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ABSTRACT

The presenstudy aing at determiring the geotechnical properties of the tailings and the naturaitbed
Iran Mineral Processing Comparfyites 1 and 51t qualitatively studiesthe subsurface layersf the

F R P S D1Qilifg¥ storage siteAfter drilling different boreholes and conductingsitu tests|t has
madelaboratory analysds the form of field exploration to determine the geotechnical parameters of
the extracted sampleResultsfrom the analges showthe permeability coefficient of the subsurface
layer of Site No. 1 and S0 bevery small in the range ofl0’ cm/sec. Considering the conformity of
permeability coefficient, percentage of figeins(98% to 99%) plasticity index(28.529.5), and clay
content of different layers ddites 1 and 568%-80%), based orthe compacted clay linariteria, it
can beconcludedhat by nature, the subsurface layers of the mentioned sites aresitalad need

for anycompacted clay liner. The tailings for stor&gjee 5 are finegrained(80-88<75 Fn), basically

in ML range according to USCS systerwith a permeability coefficient of about #0cm/sec.
Therefore, the tailings themselves act as a relatively prigeaying layer against the infiltration of
hazardous leachates into the natural Gdéd methodused in the process of site selection of tailings
storage facilities (TSF)can cut the construction time @ well as theexpendituresthus reducingthe
production cost the long run

Keywords Tailings Properties, Permeability, Filter Calksite Selection

INTRODUCTION

The exploitation of mineral resourgeshile promoing the development of economy and
society, will generate massive waste/tailings that ntayse issues such aseavy
environmentalpollution andland and resourceastage(Shreekant et al 2018eng et al.,
2020. Some norferrous metal enterprises have been forcetiaib productionsince they
were unable to build new tailing dartghang et al., 2006)

In the mining industry, the two predominant mine wagpes that require short and long
term management includeaste rock, or mine waste rocksnd tailingsthe formerdiscarded
from mining operationsglarrying overburden and unwanted rock during the extraction of
minerals) andhe latterproduced during ore extraction proceséesbert& Sarsby, 2013;
Shreekant2016;Blight, 201Q Carmo et al. 2020 Tailings aretypically me-grainedwith
high water contents (low solids contents), whereas wastes mrekgenerally gravel to
cobble VLIHG PDWHULDO ZlawdKaw De&itsHowWNGo phaydHnvoisture retention
characteristics comparabte QDWXUDOO\ RFFXUULQJ {AubertvMeiQels, VLOW
1998, Williams et al., 20Q3ayebiKhorami et al. 201P
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The tailingsto-concentrateratio is commonly very high, araw 200:1 (Lottermoser,
2007} in Australig the average Cu gradiopped fromLl0% in 1885 to 1%n 2005,andin
Canadathe average Ni gradeom around5% in 1885 to 1.5%n 2005 (Giurco, 2010) This
trend was driven by the high demand for metals the period200522008 the consequent
sharp increase in their prigas turn, led tothe extraction ofevenlower grade ores with high
tailingsto-concentrate ratioBlas& Bream, 2008).

In recent years, the logradetailings uneconomical foreprocessing) have substitdte
construction materialssonsiderablyredueng waste management costs, awogdwastage of
primary resources, anfteeng areas dedicated to tailings disposal. As such, the reuse of
tailings reduces theverallcost of construction projectBue to th& physical and mechanical
properties tailings have been able tsupersedearious construction materials. Recycling of
tailings and their useas construction materials can be classified into twain types
dependngon the presence @bzzolanic properties:

In road costruction, copper slatpcking pozzolanic properties can be usedly as a
substituteaggregate for base and subbase matd&sdam et al. 2014Among the tailings,
slags such as steel sl@igan et al. 2014; Mohammed et al. 2016; Padmapriya et al. 2046)
copperslag(Dolatabad & Tarqi, 201, Raj et al., 2018 lack pozzolanic propertiedue to the
formation of crystalline (nommorphous) structuresind therefore, can only be used as a
replacement for concrete aggregates.

Tailings enjoying pozzolanic propertiesuch as Grand Granulated Blast Furnace Slag
(GGBFS) (Saafanet al., 2020,Shirdam et al. 2020; Duan et al. 201Sharmila and
Dhinakaran, 2016)copper slagwith pozzolanicproperties)(Brindha, and Nagan, 2011;
Shirdam et al. 209 Kumar and Naik, 20)5copper mine tailindEsmaeili and Aslani 2019,
Zhihuaet al. 2003)red mud from aluminum bauxite processif®yjar And Prakash, 2014,
Ribeiro et al. 2011)and Cement Kiln Dust (CKD)Stevulova et al., 20231Al-Jabriet al.

