mined out space. The mining
depth is the lower ore body II-4 ranges from 30 m to
the surface at the upper levels to 700 m at the deepest
level +280 m.

The Karnasurt mine has a large mining allotment:
the length along the lower ore body II-4 is about 8 km,
with a maximum width of 2.6 km. Moreover, the issue
of adding another 1.5 km to the west of the mining
allotment is being considered [2]. Thus, the length of
the mine field in the lower ore body at the final stage
of development will reach 10 km with a width of up to
2.6 km, which in terms of area will amount to 26 km?.

The area of the upper ore body is slightly smaller, but
of the same order of magnitude. This allows to con-
fidently categorize the Karnasurt mine as one of the
largest mines in the western part of the Russian sector
of the Arctic.

At present, ore body II-4 within the mining allot-
ment is only half mined-out, from the outcrops to the
level +280 m. The dimensions of the mined out area
are 6.5 km along the strike with a maximum width
down dip of 1.3 km. In ore body I-4, mined out only in
the Karnasurt area, the length of the mined-out space
is 3.1 km along the ore body strike, with a maximum
down dip width of 0.8 km and a depth of 50 to 350 m
to the surface.

Water inflows into the Karnasurt mine wor-
kings are mainly due to surface precipitation. Wa-
ter formed on the day surface due to rainfall, spring
snowmelt and runoff from nearby mountains pe-
netrates through numerous joints and structural
heterogeneities in the overlying rock mass and en-
ters the mine workings.

Water from mine workings of all mining areas is
collected at the drifts’ haulage levels and brought to
the surface of the drifts — the drifts' floor — through the
drifts’ drainage channels. Thus, water flows through
the floor of all mine drifts to lower levels. They are
partially collected at the haulage levels and pumped
from the mine workings to the surface by water pum-
ping stations. As for the remaining volumes, both fur-
ther water infiltration deep down into the underlying
rock mass and abundant widespread water saturation
of workings floor and pillar walls occur.

The issues of water inflow generation at coal
seams mining by underground method were investi-
gated in works [4, 5], including changes in surface na-
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tural sources [6, 7] and the mechanism of surface wa-
ter infiltration into mine workings [8]. For ore deposits
in hard rock masses, the effect of rock water content
on the energy saturated state [9] and the manifesta-
tions of seismicity [10] has been considered. The pe-
culiarities of rock water content were investigated
in [11, 12], and the effect of the water content factor
on the sustainable state and safety of the natural en-
vironment was studied in [13-15].

At the same time, taking into account that for the
conditions considered in this work the water flows
move directly along the lower parts of the support
near-drift pillars of the rockburst-prone deposit, it
is necessary to pay special attention to the effect of
water content of rocks. Therefore, the purpose of the
work is to assess the impact of water inflows on the
strength characteristics of the rocks of the Lovozero
rare-metal deposit developed by the Karnasurt mine.

Findings

According to the hydrogeological service of the
Karnasurt mine, the volume of water collected by
the mine is about 8 million m3 per year. At the same
time, the dynamics of the volumes for the latest
4 years of observations remains practically monoto-
nous: from January to May the volumes decrease, in
June they increase significantly, followed by slightly
lower values in July-September, and from October

1200
1000
800
600
400
200

Actual volume of water
inflows, thousand m?

0
1 2 3 4 5 6 7 8 9 10 11 12
Months
a
w1200
BME
c%‘,31000- S
w— S ]
© 3 800 - —
L =5 —
EZ 6001
S _
%E 400
EE 200 -
Q
<™ 0
1 2 3 4 5 6 7 8 9 10 11 12
Months
C

elSSN 2500-0632

https://mst.misis.ru/

Kalashnik A. I. Effect of water inflows on the strength characteristics of the Lovozero rare-metal deposit rocks

to December the volumes of water inflows decrease
again (Fig. 1).

The histograms on the figure below show that
the monthly water inflow into the mine workings
ranges from 40 to 110 thousand m3. The least amount
of the water inflow, from 40 to 50 thousand m?, is
observed in May each year. This is due to the fact
that from October to April precipitation falls as
snow and due to negative temperatures accumulates
on the surface without infiltration of water from the
surface into the mine workings. The largest amount
of the water inflows, between 70,000 and 110,000 m3,
occurs in June-September (summer—autumn period)
of each year. It is obvious that the increase in the
amount of water entering the mine during summer
and autumn period is due to both intensive snow
melting (in May-June) on the mountain slopes wi-
thin the mine field surface and precipitation in the
form of rain during this period (Fig. 2). Data on rain
and snow precipitation volumes for the Karnasurt
mine allotment area during the calendar year were
obtained based on the analysis and processing of the
information from the following sources!.

