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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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AHHOTanUs. AKTYa/JIbHOCTb. [OpHO/06BIBAIOLIMKA CEKTOP — OJ{HA U3 BeAYLIUX OTpac/eil MPoMbIlJIEHHOCTH ApMEHUH, 103TO-
My 3$PeKTHBHOE roCyZapCTBEHHOE PeryJIMpOBaHKe OTPAaC/IM Ha MPOYHOM IPaBOBOM OCHOBe fIBJIETCS HEO6X04MMOCTbIO. ABa-
PHH Ha XBOCTOXPAHUWJIMILAX NTPE/ICTABIAIOT BLICOKUI PUCK AJIs JIIO/IeH U OKpY>Kalollel cpe/ibl, 0CO6€HHO B HENOCPe/ICTBEHHON
6JIM30CTH OT XBOCTOXPAHMJ/IMLI, @ TAaK)Ke YaCTO MUMEIOT TPaHCrpaHUYHOe Bo3zelcTBHe. MeTo0/10THs 6€30MaCHOCTH XBOCTO-
XpaHWJIMLL, pa3paboTaHHas MMOJ 3TUJ0W HEMELKOro areHTCTBA 10 oxpaHe okpyxatoued cpeabl (Umweltbundesamt), apdek-
THBHA B KayecTBe MHCTPYMEHTA /Il ONepaTUBHON OLIEHKH TEXHMYECKOTO COCTOSIHMS XBOCTOXpaHMWJUIL. Llesb: npeacrasJe-
HUe pe3yJIbTaTOB IPUMEHEHUsI METO/0/IOTHH 6€3011aCHOCTH XBOCTOXPaHUIMILA B ApMeHUH, KOTopas Obljla ONIpoGUpPOBaHa Ha
JleficTBYyIOIleM XBOCTOXpaHUIHIe HaxaTak AXTa/JIMHCKOIO rOpHO-060raTUTEeIbHOrO KOMOUHATa (Jlopuiickas o6sacTe, ApMme-
Hus). 06'beKThI. MeT0/10/10r1sI XBOCTOXPaHUJIMILA GbljIa TPUMEHEeHa K eHCTBYIOLeMY XBOCTOXPAHUJIUILY AXTaJIMHCKOTO rop-
HO-060raTUTEIbHOr0 KOMOUHATa Haxartak, /11 KoToporo Gblia NpoBepeHa Bes JoKyMeHTauus. OTXobl o6oraiieHus Ha XBO-
CTOXpaHUJIMILIE CKJIAJMPOBAHbI IPU NepepaboTKe MeAHOM py/bl lllamMiyrckoro pyHUKa U MOJUMETANLI0B AXTaJIMHCKOTO Me-
cropoxxaeHuss. OCHOBHOM BU3ya/ibHbIH OCMOTP ObLI NPOBEAEH HAa TPEX y4acTKax XBOCTOXPAHMJIMIIA: OCHOBHAs AaM6a, Ape-
Ha)KHasl KaHaBa M BTOpUYHas AaM6a. Oco6oe BHUMaHUe GbLIO y/eJeHO COCTOSIHUI0 OCHOBHOM JaM6bl, U JJisl UCC/IeJOBaHUs
HIDKHEN JIMHUM IJIOTHHBI OblJIa UCI0JIb30BaHA BUEO03aNKCh C [poHa. Memodsl. MeTo/10/10TUs1 6€30MaCHOCTH XBOCTOXPaHHU-
JIMIL[A BKJIIOYAET CJIe/YIOliHe 3JIeMEHThI: METO/] OLleHKH MHJEKCa ONAaCHOCTH XBOCTOXPAHMJIMILE; KOHTPOJIbHbIE CIIUCKH XBO-
CTOXPaHHWJIMIIA, BK/IKOYAsi aHKETY BU3YaIbHOTO U JJOKYMEHTAJbHOT'0 KOHTPOJISl; MATPULY OLIEHKH YPOBHS 6€30NacCHOCTH XBO-
