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Study on the elaboration of guidance on best practices
for the calculation and the periodic adjustment of the
financial guarantee for extractive waste facilities

07.201/2018/793585/ETU/ENV.B.3 C&E - Consulting und
Engineering GmbH

ABSTRACT

The Directive 2006/21/EC3 on the management of waste from the extractive industries
("the Directive” or "EWD") provides minimum requirements, procedures and guidance
to prevent or reduce as far as possible any adverse effects on the environment and any
resulting risks on human health from the management of extractive waste. The Di-
rective requires the competent authority to demand a financial guarantee (FG), prior to
commencement of any operations involving the accumulation of extractive waste.

In this context, the EWD requires the Member States (MS) to ensure that the operator
draws up an Extractive Waste Management Plan (EWMP). The EWMP must include a
closure plan, including site rehabilitation, after-closure procedures and monitoring. For
waste facilities that require a permit, the EWMP is part of the permit application. The
FG is to be established in accordance with procedures to be decided by the MS. The
guarantee is lodged at the pre-operational phase and based on anticipated closure
measures and their implementation cost, e.g. as specified in the EWMP. Since the op-
erational phase of a mine might last for several decades, there is a degree of uncer-
tainty associated with the FG. The EWD addresses this issue by requiring a review of
the EWMP every 5 years and the FG periodic adjustment in accordance with any reha-
bilitation work needed to be carried out as described in the EWMP. For the closure and
after-closure phase, the EWD requires MS to ensure that the operator requests an au-
thorisation to start the closure procedure. This request is based on the latest periodic
review of the EWMP taking into account the actual environmental impact of the waste
facility and elaborates in detail the closure tasks and programmes including expected
costs. Some MS require a separate closure pian.

The Commission has adopted a Decision on technical guidelines for the FG establish-
ment in accordance with the EWD. Some MS suggested to provide additional technical
guidance for the implementation of the FG provisions. The present guideline document
(GD) aims to support the EWD implementation by elaborating technical guidance for

» Coliection and description of the Closure Best Practices by Mining Typology

* FG calculation prior to the commencement of waste deposit, and FG periodic
adjustment;

» Elaboration of updated closure plans taking into account the environmental im-
pact of the operations; and

* Approaches for determining the cost of the respective activities to implement
the closure plan.

As specified in the Terms of Reference for this project, the scope of the GD goes be-
yond the EWD requirements for the closure of extractive waste facilities and includes
FG approaches for wider aspects of mine closure (e.g. brownfields, wastes not directly
resuiting from minerai extraction, decommissioning of infrastructures used for mining
but not for waste management, and closure of cavities that might cause risk to human
and environment). The GD focuses on FG for decommissioning, closure, rehabilitation
and after-closure of mine sites, related infrastructure and associated waste facilities
(“closure of a mine site”). This includes all mines associated with Category A waste
facilities (e.g. TMFs and heaps) for which FG are required by the EWD as well as other
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Figure 91: Scheme of an open-pit mine morphological reclamation, including
landscaping possibilities. (a) Complete filing for restoration of the original
agroforestry uses or the implementation of new uses, (b) partial filing for
rehabilitation of pre-mine uses for impiementation of new uses (e.g. recreation),
(¢) minimal selective filling and treatment of rock faces, tips, and embankments for
replacement activities (e.g. recreation, lakes, wetlands), and (d)} maintenance of
merphological characteristics of the open pit with vegetation development (Favas
Bt L. 2018) ..eote st e 174

Figure 92: lllustration of possible shaft (left) and adit (right) entrances...................... 175

Figure 93: Stabilisation technology for tailings ponds: vertical drains in combination
with a stabilisation package made of geofabric, drain mats, and geogrid. The
system is covered with 1 to 2 m mineral soil or waste rock material to force

consolidation (source: Wismut GmbH, 2019). ..o 177
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NAG
NACE
NAMR
NORM
OSPAR

PAG

PPE
QMP
PRODCOM
SMART
SME

D

TDS
TENORM
TFEU
TMF
TOP
UNCLOS
VLAREM

Non Acid Generating (extractive waste)
National Association of Corrosion Engineers
National Agency for Mineral Resources
Naturally Occurring Radioactive Material

Oslo/Paris Convention for the Protection of the Marine Environment of the North-

East Atlantic

Potentially Acid Generating (extractive waste)

Personal Protective Equipment

Quality Management Pjan

PRODuction COMmunaitaire (French)

Specific, Measurable, Achievable, Timely (development approach)
Small to mid-size Enterprise

Technical Design

Total Dissolved Substances

Technologically Enhanced Naturally Occurring Radioactive Material
Treaty on the Functioning of the European Union

Tailings Management Facilities

Technical Operation Plan

United Nations Convention for the Law of the

Flemish Environmental Permitting Regulations

European Commission
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Mine waste might be inert and hence not likely represent a substantial pollution poten-
tial. However, other fractions, in particular those generated by the non-ferrous metai
mining industry, may contain large quantities of dangerous substances, such as heavy
metals or even radionuclides (European Commission, 201 9). The extraction and sub-
sequent mineral processing can foster metals and metal compounds to become chemi-
cally more available, resulting even in the generation of acid or alkaline drainage (figure
1). Tailings management facilities (TMF, also called tailings ponds) are intrinsically
risky, as they are large ponds of mining residues retained by dams. The stored TMF
material usually involves residual processing chemicals and elevated levels of metals.
The collapse of dams or heaps may have serious impacts on environment and human
health and safety (European Commission, 2019). Prominent examples are the acci-
dents in Aberfan (Wales, 1966), Stava (ltaly, 1985), Aznalcéllar (Spain, 1998), Baia
Mare and Baia Borsa (Romania, 2000). Other likely significant impacts relate to the
physical footprints of waste disposal facilities and resulting loss of land productivity,
effects on ecosystems, dust and erosion (European Commission, 2019).

In practice, the separation of the closure activities for waste facilities from the closure
and decommissioning of an entire mine site including its related infrastructure might be
conceptually difficult. Therefore, the scope of the GD goes beyond the EWD require-
ments and includes FG approaches for the wider aspects of mine closure (e.g. mining
brownfields, wastes not directly resulting from mineral extraction, decommissioning of
infrastructures used for mining but not for waste management, closure of cavities that
cause risk to human and environment). This GD focuses on FG for decommissicning,
closure, rehabilitation and/or restoration and after-closure of mine sites, related infra-
structure and associated waste facilities. This includes ail mines associated with Cate-
gory A waste facilities (e.g. TMFs and heaps) for which FG are required by the EWD as
well as other residual mining objects for which the competent authorities might require
further FG to ensure public closure and post-closure safety.

Fundamental criteria for closure processes, from initial planning through to actual im-
plementation including the closure objectives are summarized in table 2 of the MWEI
BREF (Garbarino et al. 2018). The purpose of this guideline is to support the financial
aspects of the mine closure process, but not providing guidance to the closure process
itself. It has to be underlined that site-specific information including the geographical
location and local environment, type of the mineral resources extracted, type of deposit
and extractive and processing methods, as well as characteristics of the extractive
wastes and technical characteristics of the waste facilities and its confining structure,
affect closure activities needed and therefore also closure cost. Also the planned after
closure land-use, visual impacts of the site and measures needed to protect the biodi-
versity of the surrounding environment affect closure activities and costs (Garbarino et
al. 2018). The closure scopes for extractive waste are highlighted in the MWEI BREF.
That is to ensure long-term safe and environmentally responsible deposition of extrac-
tive waste, including chemical, physical and mechanical stability over time, in order to
prevent any accident and to minimise emissions that could have a negative effect on
the environment and/or human health. The requirements for log-term safety apply also
to non-waste mining facilities to be closed.

1.2 Structure of the GD
17
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 ‘available’ technigues shall mean those developed on a scale which allows im-
plementation in the relevant industrial sector, under economically and technical-
ly viable conditions taking into consideration the costs and advantages, whether
or hot the techniques are used or produced inside the MS in guestion, as long
as they are reascnably accessible to the operator,

* ‘best’ shall mean most effective in achieving a high general level of protection of
the environment as a whole.,

Cash deposit is money deposited by an operator with a third party (e.g. in a bank ac-
count) and legally secured so that it can only be used for the intended purposes. For
the purposes of this practical guide this includes ‘escrow accounts’.

Category A waste facility is classified after EWD (Annex Ill of Directive 2006/21/EC) if
a) a failure or incorrect operation, e.g., the collapse of a heap or the bursting of a
dam, could give rise to a major accident, on the basis of a risk assessment tak-
ing into account factors such as the present or future size, the location and the envi-
ronmental impact of the waste facility; or b) it contains waste classified as hazard-
ous under 91/689/EEC above a certain threshold; or c) it contains substances or
preparations classified as dangerous under Directives 67/548/EEC or 1999/45/EC
above a certain threshold.

Charge on asset is a mortgage/charge over a specific asset in favour of a regulator
which enables the charge holder to exercise their power of sale over the asset if an
operator defaults on its obligations.

Collateral refers, for the purposes of this guide, to funds or assets pledged as security
by the operator (or a company associated with them, such as a parent company) in
respect of a guarantee by a financial institution, to be forfeited in the event of the oper-
ator's default under the guarantee,

Competent person is a natural person who has the technical knowledge and experi-
ence, as defined by the national law of the MS in which the person operates, to perform
the duties arising from Directive 2006/21/EC (Art.3 (26) of Directive 2006/21/EC)

Competent authority is the authority or authorities which a MS designates as respon-
sible for performing the duties arising from Directive 2006/21/EC (Art.3 (27) of Directive
2006/21/EC)

Concurrent rehabilitation is a rehabilitation that occurs during the process of mining
as the ore body is mined out in parts of a mine.

Cost profile is the pattern of closure, restoration and after-closure costs over time for
mines and landfills. A cost profile can also be known as a financial profile,

Dam is an engineered structure designed to retain or confine water and/or waste within
a pond (Art.3 (11) of Directive 2006/21/EC)

Pecommissioning is the process of taking infrastructure out of active service, from the
end of its utility for site activities until the removal of all unwanted infrastructure and
services.

Decontamination refers to the removal of contaminants from buildings or other infra-
structure, for instance asbestos abatement, pipeline cleaning and general clean-
ing/washing.
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Insolvency refers to a situation where the operator enters into legal proceedings be-
cause it does not have adequate financial viability to meet its liabilities.

Leachate means liquid percolating through the deposited waste and emitted from or
contained within a waste facility, including polluted drainage, which may adversely af-
fect the environment if not appropriately treated (Art. 3 (14) of the Directive 2006/21/EC
(EWD)

Letter of credit is a guarantee issued by an approved bank pursuant to an agreement
between the bank and an operator whereby the bank agrees to provide funds to the
relevant regulator named in the agreement from collateral provided by the operator if
the operator does not fulfil the environmental obligations stipulated in the agreement.

NEEI refers to the non-energy extractive industry

Mine Closure entails the process of rehabilitation at the end of a mine’s life leading to
the issue of a closure certificate by the competent authority.

Mine closure plan is describing and detailing the actions that are required from the
decommissioning via further potentially necessary steps like demoalition, depollution,
and rehabilitation to achieve relinquishment.

Mineral resource or mineral is a naturally occurring deposit in the earth's crust of an
organic or inorganic substance, such as energy fuels, metal ores, industrial minerals
and construction minerals, but excluding water (Art. 3 (5) of the Directive 2006/21/EC
(EWD)

Mutual fund/pool is a group financial provision arrangement under which the group
pays the obligations of an operator who is a member of the mutuai/fund or pool if the
operator defauits on its obligations.

Operator is the naturai or legal person responsible for the management of extractive
waste, in accordance with the national law of the MS in which waste management
takes place, including in respect of temporary storage of extractive waste as well as the
operational and the after-closure phases (Art. 3 (14) of the Directive 2006/21/EC
(EWD)

Parent company guarantee is a guarantee by the parent of the operator to pay or fulfil
the operator's obligations if the operator defaults.

Performance bond is an indemnity agreement for a specified amount issued by an
approved bank, other financial institution or surety. The provider of the bond agrees to
pay the relevant regulator up to the amount of the bond, as specified in the bond, if the
operator defaults on its environmental obligations.

Planned mine closure is a form of mine closure that occurs when closure is undertak-
en in a planned way as outlined in a long-term mine plan.

Polluter Pays Principle describes the principle according to which the person respon-
sible for harming the environment (i.e. the polluter) should bear the costs of remedying
pollution or environmental degradation and consequent adverse health effects to the
extent of either the damage done to society or exceeding an acceptable leve] (stand-
ard) of pollution.

Pond is a natural or engineered facility for disposing of fine-grained waste, normal tail-
ings, along with varying amounts of free water, resulting from the treatment of mineral
21
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Study on the elaboration of guidance on best practices
for the calculation and the periodic adjustment of the
financlal guarantee for extractive waste faciiities

07.201/2018/793585/ETU/ENV B.3 C&E - Constilting und
Engineering GmbH

Unforeseen liabilities are potential environmental liabilities arising from inci-
denis/accidents.

Unpoliuted soil is soil that is removed from the upper layer of the ground during ex-
tractive activities and that is not deemed to be polluted under the MS national law
where the site is located or under Community law (Art. 3 (4) of the Directive
2006/21/EC).

Waste means any substance or object which the holder disposes of or is required to
dispose of pursuant to the provisions of national law in force (Article 1(a) of Directive
75/442/EEC)

Waste facility any area designated for the accumulation or deposit of extractive
waste, whether in a solid or liquid state or in solution or suspension, for the following
time-periods: a) no time-period for Category A waste facilities and facilities for
waste characterised as hazardous in the waste management plan, b) a period of
more than six months for facilities for hazardous waste generated unexpectedly,
c) a period of more than one year for facilities for non-hazardous non-inert waste, d) a
period of more than three years for facilities for unpoliuted soil, non- hazardous pro-
specting waste, waste resulting from the extraction, treatment and storage of peat and
inert waste (Art.3 (15) of Directive 2006/21/EC).
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» Treaty on the Functioning of the European Union (TFEU)

» EU’s Raw Materials Strategy framework, in connection with the classification
according to the NACE Rev. 2 and the PRODCOM

+ eight conventions (Aarhus, Espoo, Lugano, on the Protection and use of Trans-
boundary Watercourses and International Lakes, on the Transboundary Effects
of Industrial Accidents, the OSPAR, UNCLOS and London Conventions)

« internal market Directives (Services, Concessions, Public Procurement, Utilities
Procurement, Accounting, Transparency, and Professional Qualifications Direc-
tives)

¢ the European Framework Directive on Safety and Health at Work {particularly
the Occupational Health and Safety Framework Directive 89/391/EEC) and the
Carcinogens Directive

» environmental Directives (EIA, Birds, Habitats, Extractive Waste, Environmental
Liability, Seveso I, and the Water Framework Directive).

1.4.2 National Legislation

The national legislation is briefly presented per EU MS in alphabetical order (Direc-
torate-General for Internal Market, industry, Entrepreneurship and SMEs, Directorate
Industrial Transformation and Advanced Value Chains, 2017, amended by the au-
thors).

Austria: Mining is governed by the Mining Law (MinroG Act No. 38/1999, last time
amended 2018) which regulates the exploration and extraction of all mineral raw mate-
rials. The Austrian Mining Law includes a dynamic reference (§ 221a, MinroG) to other
Federal Laws. Following laws may be concemed: Commercial Code 1994 (BGBI. Nr.
194), Federal Acts on Environmental Impact Assessment (UVP-G 2000), Water Man-
agement (215/1959) and Construction Coordination (BaukG 37/20098), Acts on Nature
Protection and Acts on Land Use Planning, Work Inspection Act 1993 (ArblG), among
others. Austria has a mixed permitting regime with decentralised and centralised pro-
cedures depending on the type of mineral.

Belgium: In the Flemish region, the main laws relevant to mine permitting are the
Flemish Environmental Permitting Regulations (VLAREM) and the Flemish Codex of
Spatial Planning. In Wallonia, the main law is the Decree “Carriéres” of July 4th 2002
as amended by Decree of May 31 2007; for environmental regulations, the Decree of
11th March 1999 governing environmental permits and the Walloon Code of Land
planning, Urban planning and Heritage (CWATUP). In Flanders, only extraction permit-
ting procedures are subject to spatial planning; there are no specific exploration permit-
ting procedures for surface mineral resources. With regards to extraction permits, for
quarries, it depends whether the parcel of land is already included in a Sector Plan as
“extraction zone” or not.

Bulgaria: Mining is regulated by the Concessions Act (SG No. /36/2.05.2006, last time
amended 2016) and the Subsurface Resources Act (No. 23/12.03.1999, Iast time
amended 2005). Other laws of relevance for permitting procedures include the Waste
Management Act (53/13.07.2012, last time amended and supplemented 2019), the
Environmental Protection Act (that requires EIA), the Nature Protection Act, the Pro-
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Government Regulation No. 949 of 2016 on Marine Raw Materials. Further relevant
laws are the Drilling Act, the Water Supply Act, the Environmental Protection Act, the
Nature Protection Act, among others. Denmark has a decentralised permitting regime
for land-based minerais and a centralised regime for offshore ones. It is the responsi-
bility of the Regional Council to assess whether or not an Environmental Impact As-
sessment should be made for the intended extraction activity,

Estonia: The primary legal basis of mineral extraction activities is the Mining Act (Riigi
Teataja No. 20, 118 of 2003) amended by legal instruments (mainly focused on safety,
mandatory documentation, rights to operate) and the Earth’s Crust law (Riigi Teataja
No. 84, 572 of 2003) amended by legal instruments (regulates research and issuance
of permits for exploration and extraction). The relevant authority for mining permitting is
Ministry of Environment {if mining is planned in a mineral deposit of national im-
portance), otherwise it is the Environmental Board the organism with competence on
permitting procedures.

Finland: The primary legal basic of mineral extraction activity is the Mining Act
621/2011 which covers metallic ores and industrial minerals. Non-claimable minerals
are regulated by the Land Extraction Act No. 555/1981, The Government Decree an
mining activities (391/2012) provides important provisions to the Mining Act. The Finn-
ish Mining Act establishes that mineral exploitation rights belong to the discoverer.
Other relevant laws are, i.e., the Nature Conservation Act (1096/1996), the Environ-
mental Protection Act (527/2014), the Act on the Protection of Wilderness Reserves
(62/1991), the Land Use and Building Act (132/1999), the Water Act (587/2011), the
Reindeer Husbandry Act (848/1990), the Off-Road Traffic Act (1710/1995), and the
Government Degree on Mine Waste (190/2013). The Mining Authority responsible for
onshore and offshore mining permits is the Finnish Safety and Chemicals Agency
(Tukes). The Regional State Administrative Agencies (AVI) grant the environmental
permits. In Finland are applied two financial guarantees for mining projects, a financial
guarantee for waste management according to the Environmental Protection Act and a
guarantee for safety aspects of mine closure according to the Mining Act.

France: Under French Law, the exploitation of materials defined as “eligible for con-
cession” ("mining substances” according to Art. L. 111-1 of the Mining Code) is ruled by
the regulations on mines, and the exploitation of materials defined as “non-eligible for
concession” (“quarried minerals”) is ruled by the regulations on quarries. Exploration
and extraction operations are governed mainly by two centralised items: the French
Mining Code, which defines the mine nature and the exploitation conditions along with
post-mine dispositions, and the French Environmental Code. The mining administrative
procedures defined by Decree n°2006-648 and Decree n°2006-649 constitute the main
mining legal corpus applicable in France. The application of the Metropolitan mining
code was extended to overseas departments. For onshore minerals, the main permit-
ting authority for non-energy minerals is the Ministry of Economy and Finance. Quarry
materials depend on the Ministry of Environment, Energy and Sea.

Germany: The primary legal basis of mineral extraction activity is the Federal Mining
Act (Bundesberggesetz — BBergG, BGBI. 1310/1980, as amended 1962/2016 and
Allgemeine Bundesbergverordnung, ABBergV). Other relevant federal laws include the
Federal Water Resources Act (Wasserhaushaltsgesetz WHG), Federal Imission Con-
trol Act (Bundesimmissionsschutzgesetz BimschG), Environmental Impact Assessment
Act for Mining (Verordnung (ber die Umweltvertriglichkeitspriifung bergbaulicher

27

European Commission



uoEsILLION ueadoing

8¢

-junwiwes) uesdoing ey ‘eousdl Dd| ue juelb 03 Y43 8y Jo suoisiosp jueas|al 0} uon
-ejal Ui (Sluswipusue pue) N3/Z6/1 10Z "ON SARSS.Q JSpUn pasinbal sisym N0 paiued
s anpeooid y|3 ue Buunsua (Z1.0Z 40 282 ON ‘I'S) 2102 suonenbay Oddl @ui 'vd3
yYsH| ey) PeINJISUCS YaIyM Z66) 40 PV (vdd) Aousby uonoejoid {ejuswiuoliaug au
aie souspodwi Jo SME| JoYIO “puelad| Ul Juswdoiaasp pue uoljeioldxe [Blauil SI0YSHO
pue 2Jjoysuo sweAob (/10Z 10 €7 19V)210Z 10V Juswdoiaasq Siesouly 3y) -puejedf

"Juepodi; Aybiy ose
$§1 S80S pue sBuIpaad0ld SABNSIUILIPY JO S8|NY |eIsUsD @y} Uo $00Z 40 TXD "ON
1oV ‘sainpencd Buppuuad 104 *ainpaaocsd Jspus) LoISSSoU0D Buluiw ay uo 1L0Z/2 'ON
80.108(] [EUSISIUIN pue JuauaBeusw sjsem Buiuiw uo ("¢ "Al) 8002/¥) "ON 98108 [
-La)sIuy ‘Buniiuued uoONISUCD UO ZLOZ/ZLE "ON uoneinfay JustliuIsAoD ‘salis 0002
eINjEN U0 #00Z/6/¢ 'ON uoiie|nbay juswiwianog) ‘uoeAIssucd ainjeu uo 9661 Jo I
"ON 12V ‘Dddl PUB VI3 Uo §00Z/¥LE "ON uonenbey juswiuisrog ‘Bumiwisd uoRoONI)S
-uoo Bujuiu uo ZLozZ/SS 'ON uonenbsy JuswulaA09 ‘(SSRUOYINE-09 JO JUSIBAJOAU
uo) (H49W) Buuy pue ABojoag) Jo @oyO uenebuny 8y uo 9o0z/.9Z "ON uohembsy
wawuiaaon (seni Buguwaad pajeiap) (6L°1IX) "8661/€02 'ON 98108 [BIUBLILLISADD
sie seinpeooid Suiiiisd G mE jo seoeid jusuoduwy -usponBeoy uswiuoacs (1)
IX) 710Z/LLE PUB $L0Z 40 tAXXX] ON 10V Aq papuswe jse| se (joy Bulun) Bumin
uo €661 0 IIATX "ON 19V S! AuAlOE UoHOEMXS [IBUIW Jo di1seq |ebel eyl :Aebuny

‘Bupywaed SiyL 10} BUS)O pue sainpadoad ay) sayads
Yolym 'S10Z/£95/9] UoISIDag [BusisiUiy pue (sjoedwl [eJUSWIUONAUS 119Y) JO S2UEdl
-yubis ayy uo Buipuedep ‘seuobeies pue sdnouf ojul seanoe / sjoefold Jo uonEDYISSEJD
8y} uo) £12910Z/7/9/E UCISIDE [BUSISIUIN YIM UOREUIGWOD Ul SSilANde pue s10d]
-04d Buiuiw jo Bumiued sy o) saydde meT SIyL ‘1 L0Z/PLOP T S| SanAloe pue sjoafoid
jo sedA} [fe jo Bupyuued |ejuswWUCIAUS By} 4o} uonelsIBal diseq ey} ‘e08al9) Ul (1102
-9-v 11422V MA4-EZ22 uoisioeq [eudisiuin) (W) uoneinBay  sannoy Buiiend
pue Buiupy pue ‘sejebeibbe jo uoneyojdxe ay; UO £6/G1 121 Aq Pepuswe SB ¥8/82yl
‘S[EJOUNL {BLISNPUl PUB SOOI [BIUSWBLIO Jo uoneyojdxs sy uo L/61/699™ Sapnjaul
uone|siBa] Juepodwi |BUBHIPPY “UI JNJ20 ASLL BBJE SU) JO JSUMOpUE]f 8Y) 0} Buojaq yoiym
* sfessully Auenpy, (q pue ‘elels ey 0} Jou Ul 1220 ABY) B8JE BU} JO JBUMOPUE] 8U) 0]
Buoaq j0u op ‘punoiBiepun JO S0BLUNS SY) UO JOYNe ‘YdiuMm S|BISUIN Jll[EIRN, (e seu
-oBojes peciq om} Oju| S[eralew mel |eisujw saysinBunsip (8102/ZLSY PUB 9.61/7.2
£ pepuswe '£61/01Z1 Ajleweu ‘epon Buluipy auy) uone(siba yaau9 By 909840

‘pasedaid aq |leys (uejdsgewaqynyosqy) sueld 8inso|d ‘suonesedo Jo aInsod ay)
104 ‘obiegg 2,G uoiaag Aq pajendns se (yi3) juswssosse joedul [BJUSLIUCIIALS Ue
sauinbal 19of0id e Ji [eAcidde s)) Jo) pesInoexs 84 feys obiedg q.G pue g SUolDag Jo
suoisincud ayy o} juensind (uesyepeasbunijeisisejueid) ainpaoccid |eAcsdde Buiuueld e
pue pasinbai si ueid Bugessdo [eisueh e ‘nbiegg (eg) ZG uoioag ay} ul paysliqelse sy
‘sajuedwos Buluiw ayy Aq pawuiojul aq o} 1ybBu au) pue me| 8y} 52J04US 0) pue suonenys
snosebuep Jo uohuaasid Jo} suogonuisul [enpialpul SAIG 0 Jemod ey se [lom se sueld
Bunesedo Jo |eacudde sy} ‘seouag) Buiuiw jo uojeooAal pue [esnjel ‘Juelb ay) ‘ssoueu
-ips0 Buiuiw Jo enss] ayy Buipn|oul ‘uoisiaedns JUSIOYIS 10} SJUBLUNJISUL SANENSIUIW
-pe aney senuoyne feuoibal ‘obiegg o) Suipioddy Niefe umo Jeu) se (1apueT) sejels
|esopsy ay) Aq pejonpuod Auenfias me oiseg eyl JO €8 "My 0} juensind s| sme| au}
JO uoRnoaxX® By ‘se)els [e1apay syl Aq pley aJe ssiousiadwoo sApe|sibal sy} eyl 108)
U AQ pasueIoBIRYD SI WSYSAS [2Iapa) UeuLDD oyl soyio Buowe (DyogleNg Zeseb
-ZINUOSINIBUSOPUNE) 19y UOBAISSUOD aineN [eiapad ‘(negBiag A-dAN — USGBYIOA

Hawy Bupesuibug
pun Bupnsuo) - 399 €8 ANI/NLI/GBSESL/BL02/1.02° L0
SBIN|I0E) SISEM SAlDRHXE 404 S9julEnd |ejoue Ly
sy Jo Juawsnipe aipoliad By} puE UolEnojeD Sy} 1o}
seoiorid 188 w0 ouepInb JO uoheIogeld auy uo Apnig




Study on the elaboration of guidance on best practices
for the calculation and the periodic adjustment of the
financial guarantee for extractive waste facllities

07.201/2018/793585/ETU/ENV.B.3 C&E- c_:onsumng und
Engineering GmbH

ties (Birds and Natural Habitats) Regulations 2011 (and amendments), the Air Quality
Standards Regulations 2011 and the Planning and Development Act 2000, the main
Act covering developments of any type. Exploration and exiraction permitting is gov-
erned by the Minister for Communications, Energy and Natural Resources, which acts
through the Exploration and Mining Division (EMD) of the Department of Communica-
tions, Energy and Natural Resources (DCENR).

