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Abstract. Relevance. Mining sector is one of the leading branches of the industry in Armenia. Therefore, effective
government regulation of the sector based on a sound legal basis is a necessity. Accidents at tailing management facilities are
posing a high risk to people and environment especially in their near vicinity and often have a transboundary impact. The
tailing management facility safety methodology elaborated under the auspices of the German Environmental Agency is an
efficient tool for quick assessment of the technical condition of the tailing management facilities. Aim. To present the results
of application of the tailing management facility methodology in Armenia, which was applied to the operated Nahatak tailing
management facility of the Akhtala Ore Dressing Combine (Lori region, Armenia). Objects. Tailing management facility
methodology was applied to the operated tailing management facility Nahatak of the Akhtala Ore Dressing Combine, for
which all documentation was checked. Enrichment wastes were stored at the tailing management facility during processing
copper ore from the Shamlug mine and polymetals from the Akhtala mine. The main visual inspection was carried out in
three parts of the tailing management facility: main dam, drainage canal and secondary dam. Special attention was drawn to
the main dam conditions. The video recorded by a drone was used to explore the dam bottom-line. Methods. The tailing
management facility methodology includes the following elements: the method of evaluation of Tailings Hazard Index; the
tailing management facility checklists including the questionnaire for visual and documentation inspection, the evaluation
matrix for the tailing management facility safety level; the measures catalogue for taking actions to improve tailing
management facility safety. The questions of each tailing management facility checklist are stated in a way to encompass the
minimum set of the requirements, critical for tailing management facility safety, which allows evaluating the tailing
management facility conditions. Questions in all groups of the checklist are sorted by the tailing management facility lifecycle
and each subsection contains relevant questions applied to a specific stage (design, construction, operation, re-cultivation,
closure). Application of the tailing management facility checklist is supported by a measures catalogue with short-, medium-
and long-term safety measures. Results. The tailing management facility methodology was used/tested for the operated
tailing management facility in Armenia for the first time. The main problems of the Nahatak tailing management facility were
identified and analyzed, and appropriate recommendations were provided based on them. Based on the obtained results it
can be concluded that the main problems are related to the drainage system and the management of water flows, some parts
of the primary dam that require restoration, as well as the improvement of monitoring systems. At the same time the
experience of application of the tailing management facility methodology in Armenia, allowed improving this methodology
and making it the most effective working tool for quick and efficient visual inspection of tailing management facilities and for
thorough inspection of relevant documentations. The user-friendly tailing management facility safety methodology (with
questionnaires of visual and documentation checking) is an efficient tool for quick assessment of the technical condition of
the tailing management facilities, as well as for training staff both in the governance bodies and in mining enterprises.
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AHHOTanusA. AKTyaJIbHOCTb. ['OpHOJ06BIBAIOIUMA CEKTOP — OJJHA U3 BEAYLIHUX OTPAC/el MPOMBIIIJIEHHOCTH ApMEHUH, 103TO-