CTOXPaHHUJIMIIA; KATaJIOT Mep I10 MOBBIIIEHHI0 6€30MIaCHOCTH XBOCTOXPAaHUI/IMLIA. BOPOCHI KOHTPOJIbHBIX CIUCKOB CHOPMYJIH-
pOBaHbI TAKUM 06pa30M, UTOObI OXBATUTh MUHUMa/IbHBIM HAa60p Tpe6oBaHUH, KPUTHYECKUX JJ1s1 6€30MacCHOCTH XBOCTOXPaHHU-
JIMILA, TO3BOJISIIOLIMH OLlEHUTb COCTOSIHUE XBOCTOXPAHUJIMILA. BOPOChl KOHTPOJIbHBIX CIUCKOB OTCOPTHPOBAHbI MO XKU3HEH-
HOMY LIMKJIY XBOCTOXPAaHWJIMIIE, U KOXKAbIH N0Jpa3/iesl COAEePKUT aKTyaIbHble BOIPOCHI, OTHOCAIIMECS K ONpe/ie/IeHHOMY 3Ta-
ny (MpoeKTUpOBaHKE, CTPOUTENBLCTBO, IKCILIyaTallMsl, PEKY/IbTUBALUS, 3aKpbITHe). [IpuMeHeHHe KOHTPOJIBHOTO CIUCKA XBO-
CTOXpaHHUJIMIIA MOAIEPKUBAETCS KAaTaJIOTOM Mep C KPaTKOCPOYHBIMH, CPEHECPOYHBIMHU U JI0JITOCPOYHBIMU MepaMH Ge3omac-
HOCTH. Pe3ysbmamet. MeTo0/10THs1 6€30MaCHOCTH XBOCTOXPAHMUJIMIA Gblla anpoGUpOBaHa Ha 3KCIJIYaTHPYeMOM XBOCTO-
XpaHWJIMILE B ADMEHHUH BIEDPBbIE, B pe3yJIbTATE YEro 6bIM BbISBJIEHBI U POAHAIU3UPOBAHbI OCHOBHbIE ITPOGJIEMBI XBOCTO-
XpaHuMIia HaxaTak, ¥ Ha X OCHOBE /IaHbI COOTBETCTBYOLIME PEKOMEH/ALMU. B X0/ie MoJIyYeHHBIX pe3y/IbTATOB MOXKHO CJie-
JIAThb BBIBOJI, UTO OCHOBHbIE IPO6JIEMbI KacalTCsA APEHAKHOW CUCTEMBI U YIIPAB/IEHUS BOJHBIMU IOTOKAMH HEKOTOPBIX y4acT-
KOB IepBUYHOM IIJIOTHHBI, TPEGYIOIMX BOCCTAHOBJIEHHS], 4 TAK)KE COBEPILIEHCTBOBAHHS CHUCTEM MOHUTOPHUHTA. B TO e BpeMs
OMBIT NMPUMEHEHHUs JaHHOW MEeTO/[0JIOTMU B ADMEHHH NO3BOJIMJI YCOBEPLIEHCTBOBATh METO/OJIOTHIO U Clle/IaTh ee HauboJiee
3¢ deKTUBHBIM Pa60YMM UHCTPYMEHTOM /1JIs1 OICTPOTO M ONIEPATHUBHOTO BU3YyaIbHOTO OCMOTPA XBOCTOXPAHUJIMIL U TIATE b-
HOW NPOBEPKU COOTBETCTBYIOILEH JOKYMEHTALMH. YI06HasA B UCN0JIb30BAaHUH METO/0JIOTHSI 6€30MaCHOCTH XBOCTOXPAHUJIMLL
(c aHKeTaMM BHU3ya/IbHOM U JOKYMEHTa/bHOH MPOBEPKH) ABJsAETCA 3G PEKTUBHBIM HHCTPYMEHTOM Ji/Is1 OIEPaTHBHOM OLlEHKU
TEXHUYECKOI'0 COCTOSIHUSI XBOCTOXPAHUJIMLL, @ TAKXKe /15 00y4eHHsl IePCOHa/Ia KaK B OpraHax ynpaBJieHHs], TaK U Ha TOPHO/L0-
ObIBAIOIUX NPEANPUATHUSAX.