Italy: The primary legal basic of mineral extraction activity in ltaly is the Mining Law
(Royal Decree) No. 1443 of 1927 (consolidated in 1999) which divides minerals into
two categories (Art, 2): *first’ and “second” category. With the Legislative Decree no.
616/77 (related to second category minerals), the Legislative Decree 112/98 and the
Constitutional Law 3/2001 (related to first category minerals) competences related to
planning and management, including permitting, passed from the national State to the
Regions, Other important national laws in Italy are Presidential Decree 128/59 (Police
rules for mining and quarrying), Legislative Decree 152/06 (legislative framework appli-
cable to all matters concerning environmental protection including EIA, SEA and IPPC),
the Law of 23 December 2000 no. 388, Art. 114, which provides a special plan for re-
habilitation and environmental recovery of mines, Legislative Decree no. 624/1996
(health and safety of workers) and Legislative Decree no. 117/08 (transposing Directive
2006/21/EC and important for the management of extractive waste). ltaly has a decen-
tralised regime and each region has its own relevant regional laws (RL) regulating ex~
traction and environmental permitting procedures.

Latvia: The law regulating mining is the Law on Subterranean Depths as of 1996. Li-
cencing procedures are prescribed in the Regulation No. 686/2011 of the Cabinet of
Ministers “Procedure for the Issue of Licences for the Use of Subterranean Depths and
Authorisations for the Extraction of Widespread Mineral Resources”, Important is also
the Cabinet Regulation No 570 of 2012 “Procedures for the Extraction of Mineral Re-
source” which sets requirements for all mining related work stages and Cabinet Regu-
lation No 1055 of 2008 Regulations regarding the State Fee for a Licence for Use of
Subsoil, an Autharisation for the Extraction of Widespread Mineral Resources and a
Passport of the Deposit. For prospecting, exploration and extraction of minerals a com-
pany or a natural person needs a Licence for use of subterranean depths.

Lithuania: The main law is the Underground Law No. I-1034/1995 and its implement-
ing Government Resolutions (No. 1433/2001, No. 198/2002, No. 584/2002), which reg-
ulate the exploration and extraction permits. Other important laws regulating permits
and licences for the authorisation of exploration and extraction include the Environment
protection Law {-2223/1992, Proposed economic activity environmental impact as-
sessment Law No. |-1495/1996 (which regulates the EIA process), Environment minis-
ter order No. 166/1996 on exploited mining areas rehabilitation, Protected Areas Law
No. 1-301/1993, Water Law No. Vill-474/1997, Spatial Planning Law No. 1-1120/1895
and Environment minister order No. D1-145/2014, both of which regulate spatial plan-
ning (and set provisions for the extraction and reclamation plan). The competent au-
thority granting exploration and extraction permits is the Lithuanian Geological Survey
under the sphere of the Ministry of Environment.

Luxembourg: The main legislation governing permitting procedures involves the law of
21/04/1810 (last amended in 1994), the law of 10/06/1999 relative to the classification
of potentially dangerous establishments (amended by Grand Ducal regulation of
10/05/2012) which classifies the extractive industry as “class 1" and makes it subject to
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to obtain the environmental permit. The competent authority that grants the environ-
mental permit is the Regional Director for Environmental Protection.

Portugal: The legal basis for the extraction of state-owned minerals is Law No.
54/2015, which is the legal framework regime for exploration and use of existing geo-
logical resources in the country, including those located in the national maritime area,
For land-owned (or privately owned) minerals extracted in quarries (mineral masses
also called construction minerals) the guiding principles relating to their exploration and
extraction are regulated by Decree-Law No. 270/2001 which was amended by Decree-
Law No. 340/2007 of 12th October. The Decree L.aw No 88/90 (Minerals Law) estab-
lishes the mineral deposits regulation. Another relevant law for the permitting chain is
Decree-Law No. 151-B/2013, which establishes the reguiatory framework for Environ-
mental Impact Assessments. The Portuguese national mining authority for state-~owned
minerals is the DGEG (under the Ministry of Economy) which acts as a “one-stop shop”
for mining permits in the exploration, extraction and post-extraction phases.

Romania: Mineral resource extraction activities and the management of solid mineral
resources are regulated by the Mining Law no. 85/2003, whose provisions are detailed
by the Norms of application of the Mining Law and technical instructions on specific
problems (Joint Order of NAMR and MoEn no. 58/19 of 25/02/004 resp. 09/04/2004,
amended through Order nr. 2.026 of 26/07/2010, and NAMR order no. 22/20086, etc.).
The Romanian authorisation system for permitsflicences for the project development
around solid mineral resources is of a multi-authorisation nature, i.e. up to 6 permits,
licences or approvals are necessary so that exploration or exploitation works can be
conducted. Prospecting permits and exploration licences are issued by the National
Agency for Mineral Resources (NAMR) and up to 5 co-authorities might be involved in
the process. Extraction licences are also granted by the NAMR and between 6 and 9
co-authorities may be involved in the process. An environmental rehabilitation plan and
technical project are required due to NAMR Order no.17/2005.

Slovakia: The Ministry of the Environment acting under law No. 568/2007 and registra-
tion N.51/2008 provides oversight and management of the country’s mineral deposits
and energy sources. Mining activities are administered by the Main Mining Bureau at
the Ministry of the Economy. The tasks of the Main Mining Bureau are set out in law
No. 44/1988, revised in Law 214/2002. The legal framework relevant for permitting pro-
cedures comprises mainly the Mining Law (Law No. 44/1988 Coll. 216 with amend-
ments) and the Geological Law {Law No. 569/2007 Coll. with amendments). The Minis-
try of the Environment issues the licences to undertake geological exploration pro-
grams in compliance with Law No. 569/2007 and by Registration No. 51/2008. Other
important laws are Law No. 543/2002 Coll. on nature and landscape protection, Law.
No. 24/2006 Coll. on the environmental impact assessment, Law No. 39/2013 Call. on
integrated prevention and environmental pollution control, and the Water Law {Law No.
364/2004 Coli.). Competent authorities are the Ministry of Environment of the Slovak
Republic, Ministry of Economy of the Slovak Republic, Main Mining Office and the Re-
gional {or District) Mining Offices.

Slovenia: The primary legal basis of mineral extraction activity is the Slovenian Mining
Act No. 56/1999, consolidated in 2004 and amended subsequently, which defines the
conditions for the exploration activities and extraction of minerals. Other important laws
are the Environmental Protection Act and the Spatial Planning Act. The competent au-
thority for granting exploration and extraction rights for mineral resources is the Energy
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= completion of a waste management plan prior to the commencement of extrac-
tion;

* elaboration of an external emergency plan for “Category A’ facilities, and
» FG provision to secure proper rehabilitation of the affected land.
All these instruments are highly relevant to permitting of mineral resource projects.

According to Directorate-General for Internal Market, Industry, Entrepreneurship and
SMEs and Directorate Industrial Transformation and Advanced Value Chains (2017),
the number of co-authorities is smaller for expioration than for extraction permits. Per-
mitting procedures differ not only by the type of mineral and its ownership, but also due
to the mineral development phase.

Concerning the terms related to the withdrawal of material from the earth’s crust, apply
the definitions given in Art. 41(1) of the EU Accounting Directive (2013/34/EC). Accord-
ing to Directorate-General for Internal Market, Industry, Entrepreneurship and SMEs
and Directorate Industrial Transformation and Advanced Value Chains (2017), there
are three major permitting stages:

» exploration permitting: from the green field phase until the competent authori-
ty issues a resolution on the first exploration technical operation plan (TOP) (or
equivalent national legal term), with which the holder may start exploration ac-
tivities promptly;

* extraction permitting: starting from the approval of the exploration report
and/or mineral reserves reporting to the valid authority resolution on the first ex-
traction TOP or equivalent permit with which the holder may start extraction ac-
tivities promptly;

* post-extraction permitting: closure and rehabilitation TOP, after-care
measures, including monitoring of reclamation measures.

The present guideline refers mainly to the phase of post-extraction permitting, however
when it comes to FG also the extraction permitting is relevant, as the financial obliga-
tions must be deposited during the operational lifetime of the mine. There is a diversity
or terms regarding the permitting system, referring mainly to the two terms “permit” and
“licence” that are used to refer to the authorisations, permissions or approvals granted
by public authorities to companies before they can proceed with any phase of the min-
eral development cycle.

There are two distinct procedures to obtain exploitation permits in the EU (Directorate-
General for Internal Market, Industry, Entrepreneurship and SMEs, Directorate Indus-
trial Transformation and Advanced Value Chains, 2017), Most MSs have a procedure
which depends on the application for the permit by the interested party (DK, EE, FI, FR,
DE, EL, HU, IE, IT, LT, PL, PT and ES) whilst others have an inherited public tender
system (HR, RO). In some MSs, a previous spatial planning (or development plan) has
to be issued in the area of potential exploitation (BE, DK, IT, PL, Sl, RO) before a con-
cession can be granted, whereas, in general, exploitation can be carried out anywhere,
provided the necessary authorisations have been obtained.

All EU MSs require Environmental impact Assessment (EIA) and subseguent environ-
mental evaluation and authorisation previous to the exploitation concession grant (Di-
rectorate-General for Internal Market, Industry, Entrepreneurship and SMEs, Direc-
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Study on the elaboration of guidance on best practices
for the calculation and the periodic adjustment of the
financial guarantee for extractive waste facilities

07.201/2018/793585/ETU/ENV.B.3 C&E - Consulting und
Engineering GmbH

2. Part A: Principles and Purpose of Financial Guarantees

2.1 Overview of the Financial Provision Determination Process

The main FG scope is to ensure the mining companies responsibility for the responsi-
ble closure of their mining sites, means to generate financial depaosits during the mining
operation period in order to have the necessary budget for an environmentally sufficient
mine closure.

The range of liability scenarios inciude (Bradley et al. 2017):

» Foreseen liabilities: liabilities that are known to arise. They include develop-
ment, decommissioning, closure, rehabiiitation, and after-closure of installa-
tions, etc.

» Unforeseen liabilities: environmental liabilities arising from incidents
/accidents.

A closure plan serves as basis for the determination of the FG amount by the compe-
tent authority. A guarantee should reflect the cost of a mine closure and be adjustable,
up or down, to reflect changes in the proposed closure plan (Mota de Lima, 2003). An
exemplified scheme of a mine balance sheet for environmental rehabilitation is given in
figure 2. Following types of cost have to be considered: direct closure costs, indirect
closure costs, mobilization and site preparation, contingencies, engineering and De-
sign, profit and overhead, closure management, administrative costs, maintenance
costs, and monitoring costs.

At the end of the mine’slife, the funds held on the ogsat sid of
the bailance sheet should equal the remaining proviston
30 a9 to Jully fund refchifitation

ASSETS

Value of the
mine a1 mining

takes place

Ened
of ife

)

Figure 2: Exemplified scheme of a mine balance shest for environmental rehabilitation
(Tambo& Theobald, 2018)

The approach to defining the need and scope as well as amount of financial provisions
is illustrated in Figure 3 (after Bradley et al. 2017).

Start
oflife

Spending actually done

LIABILETIES

Source: Intellidex
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Scoping Environmental llability risk
assessmient
1
¥ ¥ i
Qosyre plan Restoration/faftercare '!f
plan Risk assessment (alf risks)
Site evaluation SHe evaluation RIsk identification
Risk analysis
Closure tasks & Restoration/aftercare Risk evatuation
Drogramme tasks & programme |’
Criterta for successful Criterla for successhid treatment (all risks)
e resteration/aftarcare R J, o5
Vafdation Validation Costing ( ble
Costing Costing Lase scenario)
Identification
Revlew & update Review & update Quantiiication & costing

Financial provision for Financial provision for Financial provision for

closure restoration/aftercare incidents

Combined financial
pravisians

Figure 4: General approach to assessing and costing environmental liabilities (Envi-
ronmental Protection Agency of Ireland, 2014)

A particular case is incidents or accidents that might occur during mining operation,
and often lead to a premature closure. Even incidents or accidents create unforeseen
liabilities; their occurrence shall already be assessed through an environmental liability
risk assessment as basis for the creation of financial provisions for unforeseen liabili-
ties. In practice, usually there are different types of financial deposits for unforeseen
and foreseen liabilities (figure 5):

FORESEEN:
Financial institution
UNFORESEEN:  Self guarantee (e.g.
Environmental |~ Provision,  bond), cash deposit
insurance mutoat (eg. escrow},

W parent company

guarantee, charge
on assets

Figure 5: Approach to financial deposits for unforeseen / foreseen liabilities (Bradley et
al. 2017)
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Study on the elaboration of guidance on best practices
for the calculation and the periodic adjustment of the
financlal guarantee for extractive waste facilities

07.201/2018/793585/ETU/ENV B.3 C&E - Consulting und
Engineering GmbH

2.1.1 General Approach

Figure 5 shows the principal steps to calculate a FG (MonTec, 2008). Section 5.3 pro-
vides a practical example (show case) for a calculation methadology applied to energy
mineral resource extraction.

Definiton of after-use Charactarisation of wastes
£3) of waste facimy (3) physical
{tn) of jand and resowtes argund waste (b) {geo-) chemicat
facility
Definition of shvirchmental objectives Continuous monitoring
(a} Environmental baseline condtions
(A) Physical stability objectives eg., (b) Contaminant reteases from w aste
(a) Dams and Slopes facliity via water and ar pathways
(b} Eroslon raslstance (£) Physicaygectechnical stabilify of waste
(c) Setllements of tailings surface facity
{d) Static and dynamic stablity
(B) Maximum refease rates of Environmantal permits issued
contaminants, e.g., befare and cunng operations
(@) wZerhorne (concentrations, Ioads) phase
(b) alrborme (dusty [

Applicable environmental
standards and protection status

{# applicahie)
; ;
Technical meaasures rejuired to achieve Estimate of anvironmaental impacts an
closure objectives, eg., (@) water
(&) slape/dam reshaping (o) ar
(b)waste segregation, encapsulation (c) seil
(c) chemical freatment, e g , lime addiion |
{d} placement of cover system I and Impacts on human health via these
(e reatment of seepage patiw ays
(f) relocation of waste tacllity to a safer site
Estimate of the physical stability
" Soeial impacts
Mariet survey of suitabfe technologles
based on intemational BAT h 4
Estimate of ime-scales of Impacts and
Sitea-spacitic adaptation of BAT corresponding mitigation mf,,m,'
Contaptual or detailed design of &d-
techrical maasures, possibly on {a) Expected tme of ARD treatment
different time scales, e.g., N (b) Expected time of long-term care, e.9.,
far cover systems
{a) comventional water treatment (t) Expected time of monitoring eg..
() possiDiy ;‘-npift‘f"‘i;“ ?‘f’ (5‘:2’“) {c1) geatechnicaf statility of dams
passive treatment for the long-germ e water auali
{c) Dewatering/consoldation of tallings (¢2) seepag quality
(d) Caver systems

v

Cost astimate of technizal measures,
&g,
(@) Uit costs based on market rates
() "Third-party” cost basis
{c) Scenarlo calculatons to allow for bl
uncertanties

{d} Discounting of future costs and

calculation of Net Present Value (NPV)

Figure 6: Flow sheet of the principal steps to calculate a FG (MonTec, 2008)
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Financial surety instrumants for mine
closure and rehabilitation

l__ Default risk borne h_y government and taxpayer decreases ’>
=
Surety remains within Surety guaranteed by Surety transterred to
operator company third {commercial) party govemment or trust
Pledge of assels Insurance pokey Deposit of cash or cash
equivalents
Seif-bonding by Lettar of Credit. Trust fund
accounting eccnuals Bank Guarantes
Surety bond Martgage {titie transfemed
to gevemnment)
Bond pool
Parent company
guarantag
Captive insurance
< pany* [ me—-

Transter of kabildy into
sepalate company*

</ —

|- Depenns on decoupiing o assets rom mine operator |

Figure 7: Categories of FG instruments and typical examples (MonTec, 2008)
Following general FG types are used (Mackie et al. 201 6):

Performance Bond: issued by a bank or other financial institution or a bonding com-
pany (called a surety). The bank or surety agrees to pay the regulator up to the amount
of the bond if the operator defaults on its obligations under environmental law or its
environmental permit, as specified in the bond. Bonds are issued by a surety by charg-
ing a premium for them; bonds issued by a bank reduce the amount an operator may
borrow.

Payment Bond: bank or surety agrees to pay monies demanded by the regulator up to
the amount of the bond instead of paying the costs incurred by the regulator in carrying
out measures that the operator failed to carry out.

Letter of Credit: agreement by an approved financial institution, to pay the amount
specified in the agreement to a regulator on demand. The institution requires the op-
erator to provide collateral (such as cash, securities, bonds or other monetary instru-
ments) in the amount of the letter of credit and also charges the operator for providing
it. Regulators generally require letters of credit to be irrevocable,

Self-provision: financial provision by the operator itself. This includes ‘provisioning in
accounts’ and ‘seif-insurance’. it is, in essence, a promise by an operator to cover their
environmental [iabilities when required. It does not require an operator to set aside
money. Generally, self-provision is based on the operator's demonstration of sufficient
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Study on the elaboration of guidance on best practices

for the caiculation and the periodic adjustment of the

financial guarantee for extractive waste faciiities
07.201/2018/793585/ETU/ENV.B.3

C&E - Consuiting und

Engineering GmbH
Types Characteristics Advantages Disadvantages
tax protected until it is with- management of the fund;
drawn company; + Are more visible and often
better understood by gov-
ermment and the public than
other alternatives,
Letters of | » Similar to a surety bond, » Low initial cost (about 1% | e Issued by a bank and usually
Credit » The content of a LL.C should per annum of the face val- for a Jarger sum of money
reflect the terms and condi- ue). than originally estimated for
tions agreed between a com- | » Cost associated with open- closure.
pany and the government with ing a LC are expensed as a| « The availability of a LC may
respect to a specific closure tax deductible item, be restricted by a company’s
plan. + Once in place only a mini- credit and its environmental
mal amount of administra- risk.
tion is required, » Issued for a period of one year
- short-term solution for a
long-term problem.
+ Reduction of the company
borrowing power.
Insurances|  Special farm of surety bond. » May require smalter up-front| » Initial premiums may be very
» The premium paid will be a cash commitments than a high {o ensure substance of
function of the estimated clo- cash trust fund. the insurance.
sure cost with actuarial calcu- | «  Premiums would be tax de- | » In addition to prermium
lations to annual pay-out lev- ductible. amounts there could be taxes
els and the total amount of the! » Less administration is re- and insurance brokerage fees.
insurance. quired than with a cash trust| A naw, not well tested guaran-
fund tee instrument.
Self- * Also known as corporate * Financial instrument of choice| » Require long history of finan-
guarantees|  guarantee or self- insuring. for a mining company, cial stability and an annual fi-
= Based on an evaluation of the nancial statement prepared by
assets and liabilities of the accredited accounting firm,
company and its ability to pay « Gaining access to assets may
the cost of closure require- be problematic in the case of
ments. firms facing bankruptcy.
Mortgage |A mortgage is a property title (e.g.| » Easy to administrate » Value of mortgaged property
real estate} which the operator of | » No cash outflow from compa-| may change (lose) with gen-
@ mine transfers to the ny eral market conditions
competent authority in order to » Administrative cost to gov-
Fecure the performance of a pre- emment to liquefy mortgaged
determined closure and property
rehabifitation duty. As soon as the « Discount on property value in
duty is fulfilled, the property titte is case rapid liquidation is nec-
transferred back to the operator. essary
» Mortgage reduces ability of
mining company to obtain
foans
Cash de- 1A mortgage is a property title {e.q.| « Cash is readily available for | e Significant capital is tied up for]
posit The amount required to cover all closure and rehabilitation the duration of the mine life,
closure and rehabiiitation costs is | e investment-grade securities especially for large mining
paid into a bank account (treasuries) can be traded projects
accessible only by the govern- with minimal risk of liquidity | « Some governments may be
ment. In case the mine operator | « High public acceptance ("visi-| tempted to use the deposited
defaults on its obligations, the bility" of guarantee) cash for purposes other than
government has immediate ac- « for small and junier mining securing the mining project
cess to the funds in the account companies, if they fail to meet| » Cash is more vuinerabile to
the criteria of a bank being lost to fraud or theft
» Can be dissolved only partly
in case of need
« Can be transferred into 4
pooled fund

Countries that already implemented a mine reclamation bonding system are the United
States, Canada, Australia (Cheng & Skousen, 2017), Ireland (Environmental Protection
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Study on the elaboration of guidance on best practices
for the caleulation and the periodic adjustment of the
financial guarantee for extractive waste facilities

07.201/2018/793585/ETU/ENV.B.3 CRE- Consulting und
Engineering GmbH

2.1.5 Approach to Financial and Economic Analysis

An investment requires financial and economic ahalysis, two approaches that serve
two different purposes. The financial analysis is used to document a reasonable ex-
pected return on investment to prospective investors. The economic analysis is used to
document that the project is a net benefit to saciety as a whole — this is especially in-
teresting in relation to public investments. The main traits of the financial and economic
analysis respectively are:

Financial Analysis:
* |nvestor's perspective
» Based on market prices
+ Including taxes, tariffs, subsidies etc.
¢ Does not include externalities
Economic Analysis:
» Saciety's economic perspective

» Applies ecanomic prices excluding taxes, tariffs, subsidies etc. to reflect the
value of the project to society.

» Externaliies (positive and negative) are included and quantified in monetary
terms (such as reduction in GHG emissions).

The central economic concepts are briefly introduced which are essential to under-
standing financial and economic feasibility studies (FS).

Interest Rates

Interest rates are a central element in financial and economic analyses. The interest
rate is the opportunity cost of capital, i.e. what is the expected return on investment.

The return of a project shall be compared to the alternative return, given the money is
invested elsewhere. Therefore, the appropriate discount rate for a financial assessment
is the weighted average cost of capital often referred to as the WACC, that is calculat-
ed using following formula:

WACC = Share of Equity x Cost of Equity + Share of Debt x After tax Costs of Debt
where the corporate tax shield is deducted from the cost of deb.

Economic/Social Discount Rate: the appropriate discount rate, when performing an
economic analysis is the rate of return of the entire economy, i.e., the national oppor-
tunity cost of capital. In comparison, the WACC appilied in the financial analysis is only
relevant to a specific investor, as the WACC calculation is based on a single investor’s
cost of equity and debt. The economic discount rate is typically lower than the WACC.,

Interest rates are very important to economic and financial FS, as they enable the
comparison of costs and revenues at different points in time.

Discounting and annuities

interest rates are used to compare payment streams today with payment streams to-
morrow. Such a comparison can employ one of two main methods:
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Study on the elaboration of guidance on best practices
for the calculation and the periodic adjustment of the
financial guarantee for extractive waste facilities

07.201/2018/793585/ETU/ENV B.3 C4&E - Consulting und
Engineering GmbH

When one or more alternatives are compared, it is usually sufficient to directly match
the Net Present Value or the Total Annual Net Cost in order to assess which project is
the better alternative. However, in many cases you will also want to directly assess
whether the preferred alternative is economically and financially feasible. The primary
indicator of this is simply the value of the Net Present Value or the Total Annual Net
Cost. A positive value means the project yields a net surplus — and a negative value
means a net loss. In addition to this direct assessment of the value exists several ways
to extract more detailed information on the profitability of a project.

IRR: The internal rate of return is a measure used for assessing the profitability of po-
tential investment. The internal rate of return is the discount rate that makes the net
present value if all cash flows equal to zero.

DSCR: The debt service coverage ratio is the ration of cash available for debt servicing
to interest, principal and lease payments. The DSCR is a measurement of an entity’s
ability to earn enough cash to cover its debt payments.

Net operating income

S Total debt service

The higher this ratio is, the lower the risk of the lender. To be confident that the inves-
tor or project owner can repay his debt, financial institutions (lenders) will demand that
the DSCR is larger than one (1) by a certain margin.

Financial Analysis

A financial analysis estimates the profitability of a project, from an investor's
perspective. In a financial analysis are compared the costs of the project o the
expected revenue over the project lifespan. This includes costs of financing and
taxes/subsidies. Figure 8 shows the approach to Financial Analysis.

Revenue Costs of i
from tariffs financing ¢

Net value

Figure 8: Approach to Financial Analysis (Legend: CAPEX: Capital Expenditure,
OPEX: Operatiocnal Expenditure)

The goal of the financial analysis is to demonstrate the ability of the project to generate
a sufficient return on investment to be interesting for investors. The resuits of the
financial analysis are typically presented as the Net Present Value and the Internal
Rate of Return. investors will also be interested in the Debt Service Coverage Ratio to
assess the financial risk of the project.

Economic Analysis

An economic analysis takes a broader view of the profitability of the project. In an
economic analysis, you include external effects such as environmental impacts and
heaith impacts. The value of external effects is typically assigned using economic
opportunity costs or shadow prices. An economic analysis does not include taxes,
tariffs, subsidies, etc. These costs do not add to economic productivity and are merely
transactions between entities within the economy.
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» Design, engineering and supervision cost

+ Administrative cost (permits, fees and taxes)
After-closure cost:

e After-closure and monitoring cost

* Inspection cost

It should be noted that costings associated with conformance checks, reviews, audits
and safety evaiuations as set out in the BREF for the Management of Waste from Ex-
tractive Industries must be included at all stages.

Table 2 provides an overview on closure guarantee factors, illustrating which types of
cost must be covered through the FGs.,

Table 2: Closure Guarantee Factors (after Legislative Audit Division, 1997; Mota de
Lima, 2003; Cheng & Skousen, 2017; amended by the authors)

Costs Description

Calculated using conditions which represent the maximum
closure cost.

Direct closure costs

indirect closure costs | Contract preparation and administration costs. Calculated by

project staff and site specific.

Mobilization and site | 1 to 5 % of direct closure cost

preparation

Contingencies Project uncertainties and unexpected natural events, up to 30
% of direct closure costs is possible.

Engineering and | Redesign to reflect current conditions. 2 to 10 % of direct

Design costs.

Overhead Qverhead not included in direct cost calculations, 3 to 14 % of
direct closure costs.

Closure manage- | Project inspection and supervision, 2 to 7 % of direct closure

ment costs. Administrative maintenance

Administrative costs | Permitting cost. Country and site specific.