My 3¢ PEeKTUBHOE rOCyAApCTBEHHOE PETY/IMPOBAaHUE OTPACIU HA TPOYHOU MPABOBOM OCHOBE SIBJISIETCS HEOOX0AUMOCThI0. ABa-
pYM Ha XBOCTOXPAHUJIUIIAX NTPE/CTABJISIOT BICOKUM PUCK JJI JIIOJEN U OKPYKarollel cpeibl, 0COGEHHO B HEMTOCPE/[CTBEHHON
GJIM30CTU OT XBOCTOXPAHWJIMIL, & TAKXKe YaCTO UMEIT TPAaHCIPAaHUYHOEe BO3JehcTBHE. MeTo/[0/10rUsl 6€30MaCHOCTH XBOCTO-
XPpaHUJIMIL, pa3paboTaHHas MO/ 3TH/0M HEMeIKOro areHTCTBa Mo oxpaHe okpyxkatolel cpeabl (Umweltbundesamt), a¢pdek-
TUBHA B KaueCTBE UHCTPYMEHTA [iJIs ONepPaTHBHOM OLleHKM TEXHUYECKOT0 COCTOSIHUS XBocToxpaHuuull. llesb: nmpeacrasiie-
HUe pe3yJIbTaTOB IPYMEeHEeHHsI METO/10JIOTUH 6€30MaCHOCTH XBOCTOXPaHW/IMILA B ApMEHUH, KOTOpas 6blla 0IPOGHMpOBaHa Ha
JlelCTBYIOLIEM XBOCTOXpaHUIULe HaxaTak AXTaJIMHCKOTO FOPHO-060raTUTe/IbHOr0 KoMbrHaTa (Jlopuiickas o6J1acTh, ApMe-
HUsl). 06'beKTbI. MeT0/0/10THs1 XBOCTOXPaHW/IMILA Oblyla IPUMEHeHa K e CTBYIOLEMY XBOCTOXPAHUIMILY AXTaJIMHCKOTO rop-
HO-060raTUTeIbHOI0 KoM6rHaTa HaxaTak, AJ1s1 KOToporo 6blja poBepeHa Bcs JoKyMeHTauus. OTXobl 060ralieH s Ha XBO-
CTOXpaHUW/IMILE CKIaZMPOBaHbI P MlepepaboTke MeAHOU pyAbl LllamMiyrckoro pyfHHKa U MOJUMETa//I0B AXTaJIMHCKOTO Me-
cropoxzenuss. OCHOBHOM BU3yaslbHbIA OCMOTP ObLJI MPOBEJEH Ha TPeX ydyacTKax XBOCTOXPaHWJIMIA: OCHOBHasA JaMba, Jpe-
Ha)KHas KaHaBa W BTOpU4Has fgamb6a. Ocob60oe BHUMaHMe ObLIO Y/ieJIeHO COCTOSIHUI0O OCHOBHOH /aM6bl, U AJIs UCC/IeZ0BaHUs
HIDKHeH JIMHUY TJIOTHUHBI Obljla MCIO0JIb30BaHa BU/I€03aNUCh C JpoHa. Memodsl. MeTozmosorusi 6e30MacHOCTH XBOCTOXPaHU-
JIMLIA BKJIIOYAET CeAyloliue 3JeMeHTbl: MeTO/, OLleHKU MHJeKca ONMAaCHOCTH XBOCTOXPAHWJIMILE; KOHTPOJIbHbIE CIHUCKU XBO-
CTOXPaHWJINIIQA, BKJIIOYasl aHKETY BU3yaJbHOTO U IOKYMEHTA/JIbHOTO KOHTPOJISI; MAaTPUILY OLleHKU YPOBHsI 6e30MacHOCTH XBO-
CTOXPaHWJIMILA; KAaTaJIOT Mep 110 MOBLIIIEHNI0 6e30MacHOCTH XBOCTOXPAHUJIUINA. BONPOChl KOHTPOJIBHBIX CIIUCKOB CHOPMYITH-
pPOBaHbI TAKUM 00pa30oM, UTOObI OXBATUTb MUHUMAJIbHBIN HA60p Tpe6oBaHUH, KPUTHYECKUX JJ1s1 6€30MaCHOCTH XBOCTOXPaHU-
JIMLQ, [T03BOJISIOLIUM OLLeHUTb COCTOSIHUE XBOCTOXPaHU/IMILA. Bonpockl KOHTPOJIBHBIX CIIHCKOB OTCOPTHPOBAHDI 110 KU3HEH-
HOMY IIMKJIy XBOCTOXPAHHUJINIIA, U KAXK/IbIA 0Ipa3/ies COAEPXKUT aKTyaIbHble BOIPOCHI, OTHOCSIIIMECS K ONpe/ieJIEHHOMY 3Ta-
ny (IpOeKTHPOBAHUE, CTPOUTENBCTBO, IKCIIyaTal[Msl, PEKYJIbTUBALMSA, 3aKpbITHE). [[pMeHeHne KOHTPOJIBHOTO CITMCKA XBO-
CTOXPaHUJIUIIA NOAAEPKUBAETCS KaTaJIOTOM MepP C KPaTKOCPOYHBIMH, CPe/IHECPOYHBIMU U ZI0JITOCPOYHBIMU MepaMH 6e3omac-
HoCcTH. Pe3ysbmambl. MeTonosiorusi 6€30MacHOCTH XBOCTOXPAaHUJIMIA OblIa alpoOUpPOBaHa Ha 3KCIUIYaTUPYEMOM XBOCTO-
XpaHWIHIIEe B ApMEHUH BIIEPBbIE, B pPe3yJIbTaTe Yero ObLIN BbISBJIEHbI U MPOAHATHU3UPOBAHbI OCHOBHBIE NMPOGJIEMbI XBOCTO-
xpaHwuia HaxaTak, 1 Ha UX OCHOBE JIaHbI COOTBETCTBYIOLIME PEKOMEH/JalluK. B X0/1e oJIy4YeHHbIX pe3yJIbTaTOB MOXHO CJie-
JIaTh BbIBOJ], YTO OCHOBHbIE TPOGJIEMBI KACAIOTCS JPEHAKHON CUCTEMBI M yIIPaBJIeHNs] BOAHBIMH MIOTOKAaMU HEKOTOPBIX y4acT-
KOB MEPBUYHOU MJIOTUHBI, TPEOYIOLINX BOCCTAHOBJIEHHS, @ TAKXKE COBEPILIEHCTBOBAHUS CUCTEM MOHUTOPHUHrA. B TO e BpeMs
ONBIT MPUMEHEHUs JAHHON MeTO/I0JIOTUY B ApMEHUU MO3BOJIUJ YCOBEPIIEHCTBOBATh METO/0JIOTUIO U ClleJIaTh ee HauboJsiee
3 PeKTUBHBIM pabOYUM HHCTPYMEHTOM /iJisl GBICTPOrO U ONEPAaTUBHOI'0 BU3YaJbHOI'0 OCMOTpPA XBOCTOXPAHUIIMIL U TIIATE b-
HOH MPOBEPKU COOTBETCTBYIOLIEN JOKYMEHTALUU. YI06HAsA B HCI0JIb30BAaHUM METO/[0/I0TUsI 6€30MaCHOCTH XBOCTOXPAHHUJIHIL
(c aHKeTaMu BU3yalIbHOU U JOKYMEHTAIbHON MPOBEPKHU) siB/sieTCS 3PPEKTUBHBIM UHCTPYMEHTOM JiJIs1 ONEPATUBHOU OLlEHKU
TEXHUYECKOTO COCTOSIHUS XBOCTOXPAHUJIMLL, a TaKKe /11 06y4eHH s epcoHasa Kak B OpraHax yrnpaBJjeHus], TaK U Ha TOPHOZ,0-
ObIBAIOLIUX PEJIPUATHSX.