2006) also known as Cement Byass Dust (CBPD), can be used as a substitute for a
percentage of cement in concrdttawever, in situations where it is not possible to use the
tailings as constiction materials, they can be chemically stabilized using various additives
beforebeingdispo®din landfills (Shirdam et al., 2015).

However, the following two conditions neceate deposiing and stoing tailings in the
required, appropriatplaces: A) situations where the reprocessing of-dpade wastevia
existing technologies is not economically justified and at the same time, it is not possible to
recycle thembecauseof their physical and mechanical properti€s such situations,
permanent dispos# required) and B) situations where a temporary depot is required prior
to reprocessing thiilings

Adequate siteselectionis the primary step in establishingtorage for mine wastevhich
should pursue the following objectivéBlight, 2010)

f WR HQVXUH WKDW WKH VLWH LV D arslteRmidalypfeasioe\ ORFD

to develop for waste storage with acceptalalfetymargins;

¥ WR Heamhliddhievable acceptability in terms of cost, environmentahd ®cial

impacts.

Based orthe saidobjectives several location criteria have been previously studied, but this
article focusesmerdy on the geotechnical stydof the tailingsfstoragebed andaims to
determine thesealingdegree(the behavior of the bed layers of the si@ncerningthe
infiltration of contaminants from tailings into groundwatdfor these tailing, which contain
various metal elements, the management and engineering are important in terms of the hazard
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they pose To minimize the spread of pollution of thesailings to the surrounding
environmentjt is necessary to store these wastes in places wherkeakage from the bed of
the depot is guaranteetherefore,in case otthe poor performance ahe G H S Rtiycfuval
components, especially lack of sealing of bieel (lack of impermeability of théed) tailings
dams orsurface disposal arean cause additional problems such as groundwater pollution.
One of the important elements in the desigafing Staage Facilikes (TSF)is the design

of therequiredliner to seal the bed of tliisposal sitéwith minimal permeability) to prevent

the spread ofeachate of tailinggo groundwater. Parameters affecting the permeability
coefficient ofusedclay soils in liners are grain sizglasticityindex (PI), relative densityD,),

G U\ XQLW jgZdhd hsisirgw).

According to USEPA, 1993, the criteria of a suitable clay lineclude permeability
coefficient, percentage of fine particles (smaller than sieve number 200), plasticityandex
particlesno larger than 3 inche@JSEPA, 1989) Obviously, if the natural bed of the selected
sites for storingailings (whether the bed of tangs dams or the bed of tlsairface disposal
areg can meet the criteria set by USEPA, 1993, there is practically no need to apply a clay
liner to seal the bedf a clay liner is notequired it will certainly be economically important
and preferablefor the owners of the mineral processing indusiyce it meangeduce
productioncosts

MATERIAL AND METHODS

Iran Mineral Processing Compa(MPC) is one of the industriatenersin Iran Zinc Mines
Development Company (IZMDCits main activity being minerals processing to prodzice
concentrate and zinc ingot&ccording to the site plan map shown in Figure 1, this plant is
located in DandCity of ZanjanProvince, 90 km from Zanja@ity in Iran.

\
- <BN -
Persian Golf >z _ 48 ) i~

v

Figj 1. Location of IMPC near Dandi City in Zanjan Province

IMPC produces three types of tailings according to the zinc processing flow diagram
shown in Figure 2. These three types of tailings are leach filter cake, nickel filter cake, and
cobalt filter cake, which are stored in dispoSétks 1 to 3, respectivel{fFigure 3). In this
company, the BZS planith two cake washing plantproduce20% gradehydroxide using
Basic Zinc Sulfate (BZS§echnologyto supply the required feddr the zinc factory(50,000
tons per yegr The process of cake washiimgthe twoplantsrequiresl6 tons of higkgrade
leach filter cake frontSite 1 to produce each ton of hydroxide (Figure ) the annual
production of hydroxide, 800,000 too§filter cakeper year alreadystored inSite 1 (in the
zone of highgrade fiter cake) is used.The filter cakes leaving the cake washing plants are
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stored in the lowgrade leach filter cake zone &ite 1 (Figure 2).The topography oSite 1
makesit difficult, or in some cases impossible,ttansport tailings in wet seasons fr@ite 1

to 2 cake washing plants. Therefore, disp&td 5, next toSite 1 (Figure 3)is intended for
the temporary storage of higjtade leach filter cake &ite 1. In other words, it was decided
that the highgrade tailings ofSite 1 be transferred tand stored irSite 5 during dry seasons
so that it can be used in cake washing plants during the wet seasons.
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Spent Filter cake Filter Cake Spent
Mingme Al acd | [ N 1 ot [ caa |
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Fig 2. Zinc processing flow diagram in Iran Mineral Processing Company (IMPC)