Operation of the environmental operation system, water
treatment etc. Duration and cost site specific. 2 to 10 % of
direct costs.

Maintenance costs

Maonitoring costs Environmental observation, duration and cost site specific.

There is inherent uncertainty in costing closure and after-closure due to the complexi-
ties involved and lack of knowledge of the circumstances that will pertain at the time of
closure. Therefore, the final costing should include a level of contingency. The contin-
gency is a specific provision for unplanned or unforeseeable items and provides an
additional level of confidence in relation to the costing. The rate of contingency should
reflect the level of uncertainty inherent in the costing.

As mentioned in table 2, the cost to be considered concern engineering and design,
direct closure costs, indirect closure costs, mobilization and site preparation, contin-
gencies, closure management, administrative costs, maintenance costs, and monitor-
ing costs including and overhead. Cost profiles in this GD consider engineering works
and technical works. Cost-relevant activities are given in section 5. Initia) costs of clo-
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s secondary materials

e packaging and transportation

s construction work, including temporary site installations

¢ supply studies and start-up services

* specialized studies (topography, scil, hydrometry, noise, pollution ...}
» financial expenses: deposits and known financial charges

* basic insurance: professional liability, transport of equipment and personnel
start-up of construction site

¢ insurance
» the general expenses and the profit of the company

All items must be supplemented by technical and unexpected provisions and the provi-
sions needed to cover inflation and foreign exchange risks over the life of the project.
As the detailed and semi-detailed methods are based on contractual prices, there is no
need to correct the final assessment by a location factor. To have a correct cost esti-
mate in the above presented context, detailed and semi-detailed cost estimation meth-
ods should be used. These methods are based on the definition of the various items
constituting the investment. This definition is based on:

¢ the cost breakdown structure, itself based on the tasks to be performed to carry
out the project and the required resources (work breakdown structure)

* the "cost code" or project account plan which is a categorical cost classification
system

The structure of this "cost code” is based on a logical cut of the construction project in
controllable elements to meet the following two objectives:

» estimate of the investment
* control of the investment during the realization of the project.

Firstly, the breakdown of costs is based on the physical decomposition of the project
(technical chart). The principle of cost splitting makes it possible to better identify the
essential elements and to ensure the completeness of the costing. The approach is
starting from the main installation to get to all its components. Maintenance expenses
are the costs incurred to keep an item in good condition or good working order. When
purchasing an item that requires upkeep, consumers should consider the initial price
tag as well as the item’s ongoing maintenance expenses.

2,1.9 Costing: Engineering and Supervision Cost

Engineering and supervision cost comprise design and management activities that are
necessary to develop the project implementation documentation. Based on technical
dimensions, mandatory technologies and materials specification in the ahove-
mentioned conditions the cost of closure and rehabilitation works can be evaluated.

The objective of the cost estimate is to produce, depending on the project's progress
phase, information to establish the project budget. The project estimation methods
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stakeholders including regulators. The design for closure and rehabilitation works must
follow all applicable standards and norms that will impose technical dimensions, man-
datory technologies and materials specification.

2.1.10 Plausible Worst Case Scenario

It is to be underlined that the FG function is nof to cover the consequences of accidents
and incidents, as these are unforeseen liabilities. The plausible worst case scenario
refers to the plausible event that poses the maximum environmentat liability in the case
of foreseen liabilities, i.e. consequence, during the period to be covered by the financial
provision (Environmental Protection Agency, 2014). A worst-case scenario is a concept
in risk management wherein the planner, particularly in planning for potential disasters,
considers the most severe possible outcome that can reasonably be projected to occur
in a given situation. In case of FG establishment for mine closure this topic is particu-
larly relevant in terms of provision for premature closure. The plausible worst case sce-
nario may be represented by the risk with the highest conseguence rating.

Although practical planning for premature closure (permanent or suspended operations
under care and maintenance) may not be done in detail in the early stages of the pro-
ject, consideration must be given in the Mine Closure Plans for how a proponent plans
to deal with these closure scenarios which may arise from economic, environmental,
safety or other external pressures (Department of Mines and Petroleum, 2015). In such
an event, an accelerated closure process will need to be implemented. In particular,
this should include confirmation that appropriate materials are available on site and
contingencies are provided to make landforms such as tailings storage faciiities and
mine waste heaps secure and non-polluting/ non-contaminating in the event of prema-
ture closure (Department of Mines and Petroleum Australia, 2015). The dimensions of
premature closure must be considered during the closure design already, based on a
risk assessment.

To assess the risk, the source — pathway - receptor model might be used. The modei
starts with the risk source and the pathway how the hazard can reach through the envi-
ronment. Finally, it is considered how the receptor of the hazard is affected. A receptor
can be human and/or environment. Usually for each source, there are muitiple path-
ways and receptors. After identification of the sources, the pathways and the receptors,
the next step is the assessment of the impact of the risk or hazard to the receptor with
respect to the following parameters:

+ Spatial extent of the impact
e Temporal extent of the impact
* Severity of the impact.

The significance of the impact is calculated by multiplying the assigned values for
magnitude of the potential impact and the sensitivity of the receptor to generate an
evaluation matrix, The risk matrix according to Nohl & Thiemecke (1988) is a common
methodology for technical risk assessment. These two elements of a risk can be pre-
sented in a matrix that allows risks to be categorised by different qualitative risk clas-
ses. The aim of the matrix is to estimate the risk significance (figure 10). The severity of
impacts is ranked according to the following qualitative scheme that is based on the
sensitivity of receptors and magnitude of impacts. When determining impact magni-
tude, conservative assumptions are often used.
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Figure 11: Potential TMF failure mechanisms (ATV-DVWK-M 503)
The main hazards in terms of potential TMF failure mechanisms are:

Foundation instability:
» collapse due to mine subsidence allows tailings to escape into mine or void;
» sliding on weak soil or liner interface
» compression of weak soils leads to cracking of dam
e construction pore pressures rise and foundations move

+ seepage through a poor membrane or pervious soils into groundwater system,
bypassing seepage recovery systems

+ seismic liquefaction of foundations

» seismic deformation of foundations

¢ non-seismic liquefaction of foundations
Structural failures:

» piping around a culvert or decant pipe

* reclaim tower fails

¢ pumps fail due to loss of power

¢ pipeline or conduit fails

* landslide blocks spillway

Without prejudice to other Community legisiation, and in particular Directives
82/91/EEC and 92/104/EEC, MS have to ensure that major-accident hazards are iden-
tified and that the necessary features are incorporated into the design, construction,
operation and maintenance, closure and after-closure of the waste facility in order to
prevent such accidents and to limit their adverse consequences for human health
and/or the environment, including any transboundary impacts. Article 6 “Major accident
prevention and information” of the Directive 2006/21/EC shall apply to waste facilities,
save for those waste facilities falling within the scope of Directive 96/82/EC (The Seve-
so |l Directive).
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Study on the elabaration of guidance on best practices
for the calculation and the periodic adjustment of the
financial guarantee for extractive waste facilities

07.201/2018/793585/ETU/ENV B.3 C&E - Consulting und
Engingering GmbH

Environment detericration generated by the mining activity;
» stability of the land surface, of the open pit slopes and embankments
s land degradation caused by excavation, waste disposal, soil stripping, etc.
» poliution of buildings, plant and equipment
* pollution of surface and underground aquifer layers
Degradation of water quality due fo emissions of dust, exhaust gases, efc.:
» deterioration of vegetation (deforestation, soil stripping, etc.)
Environmental rehabilitation works:

» works for stabilizing the natural slopes and open pit/mine waste heap embank-
ments

« placing back of extractive waste into excavation voids and filling back other
wastes for recovery works

+ works for environmental rehabilitation of tailings ponds and/or decant dams
» water management (collection, drainage, wastewater treatment, discharge)
» land decontamination works
» land consaclidation works
o works for restoring the vegetation (planting, grassing)
e other works required
Physical volume and value of environment rehabilitation works:
» lists of works to be carried out and quantities required
» unit costs by categories of works
« total costs of the environment rehabilitation works
» funding sources for the environment rehabilitation works
Schedule of the environment rehabilitation works;

* carry out the environment rehabilitation works in correlation with the mining
works schedule

s phases for carrying out the environment rehabilitation works
Monitoring:

« objectives of the monitoring program

» estimated period of the monitoring works

« maintenance and/or rehabilitation works

» costs of the monitoring works
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Study on the elaboration of guidance on best practices
for the calculation and the periodic adjustment of the
financial guarantee for extractive waste facilities

07.201/2018/793585/ETU/ENV.B.3 C&E - Consulting und
Engineering GmbH

exploration/exploitation impact generating works and the environment rehabilitation
works forecasted for each of the next years during the lifetime of the mining facility.
Therefore, after the reception of the environmental rehabilitation works for the previous
year, the value of the FG shall be adjusted. The annual FG amount update is also nec-
essary because of potential price changes. The FG shall be constituted and updated
respectively, prior to the commencement of works, namely in the 12" month of each
exploration/exploitation year, based on the values determined in the ERTD and on the
documents confirming the carrying out of environmental rehabilitation works.

a) Initial FG Assessment

The FG amount will resuit from the cost estimate of the ERTD. For the calculation of
the amount software might be used which includes a data base with ali the Cost Esti-
mate Norms and is easily updated with materials and norms required by the new con-
struction technologies.

b) Verification Methods

In order to verify the value correctness, it is necessary to check the compliance be-
tween sizes and specifications from drawings and bills of quantities, and subsequently
with works cost estimates. Price verification can be conducted using a software with
updated prices.

c) FG Periodic Adjustment

The time period for FG periodic adjustment might be adapted in case of lower risk and
likelihood of environmental consequences (In analogy to The World Bank Group Oil,
Gas and Mining Policy Division, 2008). In case of a medium risk and likelihood of envi-
ronmental consequences the pericdic adjustment might be conducted every 3 years, in
case of a low risk and likelihood of environmental consequences every 6 years,

2.1.15 Quality Management due to 1SO 9001:2015

Quality management of the closure design and implementation process plays a sub-
stantial role and comprises two parts:

Quality assurance during the design process
« design verification, and

» establishment of a Quality Assurance Plan (QAP) as part of the design docu-
ments. The QAP contains the requirements for the material testing (at least soil
mechanics and chemistry), that is parameter sets and the analysis procedures
requirements. Analytics has to be performed by a lab accredited according to
DIN EN ISQ/IEC 17025.

Quality assurance during the implementation process
» Comprises implementation verification and field testing

» implementation verification is performed by an independent certified assessor.
Following levels of independent implementation verification is performed in
practice:

o Prefabrication of materials / components / systems
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Study on the elaboration of guidance on best practices
for the calculation and the periodic adjustment of the
financlal guarantee for extractive waste facilities

07.201/2018/793585/ETU/ENV.B.3 C&E - Consuiting und
Engineering GmbH

a) Formalities regarding FG release

Within 30 days from submitting the application on releasing the guarantee and related
proving documents, the competent authority shall send a written response to the opetra-
tor, either positive or negative. During the evaluation period the competent authority
shall conduct, through its territorial representatives, the verification on site of the envi-
ronmental rehabilitation works carried out and draw up a verification report.

b) The case when the exploration/exploitation title is transferred to another mining op-
erator,

In case of changing the mining operator within one perimeter, FG obligations shall be
taken over by the new operator.

¢) The way rehabilitation works are to be carried out in case the mining operator goes
bankrupt.

In case the mining operator fails to meet its obligations on environmental rehabilitation,
the competent authority shall commence the tender procedure for the environmental
rehabilitation works based on the Technical Specifications within the ERTD. The pro-
cedure will be followed in accordance with the legislation in force on public procure-
ment. The amounts required for the tender procedure and funding all the expenses for
the environmental rehabilitation works provided in the General Cost Estimate shall be
funded by the competent authority out of the environmental rehabilitation guarantee
submitted.
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Study on the elaboration of guidance on best practices
for the calculation and the pericdic adjustment of the
financial guarantee for extractive waste facillties

07.201/2018/793585/ETU/ENV.B.3 C&E - Consulting und
Engineering GmbH

with particular regard to soil quality, wild life, natural habitals, freshwater systems,
landscape and appropriate beneficial uses”.

The rehabilitation scope depends on the level of potential pollution resulting from the
mining activities and the requirements for the geotechnical long terms stability. Already
during the mining operation, an estimate or preliminary soil and water quality assess-
ment is needed to determine whether soil or water are contaminated and, where appli-
cable, to define the scope of the rehabilitation work. The characterization must:

a) determine the contamination level; depending on the future use of the mining
site

b) find the precise location of the contamination and determine whether and where
it is spreading;

¢} determine the volume of each type of contaminant.

If a need for rehabilitation has been identified, the development of a suitable technolo-
gy for the rehabilitation of the mining legacy sites needs to be based on state of the art
technologies. The aims of these technologies are:

» to exclude existing acute dangers or comparable unacceptable risks from the
objects to human health and safety;

» to create long term stable site conditions for existing piles, former operational
areas and underground facilities;

« tointerrupt the pathway for the transfer of pollutants tc human beings;
e to minimize the impact of the objects to the environment.

The rehabilitation techniques shall be economically and technically feasible. The clo-
sure plan involves the consideration of (Diizgiin & Demirel, 2017):

1. Land use prior to mining and natural and cultural factors affecting the land use,
2. Land capability prior to mining, to support a variety of uses,

3. The alternatives for land use after completion of mining and rehabilitation

4

. A detailed description of how the proposed post-mining land use is to be
achieved

5. Methods for ensuring that mining and rehabilitation operations are in line with
declared land use plans and programs

6. Mining methods used to ensure that closure plan is compatible with local physi-
cal, environmental and climatic conditions,

7. The economic and technical feasibility of the closure plan, and
8. The current mining and reguiatory conditions.

The assessment of closure alternatives is not only a requirement for the assessment of
economically efficient solutions, but also a regulatory requirement of the European en-
vironmental legislation, particularly the requirement for Environmental Impact Assess-
ment (EIA). If EIA is required, it can be seen from the Annex | of the newly amended
EIA Directive 2014/52/EU. GD Annex 1 provides a correlation between the annex of
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Figure 13: After-closure options in practice
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For the integration of mining and mine closure plan, following planning steps are nec-
essary (Dizgin & Demirel, 2017):

¢ Inventory of the pre-mining conditions

» Evaluation and decision on the post-mining requirements of the area consistent
with the needs and requirements of the local communities

« Analysis of aiternative mining and rehabilitation schermes to determine best al-
ternatives that meet the overall objectives

* Review of the rehabilitation experience at neighbouring mines or at mines oper-
ating in similar conditions to determine successful rehabilitation practices and
parameters, and

¢ Develop an acceptable mining, rehabilitation and land use scheme to be inte-
grated with existing technical, social, envircnmental, political and economic
conditions

tn the European Union exist since a few years, special requirements for the installation
of certain industrial activities, among them the energy industries, production and pro-
cessing of metals, and the mineral industry regarding the inventory of the pre-mining
conditions. Directive 2010/75/EU on industrial emissions (IED) applies an integrated
environmental approach to the regulation of certain industrial activities (Part A activi-
ties). Where the activity involves the use, production or release of relevant hazardous
substances, and having regard to the possibility of soil and groundwater contamination
at the site of the installation, under Article 22(2), operators are required to submit a
baseline report (that fulfils the requirements of the inventory of the pre-mining condi-
tions). The aim of the IED Baseline Report is primarily the assessment of the soil quali-
ty at the start of the renewal of the permit of an industrial activity as to establish an ini-
tial state. The objective is to provide a basis for comparison upon definitive closure of
the activity, as to make possible the application of the “polluter pays principle” on an
objective basis.

3.4.2 Structure of a Closure Plan — Design for Closure

In order to help ensure the short-term and long-term structural stability of the extractive
waste deposition area’, BAT is to use the fallowing technique (MWE( BREF):

Design for closure - Relevant for ponds, dams and heaps (permanent and temporary)
= a preliminary identification of the covering technigues;

» a preliminary identification of the technigues to prevent and control water and
wind erosion;

« an assessment of costs related to the proposed and alternative closure strate-
gies including a cost benefit analysis;

! The MWEI BREF defines waste deposition area as »Any area under the responsibility of an
operator where extractive waste is handled, treated, accumulated or deposited whether in a
solid or liquid state or in solution or suspension. This includes, but is not limited to, Extractive
Waste Facilities, excavation voids where extractive waste is placed back, and areas for tempo-
rary storage of extractive waste.”
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6.1 Basis for development
6.2 Development of completion criteria
7 Collection and Analysis of Closure Data
7.1 Climate Observations
7.2 Flora and Vegetation
7.3 Fauna
7.4 Soils
7.5 Hydrogeology
7.6 Hydrology
7.8 Geotechnical assessment
7.8 Socio-economic Situation
7.8 Cultural Heritage
7.9 Characteristics of the resource
7.10 Natural background data for water and soil
8 Identification and Management of Ciosure Issues
8 Rehabilitation Options and Evaluation in General
9.1 General remarks and unit prices
9.2 Rehabilitation options for mine openings
9.3 Rehabilitation options for waste rock heaps
9.4 Rehabilitation options for buildings and processing plant areas
9.5 Rehabilitation options for tailings ponds
9.6 Rehabilitation options for mine water
9.7 Closure Costing
9.8 Option analysis per object and conclusion of preferred option
10 Closure Implementation
10.1 Closure domains
10.2 Timeline for closure
10.3 Mine openings closure work program
10.4 Waste rock heaps closure work program
10.5 Tailings ponds closure work program
10.6 Infrastructure area closure work program
10.7 Infrastructure area closure work program
10.8 Water and soil management

10.9 Unexpected closure — care and maintenance
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The environmental sensitivity should also consider the potential pathways through
which the operation may impact on the surrounding environment. It should be noted
that much of the preparatory information required for this section will be available from
existing information (see above).

Site processes and activities, to include:
« overview of the processes and activities undertaken at the site;
* detailed maps of the site and building layouts (to an appropriate scale); and

» the different process areas, e.g. incoming raw materials, production units, dis-
patch area, waste handling/storage areas, water/waste water treatment areas.

Inventory of buildings, plant and equipment, to include:
e list of all buildings and major plant and equipment;

» details of any hazardous or potentially polluting components and construction
materials, e.g. PCBs, asbestos;

» list of all bunded, secured and protected areas; and
» details of any tests on bunds, pressure tanks, pipelines, etc.
invenlory of raw malerials, products and wastes, o include:

» a comprehensive list of all raw materials, products and waste, including non-
hazardous and hazardous materials; and

» the quantities of each item identified in the inventory.

Maximum storage capacity for raw materials, products and wastes and maximum sfor-
age amount in practice.

Important is the assessment of the baseline situation, as well as the environmental
using the source — pathway — receptor model. In case that polluted material is identi-
fied, the hot spots of pollution must be subject to rehabilitation planning. The goal of
risk-based rehabilitation is to reduce present and future risk in a cost-effective manner
through the use of one or more of the following risk reduction techniques:

¢ Chemical source reduction — Achieved by physical removal or control of haz-
ardous substances.

» Receptor restriction — Land use controls and physical barriers (e.g., concrete
caps and site fencing) that prevent the exposure of hazardous substances until
source concentrations are reduced below risk levels.

» Chemical pathway elimination — Examples inciude placing restrictions on ex-
cavation or groundwater use to prevent on-site or off-site receptors from making
contact with chemicals of concemn. Identified poliuted hot spots will be consid-
ered in the option analysis.

3.4.4 Option Analysis

Scope of the assessment of closure options is to find the best system which meets the
requirements in terms of the regulatory requirements and complies with the specific
closure objectives for the respective mining site. The purpose of the option analysis is
the optimisation process to find the 'best’ alternative. In general, after the exploitation

71

European Commission



uoigsiWWe) ueadoing

¢L

‘uondo paulayald ayj JO NS BYY BB UIIUM SIUBUOdLIOD JO SISISUOD jey) Wa)sAs
{301 By} 40} SisAjeuy |BIoUBUL] B Ul PBJE|NDIED 8q |IM 'SIBaA U 18)|] 8y} JAAC SMO}} Yseo
108foud ||B jJo senjea jJueseld ayj Jo wns se passaidxe ‘Jojedipul Ajjigenold e (AdN)
anjeA wesald 19N 9yl "1seo Bupiebas uondo peaisyaid ay) Jo swe] Ul )Nsal 8y papn
-uoo aq [pm Ajeul pue ‘Ajeleledas passasse pue psje|naled aq o} ase 1S00 RO Ul
puUE 1500 JuawiseAll 8y ‘suondo sinsojo ay) jo uosuedwod 100 aly) Jo} sejeulss Aleu
-ujosd aledald 0] pasn ale Ljog pue ‘1s00 (W90) souBUSIUBW pUE uolesado Se jlam
SE 1509 JUBLUISAUI JOPISUOD IS sISAleur 1509 1024ip ay] "peien|jeas Buiaq ase suondo
usaym Jayun, passnasip s pue ‘pasedwod Buiaq suopdo sy} uo asea yoea u| spuadep
yoroidde sy 1s0o 8y} pesAjeue s| dajs IXau ay) Ul pue ‘1silj M3IA JO Juiod [eoluyDa)
woJy sjgesldde oq 1snw uopnjos e ‘jeieuab U] }S0D aJUBUSIUIBLI PUE UOjjEISdo pue
1500 JUBLLISAAUI JUnoDoe ojul Bupje] 1soo ey} pesAjeue aue {sjjesed uf “sjoedwl [Bjusw
-uodiaue Buinsaa syl pue suopdo [essaas Jo Algeoldde ayy pue Aupgises) {8ojuyosy
ay} pesiAjeue S| SISAjRUER [BD1UYDS) By UIYIAA "SISAJBUE |BlOUBUY B pue SISAlBUE [201U
-y0@) e :sued om] JO S)SISU0D UoiIdo jseq au Jo uoleayuapl ay) Jo) ABojopoylew ay)

‘Burofeio} eyj Uo peseq uoiSNISUNDd MBIJ

nonddn wean Ainilant
TS FPT T TwW T I

~f

(juswo|dwit 0} papssu swy
‘gsyselaiu pajsan Bupsixe susyealy) ‘adueldacoe oygnd) sysi uopejusweidw] e

((saunanns jeuonnsul
Bunsixe yum o|gnedwos Jayieym ‘uonelsiBal yum sadwod) soadse [ebo e

{Aiimew
feoluyos) ‘sseuisngol ‘(syebue) Buneiyoe ul) Aouaioye) sjoadse |eouyoe)] e

{(uawpacid
-W| [ejuBLIUOIAULS By} Loy Bunsel sjoedul aAlisod sy os|e Ing ‘uoesado
pue uoNoNIsUod Woly sioedwl aageliau a2y} Ajuo J0u) sjoadse [BjuaWuDIALg  »

(81800 WO ‘JUBWISBALY) 1SOD e
'84e BLIUO uepodw| "uondo jsag sy Ajjuep! 0] BURBJLID UOHENIEAS BUad '€

"8|gelIeAR SUORAO JO JBCINU BY) 9GIIDSWNDIMD WeisAs sy}
AQ 19W 8q 0] SARY UDIym S3A09[qo aYoads AiBA ay] JSULINS "SSIOUBISWNOLO |ed0] UM
Aauaysisuos pue Ayjebs ‘Ayjeanseid jo spunoib uo N0 psjni Ao 10U ale pue SaAl
-02[qo 8y] 198l LoIyM SSAlELLR]|E ISNqo) [EonoRLd JO Jequunu [jews B O} IS)| 8y} umop
UeaJos 0] AUBSsaosau S| 9sues uowwod jnq ‘suondo Auew usyo ase asayl Awoay) u|

LIOIJELUIIS IS0 »
9|0R(IEAR UOIELLIOJUI MaU Uo pased suopdo aibejel)s sjepdn e
e sy Jo a1es aJe ey suondo |eisuab pue ejep aseq ssuBLIWNS e
'sapnoul AlAROR SIY] "SUONdo 8(qejIns aquosep pue suijeq 7

sis)stueled
JUBAS|SJ JO10 ‘SISO LIUN JUBAS|a) ‘Jaw aq 0] siebue) rsusjoweied ubisap Aposds "\

:sdejs Buimoljo) sy} ‘sisAjeue uondo yoee 1oy ‘sosLdWod
poldope ABojopoyiew oy ‘sjoeduit [eluswuonaus aanebau sonpal 0} Ajgjes pue uyjeay
olignd 8INSUS 0} pue SUOSEa. DILIOUOID JO ISNEIAY PasOld aq |IIm Asyl seulw 3y jo

Hqwe Bupsoumbuzy
pun Bugmsuo) - 395 £ 8 ANI/NLA/GBSE6.L/8102/ 10T L0
S3[YI08) 91SEM SANIEIXS 10} adlUeIEnd [BrouBUL
au) jo uswisnlpe 2pouad Y] pue UOUBNoJED U} JoJ
saonokud 1880 UC 8ouepinB Jo uonelogels ayy uo ApmS




Study on the elaboration of guidance on best practices
for the calculation and the periodic adjustment of the
financial guarantee for exjractive waste facilities

07.201/2018/793585/ETU/ENV.B.3 C&E - Consuilting und
Engineering GmbH

3.4.5 Closure Tasks

Closure tasks per objects and per mining typology can be identified from section C of
this guidance. In the report shall be detailed the tasks necessary to achieve successful
closure and provide a program (Gantt chart or similar) for the entire closure process
with all key activities included (Environmental Protection Agency of Ireland, 2014). De-
tails should include (Environmental Protection Agency of Ireland, 2014):

« piant and equipment decontamination;

¢ plant and equipment decommissioning;

¢ demoilition (if necessary);

» waste facility closure (e.g. landfill and extractive waste facilities);
s raw materials, products and waste disposal and/or recovery;

« contaminated land treatment, removal and/or disposal; and

* programme (Gantt chart or similar) and timeframes for delivery.

Proposals regarding contaminated land treatment, removal and/or disposal should in-
clude the following details (Environmental Protection Agency of Ireland, 2014):

» baseline/existing conditions;

» proposed rehabilitation methods and their current status, including details of
any agreements reached with the competent authority; and

» monitoring proposals.

For each element the report must contain a detailed rehabilitation work schedule {pro-
gressive and after shutdown of mining activities) including the human and material re-
sources involved (Gouvernement du Québec, 1997).

3.4,6 Closure Plan Costing

The elaboration of a closure plan is typically based on the costing stage of conceptual
design for the remedial option analysis, and detailed design for the preferred option.
Beside the design cost, and according te the International Council on Mining and Met-
als ICMM (2019), several types of cost estimates are used to characterise the financial
aspects of closure, that are illustrated in figure 15.

Costs that the operater Estimated Lability Castto close the Costs that form the

expects toincur inthe based on applicable operation in its current basis of a2 guarantee

context of the current accounting stale providedtoa

mine plan at the end of requirements regiulatory body
the mine life

Figure 15: Closure cost estimate types, Legend: LoA - Life of asset (ICMM, 2019)

Closure cost estimates frequently need to be estimated for the implementation of clo-
sure activities many years or even decades in the future. In this context, it is important
to be realistic about the achievable accuracy of cost estimates (ICMM, 2019).
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3.4.8 Accompanying Documents

In case of water-related structures, it might be required a water management plan in-
cluding water balance and design flood analysis (Garbarino et al. 2018).