KinwoueBble cioBa: FOpHOAO6bIBa}OH.lHﬁ CEeKTOp, MeToA0JIorud 6e30MacHOCTH XBOCTOXpPaHUJIUI, KOHTPOJIbHbIE CIIUCKH,
YpOBE€Hb 6€30MaCHOCTH XBOCTOXpPaHUJIMIIA
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Introduction pact. Accidents at TMFs, particularly in the countries

Accidents at tailing management facilities (TMFs)  with economies in transition, including Armenia, can
are posing a high risk to people and environment in  result in catastrophes not only at local, but also at na-
their near vicinity and often have a transboundary im-  tional and transboundary levels. The UNECE Conven-
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tion on the Transboundary Effects of Industrial Acci-
dents provides a legal basis for the countries in their
efforts to prevent industrial accidents. It also promotes
enhancing of international cooperation among the
neighbouring countries in case of emergencies. The
UNECE Safety Guidelines and Good Practices for
TMFs (2014) were elaborated under the auspices of the
German  Environmental  Agency (Umweltbun-
desamt) [1]. The user-friendly TMF safety methodolo-
gy developed on this basis (with questionnaires of vis-
ual and documentation checking) is an efficient tool for
quick assessment of the technical condition of the
TMFs, as well as for staff training both in the govern-
ance bodies and in mining enterprises [2—14].