Quantitative and qualitative identification of the leach filter cake oxjdéxsch are to be
storedin Site 5) was performedia the XRF tesusingSIEMENS SRS3000 at the laboratory
of Research and Engineering Company for {¥emrous Metals (RECo.for the
measurement of heavy metals in leach filter cake, the samples were first digested according to
USEPA3050B1986 and then analyzed via USEPA 6010D, 2018 using arQEB (ICR
7900, AGILENT)in the laboratory of Zarazmd&ach extraction was performed three times,
and average values were reported to ensure data repeatability. The results of all the performed
analyses in this section are presented in Table 1. The chemical properties of leach cake filters
stored atSite 5 how the amounts of some heavy metals measucedbe higher than the
threshold limit set bythe quality standard of Iranian soil resource$2016) Therefore,
consideringthe risk of leakage of pollutants into theegion's aquifers, the technical
specifications of theaid sites were examined. For this purpose, the geotechnical parameters
of Sites 5 and 1 were measured subsurface exploration and laboratory tests.

In order to identify the nature of surface andbsurface layers and measure the
geotechnical properties, especially the permeability of tailings stor8ieid and the natural
substrate ofSites 1 and 5, a borehole Bite 1 and thredest pitsin Site 5 were drilled. It is
worth noting thatSite 1 is adjacent tdite 5. The location of the borehole at Sitewhs
decidedto be adjacent to Site 5 so that its geotechnical propestiesld be virtually
representative of tee of Site 5. Together, these site investigatican determine the
likelihood of leakage of contamination from the leach filter cake deposited at these two sites
into the aquifer.

Drilling operations of theBH borehole as the first stepyas carried out in the tailings
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layers of the leach filter cake and the natural substraté¢eflSia rotational drilling method
usinga D750 skate drilling machine at a depth of 14 meters with BH code (Figure 4). During
the drilling of this borehole, different undisturbed samples were taken from deptids 563
9-10 and 1314 meters to be sé to the laboratory for analysis and determination of
geotechnical characteristics (Figuie Also, 3test pitswere drilled to a depth of 3 meters in
the natural bed o&ite 5 by an excavator with the codes TP1, TP2, and BRige the soil
layer characteristics were the same at all depths of 3 m in all tdéseeits sampling was
performed only at depths of 0 to 0.5 m and 0.5 m to 1 m from the TP1 boré&hele.
mentioned samples were sent to the laboratory for analysistéomilee the geotechnical
properties of the layers.

During TP1test pitat Site 5, in-situ density measurements of soils were performed using a
sand cone apparatus following ASTM D 153® at depths of 0.5 and 0.5L.0 meters and
then theobtainedsamples of the two deptiveretaken for laboratory analysis.

Laboratory testsvere conductedn samples extracted from the BH boreholeSit 1) and
the TP1ltest pits(at Site 5) in a Tak Azma laboratorywater contentwas determined
according to ASTM D221692 and Gs was measuredccording to ASTM D 8542 The
grain size was analyed via sieving and hydrometry according to ASTM D 422, and
Atherberg limits in accordance to ASTM D 4338 1998 And the permeabilitywas
measuredn a laboratorythrough a falling head test following N182000. Also, in-place
density of soil (or tailings)was determinedoy the drivecylinder in the BH borehole
following ASTM D 293794. The results of apjerformedexperimentand testare presented
in Tables3 and4. It is worth mentioning that the dry density and water content of samples in
the permeability test celere determinedaccording to the hsitu density and water content
measuren site.