- 3.4.9 Closure Plan Validation and Audit

This section should detail the environmental monitoring and validation provisions that
will be in place, the scope and criteria for the validation audit, the qualifications and
independence of the auditor and the nature of the report and closure certification re-
sulting from the audit {(Environmental Protection Agency of Ireland, 2014).

3.4.10 Environmental Impact Assessment

Environmental assessment as such is a process that ensures that environmental ef-
fects of projects are assessed and taken into account before the decisions of their au-
thorisations are taken. Figure 16 gives a general overview on the existing environmen-
tal assessment approaches with respect to mining. Legend: SEA — Strategic Impact
Assessment, EfA — Environmental lmpact Assessment, EMS — Environmental, Man-
agement System, LCA - Life Cycle Assessment.

Deposits are localized Exploratory and pre- Expleratory and pre- The mine is in The mine is exhausted
in the eontext of processing technology processing technology operation with the and will be clased —
regional planning design is made design is implemented designed equipment rehabilitation
W -' ..\‘.,‘ : r /t ] .
. ] ' B ’ i ,
o T 1 af .
’ T |

SEA - plan EIA < project EMS 2 operation LCA 5 optimisation Rehabilitation plan
Aliccation of priority and ~ Exploratory and pre- Permitted project slarts Operational projeci is Varianl assessment for
resesvalion area in the processing design is pul operalion with provisions under optimisation for oplitnal environmental
regional plan under permilting process for environment impact minimisation closure solulion

Figure 16: Overview on the existing environmental assessment approaches with re-
spect to mining

Strategic Impact Assessment (SEA) is a legal instrument for the environmental im-
pact assessment of plans and programs. With SEA, potential environmental impacts of
a planning can be recognized and taken into account before the plan or program is
accepted. Typical applications are regional development plans, land use plans, waste
management plans, energy concepts, etc. In the European Union, SEA is based on the
EC Directive (2001/42/EC) on the assessment of the environmental effects of certain
plans and programs.

In the mining sector, SEA plays a major role in regional planning, as reserve areas and
priority areas for mining are identified as a result of the localization of ores and mineral
resources. In this regard, SEA precedes the Environmental impact Assessment (EIA).
While the EIA is used for the approval of environmentally relevant projects, SEA is al-
ready carried out at the planning stage.

Environmental impact assessment (EIA) is a process governed by law. it serves to
determine, describe and evaluate in advance the impacts of projects on the environ-
ment, including human health. Generally, mining operations are subject to ElA, de-
pending on their type. ElAs according to Directive 2011/92/EU as amended by
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Environmental Management Systems (EMS) are part of the overall overarching
management system, which includes the organizational structure, responsibilities, for-
mal procedures, and means for the implementation of the environmental policy of a
company. ISO 14001:2015 specifies the conditions for an EMS that an organization
can use to enhance its environmental performance (Schneider et al. 2017).

Life Cycle Assessment (LCA) is a systematic analysis of environmental effects of
products throughout the life cycle. The preparation procedure is laid down in ISO
14040:2006. LCA inciudes all environmental effects during the production, the utiliza-
tion phase and the disposal of the product, as well as the associated upstream and
downstream processes (e.g. production of the raw materials and supplies). Environ-
mental impacts are classified in impact categories and include all environmentally rele-
vant withdrawals from the environment (e.g. ores, petroleum) and emissions into the
environment (e.g. waste, CO2 emissions). The overall scope of the assessment is to
identify environmental optimization potential in order to achieve a cradle-to-cradle sys-
tem (Braungart & McDonough, 2002).

Figure 18 illustrates influence and impact by mining phase, and analysis potential im-
pact measures that can be taken to offset impact according to Hofsteenge et. al.
(2017).

Cumufative
Ability to influence L
impact "

influence f
on outcome

Cumulative
environmental
or social impact

Developing a Designing and ruaning efficient, Detailing Managing
master plan snvironmentally friendly operations closure plan lasting Impact
and building up the local aconomy

Set rules and Monitor and manage develfopment of Valldate Monitor
guidelines; environmental or social impact and local closure impact
support plan economy; steer as required sequence and and steer
development follow-up as raquired

Figure 18: Influence and impact by mining phase. Analysis of potential impact
measures that can be taken to offset impact (Hofsteenge et. al, 2017)

The EIA methodology is based on the following criteria:
s Spatial extent of the impact
¢ Temporal extent of the impact
s Severity of the impact
At least the following criteria will have to be taken into account for the assessment:

¢ Existing degradation or disturbance of areas or nature

77

European Commission



UojSsILIWIeD Ueadaing

8/

XUJEW uojen|eas
ue seseusab o} Jojdenal ay) Jo Auasuas ayy pue Pedun [erusiod sy Jo spnyubew
Joj sonjea paubisse ay) Buifdynw Aq pajeinojes st Jpedwn syl o soueoyiubis ayy

adA) 10edwn ayy 0 psebal yum Ayaisuss ubiH
SUOCIJUSALIOD [ SME] [RUOIJELIS}U| 10 [BUCIIEU Japun pajaajold sapads
s)eyqey/says paleubisap Ajjeuoneuisiul 1o AljeucneN yBiH

adA yoedw) ayy 01 pieBal Yum Jojdasdad aaisuss A|gielapopy
saeds paiabuepus Jo aiel AjjeuciBey

siejigey / seys pejsubisap A||juoibay

eaJse papelbop A|eued wnipap

(sicydaoal
asiou 68} adf Joedwi ay) 0} spiebai ypm 10jdassl aAIsuUaS-UON

sjengey/sals psyeubisep Ajjeao] so pejeubisep-uoN
papeibap Apueoyubls uaaq Apesie aaey sealy Mo

uopduasaq Ruapisueg
slojdasel JO sjaAs] AJARISUSS JO Suoliuueq ¥ 9|ge L

"SNJ0j
ooeds-a)is B yym peljdde aq 0} pesu pue UOlBIUSLIO SE Pasn aq pInoys $3|qel Buimol
{0} 8U) ‘Bu0jeIsYy ] JuUBWBlE aANdSIgns B SUIBUOD SABMIE BLAJO U jo uonedydde ay)
1By} pajou aq pinoys }| "sjoedw jo spnyubew pue siojdassi jo AjAnisuss ay) uo paseq
S1 1By} swayas aaneljenb Buimojjo} sy 0} Gulpioooe payues S| sjoedw) Jo AjeAss ay |
s||1ds [ejuspiooe JO SSED Ul UOREUILIEBILOD JOJEM JO [BIUSIOL e
papoaasxa ale spiepuels Ajjenb |efa) jey; os J1e 1o Jojem uo Joedu e

s|sAs| aguesiNU JUBd
-uBIS aABY ABw pue peaojou aq AW (3SNP ‘9SIOU) SSOUBQINISIP YOIYM Ul BalY e

10edwi usalb e 0] siojdaosl Jo AYAJISURS

seloeds pe
-1038j0ud Jo 8ouasaid ‘seale pajoasjoid Ajje1oads 10 SjeNgey SAIISUSS JO AJUNXOld e

Hqws Buuesuibug
pun Bupginsuos - 39 £'8' ANINLI/G89E6L/8102/102° 20
STIOE} ASeM BARIXE J0) saquesend Riousuy
ayt Jo uauwnsnipe aipouad ay) pue UoHEINSIED BY) 10}
saoyjoeud 150 uo gouepnb jo uonelogee U} Lo ApMS




Study on the elaboration of guidance on best practices
for the calculation and the periodic adjustment of the
financial guarantee for extractive waste facilittes

07.201/2018/793585/ETU/ENV.B.3 C&E - Consulting und
Engineering GmbH

Table 5: Definitions of magnitude levels of impacts

Magnitude | Description

Minor Reversible
Duration < 2 years

Will not cause any material change to the value or function of the
receptor

Emissions comply with regulations
Emissions contained within project footprint
Local disturbance

Moderate Potentiaily irreversibie
Duration > 2 and < 10 years

Causes a change in the value or function of receptor but does not
fundamentally affect its overall viability

Emissions comply with regulations
Emissions reach outside Project footprint
Local/Regional disturbance

Major Mainly irreversible
Duration > 10 years

Causes a significant change in the environment affecting the viability,
value and function of the receptors

Unmitigated emissions or other impacts do not comply with regulations
and need to be reduced

Emissions reach outside Project footprint and may extend 1o national or
transboundary influence

The significance of the impact can be summarised in terms of numerical values as
shown in the significance table below, verbally or through a colour key. Higher impact
significance reflects a higher severity of impact and requires customized mitigation
measures, The EIA procedure considers risks during the rehabilitation works, and the
remaining risks after the rehabilitation works.

Table 6: Numerical ranking and verbal category of impact significance

Numerical impacty ranking (impact Verbal category of
maghitude x receptor sensitivity) impact significance
0-1 Negligible
2 Minor
3-4 Moderate
Maijor
Critical
+ Denoctes overall positive
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2.5 Monitoring the ecosystems and vegetation

3. Quality management

4, Data Management

5. Estimation of costs required for fulfilling the long-term tasks.

6. Models of monitoring and impact mitigation plans.

3.5.2 After-closure Measures and Activities

Examples of after-closure measures include (Environmental Protection Agency of Ire-
land, 2014, amended):

» maintenance of surface water drainage systems;

+ maintenance of green and plantations;

¢ operation of contaminated soil and groundwater pump and treat systems;
* monitoring (e.g. water, air, gas, leachate, stability, biodiversity);

+ maintenance of access to monitoring locations;

e servicing and calibration of monitoring equipment (e.g. continuous water quality
monitors);

» Landscape maintenance of grass cover and planting;
» staff resourcing; and

+ site security (e.g. inspections/patrols, fencing)

3.5.3 Restoration and After-closure Costing

Both the rehabilitation and after-closure proposals require detailed costing by operators
(Environmental Protection Agency of Ireland, 2014).

For sites where significant soil and groundwater contamination is present, the following
items should be costed (Environmental Protection Agency of lreland, 2014):

» site investigation works (e.g. drilling and groundwater well installation) in order
to delineate the extent and magnitude of contamination;

« environmental risk assessment in order to determine whether risk is posed to
environmental receptors and to devise an appropriate rehabilitation strategy;

» implementation of a rehabilitation programme such as excavation, treatment,
environmental verification testing and/or design and installation of in-situ treat-
ment systems;

e maintenance and monitoring costs associated with the site rehabilitation, e.g.
costs of maintenance of the treatment plant associated with a pump and treat
system or the costs of groundwater monitoring associated with a monitored
natural attenuation (MNA) programme;

« staff resourcing; and

« site security (e.g. inspections/patrols, fencing).
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Study on the slaboration of guidance on best practices
for the calculation and the periodic adjustment of the
financial guarantee for extractive waste fagilities

07.201/2018/793585/[ETU/ENV B.3 C&E - Consulting und
Engineering GmbH

4. Part C: Overview on Closure Best Practices by Mining Typology

4.1 Best Practices Overview

Best Practice is a technique or methodology that, through experience and research,
has been proven {o reliably lead to a desired result. Best practices are used to maintain
quality as an alternative to mandatory legislated standards and can be based on self-
assessment or benchmarking. The further step of Best Practice is the application of the
Best Available Techniques (BAT), the most effective and advanced stage in the devel-
opment of an activity and its methods of operation. In Europe, the Best Available Tech-
nigues (BAT) reference documents, the so-called BREFs, are the explanation docu-
ments that have been adopted under both the Directive on Integrated Pollution Preven-
tion Control IPPC (2008/1/EC) and the IED Industrial Emissions Directive (IED,
2010/76/EU). BAT refers to operating facilities. Good Operating Practice (GOF) is a
strategic management term. The term best environmental practice (BEP) means the
application of the most appropriate combination of environmental control measures and
strategies. Best available techniques not entailing excessive costs (BATNEEC), some-
times referred to as best available technology was introduced in 1984 into European
law with Directive 84/360/EEC. The BAT concept was first time used in the 1992
OSPAR Convention for the protection of the marine environment of the North-East At-
lantic for all types of industrial installations.

4.2 BREF for Extractive Waste Management

The Best Available Techniques Reference Document for the Management of Waste
from Extractive Industries (MWEI BREF, Garbarino et al. 2018) is a technical document
representing the results of the latest exchange of information, organised by the Com-
mission, on Best Available Techniques (BAT) for the management of exiractive waste
and associated monitoring, based on the developments in the extractive waste man-
agement sector since the elaboration of the initial Best Available Technigues Refer-
ence Document for the Management of Tailings and Waste-Rack in Mining Activities
(MTWR BREF). The MWEI BREF refers exclusively to mine waste management, and
not to the closure of other extractive facilities like shafts and opencast mines.

Processes and activities covered by the MWEI BREF BAT Conclusions:
» the management of extractive waste from onshore extractive activities

« the handling/transport of extractive waste (e.g. loading, unloading and on-site
transport)

« the treatment of extractive waste
« the deposition of extractive waste

» the activities directly associated with the management of extractive waste.
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Study on the elaboration of guidance on best practices
for the calculation and the pericdic adjustment of the
financial guarantee for extractive waste facilities

07.201/2018/793585/ETU/ENV.B.3 C&E - Consuiting und
Engineering GmbH

Element resources (aiming on a certain element): These are aggregates, ores, as well
as precious and semi-precious stones, but might include also industrial minerals.

Energy resources: hydrocarbons, coal and uranium.

Properiy resources (aiming on a certain material characteristics). These include raw
materials for metallurgical and chemical processes, as well as salt and fertilizer raw
materials.

In terms of technological characteristics, the resources are usually divided in a) aggre-
gates, b) Industrial Minerals, c) ores, and d) energy minerals. The specific characteris-
tics of the groups are considered in more detail below, with a raw materiai-specific
group derived from the groups above mentioned.

It should be noted that the site specific conditions as type of raw material {unconsoli-
dated rock, hard rock, hydro-soluble, sulfidic, type of surrounding rock setc.) and the
type of extraction (open-pit as drift mining or slope mining, hard rock, unconsolidated
rock, underground mining, borehole mining, solution mining, etc.) are very diverging.
Each closure plan is site specific and not transferable to another site. The GD provides
a general overview to give guidance on the general steps and conditions to be taken
into consideration for the respective mine closure.

4.3.1 Aggregates

The term “aggregate” refers to coarse particulate material such as crushed stone,
gravel, sand, clay, and marl. Aggregate is used in the construction of buildings, roads,
dams, and other infrastructure as a base material or in composite material such as
concrete. In terms of material rheology, the original material for the production of ag-
gregates are divided into coarse rock materials (soil and sandy or clayey materials) and
solid rock materials (used for crushed rock and dimension stones). Aggregates (also
known as inorganic non-ores), as a component from the group of element raw materi-
als, combine various non-metallic, mineral-abiogenic and mineral-biogenic raw materi-
als. Basically, there are:

Mass commodities: coarse rock (sand, gravel), crushed sand (e.g. basait)

Binder: Cement, carbonate / limestone, gypsum / anhydrite stone, clay / kaolin, quartz
sands

Dimension stones
Industrial minerals for special applications (see point. 4.3.4)

The mining of raw materials takes place predominantly by the opencast method.
Whereby a relatively high output (over 60... 90%) is technologically based on a high
level of extraction, both in terms of mining and processing technology. Overburden or
rock of lower qualities Is usually used for the reclamation of excavated areas. After the
relevant drilling exploration works, the mining exposure of the deposit is generally car-
ried out in a combination of ramps (exploratory works), berms (pre-processing works)
and benches (extraction). Following illustrations show a typical exploratory and pre-
pracessing works as well as extraction activities in an aggregate mine.
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Figure 21: Example of a sand dredging facility

The available BAT document for the aggregates sector is “Best Available Techniques
(BAT) Reference Document for the Production of Cement, Lime and Magnesium Ox-
ide: Industrial Emissions Directive 2010/75/EU.

4.3.2 Ores

Cres are naturally occurring mineral aggregaies of economic interest, from which one
or more components of value can be extracted by processing. Most of these are min-
erals that contain more or less metallic components. From a mining point of view, the
distinction based on criteria is the most effective, i.e. ores are distinguished from metal
cations.

e Black metal ores: Fe, Mn, Cr, Ti, Ni, Co, W, Mo, V
¢ Non-ferrous metal ores: Cu, Pb, Zn, Sn

= Light metal ores: Al, Mg, Li, Be

s Precious metal ores: Au, Ag, Pt

The available BAT document for the ore mining sector is “Best Available Techniques
(BAT) Reference Document for the Non-Ferrous Metal Industry”.

Ore mining takes place in open-cast or underground mining. in-situ leaching (ISL) is a
special feature, which can be applied for ore extraction from the rock in both, under-
ground and above ground. The geological, geotechnical and environmentally relevant
framework conditions are decisive for the choice of the mining method. Large, surface
near mass deposits are usually exploited as open-cast mines, whereby the limit depth
(separation of open-cast mining to underground mining) can be defined as approxi-
rmately 300 m. For the mining extraction, the connection between mining, processing
and smelting must be considered. Figure 22 shows the relations.
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remedial measures. Figure 24 shows a sample of an overall planning model for under-
ground mining.

Figure 24: Sample of an overall planning model for underground mining

In terms of underground leaching mining (opening of chambers with interim storage
and subsequent leaching) particularly, long-term effects on the entire extraction pro-
cess, in part the uncalculated time sequences, must be taken into account.

4.3.3 Energy Minerals
A group of energy resources includes hydrocarbons, coal and uranium.

e Hydrocarbons: petroleum and natural gas (associated with natural asphalt,
earth wax, bitumen and oil shale)

« Coal: lignite, hard coal and anthracite, peat, sapropel coal (caustobiolites)
s Uranium: raw material for nuclear power generation
The available BAT document for the energy resource mining sector are:
» 2008 BAT Guidance Note for the Energy (LCP) Sector
s 2008 BAT Guidance Note for the Oil & Gas Refining Sector
= 1996 Draft BATNEEC Guidance Note - Extraction of Peat - 14/05/96
Hydrocarbon Extraction

The oil and natural gas resources are extracted exclusively (with a few exceptions)
through surface drilling up to a depth of approx. 2,000-3,000 m. Due to inclined drilling
for oil and natural gas exiraction in the so-called offshore areas the inclined drilling can
reach a borehole length of up to 11 km. With regard to the geology of the deposit and
the viscosity of the oil and thus ultimately the effort required for oil extraction, conven-
tional deposits are distinguished from unconventional ones. Figure 25 illustrates the
reservoir formations of oil and gas deposits (left), oil and gas production facilities (right)
according to Devold (2013).
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The extraction of natural gas resources is also differentiated from extraction from con-
ventional deposits (extraction from salt domes, and from non-conventional deposits
{hydraulic fracturing). Figure 26 shows a natural gas fracking example.

4. Flowhack and E. Wastewatar
Produced Water Treatment and
1. Water 2. Chemlcal 3. Well [Wastewalers) Waste Disposal

Acquishion Mixing njection

Figure 26: Example of natural gas extraction by fracking (source: U.S. EPA)

Natural gas (methane) also occurs in coal seams or e.g. within potash seams. The ex-
traction takes place onshore and offshore. Figure 27 shows a scheme of oil and gas
extraction.

Ceonventional Deposits

Gil well
E —_ Non-gonventional Depasits

Naluralgas\ $ .

Reservoir water

Rock oil
Coal Seam

Impermeable
Seal rock

Gas tight

\\\\ Reservoir rock
Proppanm\ guptCas Depost: e Qil shale
e.g. silica sand -

@ Natural gas,
trapped in rock pores

Deposit of
Coal Seam Gas

Shale Gas Deposit

By pressure enlarged
or created rock cracks

Figure 27: Scheme of oil and gas extraction (source: MagentaGreen, CC BY-SA 4.0)

Qil extraction causes significant damages to the environment. Even with conventional
deposits, development and extraction cause adverse interventions in ecosystems, es-
pecially offshore plants. In addition, flaring of associated petroleum gas, which is still
common under certain circumstances, also damages the environment through emis-
sion of carcinogenic particulate, carbon dioxide, sulphur dioxide and nitrogen oxides.
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In lignite mining, a continuous lowering of the groundwater level in the mining area is
necessary. To reach this condition, hundreds of sump welis are often built around the
open-cast mine, where the groundwater is sucked off by pumps. However, this lower-
ing of the groundwater often has an effect far beyond the opencast mine and can affect
other users. For this reason, various measures have to be taken. The pumped well
water is used, for example, to irrigate the surrounding wetlands using infiltration plants.
Waterworks ensure the public water supply.

Uranium Mining

The same principles shall apply to the extraction of uranium ores as for the extraction
of metal ores. Examples are shown in figure 30. The uranium ore ¢an occur in:

o hydrothermal lode deposits
+ sediment deposits as well

» as a by-product in the extraction of other raw materials such as copper, silver,
gold or vanadium

In 2017, 4 % of uranium was mined in this way. Another 46 % of uranium were extract-
ed in underground or opencast mining.

Figure 30: Uranium mining in Romania: open cast (left, figure source: Dima 2016), and
underground (right)

However, half of the uranium is now extracted by so-called in-situ leaching (ISL). The
uranium is extracted from the surrounding rock using leaching acid, and pumping the
leached ore through drill holes. In the underground the interim storage of extracted rock
will be done. As a mining method, there is possible a cut and fitl caving with and with-
out interim storage of the waste rock and a mine filling extraction method. All uranium
mines are under national regulatory supervision, Most of mines apply the international
environmental management standard 1ISO 14001 and are certified accordingly. The
mine operators are obliged to protect people and the environment from harmful influ-
ences and to restore the natural landscape after finalization of mining operations. The
process of certifying the social responsibility of mining companies is in progress.

Uranium ore contains up to 0.1% uranium in the form of oxides. After ore extraction,
the first stage of processing is the production of yellowcake. Uranium oxides can be
released from the extracted ore using acids. Approximately one kilogram of yellow cake
is extracted from two tons of ore mined in uranium mills. It consists of more than 80%
uranium compounds. The residues from the extraction of yellowcake (so-called tailings)
are still radioactive despite the uranium separation and must therefore be disposed of
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on one hand, and on the other hand, a significant advantage that the residue is only
slightly required to be stored for days. At the same time, productivity is also declining
on a larger scale. Salt exploration examples are illustrated in figure 31, potash wastes
in figure 32,

Figure 31: Salt exploration

Conventional processing methods such as hot dissolving, flotation, cold pre-
decomposition and Electrostatic separation (ESTA) are to be used. As non-
conventional treatment processes are fo be mentioned gravity separation by hydrocy-
clones, and nanofiltration. The piling up of the potash and rock salt residues is particu-
larly negative for the environment, especially with regard to the salinization of the
groundwater and the receiving water. Extensive ecological measures are required here
in the long term (see also section 4.6.).

Figure 32: Surface stockpiling of potash residues

The mining of kaolin, bentonite, special clays, quartz, quartz sand and gravel, diatoma-
ceous earth, silica, molding sand, adhesive sand takes place in the mining industry
over days by means of the above-mentioned technologies like in aggregates extraction,
i.e. in the form of open pit mines and quarries, depending on the size of the deposits.
The berms are set up regularly and the alignment is carried out using ramps. The tech-
nology is almost exclusively trackless diesel-powered LHD technology combined with
direct extraction by excavators. Drilling and blasting technologies as extraction method
are only used in exceptional cases. Thus, ecological challenges are:

» Use of space for the mines to be created
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using LHD technology. Partial cutting machines are also used for selective mining, tak-
ing into account the corresponding rock properties.

S o _-._}..u:\
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Figure 34: Kaolin extraction (figure source: German Federal Institute for Geosciences
and Raw Materials)

Both barite and fluorspar are very often associated with other elements, which, howev-
er, usually have a low concentration. In the course of a raw material sirategy, which
requires a complex use of all deposit components, the goal is to use these reserves
economically by selective extraction. The preparation is usually done by flotation. The
aim is to place back the residues to the pit and to install them there as planned. In con-
trast to the extraction of raw materials in open-cast mines, the impact on nature and the
temporary use of space in underground mines is minimal. Nevertheless, the operation
of mines is associated with negative environmental impacts and pollution of the
transport infrastructure.

4.4 General Overview on Closure Activities
Generally, closure activities might comprise:

» Dismantling of processing plant and related structures, steel buildings and
structures, reinforced concrete buildings and structures

» Rehabilitation of access roads, subsided areas, and overburden and spoils

» Demolition and rehabilitation of electrified railway lines, non-electrified rail-
way lines, housing and facilities

e Opencast rehabilitation including final voids and ramps

e Sealing of shafts, adits and inclines, fencing

* Rehabilitation of processing waste deposits and evaporation ponds

e General surface rehabilitation, including grassing of all devastated areas
+ River diversions

s Water management

e Maintenance and after-closure

Table 7 provides a general overview on the closure components applicabie for the
types of mining.
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Tailings and salted water ponds may cause problems because of the salt load of the
surface and underground waters. In certain situations, it requires conditioning.

Tailing dumps can generate on Jong term acid water leakage which may create seri-
ous water pollution problems. Depending on the tailings material, waste heaps can
generate significant amounts of acid infiltrations. A careful planning of the dump cover
needs to be conducted considering the water balance.

Salt and salt bearing rock dumps can generate large amounts of salted infiltrations.

Contaminated buildings (such as treatment plants, ore bunkers) require demolition.
The wastes resulted need to be managed so that the amount of wastes requiring
treatment or special removal methods to be reduced to minirmum.

Mine water treatment and management are critical and complex actions because of
the time period required for water treatment. The relatively large amount of mine waters
treated during long periods of time and the issues associated with discharging the re-
sulted water need to be addressed appropriately. Standards on treating the effluents
can offer an efficient rehabilitation solution in terms of costs.

Sudden breakage of rocks and underground landslide are to be expected. They
will result in erosion holes and land collapse up to the surface. Moreover, the emission
of gas may occur (CH4, COy) and needs to be carefully monitored. These seismic activ-
ities associated with mining operations can be detected in due time by very accurate
geaphysical measurements,
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diversion channels is necessary. The area should be redesigned to blend in with the
landscape as much as possible. Figure 35 shows a flooded aggregate quarry in Swe-
den and a closed aggregate mining site in an infrastructural landscape in Germany.

