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Abstract

Reducing water percolation through mine tailings is important for limiting water
infiltration and the potential migration of contaminants within tailings storage facilities. This
study aims to experimentally assess the effect of “PMM” modified granular material on water
outflow through a mine-tailings substrate. Laboratory experiments compared a tailings
substrate containing “PMM” modified granular material with a control tailings substrate. In
each experiment, 4 L of water was applied to the substrate surfaces by simulated rainfall, and
the mass of the discharged liquid was measured until the outflow ceased. In all six
experiments, the outflow from the “PMM?”-containing substrate was lower than that from the
control. The cumulative discharged mass was 5,811 g for the “PMM” substrate and 11,240 g
for the control, corresponding to an approximately 48.3% reduction in outflow. Variability
among individual experiments was also associated with unequal intervals between
experiments and the resulting differences in the initial moisture content of the substrates due
to evaporation. The results indicate that the application of “PMM” modified granular material
can substantially reduce water percolation through mine-tailings substrates and provide a
basis for further investigation of its hydrophysical properties.

Keywords: mine tailings, PMM modified granular material, water percolation,
outflow, filtration, experimental study.

Introduction

Mine tailings are fine-grained residues generated during mineral processing and
represent one of the major waste streams associated with mining activities. The increasing
volumes of tailings produced worldwide, particularly as lower-grade ores are exploited, create
substantial long-term environmental and engineering challenges related to their storage,
treatment, and rehabilitation [1, 2]. Fine mineral tailings may contain large proportions of silt-
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and clay-sized particles, while their long-term storage can create significant environmental
liabilities [1].

Water plays a particularly important role in the environmental behaviour of tailings. Water
infiltration and seepage through tailings deposits may contribute to contaminant transport and,
in sulphide-bearing materials, provide conditions favourable for acid mine drainage formation
[2, 6]. Consequently, limiting the contact of tailings with infiltrating water and controlling
water movement through tailings deposits are important components of environmentally
sustainable tailings management.

One approach used to control water movement within mine-waste facilities is the application
of cover systems designed to reduce net percolation into the underlying waste. Water-balance
covers operate principally by storing infiltrating water within the cover material and
subsequently returning a portion of this water to the atmosphere through evaporation and
evapotranspiration [4]. Their effectiveness therefore depends strongly on the hydrophysical
characteristics and water-retention capacity of the materials used.

Recent studies indicate that the hydrophysical behaviour of cover materials can be improved
through the incorporation of water-retaining additives. Sun et al. [6], for example,
investigated compacted clay modified with clinoptilolite and sodium polyacrylate and
demonstrated increased water-holding capacity compared with unmodified material. Their
results showed that modification changed the soil-water characteristic behaviour and
increased the volumetric moisture content retained at equivalent matric suction. Such findings
indicate that modifying a substrate with suitable water-retaining materials can alter its
capacity to store water and consequently affect water movement through the material [6].

The hydraulic response of such systems is also influenced by the moisture condition
preceding water application. This aspect becomes particularly important under repeated
wetting and drying conditions, because water retained within the material and water
subsequently lost through evaporation affect the initial moisture state before the next
precipitation or water-input event [4, 6]. Consequently, comparative experiments involving
repeated fixed-volume water applications can provide useful information on the capacity of
modified materials to reduce water passage through tailings under variable antecedent
moisture conditions.

In this context, the use of modified granular materials capable of retaining part of the
incoming water may provide a practical means of reducing water percolation through mine
tailings. However, the effectiveness of such materials must be established experimentally by
comparison with untreated tailings under equivalent water-input conditions.