1 Atlas of the Murmansk region, 1971; Report on the
environmental condition and protection in the Murmansk Region
in 2022. 2023, 151 p. (In Russ.) URL: https://ru.weatherspark.
com/y/98660/06b14Hasi-moroaa-B-PeBaa-Poccusi-BeCh-rog,
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Fig. 1. Data on actual volumes of water collected and pumped out by the Karnasurt mine:
a-2017; b -2018; c - 2019; d - 2020
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For comparative analysis, the dynamics of total
precipitation volumes on the surface of the mining
allotment and actual volumes of water collected in
the mine workings for 2017-2020 were considered
(Fig. 3). The analysis of the data presented in Fig. 3
confirms the above mentioned opinion about the
predominant effect of two periods: snow accumula-
tion (approximately 2,400-3,000 thousand m3/month
from October to April) and snowmelt (May-June), as
well as rainfall (approximately 1,200-1,800 thousand
m?®month from May to September).

The calculations have determined that during the
period from October through April, snow accumu-
lation on the mine allotment exceeds 21,700 thou-
sand m. At the same time, the volume of actual water
inflows into the mine workings decreases from 800 to
almost 400 thousand m?® due to reduced and virtually
no water infiltration from the surface. The abundant
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snowmelt and rains in May-June lead to a sharp, more
than 2-fold (from 400 to 850 thousand m3/month) in-
crease in water inflows into mine workings, reaching
70-80% of the surface precipitation. Such volumes
of water inflows are recorded monthly from May un-
til October, when rainfall is replaced by snowfall and
negative ground temperature is established with sub-
sequent decrease through April of the next year.

Thus, water inflows into the mine workings are
generated by rainfall and snowmelt during periods
with positive air and soil temperatures, as well as from
natural surface water bodies and underground aqui-
fers recharged by precipitation. The nature of their
accumulation is more gradual than for the precipi-
tation due to the above mentioned reasons. Visually,
the boundary variations in the water inflow volumes
clearly correlates with the identified climatic periods
(see Fig. 3).
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Fig. 2. Distribution of precipitation volumes on the surface
of the Karnasurt mine allotment during a calendar year
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Fig. 3. Dynamics of total precipitation volumes on the surface of the mining allotment and actual volumes of water collected
in the mine workings for 2017-2020
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Special tests were conducted on rock samples
to determine the effect of water saturation on the
strength properties of the mine rocks. At ore body I-4,
urtite rock hand specimens were taken as the most
common rock variety in the drift at level +400 m (sur-
vey mark PK4), from which rock samples for testing
were subsequently produced. For each type of test,
8-9 cube-shaped specimens (34 in total) with a cube
face length of 4 cm were produced. The samples for
tests in water-saturated condition were placed for
a month into a vessel with water, and then tested for
tension and compression. The specimens were tested

elSSN 2500-0632
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for compression and tension in dry and water-satura-
ted conditions in accordance with GOSTs?.

The results of the specimens’ compression
and tensile tests in dry condition are given in
Tables 1 and 2. As can be seen from these tables, the
established value of compressive strength, which
is o,=181 MPa, and the value of tensile strength

2 GOST 21153.2-84 Rocks. Methods for determining
uniaxial compressive strength (Description update date:
01.07.2023); GOST 21153.3-85 Rocks. Methods for deter-
mining uniaxial tensile strength (Description update date:
01.07.2023).

Results of dry rock specimens compression strength tests fable
Index | X,cm | Y,cm | Z, em Voclzgle, Weigght, Bmkg?c'::;ity, Loadicrlllglzarea, Ruptuli:ll\llg load, colrjlllt;:‘gz:ieve
strength, MPa

2 4.53 4.57 4.60 95.1 247.54 2.60 20.67 374.9 145

3 4.52 4.49 4.57 92.8 242.05 2.61 20.29 408.2 161

4 4.52 4.53 4.59 93.7 243.65 2.60 20.44 579.7 227

5 4.56 4.70 4.58 98.1 248.73 2.53 21.43 520.0 194

6 4.52 4.51 4.64 94.5 246.40 2.61 20.39 494.4 194

11 4.56 4.52 4.61 94.9 229.60 2.42 20.60 493.6 192

14 4.50 | 4.50 | 4.60 93.3 243.26 2.61 20.28 358.6 141

16 4.51 4.53 4.54 92.8 242.42 2.61 20.44 4974 195

17 4.65 4.65 4.54 98.2 259.51 2.64 21.61 489.5 181

Min 4.50 4.49 4.54 92.8 229.60 2.42 20.28 358.6 141

Max 4.65 4.70 4.64 98.2 259.51 2.64 21.61 579.7 195
Average 4.54 4.56 4.59 94.82 244.80 2.58 20.68 468.48 181.11