General information about TMF methodology. The
successful experience of applying the TMF methodol-
ogy in Armenia (within the framework of project on
“Assistance in safety improvement of tailings man-
agement facilities (TMF) in Armenia and Georgia”
[3, 11, 13]), where numerous TMF sites are located,
allowed improving this methodology and making it the
most effective working tool for quick and efficient vis-
ual inspection of TMFs and for thorough inspection of
relevant documentations. The TMF methodology was
applied to an operated TMF for the first time in Arme-
nia [4].

The TMF Methodology includes the following ele-
ments:

1. The Method of evaluation of Tailings Hazard Index
(THI Method).
2. The TMF Checklist including:

e The Questionnaire (three groups of questions).
The Evaluation Matrix for the TMF safety level.
The Measures Catalogue for taking actions to
improve TMF safety.

The Tailings Hazard Index (THI) is the index that
demonstrates the measure of specific potential haz-
ards/risks posed by tailings facilities to the environ-
ment, infrastructure, and humans. The THI is calculat-
ed by summing up the major TMF parameters that sig-
nificantly effect the level of its safety. These are:
volume of tailings;
toxicity of substances in tailings;

TMF management status;

natural conditions (geological, seismological, and

hydrological conditions) specific to the TMF site;

dam safety.

Tailings Hazard/risk Index can be calculated in two

ways depending on the availability of data on TMFs:

1. Basic THI is a simple calculation approach by using
the data on two major parameters — volume and tox-
icity of tailings material

TH[BaUzZ:TH]sz"’L TH[Tof;

where THlc,, is the measure of hazard/risk caused by
the volume of tailings stored in TMF (TMF capacity);
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THIz,, is the measure of hazard/risk caused by toxicity

of substances contained in tailings.

2. Extended THI is a detailed approach by using the
data on two major parameters of basic THI and
additionally three other parameters clarifying TMF
status, natural conditions and dam safety

TH[Extended:THICap+THITox+THIManag+THIS[[E+THIDam’

where THIypqq 1s the measure of hazard/risk related
to improper management of facilities; THls;, is the
measure of hazard/risk related to specific geological
and hydrological conditions at the TMF site [5, 6];
THIp,, is the measure of dam failure hazard/risk relat-
ed to structural and component items of the dam, its
integrity and functionality.

The TMF Checklist includes three groups of
questions called as follows:

“Basic Check” (Group A);

“Detailed Check” (Group B);

“Check of Inactive Sites” (Group C).

Each group includes two subgroups — the first sub-
group is intended for visual inspection and the second
subgroup is elaborated to work with documentation.
Visual inspection is mandatory for all groups.

The questions of the TMF Checklist are formulated in
a way to encompass the minimum set of the requirements,
critical for TMF safety, which allows evaluating the TMF
conditions. Questions in all groups of the Checklist are
sorted by the TMF lifecycle and each subsection contains
relevant questions applied to a specific stage (design, con-
struction, operation, re-cultivation, closure).

During “Detailed Check” evaluation can be per-
formed based on the analysis of available design in-
formation and operator records, reinforced with addi-
tional studies and tests clarifying all TMF parameters
performed by external experts if required and using
information received during site visit to the TMF com-
pany and interviewing TMF staff.

The tasks of the “Detailed Check” group comprise:
assessment of all TMF systems and technical
components;

assessment of all risks/hazards, impacts and
potential impacts, linked with TMF construction,
operation, closure, and rehabilitation;

determination of the needs and priorities for taking
short-, medium-, and long-term measures aiming to
improve the TMF safety level.