Conflict Setting

The aim of the present study is to experimentally assess the effect of «PMM» modified
granular material applied at a rate of 3 kg/m? on water percolation through a mine-tailings
substrate. A laboratory experiment was conducted by comparing a tailings substrate
containing a 5-cm layer of tailings mixed with “PMM” with an untreated control tailings
substrate. Both substrates were subjected to repeated applications of the same fixed water
volume, and the discharged liquid was measured until outflow ceased. The study provides a
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guantitative experimental assessment of the potential of “PMM” modified granular material to
reduce water passage through mine tailings.
Materials and methods
The experimental studies were conducted in the Hydraulic Research Laboratory of the
Academician 1.V. Yeghiazarov Institute of Water Problems and Hydro-Engineering.
Experimental setup
A laboratory experimental stand divided into three segments was used to
comparatively assess water percolation through the investigated substrates. The first segment
contained a 5-cm-thick layer of mine tailings mixed with “PMM” modified granular material
applied at a rate of 3 kg/m?.
The second segment served as a
separating section, while the
third segment contained a 5-cm-
thick layer of untreated mine
tailings and was used as the
control. The surface areas of the
first and third segments were
' i equal, ensuring comparable
-~ 'g:? conditions for water application

VSR \*@\, and outflow measurements.
»

= r

Fig. 1 Experimental setup for comparative assessment of water percolation through PMM-
modified and control mine-tailings substrates

The experimental stand had a longitudinal slope of 4°.

Thus, two substrate variants were investigated:
=  PMM substrate — mine tailings containing «PMM» modified granular material;
= Control substrate — untreated mine tailings without «<PMM».

Experimental procedure

Water was applied to the surface of both substrates by simulated rainfall. During each
experiment, a fixed volume of 4 L of water was applied to each substrate. The discharged
liquid was collected separately until the outflow ceased.

The mass of the discharged liquid was then determined. The mass of each empty collection
vessel was 300 g and was accounted for when determining the discharged liquid mass.

A total of six experimental runs were performed. The same water volume and experimental
configuration were maintained for the PMM-modified and control substrates during each run,
allowing direct comparison of their response to water application.

The intervals between consecutive experiments were not uniform. Consequently,
evaporation occurring during the inter-experimental periods resulted in differences in the
initial moisture content of the substrates.

Because the substrates were not brought to a predefined initial saturation or moisture
level before each experiment, part of the fixed 4L water input replenished moisture lost by
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evaporation before the formation of outflow. This factor was considered when interpreting the
variability between individual experimental runs.

Data analysis

The effectiveness of the PMM-modified substrate was assessed by comparing the
mass of discharged liquid with that obtained from the control substrate. For each experimental
run, the relative reduction in outflow was calculated as:

_ Me i — Mpaag i
Mc

x 100

R;

where Ri - is the reduction in outflow for experimental run i(%), Mc,i - is the discharged
liquid mass from the control substrate (g), and Mpmm;i - is the discharged liquid mass from the
PMM-modified substrate (g).

The overall reduction was calculated from the cumulative discharged masses obtained
during all six experiments:

6 6
Bi— 21:1 C, g Z,_H PMM.i 100
Z,’:1 A’I(f'.i

P

This approach was selected because the experimental procedure measured discharged
water mass rather than the hydraulic conductivity or filtration coefficient directly. Therefore,
the results are interpreted as a comparative assessment of water percolation and outflow
reduction caused by the addition of PMM.

Research Results

The results of the six experimental runs demonstrate a consistent difference between
the PMM-modified and control tailings substrates. In every experiment, the mass of liquid
discharged from the substrate containing “PMM” was lower than that from the untreated
control substrate. The measured values reported in the experiments are presented in Tab. 1

Table 1
Experimental results and reduction in water outflow

Experiment | PMM substrate, g | Control substrate, g | Reduction, %
1 1067 2039 47.7

2 956 2106 54.6

3 1317 2237 41.1

4 940 1403 33.0

5 630 2034 69.0

6 901 1421 36.6

Total 5811 11240 48.3

Mean 968.5 1873.3 —
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The cumulative mass of discharged liquid over the six experiments was 5811 g for the
PMM-modified substrate and 11240 g for the control substrate. Thus, the cumulative outflow
from the PMM-modified substrate was approximately 48.3% lower than that from the
untreated tailings.

o s wias] The individual

SO e experiments showed
reductions ranging from
33.0% to 69.0%.