Kio4yeBsbie cioBa: FOpHO,C[O6bIBaI-OLL[PIﬁ CEeKTOp, MeTOo40JI0rud 6€e30MacHOCTH XBOCTOXPAaHHWJINI, KOHTPOJIbHbIE CIHCKH,
YpOBE€Hb 6€e30MacHOCTH XBOCTOXpaHUJIUIA

Jia putupoBaHus: CaaksaH K.C, CapyxaHsiH A.A. Pe3y/ibTaTbl BU3yaJlbHOI'O OCMOTPA U OlleHKa 6e30MacHOCTU AXTaJIMHCKO-
ro XBOCTOXPAaHW/IMILA HA OCHOBE METO/I0JIOTUH 6e30MacHOCTH XBOCTOXpaHMIHLL // U3BecTst TOMCKOT0 MOJTMTEXHUYECKOT0
yHUBepcuTeTa. UHKUHUPUHT reopecypcoB. — 2024. - T. 335. - Ne 2, - C. 60-68. DOI: 10.18799/24131830/2024/2 /4034

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:

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

THIpooiy=THIxqz+ THI s,

where THIcg, is the measure of hazard/risk caused by
the volume of tailings stored in TMF (TMF capacity);
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THI1o 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 IExtended:TH I Cap+TH ITox"'TH | Manag+TH ISite+TH | Dam»

where THImanag IS the measure of hazard/risk related
to improper management of facilities; THIg; is the
measure of hazard/risk related to specific geological
and hydrological conditions at the TMF site [5, 6];
THIpan 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. OnpedeseHue yposHsi 6e30nacHocmu X80cmo-
XpaHuauwa nocae nposedeHust OYeHKU

TMF safety level

Criteria
YpoBeHb 6€30MacHOCTH

Kputepuu
XBOCTOXPaHHUJIMILA
90% of minimum set of safety re-
i 0,
Acceptable quirements are met (MSR>90%)
. Co6utogaetcs 90 % MUHUMaIbHOTO
[IpuemieMblit

Ha6opa Tpe6oBaHUH 10 6€30MACHOCTH
(MHT>90 %)

Less than 90% of minimum set of safe-
ty requirements are met (MSR<90%)
Co6utoaetcs meHee 90 % MUHUMAaJIb-
HOTro Habopa TpeGoBaHUH 10 Ge3onac-
Hoctu (MHT<90 %).

Unacceptable
Henpuemiemsiit

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.

Fig. 1.
Puc. 1.

magery €
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Location/view of the Nahatak TMF of the Akhtala ore dressing c
Pacnososcenue/sud xeocmoxpaHuauwa Haxamak AXmaauHckozo 20pH0-0602amumeibH020 KOM6UHama

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
1967-1988, 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:
maximum length is 993 m;
maximum width is 446 m;

smallest width is 101 m.

ogle Global Terms Send feedbac

ombine
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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
TMF. 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 B1 “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. O6was oyeHKa X80CMOXPAHUAUWA AKMAAUHCKO20 20pHO-0602amumebHo20 kombéuHama*

Checklist Minimum set of
Grggp questions Not applicable | Yes Mostly yes Mostly no No requirement (MSUR) Credibility
of participants B ocHoBHOM | B ocHOBHOM MuHMMaNbHBIR
Bomnpocsl He npumenumo | Jla Het . | JlocToBepHOCTb
['pynna za HET Habop TpebGoBaHUH
KOHTPOJIBHOTO
Y4aCTHHUKOB cvicKa (MHT)
%
Subgroup B1 14.3 229 31.4 17.1 14.3 59.1 433
oarpynma B1
Main dam Subgroup B2 5.4 75.2 12 35 3.9 89 83.6
OcHoOBHas [Moarpynna B2
Jamba 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 28.6 20 229 471 45.2
oarpynma B1
Drainage canual Subgroup B2 54 752 12 35 39 89 83.6
JpeHaxkHbIH [oarpynma B2
KaHaJl Group B (B1+B2)
Ipynna B 6.1 68.3 14 5.5 6.1 68.1 64.4
(B1+B2)
Subgroup B1 114 28.6 34.3 8.6 171 61.6 51.6
[oarpynna B1
Secondary dam | - Subgroup B2 5.4 75.2 12 35 3.9 89 83.6
BTopuynas [oarpynma B2
Jamba Group B (B1+B2)
[pynna 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 ma6auye nokasaHbl mo/1bkO OKOH4Yame/bHble pe3y/bmambl, no-
CKO/IbKY demaauzayusi paciemog docmamo4Ho 06WuUpHa U 0CHOBAHA HA omeemax Ha 294 eonpoca (B1+B2). [lns amozo co30aH
omdesbHbIl paciemHbill dokymeHm 6 opmame Excel ¢ 803MOHCHOCMbIO uMnopma coomeemcmeyrujux daHHbIX, KOmMopblii
sa8/15emcsi HeomwseMaemol vacmuio Memodosio2usi 6e30nacHoCMu X80CMOXpaHUAULd.
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Graphical interpretation of TMF safety level evaluation by Subgroup B1 and B2
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Puc. 5. Pe3ysbmamul oyeHKU 6€30nacHoCmu, noiy4eHHble 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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