Evaluation of the TMF safety level within the
Checklist is performed with the Evaluation Matrix
(EM), which is the matrix of numerical values of an-
swers to the Checklist questions. The matrix elements
are calculated by special procedures depending on the
scope of the check.

The developed Evaluation Matrix of TMF safety
level offers an assessment of TMF, checked for com-
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pliance with applicable safety requirements, formulated
in the Questionnaire. The Evaluation Matrix unifies the
answers to the questions; it includes both overall and
categorial evaluations using specific categories, which
allows a thorough check of all TMF elements. Besides,
the Matrix enables evaluating uncertainties, caused by
the lack of data on the inspected TMF.

Table 1. Identification level

evaluation

of TMF safety after
Ta6auya 1. OnpedeneHue ypogHs 6Ge3onacHocmu X80CmMo-
XpaHuAuwa nocjae nposedeHust OYeHKU

TMF safety level Criteria
YpoBeHb 6€301aCHOCTH
Kpurtepuu
XBOCTOXPaHHUJIMILA
90% of minimum set of safety re-
Acceptable quirements are met (MSR>90%)

Co6atomaetcs 90 % MUHUMaILHOTO
Habopa TpeGoOBaHUH 10 6€30MaCHOCTH
(MHT>90 %)

[IpremsieMblit

Less than 90% of minimum set of safe-
ty requirements are met (MSR<90%)
Co6utoiaetcst meHee 90 % MUHUMAaJb-
HOTo Habopa TpebGoBaHUH 10 Ge3omac-
Hoctu (MHT<90 %).

Unacceptable
HenpuemsieMslit

An application of the TMF Checklist is supported by
a Measures Catalogue with short-, medium- and long-
term safety measures. The developed short- and medi-
um-term measures should be based mainly on organisa-
tional and low cost measures; the long-term measures
should be the goal to reach and therefore part of an in-
vestment plan meeting international safety standards.

Visual inspection at Nahatak TMF. TMF methodol-
ogy was applied to the operated TMF of the Akhtala
Ore Dressing Combine (Lori region, Armenia), for
which all documentation was checked and thoroughly
studied.

The Akhtala ore dressing combine operated in
19671988, with processing copper-bearing ore of
Shamlugh mine and Akhtala polymetallic deposit.

The plant operation was suspended on 01.07.1989
according to the decision of USSR Cabinet of Ministry
no. 66/317 justified by the fact that the reserves of the
Akhtala mine have been exhausted [7].

In 2001 the Institute of Mining and Metallurgy of
the Republic of Armenia developed and implemented a
new design for the retrieve of the Akhtala ore dressing
combine, which provided processing of only copper-
pyrite ore of the Shamlugh mine. In 2009 the design
was modified with enlargement and reconstruction of
the Nahatak TMF; according to this document the
TMF in the Nahatak river gorge was re-commissioned.
Its operation restarted in 2011 [8].

Currently, the plant is recycling the Shamlugh cop-
per ore, which is delivered from the underground mine
to the plant by carriages or is unloaded at the storage
near the underground gallery exit and transported by
trucks to the plant. Besides, the ore is transported by
trucks from the open casts. The copper content in the
ore varies from 0,5 to 1,3% [9].

The TMF dimensions are following:

e maximum length is 993 m;
e maximum width is 446 m;
smallest width is 101 m.

-
Fig. 1.
Puc. 1.

Location/view of the Nahatak TMF of the Akhtala ore dressing combine
Pacnosodcenue/sud xeéocmoxpanuauuwja Haxamak AXmaauHckozo 20pH0O-0602amumeabHO20 KOMOUHama
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A visual inspection showed that the tailing dump
was more than 80% full, and the surface of the lake
was approximately 8 ha.

The total reclamation area of the tailings, including
the area of the dam slopes, is estimated at approximately
17 ha. Full reclamation of the tailings is provided after
the introduction/organization of storage of dry tailings in
the worked-out section of the quarry [15-18].