_ 1500 - : : Importantly, despite this
2 300 | B variability, the direction of
Buoon{ ™——u St the response  remained
B " | unchanged: the PMM-

s modified substrate

produced less outflow than
the control in all six
: 9 . : ‘ experiments.

Expenment No

Fig. 2 Comparison of discharged liquid mass from PMM-modified
and control mine-tailings substrates during six experimental runs.

This consistency indicates a systematic effect of the modified material rather than a
result driven by a single experimental run. The variation in the absolute outflow values
between individual experiments should be interpreted in relation to the experimental
conditions. The intervals between consecutive experiments were not equal. Consequently,
different amounts of water could evaporate from the substrates between experimental runs,
resulting in different initial moisture conditions. Since the substrates were not restored to a
predefined moisture or saturation level before each experiment and a constant 4L of water
was applied in every run, part of the supplied water replenished the moisture lost during the
preceding inter-experimental period. The remaining portion contributed to water retention and
outflow. Therefore, variability in absolute outflow between experiments cannot be interpreted
solely as variability in the effectiveness of PMM.

For this reason, the paired comparison between the PMM-modified and control
substrates within each individual experimental run is particularly informative. Both substrates
received the same water volume under the same experimental conditions, while the PMM
substrate consistently discharged less water. The observed response is compatible with the
general principle underlying water-retaining cover systems, in which increased storage of
infiltrating water within a material reduces the quantity available for subsequent percolation
[4]. Studies involving water-retaining amendments have likewise demonstrated that
modification of a substrate can significantly alter its moisture-retention characteristics and
hydraulic behaviour [6].

However, the present experiment did not directly determine saturated hydraulic
conductivity or a conventional filtration coefficient. The measured parameter was the mass of
liquid discharged after the application of a fixed volume of water. Therefore, the observed

55



Bulletin Of High Technology N 3(39) 2026.-pp.51-58. WATER SYSTEMS

V.R. Grigoryan
REDUCTION OF WATER PERCOLATION THROUGH MINE TAILINGS USING «PMM»
MODIFIED GRANULAR MATERIAL: AN EXPERIMENTAL ASSESSMENT

48.3% reduction should be interpreted specifically as a reduction in cumulative outflow under
the experimental conditions rather than as a 48.3% reduction in the filtration coefficient.

The experimental results nevertheless provide evidence that the addition of “PMM” at
3 kg/m? substantially modifies the water response of the investigated tailings substrate.
Further experiments with controlled initial moisture content, fixed intervals between water
applications, and direct measurements of hydraulic conductivity would allow the mechanisms
responsible for the observed reduction to be quantified more precisely.

Study limitations and further research

The present study provides a preliminary experimental assessment of the effect of
«PMM» modified granular material on water passage through mine tailings. The initial
moisture content of the substrates was not standardized before each experimental run, and the
time intervals between successive experiments were not uniform; therefore, evaporation
resulted in differences in antecedent moisture conditions. In addition, the experiments
quantified discharged liquid mass rather than hydraulic conductivity directly. Further studies
should therefore include controlled initial moisture conditions, uniform intervals between
water applications, direct measurements of hydraulic conductivity, and additional PMM
application rates to establish the relationship between material dosage and water-retention
performance.