Table 2
Results of dry rock specimens tensile strength tests
Index | X,cm | Y,cm | Z,cm Voclzlrgle, Weigght, Bull;;c(::fity’ Loadicrrlﬁzarea, Ruptuliill\llg load, colrjnlt;?é::fve
strength, MPa

1 4.56 4.67 4.56 97.1 254.92 2.26 21.30 39.4 19

7 4.66 | 4.56 | 4.62 98.2 245.20 2.50 21.27 31.9 15

8 4.55 4.50 4.59 94.1 247.63 2.63 20.50 26.9 13

9 4.63 4.56 4.62 974 244.90 2.52 21.08 30.1 14

10 4.55 4.56 4.61 95.5 248.27 2.60 20.72 42.5 21

12 4.56 4.56 4.60 95.7 250.62 2.62 20.82 31.5 15

13 4.62 4.55 4.59 96.4 242.00 2.51 20.98 19.3 9

15 4.57 4.53 4.59 95.1 231.85 2.44 20.72 17.7 9

18 4.54 4.54 4.63 95.4 250.47 2.62 20.59 29.3 14

Min 4.54 4.50 4.56 94.1 231.85 2.26 20.50 17.7 9

Max 4.66 4.67 4.63 98.2 254.92 2.63 21.30 42.5 21
Average 4.58 4.56 4.60 96.10 246.21 2.52 20.89 29.84 14.33
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o, = 14.3 MPa correlate well with similar data of pre-
vious studies [1, 2].

The water-saturated specimens for the compres-
sion and tensile tests had the same dimensions as
dry ones, but due to water saturation their weight
increased slightly (3-5%). The results of their tests
are presented in Tables 3 and 4.

Findings Discussion
For detailed analysis, the strength properties of
all the tested specimens were plotted and ranked ac-
cording to the values obtained (Fig. 4). The solid line
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indicates the mean value; the dotted line indicates
a 20% decrease from the mean.

Fig. 4 shows that water saturation of the rocks
reduced their compressive strength by 20% in gen-
eral, and by 40% for two samples. At the same time,
the lower compressive strength remained rather high,
above 110 MPa.

The tensile strength of the water-saturated spec-
imens also generally decreased, but to a lesser extent,
and the lower limit did not fall below 10 MPa. For
visual comparison, the data of statistical processing
are shown in Fig. 5.

Table 3 Table 4
Results of water-saturated rock specimens compression Results of water-saturated rock specimens tensile
strength tests strength tests
Index Loading Rupturing |Ultimate compressive Index Loading Rupturing | Tensile strength,
area, cm? load, kN strength, MPa area, cm? load, kN MPa

4 20.68 417.3 161 1 21.24 23.9 11
5 21.15 376.0 142 2 20.80 28.6 14
7 20.82 360.5 138 3 20.13 32.6 16
8 21.22 441.2 166 6 20.87 30.6 15
9 21.14 381.8 145 12 21.30 31.9 15

10 20.19 279.0 111 13 20.53 27.0 13

11 20.80 458.8 176 15 20.99 27.6 13

14 21.44 297.6 111 16 21.28 30.8 14
Min 20.19 297.6 111 Min 20.13 23.9 11
Max 21.44 458.8 176 Max 21.30 32.6 16
Average 20.93 376.525 143.75 Average 20.89 29.13 13.88
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Fig. 4. Distribution of tested specimen compression (top row) and tensile strength values and tension tests:
a, ¢ — dry rock; b, d — water-saturated rock
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Fig. 5. Statistical distribution of strength characteristics of tested specimens:
a - compression strength; b — tensile strength

Thus, the tests results showed that water satu-
ration reduces compressive and tensile strength of
rocks by 10 to 20% or more. This circumstance should
be taken into account when calculating the stability of
both support pillars and rock outcrops in the Karnas-
urt mine workings, which are subjected to abundant
water saturation.

Conclusion

The data of actual water volumes collected in the
workings of the Karnasurt mine over the latest 4 years
were processed and analyzed. It was determined that
the annual volume of the collected water reached
8 million m3 with distribution by months in accor-
dance with seasonal-climatic precipitation. The ana-
lysis and calculations of the precipitation within the

mine allotment and the water inflows into the mine
workings were performed. They were compared with
the actual data on mine water regime. The specimens
of the most representative rocks of the deposit were
collected, from which 34 cubes with dimensions of
4x4x4 cm were produced, half of which were placed
into water for a month. The specimens (8-9 for each
condition and test) were tested for compressive and
tensile strength in dry and water-saturated condi-
tions. It was found that the water saturation led to
a decrease in the rock strength by up to 10-20%, espe-
cially for compressive strength values. The results ob-
tained give the grounds for the necessity to take into
account the water content of rocks when calculating
the stability of both support pillars and rock outcrops
in the Karnasurt mine workings.
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