The operating TMF “Nahatak™ has the tailings of up-
stream type; it has been operated since 2011. The design
capacity amounts 3.75 million m’. Tailings material
deposition is performed by the zenith method. The start-
er dam is stone-filled of 7.0 m height; the height of the
TMF dam with clayey sand material is 64 m.

It was to note, that from the end of 2019 the com-
pany use a new method for tailings disposal with dry
tailings; in this case the TMF extension or construction
of a new TMF is not planned [10].

TMF site visit. The visit to the Nahatak TMF site
was carried out on July 2019. The site visit included
the most important TMF parts. To explore the TMF
and a dam bottom-line, a video recorded by a drone
was used. The main study was carried out in three parts
of the TMF: main dams, drainage canal, and secondary
dam. Special attention was drawn to the main dam
conditions.

Table 2.

Check of the documentation. As a result of these ac-
tivities, the questionnaire on documentation checking
was fully applied. The results of the documentation
check were included in the Excel file, which was updat-
ed according to the updated version of the TMF meth-
odology (answers to 259 questions of Subgroup C2;
with short justification in column “S” of the Excel file).

Evaluation of the results. The updated version of
the TMF methodology (2019) for the TMF safety was
applied to evaluate the safety level of the Nahatak
TMEF. The key novelties were (1) the equivalence of
the evaluations obtained for visual and document
checks, (2) introduction of the critical questions of
doubled weight in comparison to general ones in both
subgroups B1 and B2, and (3) more detailed categorial
evaluation for visual check. The results of TMF safety
evaluation are given in Table 2 and in Fig. 2, 3. The
visual inspection provided answers to 35 questions of
Subgroup Bl “Detailed visual inspection” with rele-
vant justification/comments in column “S” of the Excel
file, as well as to 259 questions of Subgroup B2 "De-
tailed Document Check". The evaluation matrix was
filled in at the TMF site during a week after the field
reconnaissance. The measures were proposed after
checking the answers/evaluation matrix and having
insight into the drone footage.

Overall evaluation results of the Akthala ore dressing combine TMF*

Ta6auya 2. 06was oyeHka X80CmMoxXpaHuAuuja AKmaauHcKo2o 20pHo-0602amumenbHo20 KoMouHama*

Checklist Minimum set of
Grgqp questions Not applicable | Yes Mostly yes Mostly no No requirement (MSLR) Credibility
of participants B ocHoBHOM | B ocHOBHOM MUHUMaNbHBIA
Bonpocsl He npumenumo | /la Her . | JlocToBepHOCTb
I'pynna za HeT Habop TpeGoBaHUU
KOHTPOJIbHOTO
Y4aCTHUKOB (MHT)
crIucKa o
%
Subgroup B1 14.3 22.9 314 17.1 143 59.1 433
[Moarpynna B1
Main dam Subgroup B2 5.4 75.2 12 35 3.9 89 83.6
OcHoOBHas [oarpynna B2
naMmb6a Group B (B1+B2)
I'pynna B 6.5 68.9 14.3 5.1 5.1 74 63.5
(B1+B2)
Subgroup B1 11.4 17.1 286 20 22.9 471 452
[oarpynmna B1
Drainage canual Subgroup B2 54 752 12 35 39 89 83.6
JlpeHaXKHbIN [Moarpynna B2
KaHaJl Group B (B1+B2)
'pynna B 6.1 68.3 14 5.5 6.1 68.1 64.4
(B1+B2)
Subgroup B1 11.4 28.6 343 8.6 17.1 61.6 51.6
[Toarpynna B1
Secondary dam Subgroup B2 54 752 12 35 39 89 83.6
BropuuHas [oarpynmna B2
famb6a Group B (B1+B2)
'pynmna B 6.1 69.6 14.7 4.1 5.5 75.3 67.6
(B1+B2)