Conclusions

The experimental study evaluated the effect of “PMM” modified granular material,
applied at a rate of 3 kg/m?, on water outflow through a mine-tailings substrate under repeated
fixed-volume water applications.
The main conclusions are as follows:
In all six experimental runs, the mass of liquid discharged from the PMM-modified substrate
was lower than that from the untreated control substrate, demonstrating a consistent effect of
PMM on water passage through the investigated tailings.
The cumulative discharged liquid mass was 5811 g from the PMM-modified substrate and
11240 g from the control substrate. Thus, under the experimental conditions, the application
of PMM resulted in an overall 48.3% reduction in cumulative water outflow.
The reduction observed in individual experiments ranged from 33.0% to 69.0%. This
variability was influenced by unequal intervals between successive experiments and the
associated evaporation, which resulted in different initial moisture conditions before the
application of each fixed 4-L water volume.
Since the study measured discharged liquid mass rather than hydraulic conductivity directly,
the obtained 48.3% reduction should not be interpreted as an equivalent reduction in the
filtration coefficient. It represents a reduction in cumulative water outflow under the specific
experimental conditions.
The results indicate that “PMM” modified granular material has potential as a water-retaining
amendment for reducing water passage through mine-tailings substrates. Further experiments
under controlled initial moisture conditions and with direct determination of hydraulic
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conductivity are required to quantify its hydrophysical effect and assess its applicability under

field conditions.

Overall, the results provide an experimental basis for considering “PMM” modified granular

material as a potential component of systems intended to control water movement through

mine tailings.
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MNWMrh LUFUPULSELRNRG3UL LUURESNAUL «PMM»
Unthdhuus8duo unrnhbh UbrUWRUUUR. doNraururuuus suucusnhy
4.t Sphgnpyut

Ulunbdplynu b.d. Enpuquipndh whdwl opughlr hhdbwhwpgbiph U hpnpnipbfutipljugh pbugppagpnign

Lwupwpryntwpbipwywu  wnsbph  9pwpwthwugbhnyegjwu  ujugbgndp  Yuplnp
Uowuwynipntt niuh wnswdpwpubipnid opp ubippwihwugdwu b wnununhsubliph huwpwynp
dhgpwghwh  vwhdwltwhwydwt  wnbuwuyniuhg:  Wjuwwnwuph  uwwwwlu |
thnpdwpwpwlwu bnwuwyny quwhwinb] «PMM» dnnhbhlugwd unpniuh wgnbignipniup
wnswiht  untpuinpwwnp  dhony  9ph  wpwwhnuph  Jpw:  Lwpnpwwnp unbunnd
hwdbdwwnyb] tu «PMM»  dnnhdhlugwsd unpnit wwpniwynn b unnighs  wnswiht
untpuinpwiinubipp: Snipwpwgnip thnpéh pupwgpnid untpunpuwnutiph ypw wudplwgdwi
Gnwuwyny wydbjwgyt) £ 4 | onip b swihyb wpunwhnuwé hbnniyph quugwdp dhush
wpwnwhnuph  nwnwpnp: Ywunwpdwd  Jbg  hnpdbpnd «PMM» - wywipniiwynn
untpuinpwiinhg  wpwwhnupp pninp nGwpbpnwd Bnbp £ ounnighs wwppbpwyhg  tnpp:
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Cunhwunip wpwwhnupp Ywqdbp £ hwdwwwunwufuwuwpwp 5811 L 11240 q, husp
hwdwwwuwnwufuwunwd £ wpunwhnuph  dnin - 48.3%  ujwqdwup:  Unwudhu  thnpdtiph
winrynwupubipp wmwwnwunwtbpp wwpdwuwdnpdwd B twb  dhothnpdwhu
dwldwuwwhwwndwdubph  wwppbipnypjwdp b npw  hGunbwupny  unpunpwwnubph
Uwfutwlwt funtwynipjwu thnthnfunyejwdp: Uinwgywd wpryntupubipnp gnyg Gu wwihu, np
«PMM»  dnnhphlugwsd unpniuh Yppwnnwp Yupnn £ bwwbu  udwgbgub] wnswihu

untpuinpwiinh dhony oph wpwwhnupp W hhdp £ uwnbindnid unyeh  hhnpndhghlywywu
hwwnYnipniutiph htitnwgw nwunuduwuhpnygjwu hwdwn:

Pwtiwgh puwnbp. hwupwpryniwpbpwlwu wnstp, PMM dnnhbhljugdwsd unpnuu,
onpwpwhwugbihnyentu, wpwnwhnup, ppiinpughw, thnpdwpwpwlwu hbunwgnunnyeniu:

CHMUXEHUE BOJONNPOHUITAEMOCTHU XBOCTOB C IPUMEHEHUEM
MOJJU®ULTUPOBAHHOI'O CBIITYYEI'O MATEPUAJIA «PMM»:
IKCHHEPUMEHTAJIBHAS OLIEHKA
B.P. I'puropsin

Hnemumym 600HvIx npobrem u cudpomexuuxu umenu axkademuxa M. B. Ecuazapoea

CHMKEHHE BOJOIPOHUIIAEMOCTH OTXOJOB TOPHOMOOBIBAIONICH MPOMBINIUIEHHOCTH
UMeeT BaXXHOE 3HAUEHHWE IS OTPaHWYCHUs WHOWIBTpAMKA BOABI W TOTCHIUAIBHOU
MUTpAIMK 3arps3HSAIONIMX BEMIECTB B XBOCTOXpaHWIMIIAX. Llembro paboTel sBIseTcs
OKCIIEpUMEHTAIbHAS OLIEHKA BIUSHUS MOIU(MHUIIMPOBAHHOTO ChITydero marepuana «PMM»
Ha (UIBTPAIMOHHBII CTOK uepe3 CyOCTpaT U3 XBOCTOB. B 1abopaTOpHBIX YCIOBHUSX
IIPOBE/IEHO CPAaBHUTENIBHOE HCCIEOBaHME CyOCTpaTa, COAEprKallero MoIu(HUIMPOBAHHBIN
Mmatepuan «PMM», 1 KOHTpOJIBHOTO cyOCTpaTa M3 XBOCTOB. B Kak7I0M 3KCIEpHUMEHTE Ha
MOBEPXHOCTh CYOCTpaTOB METOAOM JOXKJEBaHHUs MOAaBaIochk 4 1 BOJBI, IOCIE YEro
u3Mepslach Macca BBITEKIIEH >KUIKOCTHM JI0 TOJHOIO IpeKpalleHus croka. B mectu
MPOBEACHHBIX JKCIIEPUMEHTAX BEJIMYMHA CTOKa W3 cyoctpata ¢ «PMM» Bo Bcex ciydasx
Obula HWXKE, YeM B KOHTPOJbHOM BapuaHTe. CymMMmapHas Macca BBITEKIIEH KHIKOCTH
cocraBuia cooTBeTcTBEHHO 5811 u 11240 r, 4TO COOTBETCTBYET CHUKEHUIO CTOKA IPUMEPHO
Ha 48,3%. Pa30poc pe3ynbTaToB OTHEIBHBIX IKCIIEPHUMEHTOB TaKKe CBSI3aH C Pa3TUIHON
MPOAOIDKUTEILHOCTHIO MEKIKCIIEPUMEHTAIBHBIX MIEPUOI0B U 00YCIOBICHHBIMU HCIIApEHUEM
pa3NUYMsIMHU UCXOTHON BIAXXHOCTU cyOcTpaToB. IlodydueHHbIe pe3yabTaThl MOKa3bIBAIOT, YTO
NpUMEHEHHE MOIU(PHUIMPOBAHHOTO Chilyyero mMarepuana «PMM» cnocoOHO CyliecTBEHHO
YMEHBIIUTh MPOXOXKJEHHE BOABI dYepe3 CcyOcTpaT M3 XBOCTOB M  OOOCHOBBIBAIOT
HEOOXOMMOCTH TaTbHEHUIIET0 UCCIIEIOBAHHS €r0 THAPO(PH3HIECKUX CBOWCTB.

KitoueBble cjioBa: XBOCThI TOPHOJOOBIBAIONIEH MPOMBIIIJIEHHOCTH, (UIBTpaLUs,
MoaubuIUpoBaHHbI Matepuanr PMM, BOgOMpOHWIIAEMOCTh, CTOK, SKCIIEPUMEHTAIBHBIE
HCCIIE0BaHUS.
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