Figure 35: Flooding of an aggregate quarry in Sweden (left); closed dry aggregate min-
ing site, included in infrastructural landscape in Germany (right)

4.5.3 Earthworks

A quarry should remain in a stable, free drainage condition. Objective is to reconstruct
the landform to be compatible with the surrounding landscape and to prepare the
ground for revegetation. The mine operator must ensure that the site is left in a safe
and stable condition. The usual closure practice is:

e The reduction of all slopes to a gradient of 1:3 (vertical: horizontal) or less, or
application of artificial slope stabilising means like geotextiles, mulch mats or
benching to break up the slope

* Once a stable landform has been created, respreads topsoil uniformly over the
area at a suitable depth to support revegetation

* lLeave topsoil with a rough surface

The main earth works consist of profiling and stabilising works. During the closure
works is necessary to ensure erosion prevention, preferably through establishment of
vegetation on a stable landform. However, as vegetation establishes, it may be neces-
sary to use other erosion prevention techniques. In order o decelerate the runoff,
drainage controls, such as troughs, contour banks and rock filters, must be maintained
above the area to be rehabilitated through the covering growing seedlings with surface
mulch on steep slopes to reduce erosion, weed formation and soil moisture retention,
and to add nutrients to the soil,

4.5.4 Water Management

Aggregate mining typically has less impact on water quality, as this type of mining is
carried out without chemicals, and the target raw materials rarely contain oxidizable
minerals like pyrite or marcasite (Schneider & Wolkersdorfer, 2021), However, the ag-
gregates mining requires sound water management with a focus on water supply for
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« Use the native vegetation originating from the local area, which is selected ac-
cording to the ecological vegetation class of a location.

» Sow seed or plant tubestock. Use of high quality seeds free from harmful
weeds,

Revegetation may take several years to produce a stable, safe and self-sustaining
ecosystem. Any damage to rehabilitation should be quickly rectified. The preferabile
period of species restoration is:

» To carry out the preparatory earthworks is in the drier months.

¢ To plant plants at a time when growth is most likely (usually autumn or spring).
In species susceptible to frost, however, seeds should be sown after the last
frosts.

The recommended practice is to inspect rehabilitated areas regularly to assess the
health of the vegetation and to check for erosion, pest animal browsing damage and
weed infestation. In areas where germination has failed, to carry out enrichment plant-
ing of seediings into unstocked areas or spot sowing by hand sowing of seed into small
culiivated patches. The application of fertiliser might be useful if poor growth and yellow
leaves indicate nutrient deficiencies. The planting of a variety of species in the vegeta-
tion with native vegetation increases the probability of success.

Although quarries change nature and landscape, mining areas can also become eco-
logically valuable secondary sites for many animal and plant species. Sometimes im-
portant sites for species and nature conservation will be developed during the opera-
tion. A mosaic of partial and micro habitats of sun-exposed screes, precipices, niches
and ledges, old lanes and ponds promotes a high biodiversity and offers space for
plants and animals with different survival strategies. Important during the mining opera-
tion are suitable accompanying measures that promote biodiversity. Whether
managing existing operations or planning the rehabilitation of pits and quarries, there is
a wide range of opportunities for the aggregate industry to contribute to the conserva-
tion and enhancement of biodiversity, figure 37.

Erosioncons  Excess prains P

Reafforastation

Bed rock

Waste rock
~ dump

ST Wasta reck dump Extraction wall /-'_

Q : ” f.’{j

- 1\,-7.‘1“‘“- - E‘:-._‘._"-_,;!

s "/,. v

Figure 37: Potential habitats in a) in gravel, sand, clay and clay pits (left), and b) quar-
ries (right) (Trautner & Bruns 1988, modified)
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» Techniques to consider in the determination of Best Available Techniques
(Chapter 4).

» Best available techniques conclusions (Chapter 5}
* Emerging techniques (Chapter 6).

» Remarks and recommendations for future work (Chapter 7).

4.6.2 Particular Challenges at Ore Mining Sites

During the extraction and processing of ores, liquid and solid (such as treatment resi-
dues, wastewater), waste is generated for which disposal facilities must be planned. In
some cases, the mining residues might be toxic if the extraction or material treatment
has been carried out with chemicals (Schneider & Wolkersorfer, 2021), so that TMFs
may contain toxic substances.

For example, in the case of gold mining, cyanide is used as a solvent; in the case of
metal mining, acid or alkaline solutions are used (Schneider & Wolkersorfer, 2021). For
instance, sulphuric acid is used for leaching of copper from oxide ore, and some suj-
phide ores. The highest volume of bulk inorganic reagents used in mineral processing
is lime and sulphuric acid (Pearse, 2005). Lime is used for pH adjustment, coagulation,
heavy metal precipitation, causticisation and depression of pyrite in flotation.

Sulphuric acid is also used for pH adjustment but more importantly for the leaching of
oxide copper, lateritic nickel, zinc calcine, titanium dioxide from ilmenite and uranium
minerals (Pearse, 2005). Further, sodium or calcium cyanide (solvent for gold) and
caustic soda (pH adjustment in several processes and for the leaching of alumina from
bauxite) are used in large quantities. Many other inorganic reagents are used in the
mineral processing industry, even if in smaller amounts than those above. Table 8
gives an overview on inorganic reagents and their primary functions in mineral pro-
cessing (Pearse, 2005). Thase materials may be found in the TMF, depending on the
mineral processing methodology.
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Figure 38: Impressions of TMFs in Romania

In addition, if necessary, water treatment plants might be necessary, which is particu-
larly the case when mine water with elevated concentrations of potentially toxic ele-
ments or acidity is formed during the excavation of the deposit {Schneider & Wolker-
sorfer, 2021). Usually, this occurs when geogenic iron (di)-sulphides (pyrite, marcasite,
pyrrhotite) are oxidized by water and oxygen; in this case, sulphuric acid reacts with the
host rocks, forming Acid Mine Drainage (AMD, figure 37) (Evangelou & Zhang, 1995:
Nieto et al. 2007, Wolkersdorfer, 2008; Blowes et al. 2014).

Figure 39: Impressions of Acid Mine Drainage in Spain

A further particular challenge at ore mining sites occurs when the host rock contains
geogenic radioactive material that remains as waste during processing. It is about radi-
onuclides of the natural decay series of Uranium-238, Uranium-235 and Thorium-232,
which are represent in all rocks and ores as traces. If rocks and ores are used as raw
materials, natural radionuclides are also inadvertently introduced into industrial pro-
cesses. In some indusiries, natural radionuclides can accumulate in parts of the mate-
rial streams. These residues are called “naturally occurring radioactive material”
(NORM]) (International Atomic Energy Agency, 2013). In the long term, this leads to a
radioactive pollution of the environment. When using raw materials (for example ores),
natural radionuclides are generally introduced into technological processes causing
increased radiation exposure and radioactive residues (Technologically Enhanced Nat-
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conceptual zonation. In the foreground are visible hydrological test sites for the final
surface cover (Hoepfner & Schneider, 2006).

Oxidation Zone

g,

...... "teares i,

Unsawratad Anoxic Zone

Saturated Anoxic Zone Water Table

Figure 40: Conceptual zonation of a filled open pit (Chapman et al. 1998) (left); open pit
Lichtenberg, Germany (2004), filied with reactive zones (right)

Fiooding with water, resulting In a pit lake

The flooding process happens because the drainage wells or dewatering pumps stop
to work and the open mining spaces are filled with ground and surface water. Flooding
the open cast mine with water means also to allow for precipitation to enter the open
case mine, and/or to provide supplementary water from other sources. Usually, in case
of solid rock pen cast mines, as sources might be used water diversion channels from
natural creeks, in case access water might be diverted, In case of flooding with surface
water, protection of the natural water courses according to EC Water Framework Di-
rective must be ensured. Figure 41 shows a sample of a flooded copper mine in Bul-
garia.

Figure 41: Sample of a flooded copper mine in Bulgaria (left); water diversion channel
upstream the mine (right)

A flooding strategy strongly depends on the after-closure usage scenario and the avail-
able water sources.
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The provision of filling material is done through an open mine working like a shaft or an
adit. Depending on placement and consistency of the fill material, the following types
can be distinguished (Konietzky, 2018):

» Pneumatic filling: dry material is placed via pneumatic conveying through pipes
 Hydraulic filling: liquid material is placed via pipes, belts or trucks

 Paste filling: pasty material with high solid content (> 65%) transported through
pipes by hydraulic pressure

» Mechanical filling: dry granular material is placed via beits, chutes, pipes or
trucks in the excavations (just gravity driven)

= Big bags: filled with dry or only slightly wetted material are placed in the excava-
tions.

There are further differences between cemented and uncemented material (Konietzky,
2018). The first one can be transported and placed by gravity or pumping, the second
one by pneumatic or slinger stowing.

Floocding with water

Flooding in underground mines is usually controlled. These types of mines are not di-
rectly influenced by surface waters, so it is mainly underground water that plays a role
in the flooding. One of the main reasons to let an underground mine be flooded is to
avoid disulphide oxidation and thus, avoid acid mine drainage. In case flooding with
water takes place, stable bedrock is a precondition. Flooding means to cut off the op-
eration of the pumps that keep water out of the mine and to allow groundwater to rise.
Shafts and other mine workings act as preferential flow paths in this case, and the
permeability is much higher than before the mining activities. Flooding of mines re-
quires a comprehensive mine water management. The controlied flooding of under-
ground mines usually follows these guidelines:

¢ Removal of potential water hazards
« Fill the surfaces that might collapse during or after the flooding process
» Install water diversion systems

+ Install, at both the surface and underground, a system to monitor hydrogeologi-
cal and geotechnical aspects

« Make a projection of hydrological and hydrogeochemical development of mine
waters

Figure 43 shows a mine flooding scheme, illustrated at the Schiema-Alberoda site,
Germany (Schneider et al. 2005).
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Figure 44: Sample of shafts (left); adits (centre) and sinkholes (right) before rehabilita-
tion
Before planning and executing shaft safekeeping, preliminary examinations must be
carried out to determine the type of safekeeping:

¢ Analysis of the mine survey documents and the technical information
¢ Analysis of mining damage

¢ Geological and geotechnical surveys

e Hydrological studies

Shafts contain two parts that must be closed: the shaft hole (driliing hole) and the mine
opening (shaft mouth). Generally, shafts have to be stabilised by total or partial filfing
(waste rock, crushed rock or cohesive material). Shafts, that are located in predomi-
nantly or completely in the coarse bed rock or in the non-stable solid rock must be filled
to their full depth. Shafts in the stable, solid bed rock must be rehabilitated by partial or
full filling according to the specific conditions,

Shaft hole
Depending on the site setting, the following materials are generally permitted for the

filling of shafts:
» Broken bedrock: crushed stone, grit
¢ Non-cinder coarse rock: gravel, sands
¢ Industrial mineral waste products: waste rock material, slags, ashes

¢ Cohesive filling material: erosion and position-stable hydraulically setting ce-
ment-bound materials (concrete, hardening mix using cement and officially ap-
proved brown coal filter or power plant ash as a binder)

All internals that prevent the intended filling sections from being completely filied and
which can break when the filling material is introduced must be taken out beforehand,
provided that they have no expansion function, The permissible fall heights for cohe-
sive contents are to be determined depending on the material properties (consistency,
grain size of the additives). Figure 45 shows general option for shait hole closure.
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Filling columns must always be permanently secured against leakage into unfilied shaft
areas, filling point or other shaft exits. The Best Practice of securing coarse rock filling
columns is:

1. Sealing

Use as partial filling, applicable in stable bedrock, not applicable in active subsidence
areas, as well as in areas affected by mining and with water inflows >1 m3min.

Types: Sealing in the shaft pipe (e.g. concrete single shear plug, concrete double
shear plug), sealing in one filling focation (e.g. solid filing location double seal, massive
filiing location single seal, solid plate with conical abutments in connection with filling
location embankments made of gravel or with other shut-off devices)

2. Shut-off devices in filling locations
Fully offset zones, explosive fracture zones, dams made of masonry or concrete
3. Filling focations

Shut-off devices in filling locations to secure the filling column can be omitted if it is
possible to pour filling location embankments out of gravel. Ballast must be made of
weatherproof and water-resistant material. As a guideline, a grain size of 80 mm should
be aimed for (e.g. crushed stone 56/80).

The prerequisite for this method is that the shaft be blocked off at the level of the shaft
outlet in question by means of a solid plate or that the part of the shaft pipe underneath
is filled and that the height of the ballast column height can be reliably verified during
and at the time the ballast insertion is completed

Shaft entrance

According to the current state of the art, following methodologies are used for closure
of abandoned shaft mouths

* walling of the immediate mouth area
o filling if an approx. 10 m long section in the mouth area
¢ closing the mouth hole by biasting

If sinkholes occur in the surrounding of the adit, the relevant areas must be secured as
soon as possible without any voids. A common method is the introduction of concrete
offset through holes.

The following rehabilitation measures can be applied:

+ Excavation of a building pit, stabilisation of the shaft by infilling rock material
and sealing with a reinforced concrete plate,

» Construction of a concrete shear plug inside the shaft, secured against slipping,
within reach of the shaft surface, followed by filling of the upper part of the shaft
with crushed rock up to the surface.

The option of fencing-in an object and instailing hazard warning signs should be con-
sidered a temporary measure. This is a rapid but unsustainable hazard prevention with
minimum budget. The method of shaft sealing with a reinforced concrete plate is illus-
trated in Figure 46,
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Excavation of soil in front of the adit if necessary,

Filling crushed rock and soil in front of the adit.

Install a brick wall of 0.5 m thickness and install a drainage pipe if necessary,

stable bedrock
Closure through brick wall S

Siope profilaion
v/ith waste rock

Llosure through
concrete filling

Slopeprchizion
with wasterock

uristable bedrock

% 1w

Cosure with waste rock

Blastmgor pouring

stable bedrack

Figure 47: Adit sealing with a) brick wall and filling with crushed or waste rock {left), b)
with fiuid concrete (centre), and c) blasting or pouring with waste rock or crushed roc.

In case of water flow, the solutions displayed in figure 47 need to be equipped with a
drainage pipe to ensure dewatering from the mine workings (figure 48).

Closure through brick wall

stable bedrock

g

Closure through concrete filling

unstabie bedrock

——"_ 4 &
drainage  StPhon 4g:§'§§g _@J o ,:"_“'}" LEERET/7/77/7
=S i mrer

Figure 48: Adit or shaft mouth closure with brick wall and drainage pipe with siphon
(left); adit or shaft mouth closure with fluid concrete and drainage pipe with siphon

(right)

Sinkholes are caused by collapsing underground mine workings. Sinkholes should be
filled and stabilised in order to prevent people from falling in. Long-term stable solu-
tions should be applied to prevent underground workings from continued caving in.
Information about the underground mine workings are helpful to ensure proper closure.
The following options are applicable for securing sinkholes:

Fill with waste rock

» Construction of a concrete plug at the surface of a sinkhole

The concrete plug close to the surface is best practice of sinkhole rehabilitation in hard
rock. Loose material is excavated down to the level of hard rock. Then abutments are
inserted into hard rock to establish holding forces for the concrete plug. The void above
the concrete is filled with natural soil. A sketch of this option is presented in Figure 49.
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4.6.7 Compaction, Consolidation and Deposition of Extractive Waste

In order to help ensure the physical stability of extractive waste, BAT is to use one or a
combination of technigues, appropriately selected from the following list (MWE! BREF):

s Thickened/ paste extractive waste subaerial deposition - Relevant for extractive
waste from mineral processing

e Wet or dry filter cake deposition (or dry stacking) - Relevant for extractive waste
from mineral processing; particularly relevant far extractive waste from alumina
refining (red muds)

* Placing extractive waste back into excavation voids - Relevant for non-
hazardous extractive waste

» Mud farming - Relevant for extractive waste from alumina refining (red muds)

¢ Co-disposal of fine and coarse fractions of extractive waste - Relevant for ex-
tractive waste from excavation Relevant for extractive waste from mineral pro-
cessing.

4.6.8 Prevention or Minimisation of Pollutant Leaching

In order to help ensure the chemical stability of extractive waste, BAT isto use one or a
combination of techniques, appropriately selected from the following list (MWEI BREF):

+ Reduction of extractive waste aikalinity - Relevant for extractive waste with high
alkalinity; particularly relevant for extractive waste from alumina refining (red
muds)

« Compaction, consolidation and deposition of extractive waste - Relevant for
non-inert extractive waste

+ Progressive rehabilitation - Relevant for non-inert extractive waste

+» Temporary covers - Relevant for non-inert extractive waste

4.6.9 Prevention or Minimisation of Acid Rock Drainage (ARD)

In order to heip ensure the chemical stability of extractive waste, BAT is to use one or a
combination of techniques, appropriately selected from the following list (MWE! BREF):

« ARD management sysiem - Relevant for Potentially Acid Generating (PAG) ex-
tractive waste

¢ Segregation of PAG and Non Acid Generating NAG extractive waste by sorting
and selective handling/ deposition - Relevant for PAG extractive waste

o Desulphurisation - Refevant for PAG extractive waste

¢ Blending with buffering materials - Relevant for PAG extractive waste
Furthermore (Relevant for PAG extractive waste):

s |mpermeable natural scil basal structure

» Impermeable artificial basal structure

* Progressive rehabilitation
119
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¢ landscaping and geomorphic reclamation
Covering

» Progressive rehabilitation - Relevant for ponds, dams and heaps and for exca-
vation voids where extractive waste is placed back

s Temporary covers - Relevant far ponds, dams and heaps, for excavation voids
where extractive waste is placed back and for temporary storage

» Vegetative covers - Relevant for ponds, dams and heaps and for excavation
voids where extractive waste is placed back

o Permanent dry covers

o Permeable dry covers - Relevant for ponds, dams and heaps and for ex-
cavation voids where extractive waste is placed back, Relevant for cov-
eting non-hazardous extractive waste

o Impermeable and low-flux dry covers - Relevant for ponds, dams and
heaps and for excavation voids where extractive waste is placed back,
Relevant for covering non-inert extractive waste

o Reactive covers - Relevant for ponds, dams and heaps

o Oxygen-consuming dry covers - Relevant for ponds, dams and heaps
and for excavation voids where extractive waste is placed back, Rele-
vant for covering PAG extractive waste

Permanent wet covers

o Free water covers - Relevant for ponds and dams and for excavation
voids where extractive waste is placed back, Relevant for covering PAG
exfractive waste

o Wet covers - Relevant for ponds and dams and for excavation voids
where extractive waste is placed back, Relevant for covering low-PAG
extractive waste or low paste PAG extractive waste

4.6.13 Closure of Tailings Management Facilities
General considerations

TMF rehabilitation is a challenge during the whole mine closure process, as the fine
sediments are not always settled after the mine due to strong pore water pressure. In
most cases, tailings consist of fine-grained material (a few micrometres to sand grain
size) that has been disposed of in slurry form above ground. For tailings dams, the
standard engineering aspects (dam stability, water diversion) as well as chemical as-
pects have to be considered. Figure 49 shows a typical TMF to be closed.

The planning of tailings dams is carried out accarding to the recommendations of the
International Commission on Large Dams (ICOLD) that issues the bulletin on dam
safety management. ICOLD is an international non-governmental organization aiming
to the sharing of professional information and knowledge of the design, construction,
maintenance, and effects of large dams (any dam above 15 m in height), and leads in
setting standards and guidelines to ensure that dams are built and operated, having
presently 30 Technical Commiftees. ICOLD Technical Committees are issuing bulle-
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To ensure long term safety of tailings ponds, a methodology using verticals drains has
been developed. It is usually necessary to be applied before the establishment of dry
covers in case the settling process of the tailings is not finalised. In most instances, the
first step in the reclamation of TMFs is to drain the pore water from the tailings and to
cover the waste and tailings storage facilities. Polluted pore water is treated in a waste
water treatment plant, Figure 51 provides an overview on an active tailings pond, and a
tailings pond under forced consolidation through subaquatic fill of extractive waste
through hopper barge. Figure 52 illustrates the application of vertical drains through
drilling and the TMF stabilisation through geogrid, underlain by geofabric and drain
mats,

Figure 51: Overview on active tailings pond (left); tailings pond under forced consolida-
tion through subaquatic fill of extractive waste through hopper barge (right)

Figure 52: Application of vertical drains through drilling (left); TMF stabilisation: ge-
ogrid, underlain by geofabric and drain mats (right)

TMF Covering

After geotechnical stabilisation of the tailings material, the tailings pond can be cov-
ered, In terms of in-situ rehabilitation, and according to MWE! BREF, permanent wet or
dry covers can be applied. A dry cover is a cap-and-cover solufion to cover exiractive
waste with a single soil layer or a layered structure of numerous soils, natural and/or
artificial materials (such as geosynthetics). A wet layer is a permanent water cap. The
applicable covers according to MWEI BREF are given below:
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o Local geomechanical strengthening of the waste rock heap
o Local measures against water erosion

o Reshaping/flattening parts of the waste rock heap

o Covering the waste rock heap

Relocation of waste rock to a more appropriate area and potentially covering of
the new disposal site

Covering: typically, permeable dry covers, Impermeable and low-flux dry co-
vers, or Oxygen-consuming dry covers (MWEI BREF) are designed, depending
on the extractive waste type and its hazard potential. Often mineral sealing lay-
ers are applied, sometimes in combination with geomembranes,

Figure 53 lNustrates a mineral sealing layer on waste rock heaps, and the concept of a
reactive horizontal barriers (Schneider et al. 2002). Reactive barriers might be also
used for the closure of PAG waste heaps.

preclpitation

730 mm/y minera) soil covering system

reaclive surface barrier l %# Y
i ——— L

v 6300 - 25,200 ar'ly

=i/

contuminant
aguifer

pereolation water @
minimization of the relewse of contemingnts
U.Ra, Zn, Ni

dump mmerla]\

pore waler 3 0,53 Miom*

Figure 53: Mineral sealing layer on waste rock heaps (figure source: Wismut GmbH,

left) and a reactive horizontal bamiers (right, Schneider et al. 2002)

Further new developments in terms of base and surface sealing elements include
Tektoseal, a reactive lining system that is amended with active geo-composites like
sodium bentonite granules or active coal.

4.6.15 Groundwater and Soil Pollution Remediation

In order to minimise groundwater status deterioration and soil pollution, BAT is to use
one or a combination of techniques, appropriately selected from the following list
(MWEI BREF, amended by the authors):

Permeable Reactive Barriers (PRBs) - Relevant for PAG extractive waste or for
exiractive waste with metal leaching potential

Funnel and Gate - Relevant for PAG extractive waste or for extractive waste
with metal leaching potential

Phyto-Technologies - Relevant for PAG extractive waste or for exiractive waste
with metal leaching potential
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o Nanofiltration - Relevant for EWIW containing TDS

o Reverse Osmosis - Relevant for EWIW containing TDS

o Membrane Biorector (MBR) - Relevant for EWIW containing TDS
» Neutralisation of EWIW prior to discharge - Active treatment

o Active neutralisation - Relevant for acidic or alkaline EWIW
s Neutralisation of EWIW prior to discharge - Passive treatment

o Oxic Limestone Drains (OL.Ds)/Open Limestone Channeis (OLCs) -
Relevant for acidic EWIW

o Anoxic Limestone Drains (ALDs) - Relevant for acidic EWIW

o Successive Alkalinity-Producing Systems (SAPS) - Relevant for acid-
ic EWIW

o Anaerobic wetlands - Relevant for acidic or alkaline EWIW

4.6.17 Prevention or Minimisation of Dusting of Extractive Waste

In order to prevent or minimise air pollution, BAT is to use one or a combination of
techniques, appropriately selected from the following list (MWEI BREF):

» Water or water-based solutions spraying - Relevant for exposed surfaces of ex-
tractive waste

» Wind protection systems - Relevant for exposed surfaces of extractive waste

¢ Landscaping and geomorphic reciamation - Relevant for exposed surfaces, rei-
evant for NAG extractive waste

* Progressive rehabilitation - Relevant for exposed surfaces
« ‘Temporary covers - Relevant for exposed surfaces
* Vegetative covers - Relevant for exposed surfaces

» Permanent wet covers - Relevant for exposed surfaces

4.6.18 Decommissioning of Buildings and Processing Plant Areas
Remedial options for the buildings and areas comprise the following options:

» Fencing the buildings or processing areas in and install warning signs

e In-situ rehabilitation with demolition of the buildings and local disposal of the
debris

» Offsite rehabilitation with demolition of the buildings and transport of debris to a
proper disposal site.

The second and third options comprise only demolition of buildings, surface structures,
pipes and cables that are dangerous to human healith and safety, All buildings and sur-
face facilities and structures are to be demolished and crushed to pieces of a size of no
mare than 30 cm. Demolishing is usually done using excavators with a grab and picker
arm or similar grabbing/picking devices.
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large amounts of acid mine water can into nearby rivers or pollute the groundwater.
Both, the extracted pore water and the supernatant water do usually need treatment.

Approaches used entail mechanical, chemical, or biological methods or a combination
of these (Johnson & Hallberg, 2005; Trembley & Hogan, 2000). Due to the site size
and the lengthy time required for the mine water treatment, the extractive industry often
employs passive water treatment methods which are based on a combination of aera-
tion and biological treatment (e.g. with microorganisms (Neculita et al. 2007: Gazea et
al. 1996; Baker & Banfield, 2003, Kleinmann et al. 1981; Trembley & Hogan, 2000;
Martinez et al. 2019). These mine water treatment methods are designed to occur in
open basins (e.g., constructed wetlands) and are located at the bottom of the mine
water outlet (Younger & Wolkersdorfer, 2004; Wolkersdorfer, 2008). Further chemical
treatment options for metais include the use of reactive materials (Schneider et al.
2001).

4.6.20 Ensuring Long Term Geotechnical Stability

The priority of ali closure methods is to ensure geotechnical stability, in particular the
closure of the tailings ponds, shafts and open-cast mines. Most of these closure meth-
ods are combined with other geotechnical stabilization methods as well as geotech-
nical monitoring to ensure long term safety of the site.

4.6.21 Ensuring Long Term Environmental Safety

AMD represents a major challenge in mining practice, because 1) it is heavily polluted
and 2) there are mining sites where it is produced in large quantities (Schneider &
Wolkersorfer, 2021). A classic method for treating AMD is liming (i.e., neutralization by
means of calcium carbonate, calcium oxide, calcium hydroxide or sodium hydroxide).
This method of treatment results in potentially dangerous residues that must be dis-
posed of appropriateiy.

4.7 Closure of Energy Minerals Mining Sites

4.7.1 Overview

Energy minerals mining comprises lighite, hard coal, hydrocarbons and uranium. Ura-
nium ore mining and closure is not separately discussed in this section as uranium in
terms of material is a metals, and thus operated and closed like metal mines. The clo-
sure technology for uranium mines can be seen from section 4.3. The focus in the pre-
sent section is on lignite and hard coal mining as well as hydrocarbon extraction, re-
spectively their closure. The majority of solid energy minerals is mined in open cast
mines: lignite and hard coal. The open cast mine is a substantial impact on nature: a
huge hole is created, which continues to move as it is mined (figure 55). The resulting
pit is usually only as large as the so-called deficit, the amount of brown coal that was
excavated. The remaining holes are prepared accordingly for flooding: Since a steep
front would always break open, the embankments are to be flattened.
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water and gas migration path. But not only uranium mining can cause radiation haz-
ards. Also hydrocarbon mining, particularly oil exploration and production, often pro-
duces radioactive residues. These materials are considered as NORM waste and must
be treated accordingly (Doyi et al. 2016).