*The table shows only the final results, because the details of the calculations are quite extensive, based on the answers to 294
questions (B1+B2). For this, a separate settlement document in Excel format was created with the ability to import the relevant
data, which is an integral part of the TMF Methodology/B mab6auye noka3aHsl Mo/abko OKOHYAMeAbHble pe3y/bmambl, No-
CKO/IbKY demasiuzayusi pacyemos docmamo4Ho 06WuUpHa U 0CHO8aHA Ha omeemax Ha 294 eonpoca (B1+B2). /lna amozo co3daH
omadesbHbIl pacyemHblii dokymenm & popmame Excel ¢ 803moscHOCmbl0 umMnopma coomseemcmeyowux 0aHHbIX, KOMopblil
s8/15emcst HeomwseMaemol Hacmuio Memodosio2ust 6e3onacHocmu X60CMoXpaHuAuwd.
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Fig. 2.  Safety evaluation results for the main dam: a) overall evaluation; b) categorial evaluation for visual check
Puc. 2. Pesysabmambl oyeHKU 6e30nacHocmu 21a8HOU N10MUuHbl: a) obujast oyeHka; 6) kame2opuaabHasl OYyeHKa 8U3ya1bHO20
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Safety evaluation results for the drainage canal: a) overall evaluation; b) categorial evaluation for visual check

Puc. 3. Pesysbmambl oyeHKu 6e3onacHocmu OpeHaxcHo20 KaHaaa: a) obwast oyeHka; 6) kamez2opuanbHas oyeHka 8u3yaJib-
Ho20 ocmMompa
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Safety evaluation results for the secondary dam: a) overall evaluation; b) categorial evaluation for visual check

Pesyabmamel oyeHKu 6e30nacHocmu 8mopuyHoll NI0mMuHbl: a) 06was oyeHka; 6) kKamezopua/bHAsl OYeHKA 8U3Yab-
HOo20 ocMompa

Puc. 4.
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Spider diagram of categorial evaluation for Subgroup B2
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Fig. 5.  Safety evaluation results obtained by document check

Puc. 5. Pe3sysvmambl oyeHKu 6€30nacHocmu, noJyyeHHble Npu npogepke doKyMeHmayuu

Measures recommended with direct using of Meas-
ure Catalogue of TMF methodology. As a result of the
implemented studies, the following priority improve-
ment measures were proposed:

Short-term measures:

increase through put of TMF drainage facilities

(cleanse it of vegetation; remove plants in the

diversion channel and check its integrity);

permanently monitor drainage water streams

using automatic analyzers;

assess the possible dam failures and dam

stability;

equip the TMF with facilities preventing

unauthorized access;

develop a risk management strategy based on the

assessment of risks posed by the abandoned TMF.

Mid-term measures:

— strengthen the dam using grouting and/or
drainage curtains:

= rehabilitation with covering the tailings pond
with soil and vegetation as long-term measures;
support ballast made of rocks and boulders to
prevent from possible landslides at bottom line;
equip the TMF with emergency spillways and
additional tanks and ponds for collecting
emergency overflows;
detect locations of piping, water pathways/
leakage through the dam body and locations of
slope instability;
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create accumulating ponds for catching water in
case of severe floods;

equip the TMF site with additional wells and
checkpoints for monitoring basic parameters
(see Recommendations to TMF monitoring);

carry out technical upgrading of check-
points.

Conclusions

In spite of the fact that the TMF methodology
(questionnaire of group B) was used/tested for the op-
erated TMF in Armenia for the first time, the main
problems of the TMF were identified, analysed, and
appropriate recommendations were provided based on
them, which were taken into account by the company
management.

Based on the results it can be concluded that the
main problems are related to the drainage system and
the management of water flows, some parts of the pri-
mary dam that require restoration, as well as the im-
provement of monitoring systems.

The entire questionnaire B (including the questions
B2 for the documentation check) was proposed to use
not only for active, but also for temporarily suspended
TMFs.

The results of applying TMF methodology also
served as the basis for the international community to
pay more attention to solving problems arising in the
mining industry [19, 20].
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