Table 1.The Physicochemical properties of the leach filter cake

Heavy metal (total) Oxides (%) Other parameters
Cu (ppm) 120 SG; 24.16 pH 5.9
Mn (%) 0.15 Sio, 17.8 w (%) 36
Fe (%) 4.12 CaO 16.61 (%) 5um 12-17
Pb (%) 4.5 Al,O3 5.158 (% silt) 5um- 75pm 6871
Cd (ppm) 320 Na,O 3.71 (% fine) 75um 80-88
Co(ppm) 153 MgO 3.041 75um- 4.75mm (Sand)  8-17
Ni (ppm) 10 ZnO 1.57 J(KN/m?) 15.415.7
Zn (%) 3.19 K,0 0.91 'uscs ML
Mg (%) 0.625 TiO, 0.46 “USDA SILT
Cr (ppm) 99 P,Os 0.042
Ag 48

Unified Soil Classification System United States Department of Agriculture
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RESULTS AND DISCUSSION

ailings disposal Sites 1 to 5

The tailings and soil profiles of the BH borehole, along with relevant soil layering profile, are
presented iMable 2 This profile shows tailings (leach filter cake) from the surface to a depth
of 9 metersthe starting level of the earth's natural baxl then fron® meterdo 14 meters

(and even moreyhich represents a layer of natural soil. Field observations inside the trench
created during excavation operations of TP1, TP2, TP3 test pits, at a d@ptietdrs in the
natural bed of Site 5 showelgit the soil profiles are the same at all depilith a completely

clay nature.
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%=
Fig 4. Drilling of in the tailings and natural substrat ~ Fig 5. Undisturbed samples extracted by Shelby
of Site 1 with a skate drill D750 sampler during BH borehole drilling

N

The results ofon-site and laboratory tests performed on Bbteholeand TP1ltest pit
samples are presented in Tal8esd4 andFigure6 and?.

The results of testperformedon BH borehole samples show ththe bed of Site 1
constitutes the tailings layétom 0-9 metersandnatural soilfrom 9 to 14 neters(and more).
There is a significant difference between the materials of the tailings layers and the natural
soil layer in terms of the patrticle size distribution (the peammbf grainginer than No. 200
sieve and percentage of clay), LL, USCS symlsdil density, and finally, their coefficient of
permeability.The particle size distributiorof the BH borehole samples (Figudgeshows that
the percergge of grainginer than No. 200 sieve for tailings at depths &f Betersand 56
metersare 80% to 8%, respectivelywhich corresponds ttailing particle size distribution
obtained byick 1990,Qiu and Sego 200andYilmaz et al., 2009It can be stated that both
samples have a completely figeained texture, and also, according to the analysis of the
Atterberg limits, the plasticity of the tailings is low (LL<50). These tailings are classified in
the range of silty (ML) soils with lowplasticity according to USCS systgldSTM D248%
17el, 2017and A7-6 following AASHTO System{AASHT, 2002) For natural soil samples
at depths of 40 meters and 134 meters (and more), the percentage of skdegrainsis
98 to 99 andthe soilcan besaid to have a very fine texture. According to the two criteria of
gradation and plasticity, the abereentioned soisampls are classifie€H following USCS
system and A-7-6 according to AASHTO systenThe results of measuring the-ptace
density in dfferent layers show that the whole tailingyer (39 m) has a similar density of
1.54 to 1.57 g/crhbut the density of natural bed soil-18 Meters)is equivalent to 1.55 to
1.75g/cnt. Theresults of measurinthe permeability coefficient by tHalling head method
show that the average permeability coefficient of the tailings layemiis 10° cm/sec

As can be seen from the results, k values of tailings lay@m(0Ofall within the range of
2210° to 7.92 10° cm/sec. These tailings are considered to have very low permeability
typical of silty clay. The measured k values are withingamerange as those reported for
similar tailings in the literature: 10 +10° cm/s for coarse and fine leathc tailings
regpectively (Quille and Kielly, 2010), 18to 10°cm/sec for homogenized tailingaubertin
et al., 1996)22 10* to 10° cm/sec forcoarse and fine iron tailings respeetiv(Hu et al.,
2017) and10*to 10°cm/sec for copper tailing®/olpe 1979)

Also, the measuregermeability coefficient of the natural bed clay layerl®m)ranged
from 1.5E07 to 6.4E07 cm/s.These resultsorrespond tdhe determined typical valuesf
Sarshy(2013 for the permeabilitgoefficientof clay (10° +10° cm/9.
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In this regard, the permeability coefficient of the natural bed segitfiesthe permeability
criterion for compacted clay liners.