4,7.3 Closure of Open Cast Mines

Usually, the use of the area for mining has had a substantial effect on the regional wa-
ter balance system, as water regulating vegetation may have been removed and natu-
ral watersheds drained. The stage of mine closure and rehabilitation provides an op-
portunity to restore ecosystems and aquifers (Heikkinen et al. 2008; McHaina, 2001;
McKenna, 2002; Slingerland & Wilson, 2015; Sheoran et al. 2010), though rehabilita-
tion of most mining sites requires decades of restoration work (Slingerland & Wilson,
2015; Sheoran et al. 2010). For that reason, large scale soil stabilisation activities are
necessary before closure can take place. Open pits, particularly those resulting from
lignite mining, due to their size and the missing material volume, often will be flooded
(Best practice). In the frame of mining site rehabilitation, flooding refers to the cut-off of
the drainage systems in order to allow the natural surface and ground water to enter
the mine (Melchers et al. 2019). Closure of apen cast lignite mines means in particular
to solve the following tasks:

+ Stable design of the remaining embankments and pravision for the necessary
load-bearing capacity of the tipping surfaces,

» development of water management conditions, that is design and construction
of water transporting systems like water diversion channels, siphon pipes,
groundwater pumping systems etc.

« Optimization of the water-land distribution in the area to be redeveloped, includ-
ing upgrading of already recultivated areas,

» Creation of conditions for the assigned after use including integration of the
post-mining landscape into the surrounding landscape as well as conservation
of habitats for endangered animal and plant species,

+ Treatment/ disposal of potentially contaminated areas.

Figure 56 shows the main reclamation steps of open cast energy minerals mining sites
according to Tudeshki & Pielow (2018). The details of the main steps are explained in
the following figures.
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Lignite mining leaves behind ecotopes that can be described as extreme locations for
physical soil, chemical and biotic reasons. With the design of the post-mining land-
scape, the prerequisites for diverse and ecologically stable areas of life must be creat-
ed. The newly created landscape elements (e.g. lakes, ponds, shallow water areas,
ditches, vestibules, meadows, fields, forests and forest fringes) significantly improve
the level of equipment in the redevelopment area. Reclamation takes place on the for-
mer tipping areas, the deposited and compacted waste rock.

Landscaping

Afteruse: agriculture

Afteruse: silviculture

Recultivation

Other future uses, for instance ecosystem restoration

Figure 59: Activities in terms of embankment and soil stabilisation in open cast lignite
mine closure (Tudeshki & Pielow, 2018; amended by the authors)

Mine flooding is a rehabilitation activity that can take several years or even decades.
Large volumes of water are necessary that would then be unavailable for other purpos-
es during the flooding period (Figure 60). Flocding measures are closely connected to
other geotechnical measures that are necessary (e.g. the stabilisation of the embank-
ments of the future lakes). In addition, a chemical stabilisation might be required in
case AMD is generated during the flooding process (Johnson & Hallberg, 2005).

=
- B o
5 g- 2 g Civil engineering facilities, for instance piping, intake structures l
EETEE
L)
g E. g 5 Water management of flooding, including water treatment —l
o
£ = 0
E e L Water management of long term aftercare l
E

Figure 60: Activities in terms of water management measures including open pit land-
scape restoration (Tudeshki & Pielow, 2018; amended by the authors)

The process of demolishing of mihing facilities, processing plants and other operational
buildings includes facilities and equipment in the open cast mine as well as facilities
and infrastructure outside the open pit.

Groundwater dewatering, damages on buildings and infrastructure |

Groundwater dewatering, damages on agro and forast areas |

Groundwater rebound, leveling measures I

Repair of mining
damage

Figure 61: Activities in terms of repair of mining damage (Tudeshki & Pielow, 2018)
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Figure 62: Water management practices: flooding of a former open cast lignite mine
(above left), construction of water diversion channels (above right), construction of wa-
ter level regulation facilities (down left), mine water management, water is kept through

a retaining wall (down right)

On the one hand, this so-called leakage effect in the upper groundwater aquifer reduc-
es the groundwater supply, on the other hand, near-surface groundwater contaminated
with other pollutants (for instance from agriculture) can now penetrate into the next
lower aquifers, With the high pressure differences (greater than 20 meters) between
the aquifers, there are also serious water losses due to infiltration into deeper ground-
water levels. Leakage can be avoided through sealing with a groundwater retention
wall (figure 83). Further, the lowering of the groundwater level in the built-up areas will
be necessary if the buildings shall not be removed from the revitalisation area. This can
only be achieved by continuing the groundwater management on the long term.
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plant ash containing concentrated heavy metals. There is therefore a risk that these
pollutants will be released as the groundwater slowly rises again. Therefore, water
treatment might be necessary. Water treatment methods may comprise flooding water
management, mine water treatment by active or passive treatment methods, inlake
treatment (liming of the flooding lake), groundwater treatment by active or passive
treatment methods and/or & conditioning of the waste rock tipping. Respective method-
ologies are provided in the MWEI BREF, and comprise pump and treat (if necessary
biologically supported), that means active groundwater treatment, or reactive walls /
funnel and gate, that means passive treatment. Active and passive treatment method-
ologies might be also applied for polluted surface water. The respective treatment
methods are conventional waste water treatment, preferably through active carbon, or
passive treatment through biologically activated wetlands or Reducing and Alkalinity
Producing Systems (RAPS/SAPS), that might be designed as open limestone cas-
cades (Trembley & Hogan, 2000).

4.7.6 Ensuring Long Term Geotechnical Stability

With coal extraction, a large amount of waste is extracted and tipped, starting from the
heap and later into the carburized hollow form of the open-cast mine. The extraction
and transport technology of the clearing masses has a decisive influence on their soil
physical properties. Depending on the technologies used, overburden conveyor tipping,
skip tipping and in some cases directly tilted masses are created (GeR, 2009). With the
individual technologies, differently mixed soils are created, which differ according to
their geological origin in the cinderial ratio.

The main difference between the tipping floors and the grown mountains is their loose
storage and the associated high deformation potential. The deformation is determined
by grain compasition and water content of the soil {(Ge3, 2009). Different deformation
potentials occur in the individual tipping areas, which are subdivided into self-settling
(by compressibility of the loosely poured debris), sagging (occur due o the rise or fluc-
tuations in groundwater in the waste rock heap or through seepage and infiltration of
precipitation), and loading (caused by the weight of a building). The deformation behav-
iour of the tipper dumps is influenced by the position to the edges of the tipper. A dis-
tinction is made between open pit embankment areas with the technologically deter-
mined edge hoses, inner tipping areas, tipping edge areas and tipping embankments,
The embankment and edge areas are particularly critical here, since considerable set-
tlement differences can occur at short distances (GeR, 2009).

A wide variety of methods can be used to contral the effects of the high settlement and
movement potential on fignite dumps, which differ in their mode of action. These in-
clude methods for increasing the rigidity of the floors, reducing subsidence through
stress redistribution or technical solutions on the planned building and foundation
(Gef3, 2009). The following methods can be used to increase stability: preloading, verti-
cal drainage under preload in water saturated areas, material exchange, embankment
stabilisation through compaction (vibro compaction, dynamic intensive compaction,
explosive compaction, falling weight compaction), and solidification injections.
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ter related structures, figure 67 for earth structures. Feasible types of live stakes are for
instance Black Willow (Salix nigra), Silky Dogwood (Cornus amomum), Interior Willow
(Salix longifolia), Pussy Willow (Salix discolor), Streamco Willow (Salix coltetti), Arrow-
wood (Viburnum dentatum), Buttonbush (Gephalanthus occidentalis).

Figure 66: Ensuring geotechnical stability in lignite mine closure: bioengineering stabili-
sation and erosion protection for water related structures, here: spreaders with live fas-
cines for embankment protection (left); use of water engineering rocks from natural
material combined with live stakes for stabilisation and greening (right)
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Figure 67 Ensuring geotechnical stability in lignite mine closure: bioengineering stabili-
sation and erosion protection for earth structures, here: Living branches of Salix are
arranged as fascines for slope stabilisation with drainage function.

If the areas for forestry were left to their own devices, a distinction must be made as to
whether there are tertiary acid soils or pieistocene soils. A colonization of tertiary soils
by plants can take many decades due to the sometimes extremely low pH values. If
forest areas are to be established, these soils must be thoroughly limed beforehand, in
particular to ensure the ecological stability of the stands. Mining areas to be closed can
also be left to natural succession. Figures 68 and 69 illustrate bioengineering
measures for ensuring geotechnical stability in fignite mine closure, particularly for sta-
bilisation and erosion protection of embankments. Bioengineering methods are very
effective in open cast lignite mining closure as the areas are that huge and convention-
al technological methodologies are very costly. Planting of trees will further contribute
to the long term stability. Suitable plants that are naturally occurring in the rehabilitation
region support the reclamation process. To select feasible plants information on the
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sequent AMD treatment is needed that might comprise inlake liming, geochemical bar-
riers or water extraction. Up to now doesn't exist a feasible solution for a circular use of
AMD.

Table 9: Typing of acidic open-cast ponds according to the origin of the acidification
(Nixdorf et al., 2000)

Type of open cast mine acidification Origin of acidi- | Dominating pro-
fication Ccess

dumped overburden autochthone Exfiltration of pore
e water from the de-
posited overburden

open cast
mine

open cast autochthone Leaching of the
slopes of the de-
posited overburden

e inner tip

chimapioa S PR e ST allochthone - | Overflow of pore
bouring open castmine  rock pillar water from the de-
. posited overburden
from neighbouring
open cast mines

open cast

RIARAX
& 4 mine

neighbouring ~ remaining host allochthone Overflow of water
open castmine ock pillar from the neighbour-
open cast ing open cast mines

mine

4,7.8 Closure of Hydrocarbon Boreholes

Oil and gas are explored and extracted through boreholes / drilling {figure 70). Up to a
vertical depth of 5,000 m, a usable diameter of 450 mm can be achieved in a cased
borehole using standard drilling methods. If the resource is located at a smaller depth,
a larger diameter can be achieved with the technology used today, e.g. at 2,000 m
depth, this is approx. 650 mm. In the past, larger diameters have been realized in sci-
entific and military drilling projects. A standard bore with a diameter of 375 mm and a
depth of 5,000 m arrives to a cost of approx. € 30 million (pure drilling costs as of the
end of 2015). The costs increase disproportionately with the diameter, The equipment
for the operation of an oil or gas drilling is shown in figure 70. There are different types
of host rocks for hydrocarbon depasits. Often they occur in salt host hock.

141

European Commission




uolissiwien ueadoing

vl

|iem sjoysaloqg Jo adid sy} 0} ||am aiaype
SPIIOS Y} 12Ul 2INsuUs O} udME] ag 1snw sainsesw sjeudoiddy “sjess |ealueys
-9W )M UOHROBUUCD Ul AIBSSSI3U jI ‘SPIIOS 9|gENNS JSYI0 IC JUSWSD 9|qBuNns
yum pajjy ag 1snw suoposs Suly [eeds ayj ‘paJinbald 2q os|e Aewl SUORoSS
Buy 1epads ‘Builaauos Jo Buliup Buunp ussue aAeY SaNINSIYIP 1AM SESIB U]

“sou) Buljy jeiveds Aq pajess aq 0) 8ie 32BUNS YUBS BY]
MO9q eale SU) SB |[oM SB sjoyaloq pasesun A)eied ssypng “anol adid jsedasp
ay} jo aoys adid oy} se ||am se saoeds Jejnuue pue sadid ‘sadid Jo seoepaUl
‘sieul| ‘(ysodep se auwijapinb sIY) ut 0] peilejel AJBAl108|j0D} SMOpUI Yiim SUOZNDY
pazunssald Jo sSe ||om se suozuoy Jeyem pue abeio)s sjqesn jo ‘susodap jjes
pue seb [einjeu JIo gigesn Jo seale sy "Aje19dwicd pajjil 29 1SNwWi djoysloq ayl e

‘papioAe
ase usjempunoiB syp ul sabueys esisape pue psasiyoe si |eas Jyby-seb pue
-pinby| e ‘aousuadxs |je uo paseq ‘1ey} Aem B yons ul Jne pauied ag isnw Buy e

‘paaieduul jou si abeios desp J0J 40 Ja1EM PUE S32INOSAI {BISUIL JC UOY)
—GEaae Suyp 40§ FISLNSYNS Syl 1O G511 USNUSSYNS PUE POPIONE Ut UES Sy} §T
22BN 3L Uo saue|Bung eyl Aem B Yons Ul PajjI} 99 [|EYS S9|0Y2100 UOHOBIXT e

‘pawns
-se aq ued sa|dipupnd Bumoljo) ayy ‘aidiound uj "Bulljy SI SNbUYo8) NSO uleWw 8y |

sajoyaioq seb pue jio jo a.insoln

‘(A2 a1Bisusoasy pun 19pi3 ‘sebpig
pueqieAsspung - H3AG 8102 @ YlUyospyog :e@oinos aunby ybu) Buiup jusbijeu
Guisn uone.ojdxe selb pue Jo 10 sjdipuld "(1ehe] 3001 Bunesaq-1o "G} saajea dwnd "¢y
duwnd desep "¢ Buithd ejoysicq Jsuul "z | pos dwnd 4} Bwdid sjoyaloqg s8N0 0| Ioy
-a10q au Jo Buy 91810u09 g adid “g sso.lo uondnia ay; Jo ped se jeag 2 pod uojsid "9
peay asioy "G 1aouejeq ¢ pel Bunoauuos g yBiamiaiunco -z jojow Buiaup ©) pusba)
"19)) aweayos doelduwnd Yum oM 1O :UooRIXS pue uonedojdxe Jo sjdiould 02 2inbig

Haqwp Buusewbug
pun Buginsuoy) - 395 €8 ANI/NLEI/SBEEEL/810C/102°L0
S|)J[I02}) SISEM SAJIOBNXE 10} olueienB |eoueuly
3y} 1o 1wsunsnipe ojpoued sy] puR UCHEND|ED BY) 10}
saopoed 15aq uo asuepinb Jo uoeloqes ay) uo Apms




Study on the elaboration of guidanca on best practices
for the calculation and the periadic adjustment of the
financial guarantee for extractive waste facillties

07.201/2018/793585/ETU/ENV.B.3 C&E - (;onsultlny und
Engineering GmbH

e The materials used for filling the drilling or related lines shall not be aggressive
to the host rock, the piping or the materials of the special filling lines.

+ Special filling levels should range from 50 m below to 50 m above the aban-
doned deposit. This can be done using pressure cementation or mechanical
sealing.

There is no need for a continuous fill route within large dimension salt layers. At least in
the hanging and lying areas, special filling sections of at least 100 m in length in salt
and 50 m in bedrock must be introduced. The borehole is to be filled with a speciai fill
line from the surface of the earth to a depth of 100 m.

In the case of borehole closure, after the effectiveness of each closure mechanism
(cement plug, salt, mechanical barriers) in the area above it should be monitored - be-
fore the next closure is implemented. In case of occurrence of NORM waste material,
that material must be disposed of in a feasible disposal site (Doyi et al. 2016). The ma-
terial might be treated, however in such a case the radioactive material must be dis-
posed of separately. For the rest of the dismantling activities (e.g. demolition of pro-
cessing facilities) apply the closure provisions provided in the sections above.

4.8 Closure of Industrial Minerals Mining Sites

4.8.1 Overview

industrial minerals are any rock, mineral, or other naturally occurring material of eco-
nomic value, excluding metals and energy minerals. Typically, they are large volume
with low value commodities. They are extracted from surface and underground mines
like the other resources that have been already discussed. Industrial minerals are of
several genetic types, and of several structural characteristics, The main types of in-
dustrial minerals are:

e Metallurgical additives: limestone, barite, fluorspar

» Mineral chemical raw materials: fluorspar, limestone, boron, barite, gypsum,
tale,

» Agrochemical raw materials: salt rocks / potash, phosphates
* Raw materials for glass production: glass sand, feldspar, limestone
¢ Raw materials for ceramics: kaolin, feldspar

» Isolation materials: chromite, magnesite, sillimanite, asbestos (asbestos is not
anymore permitted for industrial applications in the EU)

» Decorative and precious stones: diamond, ruby, emerald etc.

For the majority of the mentioned materials apply the closure methodologies described
before in aggregates, ore or energy minerals mining, depending on their properties
(solid rock, coarse rocks). Comparable closure techniques apply:

* Like aggregate mining, solid rocks: limestone, barite, fluorspar, gypsum, feld-
spar, chromite, magnesite (in case of open cast mining)

» Like aggregate mining, coarse rocks: glass sand, kaolin (in case of open cast
mining)
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Table 10: Some inorganic reagents and their primary functions in industrial mineral
processing (Pearse, 2005)

Reagent Primary function

Sodium silicate Slimes dispersant

Sodium fluorosilicate Fluorite and silicate depressant

Sodium hydrosulphide Sulphidizer for oxide and weathered minerals

Sulphuric acid Fatty acid collector removal in phosphate flo-
tation

Alum, Paolyaluminium chloride, Ferric | Clarification

chioride

Zinc dithionite Bleaching agent

Other challenges result from salt / potash mining and phosphates, as these sites might
typically have a large dimension. Further, salt and potash minerals are highly soluble
resulting in a quite fast material transport into the environment. Salt and potash miner-
als in higher concentration are toxic to several aquatic animals.

4.8.3 Earthworks

The main earth works are profiling and stabilising works. During the closure works is
necessary to ensure erosion prevention, preferably through establishment of vegetation
on a stable landform, Earthworks for industrial mineral mine closure are comparable to
those described in 4.3.4.

4.8.4 Water Management

Applicable water management activities depend on the type of industrial mineral and
the processing technology that means if additional chemicals are used in the further
processing. Thus, as water management approaches depend on the resource proper-
ties and the type of mining, they are comparable to aggregates (see section 4.3.1) and
ore mining (see section 4.3.2). In case of chemicals use, water treatment is usually
necessary. ~

Salt / potash mining requires a special water management strategy as the resource is
highly soluble and can lead to sait intrusion in surface and groundwater. In case of salt
leaching and brine extraction, highly concentrated salty solutions {brines) are generat-
ed that can be pumped up to the surface. However, the mineral solutions are typically
also corrosive to the host rock and form cavems that can be hardly stopped io further
dissolve salt. Brines can create huge caverns that deep drilling to dissolve the brine.
Figure 72 shows brine caused caverns and their geotechnical impacts {(Warren,
2016a).

In contrast to other mining branches the prevention of water inflow into the abandoned
potash or salt mine is also required during the post-operational phase to prevent haz-
ards to the surface above the mines and to guarantee safe ground, Water-tight shaft or
drift sealing, therefore, is one focus of mine closure in mineral sait mines.
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07.201/2018/793585/ETU/ENV.B.3 C&E - Consulting und
Engineering GmbH

Caverns can be filled in a similar way, and in a second step the remaining pillars can
be excavated, so that the fill acts as stabilizing material (FIiR et al. 2011). In potash and
salt special attention has to be paid to the fluids to minimize dissolution processes (e.q.
drainage, water management, chemical composition, use of saturated brines etc.). Hy-
draulic fill with high content of rock salt with MgClz brine leads to a long-term stable fill
(Flid et al. 2011). Crushed salt is the most used fill material in salt mines. Long-term
stable fill for potash mines with MgCl brines is the so-called Sorel-concrete or MgO-
concrete, based on Mg-Si-hydrates (Walling & Provis, 2016). Figure 73 illustrates the
principle of hydraulic filling in potash mining industry (FIif et al. 2011). Figure 74 shows
concepts for shaft stabilisation in potash mines (Zschiedrich et al. 2017).
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lining
Masonry
Without lining
— ) e = method
| [ Loose mass
P Abutment
FovS Seal
* Cover plate
Top of fil column
4
e
]
4 - : ] . —‘
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| _— L e ERCOSPLAN Bodensiain

Figure 74: Concepts for shaft stabilisation in potash mining (Zschiedrich et al. 2017)

4.8.6 Ensuring Long Term Environmental Safety

Salt mining leads to the release of saline solutions. The EU Water Protection Laws
require that salinization of the continent's rivers be greatly reduced. This is a challenge,
particularly in fow level water situations, which can lead to a discharge stop. Thus, clo-
sure measures need to take into account appropriate dewatering systems, with
groundwater protection measures if applicable. Fish, macrozoobenthos and phyto-
plankton are particularly vulnerable to high salt concentrations. Further, high salt con-
centrations are highly aggressive to concrete structures. Thus, all closure piping must
be done through plastic pipes.

The closure of mine waste heaps requires a particular attention, The main measure for
ensuring long term environmental safety of salt and potash mine waste heaps are sur-
face covers that serve further the long term landscaping. Figure 75 shows the system-
atics of surface sealing / covering at salt and potash dumps (Palm & Kockx, 2018).
Some of the mine waste heaps are needed to be profiled or flattened in order to ensure
geotechnical stability. Depending on the surface permeability of the waste heap sites,
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4.9 Mine Closure Show Cases

4.9.1 Aggregates Mining

The aspects of operation and closure strategies and related closure cost in aggregates
mining are illustrated at the limestone company Ostrauer Kalkwerke GmbH in Germa-
ny. As already mentioned, aggregates mining usually does not produce hazardous
substances, Typically, the only hazardous substances that are used in the operation
process are explosives. It is necessary to undetiine that aggregates mines that are
operated according to Best Practice are in a permanent and continuous process of
operation and parallel closure of exhausted rock zones. The operation and closure of
gravel and sand opencast mines usually includes locations with average annual pro-
duction volumes with lifetimes of more than 40 up to about 80 years. The limestone
plant Ostrau with an average annual output of 250.000 to 300.000 tons is a typical ex-
ample.

Since the extraction takes place in the open-cast mine and the geology of the deposit
ensures the greatest possible lossless mining, all residual materials (overburden, se-
lectively obtained particular soil layers) are returned as filling to the exposed areas. The
filling takes place in such a way that the former mining areas are prepared without any
further reclamation effort for a future after-use either for forestry or agriculture.

Reclamation areas

Figure 77: Aerial view of Ostrauer Kalkwerke GmbH

Any topscil that arises when the future extraction areas are excavated is either re-
installed as a covering layer or sold. This means that the operating result is not bur-
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4.9.2 Ore Mining

The show case for ore mining comprises a polymetallic ore including uranium ore min-
ing from Buigaria. Uranium mining is a special case as it belongs to the energy mine-
rals; however, it is also an ore and extracted using ore mining technologies.

Polymetallic ore including uranium ore mining

The show case illustrates the “Remediation Programme for the Uranium Mines in
Southern Bulgaria” (financed through EuropeAid/113349/D/SV/BG) that was conduc-
ted in the period 2004 to 2005. It was financed by the Ministry of Regional Develop-
ment, Republic of Bulgaria, using funds of the European Commission. Background of
the project is the Buhovo ore deposit where past ore exploration was performed with
different methodologies (Gitzinger et. al. 2011). As a result of these explorations, 39
ore deposits were identified and developed on the territory of Bulgaria (Gitzinger et. al.
2011). The show case presents the closure of shafts and adits under different geoclogi-
cal conditions. An overview on location of the shaft and adit system is given in figure
79.

Figure 79: Overview on the tocation and the shaft and adit system to be closed

The main ore deposits for underground extraction are: Buhovo near Sofia, Eleshnitsa,
Senokos and Simitli in South-West Bulgaria, Vinishte and Smolyanovtsi in North-West
Bulgaria, Sliven in Central Bulgaria, Smolyan, Dospat and Selishte in the Rhodope
Mountains. Deposits exploited via classical mining methods have a complex geolagical
structure and are situated mainly in mountain regions (Stara Planina, Rhodope mas-
sive, East Sredna Gora). The mean surface of the ore beds is between 250 m? and
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T

Figure 80: Overview on the location and the shaft and adit system to be closed

According to the state of the art, partial closure methods can be used for shafts in the
continuously stable rock, such as:

* Instaliation of a massive reinforced concrete seal in the onset close to the sur-
face, residual filling with gravel up to surface

» |Installation of a concrete shear plug in the shaft area close to the surface, re-
sidual filling with gravel up to surface

¢ [nstallation of a cohesive filling column section made of hydraulically hardening
material with a minimum compressive strength of 5 N/mm3), residual filling with
hydraulic hardening material with a minimum compressive strength of 2 N/mm?
up to the surface
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Figure 82: Break out of shaft, preparation for plugging

Measures for provision of public safely in the area of abandoned adits in the Eleshnitsa
and Senekos regions

According to best practice, the following method for the closure of entrances of aban-
doned adits was applied:

¢ Walling the immediate entrance area
« relocation of a circa 10m long section in the entrance area
« Closure of the entrance by blasting.

If surface breaks occurred in the course of the route, the relevant adit areas were shift-
ed as scon as possible free of voids. A common method is the installation of cemenied
hydraulic fill by drillings. The rehabilitation objects located in the Eleshnitza and Sele-
kos regions can be classified into the following categories according to the initial situa-
tion (figure 83):

+ Adit open, no water discharge

+ Adit open, water discharge

¢ Adit open, no water discharge, surface breaks in the route
» Adit broken or filled up, water discharge.

The shafts were closed according to the methodology described in section 4.5.
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4.9.3 Energy Minerals Mining

The aspects of operation and closure strategies and related closure cost of lignite min-
ing are illustrated with an abstract from the study “Assessment of Rehabilitation
Measures in East German Lignite Mining” (Tudeshki & Pielow, 2018) as this recent
publication illustrates the challenges related to stepwise financial provisions and the
dimensions of lignite mine closure. This show case refers to a number of lignite mines
to be closed in Eastern Germany, the measures for the provision of reuse options and
the related costing. The study was supported by the Regional Agency for Mining, Geol-
ogy and Raw Materials Brandenburg, the competent authority for the mine closure pro-
ject. Even the project documentation doesn't contain absolute closure cost, but abso-
lute closure cost, it is an interesting show case for the FG calculation methodology and
regularly update. Scope of the study was an assessment whether the applied practice
corresponds to the legal requirements and can be regarded as technically, economical-
ly and legally "practicable”. Following steps were taken:

o Systematic analysis of data from Lausitz Energie Bergbau AG

» Validation of data with regard to its technical content and their assignment to
one another

» Detailed plausibility verification of the structure and the assignment of the
measures to the respective focal points of the reusability

» Validation of the methodology for the creation of financial provisions

s Checking the quantity framework of each individual measure of reusability and
the associated unit prices

» Checking the cash flows by evaluating the existing and already created provi-
sions with regard to their adequacy and adequacy

» examination of the development of mining and tipping as a guideline for the
cash flows.

On the basis of the verified BoQ framewarks and unit prices, taking into account the
factors that have an effect on financial mathematics, calculations of the cash flows
were made and the net present value of the relevant measures was calculated. This is
the precondition to ensure that the financial provisions can be reliably checked and
assessed. The assessment subject is mining-related financial provisions of Lausitz
Energie Bergbau AG as of December 31, 2016, which are related o the operating units
listed below:

1. JAnschwalde apen cast mine

2. Welzow-50d open cast mine

3. Nochten open cast mine

3.1. Hermannsdorfer See

3.2. Landscape structure Spreyer Hohe
4. Reichwalde open cast mine
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inventory. The reclamation target for the entire mining area can be recognized within
the black mining boundary using the different colours. The basis for accounting for the
future re-cultivation of open-cast mine areas is the timely planning of the open-cast
mine development with extraction and tipping levels. Due to the long running times of
lignite opencast mines, the planning accuracy for medium and long-term pericds must
be differentiated.

a

Agricultural recultivation

Current
Operational area

Silvicultural
Restoration/revitalisation

Recultivation
open pit ake

v

Legend:
Kippe — dump

Recultivation in the remaining
open cast hole

Figure 85: Methedology of financial provision verification: Distribution of the closure
cost due to objectives (left. Legend: OC open cast, IL — industrial landfill), FG allocation
due type of activity (right) (Tudeshki & Pielow, 2018)

Results of financial provision verification: Figure 86 shows the distribution of the clo-
sure cost due to objectives and the FG allocation according to activity type. For devel-
opment of the open pit hole is needed the largest part of the budget, at over 50%. Rec-
lamation and relocation, each have a share of around 12% of the total cost, while ge-
otechnical protection followed by dismantling and the collective category “rehabilitation
of landfills, disposal of contaminants and archeology" sum up each with around 8%.

H
W Recuilivatian Remediatton and covering of
ndustr.al landf i
w Femaningopen castdesign W Demalitonof builg ngsand
techn-ca! structures
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Waier eng neering measures W Reloeat.on/Rasettiement
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. i
o OCWehowsud O¢ Nochten Harrmanns: = industry site Schwarze Pumoe (15) mater-al, arches'ogy
torler Ses Department Technicsl $arvices.
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" OCNochten =B iLJanschwalde || m IndustrysiteSchwarze Purros (TS
Depariment Preocessing
®  OCRechwatde IL &Nz hwon (the 1 * Hentlguorter Mining

Figure 86: Distribution of the closure cost due to objectives (left. Legend: OC open
cast, IL — industrial landfill), allocation of the financial provisions due type of activity
(right) (Tudeshki & Pielow, 2018)

159

European Commission




UDISSIUIWOD uesdoIng

091

,’SuwiIs) aAneial w 9jod Jouiw Ajaaiielas e Aejd ayes jsale)u) psisnipe ay) ul
aBueyo alp pue sainsesw uonewe|oal paiabbels ‘snowious st 8joy uohaeixe Bultew
-al 8y} Jo ubisap ay) Jo 1502 oy Buisessdul Jo oedwi ay] “syuoysp saybly eaey seseyd
uonoexa Jobuo| Yjim Saulii 1sea-usdo Jey) suesw osfe Sy "%S5¢ Ajuo AQ papusixs si
Buiuiw nd-uado ayj Jo uoneINp @Y} JI %00} 19A0 0} eseasoul ajeuoilodoldsip e s sleuy
1eU] SMOUS SISA|BUE AYAISUSS By, :apew sem juswaje)s [eisuel Buimolo) ay; ‘Ajfeul

‘Bununoosip
wiol) s)nsal Ajuo aJojaisy) Joyep syl ‘ei1ep 18ays aduejeq sanoadsal ey} uo
uoneBiqo aje|dwoa ay) sI suoisiAcid JO UOJBLLIO) SU) JO) Siseq ay) ‘uojjeweiaal
10 ®se0 8 u| "uoielsdo Buunp pajuswsidwl Apesije aJe SSOIAISS UOJELUBIDSY e

"SOW029q NLeP SIY} Jajjews auy) ‘Buuiw jo pus pauue(d
ay} seyoeoidde Bujpuewsip ey} 48sojo ayl "uonoenxe sy} Buels Jaye A
-poys 1se1ealb S| J1ouap ayj "uoneziuogied Jo aaubap eyl Jo UCHBINWNDOE DU} O}
anp sesue aoeds jenpisal ey} jo ubisep au ul yoyep eyl -uonelado aunu 1sed
-Uado O] LUBBASUMDP SS300.U B 1 Bj0Y UDYOENXD DUUIEWS Sy) jO UGISSP Ul

‘Gn|eA Yseo a|ge|ieAe aLj pue awi) ul uiod uiey
-180 & je paJinbaJ Spun) |EUNILOU 8y} Leam}aq }oyap Jusueuled B SMOUS apo) [elosew
-WIOY) UBWLISS) U] YIM 9oUBpIoDdOE Ui siseq [eBa) e uo apew uoisiaold [eloueuly Y

1IN0 palled sem Bugunoooe uois
-1n04d JUS.LIND Jo BonoeId By JO uoneulEX [BoNUO pue sisAieue Ayanisuas oy} ‘Aljeuld

"9|qeIA 2q 0] paSSas
-SB Sem AISA0DSl 9Y) 10} suoisiaoid (eiouedly pajejas-Buluiw sy} Jo [9A8} Byl e

‘pi[eA ag 0} pOSSOSSE SBM SUOISIAOIG palelal-Bul
-uiLi JO Junowe paunbaa syp slenofed o) Jojesado syp Aq pasn ABojopoyiswi ayy e

a19|dwoo pue e|gisneid |jelaao
ale paseq aJie Jojesedo ey} Jo sSuoisiaold jejoueul Byl UDIym U0 sainsesw syl
1BL] SWUUOD UONBIYUBA Ssaudlaldwod pue Ajiqisneld ay) JO JNSal [|BJoAD SY] e

:Ajdde suoisnijouoa Buimoyoy ‘s}nsad ayi dn Buluwing

‘Auewacy Jo 1oy Buluiy |e1epa4
ay} o} Buipsoose sueld Bunesedo [euy pue Ut “HOMIWERI) JO W0y 83U Ul Sjuswiaiinb
-8l @say} yum auj] ul suuuad mej Buiupu ay) pue asnas Jo adA} ayi Jo saimes) utew
ay) 1o} Buiuued [egeds jo sieob Buipuig 48y} yim sueld suuby sl wodl Ajpewud yns
-9 @sey aulul jseo-uado ay; Jo juewdoleasp ayl Aq julod ewes Joexs au} Je pajesto
aq 0} si yoiym ‘Aigesnas ayp Jo Amuenb pue Ajjenb seyies 1nq ‘pasn ainjonlisejul pue
pue| ay) Jo Auenb pue Ajfenb jou si uonew.oy UOISIAGID S JO JUNoWe au} 104 3AISID8Q

asnal juanbes
-gNS 2y} 40} SB2IN0SeJ [BI2UBLL 9IN09S 0} PBUEIS 89 ISNU 2SN JO ewi} 8y e suoisiaoid
[elURUY 8Y) J0 uonea1d oy} ‘Atessaseu A||ea16ojouyad] SI YIIYM ‘9SNal pue uoleluR|ol
10} SISEQ 9U} 9)E9J0 O} ‘OlW} BWES 8y} J& 'pUe 20IN0sal SU} IJABDXD O} awl JO pesye
[ELI@IBL MBI BY} 8SN 0} Pasu 8y} Jo Jnses B sy "awi sjeudoidde ayj Je paLNSUOD JO
pasn ag 0] pue aulw 1seo-uado sy} JO JUSLUdO|DADP [Ba4 SY) Junosoe ojul Bupiel pauuo)
aQq 0} ale suoisinoad [2rouBuy pajee-Bulliu Sy | JSUOISNIoUCY pUB SYNSel JUBUISSaSSY

Hqwse Buuesulbug
pun Bugnsuoy - 393 £ 8 ANI/N1T/585L6L/61.02/1L02° 20
Saf)||135) S1SEM SAHOBIXS A0} S9jueiend [Brousul
al Jo wawisnipe 2jpouad syt pue UORENDJED BU) 1o}
saonoeid 188q uo aouepinbB Jo uoneioqes syl ud Apms




Study on the elaboration of guidance on best practices
for the calculation and the periodic adjustment of the
financial guarantee for extractive waste facilities

07.201/2018/793585/ETU/ENV.B.3 C&E - Consulting und
Engineering GmbH

4.9.4 Industrial Minerals Mining

Show cases for industrial minerals mining comprise salt mining and fluorspar mining
examples.

Salt mining

The case study concerns a salt mine with an attached plant for the production of pot-
ash fertilizer salts and for the extraction of industrial and table salt in Morsieben, Ger-
many. It was operated from 1837 until the 1990s and then closed. The sait mine is re-
used as a repository for radioactive waste. Based on extensive investigation programs,
a decommissioning concept for the site was developed, which takes into account the
complicated geological, geotechnical, mining and long-term security requirements. It is
designed in such a way that the protection goals are maintained over leng periods (at
least 1 million years).

The long-term safe closure of the radioactive waste from the biosphere is to be
achieved with the concept of the extensive filling of the mine and the seals in the vicini-
ty of the storage areas west-south field and east field. For this purpose, around 75 per-
cent of the cavities are to be filled, 22 seals are to be built and the Bartensleben and
Marie shafts are to be sealed and filled.

’ B oorwts stablimere Barects Entagerurgaberschs
B Aodchingen urd Schacttverchiioss I Bernche. e richt weer ver (il werden
W Vg 2 Stlsenung oder Hohrmrsd ceng Grofiechvioch

Figure 87: Underground closure of Morsleben salt mine type (Bundesgesellschaft fiir
Endlagerung, 2016)

The seals delay the access of solutions to the storage areas and the radioactive decay
of the solution until the radionuclides, and in particular those with short disintegration
times, will then have largely disintegrated. The direct connections to the top, the Bar-
tensleben and Marie shafts, are sealed with particularly high-quality seals. The princi-
ple diagram shows the following figure:

181

European Commission




ugIssILWOo, uesdalny

9l

(pesea|al 8q Ueo abpn|s epIXaIp
-AY Ul SJ9UM JIPE S} 0} SS90 PB||oJIUOoUN OU) SOUBLUS JIPE BUj) JO BINSO)

sap|
-x0JpAY UOJl JO UONBLLIO) BU} SNyl pue ssaaoe e aonpal o] Aig|eh ay) Buljess

UPE 8y} O] LWEP S13I0UCO YOIU} W G0 pue ubly wi G’y B JO uopoNjsuo) e

Joal Bulaeoal sy o) abexes|
abBpnys psjjoquooun pue uonelausb abpn|s ujogq 9onpal 0} pajusuis|dll aJom Sainsesw
[i8AES ‘Bl0jRJBY | "uonez|iqow usppns auyy o} piefios yum piezey [ejusjad e psjuessel
-dai abpn|s siy) "we)sAs ype au ul pajejnwnose sey abpnjs apixoipAy uoy; ‘awg JBAQ
"@0JE BUILL B} WO} [BLISIEW [ji) [BJSUIW PSIOEXD UM P3|l SJam Siipe pejoales 'ueld
fupesado Buidsaysjes auy 01 Buipioooy “Jajem [auun) sy} Jo abeuielp olseq e s aiay}
YOIUM JO BBJE JSMO} 2y} Ul ‘[[em B AQ pasolo Sem aduenuD JIpe 8y} ‘suoseas Ajpjes 104

"'GE6 | Jo)e AjLIOYS PajiUBISIP PUB PASO[d SEM BUI JY]
Jay)le ainny ay) wi pauugld si @sn ON ‘aJowAue pasn Jou pUB PAUCpUBJE S| WalsAS
upe ey "yonl} Aq passasoid sem peAeAu0d [BLISIEWI BU) JO ISOW "pajdelxe sem ‘%09
"XOIGGE JO JUSIUDD 2JHONY B YUM 'SuU} Q000G Xuddde Sem uojonpoid jEjo) Sl "an
USALP 21om SI00j) JIpe PIE Pue puz au) Zgeé | 1uun ooy Ipe S| 8y} eIA dn pauada sem
nsodap sy ‘yidap wi gg} ul isodap leds Jony sy seyoess 3 Ybus) ul unt *4 "xoidde
J13)Y "jeuun) ofeuleip pue JoksAuoo e se peusdo sem Jipe a3yl Gggl Mun psjeisdo
pue z; 6. ul pauado sem jey} suiw Jeds Jeq pue Jonjy Jew.o) SUISOUCD 9SBO MOYS 8y

Bupunu Jeds.ioni4

"2INS0|D 918|ducs au) [[un
MOU LUOJ 940U 81834 0Z 0} G| e [|IM oM s ‘aunsold peuueld ay} Jo |eAcidde Jeyy

{9102 ‘Buntob
-gjpug Jn} Yeyosjesabsapung) suiu }jes uaga|sIopy jo ainsoje punoifispun :gg enbi4

]aAezé 3o0u pIeH
SHA]G3 JUBRIINGE JAMOTY

jeydse pue |aaeas

1 JUIWRP Fujjees - JUILIINGR PRUIGUIC)

Aejo pue ‘jjeydse Jyisew ‘spu;s .'Zﬁ-u\eus papeisy
o3 Juijens jeydsy

Aep pue
pues ‘jeydse ‘|aaRaS Jo spell twalshs
e yua Buljeas pue Buljyyreg yeus

Yeydse puE jSRBIS |
z uswaps Juijess - JUBLLINGE paULqUIS)

Aepd
T yuswsa JuEeg

uage|uLLied Jeys pue artely Jeys
- .

asmxiu_.l_{é.xaﬁ;m"
=S uwinjes Jusunge saddn

Hquio Bupasuibuz
pun Bupinsuo) - 339 '8 ANINLI/GBSESLBLOZ/ 10T L0
sanioe} s1SEM SAIDENXS I0 SIjuRlend |eBuBLy
ayj Jo wawisn(pe sipolad ayl pue UcQBINHED &4} Jo}
seonoesd yseq uo aouepinf Jo uonesoqee oyl uo Apnis




Study on the elaboration of guidance on best practices
for the calculation and the periodic adjustment of the
financial guarantee for exiractive waste facilities

07.201/2018/793585/ETU/ENV B.3 C&E - Consuiting und
Engineering GmbH

s Creation of orderly drainage conditions with drainage of the adit mine water via
a pipe system (avoidance of uncontrolled drainage conditions)

* Redirection of the adit mine water via a retention basin for any sludge potential-
ly mobilized inside the adit.

Since the beginning of 2005, an airtight seal has been used to prevent or minimize oxi-
dation processes in the mine, In 2008, the renovation work began, the main effect of
which was the sinking and separate drainage of the pit water to the river basin. The
stream between the adit entrance and a collecting basin is therefore free of mine water,
In the meantime, the chemical composition of the mine water began to change gradual-
ly, i.e. a low pH, resuiting increased iron loads and, high salt loads (chloride, sodium,
calcium}, that where meanwhile determined to be of geogenic origin,

Geotechnical stability also represents a potential hazard, as the adit are sometimes at
risk of breakage and thus pose a long-term hazard to the surface. This poses a threat
to public security. in the event of an adit wall breaking, there is a risk of flooding in the
local area. The aim of rehabilitation is further to prevent the transfer of pollutants from
the mine water into the receiving rivers. The remedial goal for people is to eliminate the
currently relevant threats, in particular accessibility. From an environmental point of
view and the need for mining damage, the adit system must be renovated and restored
in such a way that the durability of all underground mine openings is guaranteed.

Figure 89: Current situation at the fluorspar mine site: adit with mine water outlet (left);
aeration zone for mine water passive treatment of the drainage water (right)

To improve the situation on the long term, a variant assessment was prepared. The
basic rehabilitation options were assessed by discussing the long-term environmentat
influences (environmental compatibility), the necessity, the feasibility or effectiveness
(suitability), the proportionality and the assessment of the effects on further remedial
measures. Further was prepared a cost-benefit-analysis.

in principle, following groups of variants were assessed:
a) maintaining the existing state, taking into account lower environmental goals,

b) treatment of the already leaked mine water,
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5. Part D: Cost Profile, Cost-Relevant Activities and Unit Cost

5.1 Data Base and Approach

The overall scope of part D is to provide support for establishing financial data on the
closure process. This includes also the design process, as the engineering cost of the
closure design must be covered through FG as well as updates of the design might
affect FG periodic adjustment.

Cost profiles and unit cost in section 5 were obtained from about 30 closure plans and
related Bills of Quantities (BoQs) from implemented mine closure activities (aggre-
gates, ores, industrial minerals) of the last 20 years, mainly from Northern, Westemn
and Eastern Europe. The data were complemented with information from comparable
rehabilitation works, for instance landfili closure and aligned with information on unit
cost provided by the MS. Furthermore, the data base was complemented with infor-
mation from several unit cost data bases for landscape rehabilitation, for instance the
Performance Book Brownfield Rehabilitation and Spatial Development as of 2014
(https://iwww.labo-deutschland.de/Leistungsbuch-Altlasten-und-
Flaechenentwickiung.html).

5.2 Cost Profiles of Engineering Works

5.2.1 Cost estimation, Bills of Quantity and Procurement rules

Each mining activity needs a mining license/concession that will be issued by the com-
petent authority based on a Feasibility Study. The FS must address the entire intended
life span of the proposed activities, from construction phase to post closure monitoring
and it must be supported by all types cost that characterize a mining activity: invest-
ment cost, maintenance cost, and operational cost as well as calculated income for a
certain production capacity and a considered product(s) selling price(s). This require-
ment applies also to the mine closure phase that is the key activity financed through
the deposited FG. Further, a cash flow showing expenses and incomes must be a part
of the FS.

In the majority of the MS are available specialized software tools for cost estimate that
have an updated price data base including the applied up to date working norms and
taxation. Links to such software are:

https://shop.weka.de/bau-immobilien/baudaten-und-baukosten
http://www.wesa-software.de/html/datenbanken_sj_kosma.html#BKI
http.//www.softwareparadiso.it/areef.htm
https://www.capterra.es/directory/30056/construction-estimating/software

https://www.labo-deutschland.de/L eistungsbuch-Altlasten-und-
Flaechenentwicklung.htm!

FS is based on the mine closure plan providing all dimensions, technical and financial
of the mine closure and environmental rehabilitation. Mine closure plans shall be con-
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Study on the elaboration of guidance on best practices

for the calculation and the periodic adjustment of the

financial guarantee for extractive waste facilities

07.201/2018/793585/ETL/ENV B.3 C4&E - Consulting und
Engineering GmbH

Textual part consisting of general and particular technical specifications providing for:

+ location, topography, climate and natural phenomenon specific to the region,
geology, seismicity;
e proiect description on volumes, brochures, chapters;

+ consiruction site organization, brief description, demalitions, network diverting,
etc.;

¢ iemporary access ways;

« sources of water, electricity, gas, phones, etc. for the construction and operat-
ing phase;

e access ways, communications, etc.

+ program for works execution, schedule of works, acceptance programs;

¢ mapping and measurement of works;

s coniracior's {enderer) iaboraiory and iesis ne is responsibie for;

¢ cleaning within construction site as well as sanitary services;

¢ required additional technical studies, on disciplines;

* Provisions on procurement procedures, consultancy, technical assistance, fees,
taxes, levies, as well as contingencies.

Bills of quantities (BoQ)
Quality management plan (QMP)

Drawings

5.2.5 Supervision

The scope of the supervision is to ensure that the project is completed on time, on
budget and complies with the relevant regulations and quality standards. Supervision
comprises the following activities:

+ Design supervision

* Independent third-party verification and certification

» Site supervision in accordance with technical and construction legal require-
ments

o Commissioning supervision on quality and schedule
+ Technical and legal advice, and assessment consulting
¢ As-built documentation.

5.2.6 Occupational Heailth and Safety

Working on construction sites requires an Occupational Health and Safety Plan accord-
ing to European requirements. In the ideal case, the contractor is required to implement
an Occupational Health and Safety Management System according to 1ISO 45001.

At all stages of the rehabllitation and management process, it is essential to consider
and address the risks to the health and safety of all persons who may be affected by
activities at the site. People to be included in this consideration include:

» site users and occupants (if any),

+ all workers on the site,
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Study on the elaboration of guidance on best praclices
for the calculation and the pericdic adjustment of the
financial guarantee for extractive waste facilities

07.201/2018/793585/ETU/ENV B.3 C&E - Consulting und
Engineering GmbH

5.3.1 Site Preparation

The preparatory work may contain the foliowing steps (not all types of works are re-
quired at all sites):

+ topographic works (compulsory works),

¢ deforestation of trees and shrubs,

¢ cleaning the land, mechanized scarification,

¢ uncovering the vegetal layer or the degraded land,

« demalition of some old constructions and the transport of the resulting materi-
als, works complementary to the works of earthworks (the depletion of surface
waters on the land intended for future construction).

It is necessary to create social-administrative spaces, to ensure the living conditions,
storage of materials, etc., networks for utilities and installations related to their produc-
tion, communication paths, as well as workshops (carpentry, blacksmiths, mechanics,
etc.), prefabricated polygons, concrete stations, martar, ballast and quarries stations,
etc. In the case of mine closure and environmental rehabilitation works there would be
already existing infrastructure available for the selected third-party company to be
used. The contractor must check the situation and establish a site-specific budget for
site preparation. If the existing infrastructure and buildings are to be removed according
to the last approved version of the Mine Closure and Rehabilitation Plan, then the con-
tractor will heed to install temporary facilities.

Figure 90: Site preparation

Ground cleaning operation represents the removal from the ground of the residues of
wood material from the deforesting, of the stones, of some industrial waste or even of
the vegetation of bog. It is possible to work with several machines simultaneously. in
order to remove the pond vegetation, water drainage and water removal measures will
be taken first. The vegetation can be best removed with two-piece gravel bucket exca-
vators. The transport is done with the dumper. Cranes and dumpers can be used fo
collect and dispose of large waste. The small waste will be collected by bulldozers and
front loaders and will be transported by dumpers. The used loaders can have metal
wheels with crampons and cups made of metal grids.
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Study on the elaboration of guidance on best practices
for the calculation and the periodic adjusiment of the
financial guarantee for extractive waste facilities

07.201/2018/793586/ETU/ENV.B.3 C&E - Consulting und
Engineering GmbH

To ensure stable drainage conditions of TMFs, it is advisable accelerating consolida-
tion in areas along the drainage diiches where packages of fine tailings with large
thicknesses and / or  characterized by different degrees of sedimentation are found
(forced consolidation through solid material).

Pavements within the mine site are generally constructed in the form of flexible pave-
ments which are layered systems with better materials on top and inferior materials at
the bottom, Gravel roads are used as base material. In mine closure pavement would
be made by using local suitable materials to minimize cost. Reuse of tailings for road
construction is a trend lately. Rip-rap layers are often installed at the base of cover lay-
ers.

Earthwork cost is very site specific and it will depend on the volumes and nature of the
material that have to be manipulated including of both initial and final locations of it.
Equipment for extracting, loading, transport, and unloading, spreading, levelling, com-
pacing and oUisr necessary Operauon it Ordel 10 pul e design o pracice win LUs
chosen to optimize cost for a site specific situation.

5.3.3 Fencing and Drainage

Fencing

Fencing of hazardous areas, where it is possible to do so, involves installing a physical
obstruction to reduce the risk of unintentional entry into dangerous areas. Fencing acts
as a warning, not a barrier: as with marking, where individuals are determined to enter
affected areas, fencing will not prevent them from doing s0. Fencing strands may be of
any suitable durable material including wire, string, synthetic cord or tape. Uprights
may include trees, buildings or existing structures and posts erected as part of the
warning system. Warning signs must be attached to the top strand of the fence. Wher-
ever fencing is erected, it must be monitared and maintained to ensure its longevity.
This can require significant resources. Special facilities would require installing chain-
mesh/chainwire security fencing. Cost wiil be given by the type of fence, length and the
focation where the fence will be installed, and it will be site specific.

Drainage

In this category are included the works of removing of water from the site on which the
earthworks are to be performed. Removal of surface water that flows on the site can be
done by the following methods:

¢ the creation of channels (gutters) for gravitational drainage of water to neigh-
bouring areas with lower elevation or to the outlets (rivers, lakes, sea, ocean),

e creation of a drainage system (pipes or ditches filled with granular material),
s the creation of wells from which to pump water,
¢ direct water pumping.

To prevent water infiltration to the site, works can be carried out upstream to collect
waiers and direct them to areas of no interest, to water freatment stations or even to a
sewerage system,
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Figure 91: Scheme of an open-pit mine morphological reclamation, including landscap-
ing possibilities. (a) Complete filling for restoration of the original agroforestry uses or
the implementation of new uses, (b) partial filling far rehabilitation of pre-mine uses for
implementation of new uses (e.g. recreation), (c) minimal selective filling and treatment
of rock faces, tips, and embankments for replacement activities (e.g. recreation, lakes,
wetlands), and (d) maintenance of morphological characteristics of the open pit with
vegetation development (Favas et al. 2018)

This method is advantageous from the point of view of costs, reduces the surface area
and volume of the waste rock heaps, decreasing in the same time efforts to remedy the
waste rock heaps and allowing productive use of land in the post-closure phase.

Filling of drilling holes and other excavations:

Underground holes (especially near the surface), exploration drill holes and discovery
areas that can contribute to surface destabilization, must stabilized by filling. If the loca-
tion of an underground void is not known exactly, investigative drills and video surveys
will be carried out to enable accurate understanding of the situation of these goals. For
filling of underground holes, drill holes and other open areas, the same materials can
be used as in the case wells and galleries.

5.3.6 Relocation

Depending on the poliution potential, the size and volume as well as the availability of
an alternative location, the closure solution for mine waste heaps might be relocation.
Practically, mine waste heap material can be used as consolidation material for TMFs
or for filling of open cast mining sites. In such a case, the material will be hauled by
dozers and transported by trucks to the aiternative disposal location.

5.3.7 Groundwater Protection through Cut-off Wall

A cut-off wall is a waterproof underground wall, which on the one hand prevents
groundwater from flowing into the opencast mine, on the other hand secures the natu-
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Adit closure

Choosing the appropriate closing or rehabilitation technology depends on the foilowing
factors: the location of the gallery in relation to the surface, geological and hydrogeo-
logical conditions, function of the gallery, the general state of the gallery in terms of
stability and accessibility. In order to achieve a correct closing of the abandoned galler-
ies, the following constructive solutions, compatible with best practices can be adopted:

+ construction of a precast concrete or concrete dam at the mouth of the gallery

o fill a portion of at least 10 m in length immediately behind the mouth gallery with
a fill (the total length of the fill area varies depending on ensuring surface stabil-
ity on gallery alignment)

o complete refill of the gallery

« closing the gallery mouth by detonating the galleries sunk in view of restoring
the natural envircnment

5.3.9 TMF Dewatering/Stabilisation and Covering

Main scope of those preliminary works of TMF stabilisation is a) to directly extract the
supernatant water that is usually sent to a treatment plant, and b) to get access to the
tailings material for the implementation of the vertical drains to extract the pore water
for further stabilisation (figure 92).