SinceSite5 is adjacento Site 1, the geotechnical properties of the TtB4t pitspecimens
are similar to thegeotechnical properties of the BH borehole specintEiggire 7) In other
words, in terms of fingrained content, clay percentage, Atterberg limits, permeability
coefficientand soil symbqlTP1test pitsoilshave a profile similato that ofthe BHborehole
soils.

The geotechnical properties of the bed soilSafes 1 and 5 obtained during various
experiments show that the bed soil of these ,sé#esording to USEPA, 1993 and USEPA
1989, meet the criteria of a suitable compacted clay liner. Theseéer@ include a
permeability coefficient of I0cm/s, at least 280% of claysized particles, a plasticity index
between 1% and30% (USEPA, 1993pr 10% and40% (USEPA 1989)and lack of particles
larger than 3 inchedt is worth noting that if the soil of the surface layersSife 5 is
compacted using rollers with a moisture content @ tb 7% higher than the optimum
moisture contenfUSEPA, 1989)a lower permeability coefficient can be obtained to increase
the insitu density.It is worth noting that Athensopoulos et a{2009 considered aangeof
10" +10° cm/sas a suitable permeability coefficient for compacted clay lifiberefore,
considering the criteria for a compacted clay liner, it can be concluded tt&iteg6r there is
practically no need to implement a compacted clay liner, and the natural hex$ soitatural
liner, displays a satisfactoqyerformance

For heterogeneous reactioffim metal extraction and processinghe migration rate of
reactive molecules from one phase to another muetlbeantto the interfacearea,and as a
result, ne particles react faster than coarse particles becauseiofatger surface area
(Ruan et al., 2019)ailings fgrain size isot generalizable due to itsgh variablity which is
determined based o SHFL ¢ F S URFH YV Nowere§ SardbyHPoaOANH, QHG WDLOLC
particle sizes amainly gravelfree and clayree, witha combination osand and silt.

The results of previous studies and research showathaicrea® in grain size reduces
zinc extractionrate due to reducedurfacecontact area of larger grains+ X Uai alVy2009;
Santos et al., 2010, Koohestani et al., 20F)r this reason, in IMPQactory, before
importing mineral soils to the acid leaching process, the grain size afiradlral soil is
reduced to less than 300 microns by ball mitisthe crushig unit (Figure 2), which
practically raisesthe proportionof silt (5 P BBR to 71%(Table4). This grain size
range was determinedin Iran Mineral Processing Companlirough the optimal process
conditions obtained in previous researCihen at al.2009, He et al2010, Li et al.2010, Xu
et al.,2010 to achieve maximum zinc extraction from the minefdlis reduction in grain
size in the milling process of IMPC causes the zinc plant tailings (the tailings to be stored at
Site5) to be essentially fingrained and in the ML soil groupiith a permeability coefficient
of gpproximately 7.9ED6 to 2.0E06 cm/s (Table3). Therefore, in addition to the
impermeability of the bed dite 5, the tailings stored in Site 5 (leach filter caka)h a low
permeability coefficienserve as amitial (partial)sealing layewhich stops the infiltration of
hazardous leachate of tailing®m reachng the natural bed layer. Tk, they preventthe
peretration of hazardous compounds into the natural substrate IByergo the fact that the
bulk densitywithin tailings increases with depth due to compaction and gradual drainage of
moisture (Sarsby, 200Q)the dry densityof the tested tailings increasé®m 1.54 to 1.57
g/cnt with the increase imlepth from 3 retersto 5 meters,which reducs the permeability
coefficient from 7.9ED6 to 2.0E06 cm/s.
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Table 2. Profiles of tailings and natural soil substrate in Bétehole at Site 1

Depth  Graphic ~ USCS Materal | o, 1, & auL Permeabili
(m) Log Description Description (glem®) (%) y
(cm/s)
— 1
2
— 3 Lo
4 ML Silt with sand 445 16 1.54 36 7.9E-06
. 5 ML Siltwithsand 45 18 157 36 2.0E06
— 7
8 9 Up to 9 meters of fine tailings
10 CH Fat Clay 58 285 1.65 20 5.3E07
—u
12 —
— 13 o
14 CH Fat Clay 59.5 29.5 155 29 7.9807
End of Boring in 14.0n
100 . 100
5 5
o L 80
2 80 2
>
2 60 = 60
g 2
T 40 —e— BH - 3-4m - Filter Cake ,_E 40
I= —6—BH - 5-6 m - Filter Cake c .
Q _ 3 —&—TP1 - 0-0.5 m - Sail
2 20 | —a—BH - 9-10m - Soil of Substrate 5 20 .
& ) a —=—TP1 - 0.5-1.0 m - Soil
—— BH 13-14 m - Soil of Substrate
0
0

Grain Size (mm)

Fig 7. The particle size distributioof 2 samples
extracted fronTP1 test pitat Siteb.

Grain Size (mm)

Fig 6. The particle size distributioof 4 samples
extracted from BH borehole at Site 1

Table 3. Results of geotechnical parameters measurement in tailings and natural bed layers of Sites 1 and 5.

- * . Borehole

K Pl LL Material Depth .
cmis) G5 W@Cm) Y(®) aasito Uscs (%) (%)  description (rr?) &,il‘fr;g't
70E06 2656 154 363 A76 ML 16 445  Taiings 4 o,
20E06 264 157 36 A7-6 ML 18 450  Tailings 56 ot
53E07 263 165 204 A76 CH 285 58 Naturalbedsoil 910 o'
79507 263 155 22 A-7-6 CH 295 595 Natural bed soil 13-14
64507 270 156 164 A-7-6 CL 29 57 Natwralbedsoil 005  TP1
15607 2.66 156 140 A76 CL 275 56 Naturalbedsoil 051 Site 5

* Unified Soil Classification System

** American Association of State Highway and Transportation Official
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Table 4. Grading parameters of tailingsd natural bed soil of Sites 1 and 5.
*Silt Sand Gravel 5Bn  75Pn Depth Borehole & test

%) (%) (%) 40 10 4 Material (m) pit Name
68 17 3 12 80 91 95 97 Tailings 3-4

71 8 4 17 88 93 95 96 Tailings 5-6 BH
30 2 0 68 98 99 100 100 Natural bed soil 9-10 (Site 1)
19 1 0 80 99 100 100 100 Natural bed soil 1314

30 2 0 68 98 99 99 100 Natural bed soil 0-0.5 TP1
29 1 0 70 99 100 100 100 Natural bed soil 0.51 (Site 5)

* The percentage of silt is expressed according to AASHTO and ASEMms.
CONCLUSION

The eperimerts of this studywere conductedisingBH borehole drilling and thretest pits,
TP1 to TP3to determindf the compacted clay lines neededat Site 5. In general, this type
of study plays an important role &ite selectionfor tailings storage facilities (TSF) as well as
in reducing the associated operating cobtee following includes the conclusidhatcan be
drawn from the findings of this study.

The results of measuring the permeability coefficient of natwedl soil ofSites 1 and 5
throughthe falling head method shedalow permeability coefficient in the range of 1.5E
07 to 7.9E07 cm per second. Considering the compliance of permeability coefficient, fine
percentage, plasticity index and clay contentadjacentSites 5 and 1 with the values of
compactedclay liner criteriain the relevant standards, it can be stated dmsgosaland
storageof tailings at Site 5 do notnecessitat¢he implementation of aompactectlay liner.
Besides, in the implementation phase of this project, compadtiegsurface layer of the site
with sheepfootollerscan increaséhedry densityof natural bed soifrom 1.57 to 1.65 fgm?®,
which in turn reducethe permeability coefficiersaven more

Reducing the size of mineral soil in the milling proclesegsthe produced tailings mainly
into the range of fingrained soils and in the ML silty firgrained soil group. This
significantly reduces the permeability of the tailings (leach cake filter) to sraklesof
about 2.0ED6 cm/sto 7.9E06. Therefore, in ddition to the natural permeability of the
natural bed soil oSite 5, the permeability coefficient of the tailings storeae5 acs as a
partial, primary sealing layer. In fact, before the hazardous leachateesghehnatural bed
layer, the compaetl tailings on the ground begurtially restrictthe infiltration of hazardous
tailings leachate into the natural bed sG@ih the other hand, in terms of hydraulic behavior of
these tailings over time, it can be stated thatload on the lower layedd tailings increases
with the increa® in the depthof the tailings.Over time, with gradual drainage and leachate
discharge from the tailings, higherdensity of the lower tailings is achievedbviously, this
phenomenonn turn, can furtherdecreas¢he permeability of tailings.

The methodology presented in this papéa,the site selectiorprocess otailings dams or
other tailings storage facilities (TSF)an financially reduce theirimplementationcosts
meaninglower ultimate production cost$/oreover reducing the construction costs of such
facilities can encourage industoyvners to implement environmental projects and
consequentlypreservehe quality ofthe environmental around the plant.
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