Typically, the superatant water is pumped or drained off to take off free pore water
from the surface. Porewater from the remaining sedimentation layers are drained off
through vertical drains. Holes are drilled into the processing sludge (typically 3 m deep)
to introduce vertical drains. Stabilisation of the complete system is performed through a
geogrid, underlain by geofabric and drain mats (Figure 92). In general, the layered sys-
tem is covered with 1 to 2 m of mineral soil or waste rock material to force tailings con-
solidation. A standard technique for forcing sediment consolidation is the subaquatic fill
of extractive waste through hopper barge.

In the upper, statically relevant fine slime areas, bonded geofabric vertical wick drains
are installed accelerating both the consoclidation process and the required increase in
shear strength. Vertical wick drains of 0.15 m width and 0.01 m height are deployed
and typically installed at 1.5 m in a triangular grid spacing. The geosynthetic elements
are placed at a depth up to 8.0 m, the arrangement of the drains is adjusted to the con-
solidation properties and shear strength distribution of the underlying ground.
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» Oxygen-consuming dry covers
o Capillary barrier
¢ Mulii-layer covers with or without geomembranes or other sealing elements

» Reactive covers.

Figure 94 Installation of soil cover systems

The application of sealing systems requires a particular gquality assurance that com-
prises the manufactured sealing element as well as the mineral soil to be used as cov-
er. Further, the workability of a sealing component and / or a system must be demon-
sirated to the competent authority in a test field under construction site conditions be-
fore the sealing system is installed. In this context, the appropriate stability and sliding
safety {according io the respective state of the art and in relation to the unfavourabie
on-site situation, e.g. steepest and longest embankment area) must be demonstrated
to the competent authority.

Furthermore, quality management must be provided for every measure relating to the
sealing of landfills (basic, intermediate and surface sealing). The foilowing 3-stage
quality management system is state of the art:

Prefabrication of materials / components / systems

» Self-monitoring of the manufacture by the manufacturer

« External monitoring of the production by a commissioned third party
Construction on the construction site

e Self-inspection of the executing construction company

« External inspection by a commissioned third party (commissioned by the client),
which must be confirmed by the competent authority

Inspection through the Regulatory Body
¢ carried out by the competent authority

The external auditor must have sufficient specialist and expert personnel and, as a
prerequisite for official confirmation, the corresponding accreditations according to DIN
EN ISO / IEC 17020 (as external testing body) and according to DIN EN iSO / |EC
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17025 (as testing laboratory). The mine operator is responsible for the costs of the ex-
ternal inspection.

Cover design for quarries and pits

In the case of the cover project, the same principles apply as in the case of the covers
installed on the waste rock heaps. The quarry configuration includes the general angle
of the slope and the height / width of the berms. Stabilization and rehabilitation of quar-
ry's slopes may vary from keeping the original configuration of the slope, to reducing it
or to filling application. Many quarries are not covered but flooded.

Construction of covers on TMFs

Arrangement of a soil cover on the surface of the TMF system related to the processing
plant of mineral substances, aims to fulfil the same rehabilitation objectives as de-
scribed for waste rock heaps. However, there are some specific problems that must be
taken into account, namely:

» processing tailings usually contain large amounts of pore water, often at the
saturation limit, at least in some parts of the tailings pond system, that inhibit
consolidation

» Sedimentation / consolidation of the processing wastes can be significant in
terms of subsidence. This must be taken into account to determine the optimum
cover profile and installation technology

» Geochemical problems generated by the waste resulting from the processing of
substances

Industrial minerals are more complex than in the case of the sterile rocks generated
from mining. This fact influences both the selection of the types of cover and related
technologies.

5.3.11 Reclamation / Revegetation

Vegetation blankets should be sown with grass for immediate protection against ero-
sion, afterwards trees or shrubs can be planted for stabilization. If the predetermined
conditions are met, the location of the waste rock heap may be left to the natural cycle
of vegetation regeneration. To provide protection, temporary or permanent growth and
normal vegetation development may be preferable the enclosure of the waste rock
heap. Natural regeneration cycles (natural succession) have the advantage of present-
ing low costs or even zero.

The approach based on guided natural succession is based on the existence of natural
analogues, such as certain biotopes, characterized by limited soil content and / or lo-
cally selective seeding / planting. This approach was designed to stimulate and speed
up natural development processes. If the vegetation is to be installed on a multi-layer
cover posed on the top of waste deposit that has also the role of stopping the entrance
of the rain water into the waste material, than a special selection of the vegetation is to
be carried out in order to avoid the damage of the insulation layer by the roots. Special
maintenance measures against bioturbation must be used and this has a high cost
influence.
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Cost related to flooding is extremely site specific. A detailed calculation made by spe-
cialized designers is needed also for the assessment of long-term maintenance works
and monitoring requirements.

Figure 95: Floading of a quarry (left) and a lignite mining site (right)

5.3.13 Waste Disposal

In accordance with Article 5 of the Mining Waste Directive, the mining operator it is
obliged to develop a waste management plan that will allow minimization the volume
generated, treating, recovering and storing the mining waste, taking into account of the
principle of sustainable development, From a closure point of view, the waste will be
managed to reduce the degree of hazardous waste by:

¢ placing extraction waste back into the excavation hale after extraction of the
useful mineral substance, to the extent that is technically and economically fea-
sible and to the possible extent which corresponds to the environmental stand-
ards at community level and the requirements of the EWD, in cases of rele-
vance;

e placing top soil to support vegetation on the former sites, after the closure or if
this is not possible from the point of practical view, re-use of top soil elsewhere;

The waste will also be managed to ensure secure short-term and long-term storage of
extraction waste, in particular by taking into account these aspects during the design
phase or by managing the waste during the operational or post-closure period by
choosing a design solution that:

* requires a minimum of control and management of the closed storage arrange-
ment ot finally aflows the monitoring to be waived

» prevents or at least minimizes the long-term negative effects, for example,
those that can be attributed to the migration of atmospheric pollutants or aquat-
ics from the landfill

+ ensures the long-term geotechnical stability of any structures, embankment or
waste rock heap that rises above the initial topographic surface
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Study on the elaboration of guidance on best practices
for the caleulation and the periodic adjustment of the
financial guarantee for extractive waste facilities

07.201/2018/793585/ETU/ENV B.3 C&E - Consulting und
Engineering GmbH

tions (e.g. drilling success rates, average depth and yield of wells and boreholes) and
topographical conditions (e.g. average pumping heads for raw water, transmission and
sewerage have to be considered. Within the component/ technology specific BoQs
must contain further detailed design variables that can be adjusted to fine tune the cost
estimates to site specific situations.

5.4.1 Site Investigation

Site investigations usually include drillings of different types, toposurvey, settlement
and water balance measurements, stability measurements, sampling, as well as soil
mechanical and chemical analysis. Further, there might apply geophysical measure-
ments. Table 12 shows the unit price range for site investigations.

Table 12: Unit price range for site investigations

Description
Topographical survey Unit Low{gnge High{g nge
Costs for the first topographical survey
incl. creation of site plans and cross sec- ha 600 1,000
tions (digital and analog)
Survey during construction, pegging out,
intermediate site plans and cross sections ha 180 324
(digital and analog)
Survey after the end of construction, as
completed drawings (digital and analog) is guo 1,250
Restoration of houndary stones incl. ca-
dastral survey lump-sum 390 450
. - £ . . Low range High range

Technical site investigation Unit

[€] [€]
Driliing without well installation
Up to 5 m depth pc 150 500
Up to 10 m depth pc 300 800
Up to 20 m depth pc 2,000 4,000
Up to 50 m depth pc 10,000 30,000
Up to 80 m depth pc 20,000 50,000
Drilling with well installation
Up to 5 m depth pc 250 700
Up to 10 m depth pc 2,000 4,000
Up to 20 m depth pc 5,000 10,000
Up to 50 m depth pc 29,000 50,000
Up to 80 m depth pc 30,000 80,000
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Engineering GmbH

The unit price range as listed for site preparation investigations apply as well for envi-
ronmental monitoring investigations that usually include also sampling and different

types of analytics.

5.4.2 Site preparation and quality management

The following tables under table 13 summary include the costs for:
« preparation of the site for the planned renovation works

» setting up the construction site

« topographical survey of the actual state before start of construction, surveys
during construction and surveys after completion of construction

¢ huilding of construction roads

« occupational health and safety and

* quality management.

Table 13: Unit price range for site preparation and quality management

Eurapean Commission

Low range High range
Site preparation Unit
(€] [€]
Clearance of heavy vegetation from area 2
incl. disposing i 0.25 00
Felling trees, trunk diameter 10 — 30 cm,
incl. disposing pc 33 o280
Preparation of areas for construction site
equipment, storage spaces and technolog- B
ically required areas and removal after i 960 e
completion of works
Description
Site facilities Unit Low range High range
[€] [€]
Set up heatable site container (office con-
tainer and container for the employees) lump-sum 1,543 2,160
and removal after completion of works
Operation of site container {office con-
tainer and container for the employees) month Sie 63
When working in contaminated areas, set
up & black and white plant and removal lump-sum 3,514 6,502
after completion of works
Operation of black and white plant month 598 928
Erection and clearing of a mobile tire
washing plant including costs for water
connection, consumption meter, water iump-sum 2,570 6,425
consumption, removal and ordery dis-
posal of the wastewater
Provision and operation of the tire wash-
| ing system week 319 574
Provision of the site equipment in the
event of construction interruptions not week 29 77
caused by the contractor
185
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Engineering GmbH

Provision of personal protective equip- —
ment for work in contaminated areas (de- - Iemp lovee 317 432
pending on the number of workers) ploy

Description

Site facilities for quality management Unit Low range High range

[€] €]
Set up heatable site container (office and
quality control laboratory) and removal ump-sum 2,897 4,056
after completion of works

Operation of site container (office and

quality control laboratary) month 543 651
Description

; . . Low range High range
Site facilities for fibreglass Unit € €l

Pelivery of all hecessary equipment, sef-
ting up the construction site container, g

setting up storage spaces, including re- lump-sum DQiSa0 SEES0
moval after completion of works

Description

Site facilities for installation of ground- Unit Low range High range
water monitoring wells [€] [€]
Delivery of all necessary equipment, set-

ting up the construction site container, }

selting up storage spaces, including re- Nimp:SUm 4,588 9,863
moval after completion of works

Relocation of drilling equipment pc 41 651

5.4.3 Earthworks

The cost of earthwarks depend on the type of operation for profiling and site prepara-
tion works (like excavation, loading to trucks, area profiling with soil relocation, com-
paction, siope profiling, transportation by vehicles, putting waste rock), type of equip-
ment (excavators, excavators-dragline, backhoe, dozers, pneumatic trailer-rollers), the
equipment’s capacity and the handled material (soil class, waste rock). Dimensional
elements (volume, deployment distance) and work technology (layered deposition,
slope angles) have to be considered.

Further earthworks are demolition works (demolishing of reinforced concrete struc-
tures, excavation of solid reinforced concrete, breaking of reinforced concrete struc-
tures, arc welding when dismantling metallic structure, demolition of the brick walls,
removal of railway tracks sleepers and ballast, removal of the asphalt paving and sub-
grade, construction garbage profiling, crushing of the demolition material into a trans-
portable size, loading/unloading works during transportation), type of equipment, the
equipment’s capacity. Dimensional elements (volume, deployment distance) and work
technology have to be considered. Also, the cost that has to be paid for deposition of
construction and demolition waste if the case may be. The cost of pavement depends
on the material used for pavement (crushed stone, asphalt-concrete mixes, concrete,

187
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Materials reroved for disposal m? 0,01 0.05
Radiometric survey
Spectrometric analyses pc 90.00 220.00

5.4.4 Fencing and Drainage

Cost for fencing should consider supply and placing temporary and definitive fence and
access gates. Typical fence for various purposes would lead to specific material and
dimensions. Foundation and earthworks should be included. The length of the fence
and the ease of access would be key elements in the cost value range. Table 15 illus-
trates the unit price range for fencing.

Cost for drainage should consider water discharge channeis installation, open chan-
nels at roadsides, construction of water discharges from longitudinal drainage chan-
nels, installation of drainage pipes, installation of precast concrete manhole, installation
of single-entry water discharge reinforced concrete round cuiverts under dams. Table
16 shows the unit price range for drainage. For channels operation such as manual
clearing of soil in ditches and construction of reinforced concrete walls and bottom of
the channel will must be considered case by case. Length and typical cross section
would be key elements in the cost value range. The method of supplying the concrete
and the steel reinforcement elements would have to be considered when considering
the cost range.

Table 15: Unit price range for fencing

Description

g Unit Low range High range

Fencin

kel [€] €]
Securing only for the construction period
Deliver and install of warning and prohibitions .
signs incl. removai after the end of construction piece 19.30 23.20
Delivery and installation of barrier tape on earth
spikes (2 pcs / 10 m) incl. removai after the end of m 0.95 1.40

construction

Supply and placing building site fence, height 2,0
m, incl. base stands along editing site boundary m 9.60 17.30
incl. removal after the end of construction

Deliver the barrier and install it at the entrance
including all necessary parts and services. Clear

width 6 m, incl. concrete foundations and earth- pC L Loy
works incl. Removal after the end of construction

Keeping and maintenance of security systems m (fn'lg 220 2.90
Permanent securing

Eigll:\.sver and instali of warning and prohibitions piece 27.30 31.50
Supply and placing fence, height 1,8 m, incl. con- m 20.20 28.30

crete foundation and earthworks,

Supply and placing double wing gate, total width 3
m, incl. concrete foundation and earthworks pc 2,087 3,027
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Table 17: Unit price range for demolition / decornmissiohing

- . Low range High range
Description Unit
[€] [€]
Demolition / Decommissioning
Demolishing of reinforced concrete structures by m? 434 608
hydraulic hammer
Construction garbage profiling, m? 1.90 3.00
Leading/unloading works during transportation.
large paris of prefabricated reinforced concrete t 32.45 51.90
with mass up to 3 ; unloading
Breaking of reinforced concrete structures of
reservoir and other concrete facilities by hydrau- m? 418 628
lic hammer
Arc welding when dismantling metallic structure t 635 889
Loading/unloading works during transportation. t 69 90
steel works with mass up to 1 t unloading
Demolition of the brick walls (buildings) m? 26.80 41.55
- . m?® building
Demolition of larger buildings volume 60.00 83.10
Remaval of railway tracks, cleaning of material
for reutilisation, evacuation m 19:00 #9150
Removal of railway sleepers, transport to the
foreseen storage area, unload - storage area, TD pc 5.00 775
up to 15 km
Removal of railway ballast, load on, transport to
the storage area, unload - storage area, TD up to ma 17.20 23.20
15 km
Dismantling of concrete / reinforced concrete
single foundations and walls incl. crushing into a A
transportable size, load on, transport to the stor- m a0 1255
age area, unload - storage area, TD up to 15 km
Demolition of concrete channels, crushing of the
demolition material, load on, transport to the - 10.50 16.30
storage area, unload - storage area, TD up to 15 ’ '
km
Demolition of smaller disjointed reinforced areas,
crushing of the demolition material, load on, "
transport to the storage area, unload - storage i 12250 30.70
area, TD up to 15 km
Quality management Unit Low range High range
[€] €]
Chemical parameters for disposal m? 0.05 0.15
Spectrometric analyses pc 80.00 220.00
191
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Engineering GmbH

Radiometric Investigation

Speciromefric analyses pc o0 220
Chemical Parameters

Delivered filling material m?* 0.05 0.10
Materials removed for disposal m? 0.05 0.15

5.4.7 Relocation

Relocation activities are part of the earthworks. The unit price range in included in tabie

14.

5.4.8 Hydraulic and Geochemical Water Protection Options

Diaphragm walls are walls made of concrete or reinforced concrete, which are either
concreted in liquid-supported earth slots using the contractor method or manufactured
by hanging precast concrete elements (prefabricated slot wall). Diaphragm walls can
be made to great depths (100 m) and nominal thicknesses from 0.45 m to 1.50 m. Ta-
ble 19 illusirates the unit price range for hydraulic and geochemical water protection

options.

Table 19: Unit price range for hydraulic and geochemical water protection options

European Commission

L . l.ow range High range
Description Unit
[€] [€]
Diaphragm walls
Seepage control screen construction made of "
geodiaphragm onto dam surface il L 250
Concrete nails for geodiaphragm pc 16.50 21
L . Low range High range
Description Unit
[€] [€]
Permeable Reactive Barriers / Reactive walls
Construction of reactive wall m? 200 300
Filling of reactive wall: zero valent iron t 286 440
Filling of reactive wall: organic material t 20 30
Low range High range
Description Unit d g P
[€] [€]
Funnel and gate
Construction of funnel and gate m? 200 300
Filling of funnel and gate: zero valent iron t 292 664
193
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Table 20: Unit price range for shaft closure

e Low range High range
Description Unit
[€] [€]

Shaft closure
De_alivery of and filling with crushed rock, Shaft mP 45 100
filling
Delivery of and filling with debris, Shaft filling m? 20 80
Reinforced concrete slab installation (with mo- s
bile concrete pump) m 178 250
Concrete bedding preparation, concrete B 7,5 m? 75 120
install reinforced concrete stab;

- - m? 180 245
reinforeing 70 kg/m?

Table 21: Unit price range for adit closure
Low range High range
Description Unit B 3 g
(€] {€]

Adit closure
Construction of shallow ditch in adit bottom,
) m 120 152
incl. earth works
Construction concrete strip foundation m® 140 204
Construction of brick wall {(single sections) m? 129 187
Installation of drainage pipe, polyethylene, - 133 150
d= 200 mm incl. earth works
Cuts construction into sides by air- 3 330 413
hammers
Seepage control screen construction made m?2 198 250
of geodiaphragm onto dam surface
Concrete nails for geodiaphragm pc 16 21
Protective covering with stones of the drain 8

A g m 33 40
pipe, stone size - 200 mm
Liquid concrete filling of adit (by mobile ms 129 174
concrete pump)
Begm elements installation to compensate ma 513 600
uplift
Contouring works at adit portal m? 104 130

5.4.10 TMF Dewatering and Closure

Cost of TMF Dewatering and Closure depend on size and settlement status of the
TMF. The TMF sediments that are more settled while lead to a shorter dewatering time
span and shorten the closure time. TMFs that are needed to be closed through vertical
drains and fostered rock stabilisation need additional closure activities. Note: prices
quoted in table 22 include all necessary earthworks, Drainage layer material must con-
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Chemical Parameters
Mineral soil and RCL-material m? 0.05 ¢.10
Drainage gravel m?* 0.05 0.10

5.4.11 Application of Surface Sealing

Table 23 shows the unit price range for the application of surface sealing. Cost of ap-
plication of surface sealing depend on the surface to be sealed dimensions (surface,
position) focation (the distance from the source of materials to be used for sealing)
ways of access and the proposed sealing technology that wilt give the materials char-
acteristics (clay type, soil type, geogrids, geomembranes, geotextile, gravel-grit-
crushed sand-mix with specific grain size) the equipment that should be used (dozers,
sheepsfoot roller, compactors) and the volume of the sealing layers (layer thickness) if

applicable.

Table 23: Unit price range for the application of surface sealing

Description

Unit

Low range

High range

[€]

[€]

Application of surface sealing

Bearing and compensation layer

Fine profiling of the surface of the filling accord-
ing to the project by dozer with material reloca-
tion up to & m (overburden) incl. compaction

mz

1.40

4.00

Fine profiling of the surface of the filling accord-
ing to the project by dozer with material reloca-
tion up to & m (recycled material) incl. compac-
tion

mZ

1.45

420

Fine profiling of the surface of the filling accord-
ing to the project by dozer with material reloca-
tion up to 5 m (soil) incl. compaction

m?

1.40

4.00

Delivery and instailation of a bearing and com-
pensation layer made of suitable waste material
including compression, layer thickness 0.3 m,
DPrz95%Kf=1x10-4m/s

m3

2.20

4.65

Delivery and installation of a bearing and com-
pensation layer made of suitable recycled mate-
rial including compression, layer thickness 0.3
mDPrz95 % Kf=1x10 -4 m/s

11.85

1340

Delivery and installation of a bearing and com-
pensation layer made of suitable sail including
compression, layer thickness 0.3 m, D Prz 95
% Kf=1x10-4 m/s

m3

15.75

28.30

Mineral sealing layer

Supply and installation of cohesive soil as seal-
ing layer, installation in 2 layers with compac-
tion, layer thickness 025 m, D Pr 2 95 %
Kf<5-10-9 m/s

52.40

70.70

Capillary barrier

Eurcpean Commission
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Supl_le and installation of drainage mats incl. m2
quality management (m?) 7.80 12.45
Supply and installation of asphalt sealing layer
incl. quality management (m?), asphalt sealing m? 7.65 17.30
layer, 4 cm
Supply and installation of asphalt sealing bear-
ing incl. quality management (m?), asphalt bear- m? 5,90 7.70
ing layer, 6cm

Low range High range
Description Unit

[€] [€]

Geotechnical Parameters
Filling material m? 0.05 0.15
Levelling course and bearing layer m? 0.20 0.25
Sealing layer m? 1.00 3.50
Subsoil m? 0.35 0.45
topsoil m? 0.40 0.50
Capillary Block m? 1.00 3.50
Capillary layer m? 1.00 3.50
Chemical Parameters
Filling material m? 0.01 0.05
Levelling course and bearing layer m? 0.01 0.05
Sealing layer m? 0.01 0.05
Subsaoil m? 0.25 0.35
topsoil m? 0.15 0.25
Capillary Block m? 0.01 0.05
Capillary layer m? 0.01 0.05
Radiametric survey
Spectrometric analyses pc a0 220
Test field
Test field for the surface sealing system pc 28,690 34,500
Geotechnical quality tests lump-sum 13,000 15,500
Chemical quality tests lump-sum 2,800 3,350
Tests for geosynthetics lump-sum 1,000 1,200

5.4.12 Reclamation / Revegetation

The cost of reclamation depends on the after closure foreseen usage of surface that
would be subject for reclamation. Usually involves the cost related to prepare the soil
cover for seeding, spread fertilizers, seeding of the selected plants and also mainte-
nance activities such as trimming and watering. Table 24 illustrates the unit price range
for reclamation / revegetation (note: pc refers to piece, e.g. per each planted shrub).
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Operation of a water ireatment plant

15

Operation of a passive water treatment setting

ma

10

5.4.14 Water treatment

Water treatment is typically needed at each mine site, however unit cost is not possible
to be provided for that item because the setting and dimension of the treatment meth-
odology is particularly site specific. Beside the investment cost, the operational costs of
a water treatment facility accumulate on the long term. In table 26 are given the elec-

tricity prices in Europe.

Table 26: European Electricity prices (source: https://strom-report.de/electricity-prices-
europe/)

ELECTRICITY PRICES IN EUROPE 2019

Electricity prices for household consumers including all taxes and levies

=

Taxps

Germary
penmr
g
o E

soi

ol
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Cost related to waste that is shipped outside of the mine site (construction related
wastes, garbage, special waste) that is subject for closure in order to be deposited in
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Annex 1

Correlation between the annex of the EIA Directive with the formalities of the
codes of the Statistical Classification of Economic Activities in the European
Community (commonly referred to as NACE).

NACE!/ | List of all industrial | EIA ANNEX [ list “shall deter- | EIA ANNEX | list “shall
ISiC activities if not | mine whether the project shall | be made subject to an
code | subject be made subject to an assess- | assessment” (High
for any of EIA | ment” (Medium Risk) Risk)
ANNEX | or Hl lists
{Low risk)
0510 | Mining of hard coal | (2) EXTRACTIVE INDUSTRY(a) | Quarries and open-cast
Quarries, open-cast mining (pro- | mining where the surface
jects not included in E!A List 1) (b) | of the site exceeds 25
Underground mining (e) Surface | hectares
industrial installations for the ex-
traction of coal,
0520 | Mining of lignite (2) EXTRACTIVE INDUSTRY(a)
Quarries, open-cast mining (pro-
jects not included in EIA List 1) (e)
Surface industrial installations for
the extraction of coal,
0610 | Extraction of crude | {2) (e) Surface industrial installa- | (14) Extraction of petro-
petroleum tions for the extraction of petrole- | leum for commercial
um, purposes where the
amount extracted ex-
ceeds 500 fones/day
0620 | Extraction of natural | (2) (e) Surface industrial installa- | (14) Extraction of natural
gas tions for the extraction of natural | gas for commercial pur-
gas, poses where the amount
extracted exceeds 500
000 cubic meters/day
0710 | Mining of iron ores (2) EXTRACTIVE INDUSTRY(a) | (19) Quarries and open-
Quarries, open-cast mining (pro- | cast mining where the
jects not included in EIA List 1) (b) | surface of the site ex-
Underground mining (e) Surface | ceeds 25 hectares
industrial installations for the ex-
traction of ores
0721 Mining of uranium | (2) EXTRACTIVE INDUSTRY(a) | (19) Quarries and open-
and thorium ores Quarries, open-cast mining (pro- | cast mining where the
jects not included in EIA List 1) (b) | surface of the site ex-
Underground mining {e) Surface | ceeds 25 hectares
industrial installations for the ex-
traction of ores
0729 | Mining of other non- | (2) EXTRACTIVE INDUSTRY(a) | (19) Quarries and open-

ferrous metal ores

Quarries, open-cast mining (pro-
jects not included in EIA List 1) (b)
Underground mining (e) Surface
industrial installations for the ex-
traction of ores

cast mining where the
surface of the site ex-
ceeds 25 hectares
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Storage of scrap iron, including
scrap vehicles

pacity of 200 000 tones
or more.

3821 | Treatment and dis- | (b) Installations for the disposal of | 10. Waste disposal in-
posal of non- | waste (projects not included in | stallations for the incin-
hazardous waste Annex I);(g) Dams and other instal- | eration or  chemical

lations designed to hold water or | treatment as defined in
store it on a long-term basis (pro- | Annex | to Directive
jects not included in Annex t);(d) | 2008/98/EC under head-
Sludge-deposition sites; ing D9 of non-hazardous
waste with a capacity
exceeding 100 tons per
day.
Treatment and dis- (iv) solely for the final
posal of hazardous disposal of radioactive
waste waste; 8. Wastie disposal
installations for the in-
cineration, chemical
treatment as defined in
Annex | to Directive
2008/98/EC of the Euro-
pean Parliament and of
the Council of 19 No-
vember 2008 on waste (
3 ) under heading D9, or
landfil of hazardous
waste, as defined in
point 2 of Article 3 of that

3822 (d) Sludge-deposition sites; Directive.

383 Materials recovery
Rehabilitation activi-
ties and other
waste management

39 services
Woater collection,
treatment and sup- | (c) Waste-water treatment plants

36 ply (projects not included in Annex I);
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8.2 Contact details of the project proponent and of the organisation implementing
EIA

8.3  Justification of the proposed project
8.4  Description of the proposed project and alternative options

8.5  Analysis of the proposed work methods with regard to their compliance with
best available techniques (BAT)

8.6  Description of the existing environmental situation
8.7  Assessment of the proposed project activities

8.8  Assessment of the expected environmental situation after the proposed rehabili-
tation works

8.9  Mitigation measures

8.10 Proposed monitoring programme

8.11 Involvement of the public

8.12 Evaluation of the acceptability of the impacts on the environment
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