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R O N C S oo

Annex A. Expert report on the Polygyros landfill mining plan
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Executive Summary

The report outlines the landfill mining schemes employed and analyses the design of the landfill
mining plan that is going fo be used at the Polygyros Landfill site for the development of the LIFE+
Reclaim project. Major focus is paid to the design and the development of the sampling operations
and at the identification of the target area to be mined.

The operational phase of a typical landfill mining (LFM) project is usually consisted of two major
steps. The first is the excavation process of the waste with the use of equipment commonly
employed in surface mining, while the second is the waste processing one with the sorting and
screening of the waste taking place there. Of course there are also additional issues to take info
account as the environmental protection of the site and the well-being of the personnel involved.
Details of the above issues, are depicted in the first part of the report in which the theoretical
background of LFM is given.

For the Polygyros case the initial operation will start with the development of 2 sampling trenches
constructed using a backhoe loader. Their length should be at least 5 m, their depth at least 3 m,
and their width of around 1T m. These trenches are to be developed in areas representing different
time frames of the disposal operation, and thus allowing the assessment of differences/variations in
the characteristics of the waste material. This stage will provide details for the MSW content and
more importantly with allow the gathering of data for the main part of the mining operation. This,
will take place in an area located at the central part of the PL's disposal site, approximately 30 m
eastern from the toe area of the current working cell, at the level of +620m. This will allow for an
unobscured operatfion to both the landfiling and mining operations that are going to take place
there simultaneously. The section to be mined will have a surface area of 600-800 m2, or dimensions
about 20 x 40 m, while the depth of the cut is to be at 3-4 m, allowing for the extraction of 2000 m3
of waste.

The PL mining scheme proposes the excavation to take place from the top (+620 m level) using a
hydraulic excavator at the crest area, rather than making the extraction from the toe using front-
end loaders and by scraping the waste. The extracted material will then by loaded to trucks and
will be eventually channelled to the processing plant in which the screening and sorfing of the
materials will take place.

Finally, the outline of the environmental and safety monitoring that will be installed in the PL site is
proposed, targeting the dust monitoring (especially related to mining and tfransport operations)
and gas emissions. For this reason a number of relevant equipment are to be used (e.g. PM 10
sampling units, gas detectors, etc.) as well as personal samplers that will safeguard the personnel’s
safety.
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1. The concept of Landfill Mining

A lot of Landfill Mining (LFM) definitions are found in the literature. According to the Oxford
Dictionary of English, “landfill” means:

“the disposal of waste material by burying it” or "a place or process for a disposal of non-hazardous
waste, based on burying it in the ground then compacting it to reduce the volume and finally
covering it with soil and landscaping it to look like part of the surrounding land”.

The meaning of the word “mining” is, according to the same dictionary:

“the removal of minerals (such as coal, gold or silver) from the ground” or “the process of
extracting solid natural resources from the shallow parts of the Earth’s crust”.

According to Krook et al. (2012), *combining these definitions, landfill mining could be described as
a process for extracting minerals or other solid natural resources from waste materials that
previously have been disposed of by burying them in the ground™.

Similar definitions are found in the literature by other researchers. “Landfill mining is the process of
excavating from operating or closed solid waste landfills, and sorfing the unearthed materials for
recycling, processing, or for other dispositions” (Lee and Jones, 1990; Cosu et al., 1996; Hogland et
al., 1997; Carius et al., 1999).

From a technical point of view, landfill mining is a typical open cast mining and screening process
as presented in Figures 1 and 2.

The objectives of landfill mining are summarized below (USEPA, 1997; Lee and Jones, 1990; Hogland
et al., 1997):

— Conservation of landfill space.

— Reduction in landfill area.

— Elimination of potential contamination source.
— Rehabilitation of dump sites.

— Energy recovery from recovered wastes.

— Reuse of recovered materials.

— Reduction in waste management costs.

— Redevelopment of landfill sites.

reclaim - Landfill mining pilot application for recovery of invaluable metals, materials, land and energy
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Figure 1: Schematic illustration of a landfill mining process
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Figure 2: Processing scheme of a typical landfill mining plant
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Examples of the LFM process have been cited since the later 1940s (Fisher, 2013). The reasons for
implementing and LFM strategy are often unique to the site itself and there are specific factors that
may lead to an LFM operation (ibid.).

1.1. Pros and cons of Landfill Mining
The main reasons for considering LFM operations are (Fisher, 2013):

— Extraction for recycling potfential: the extraction of wastes for their recycling potential is highly
likely to be driven by the material values in the market place for specific recyclates. Although
metals and plastics have the highest values and the lowest level of degradation within a
landfill site, there may be other materials that have a specific local value.

— Extraction for energy recovery: waste landfiled may provide a short- fo medium-term
resolution to energy demand; it could not be considered a ‘renewable’ source of energy
though.

— Reclamation of land: landfill sites may be in locations that are ideal for other development
purposes; may be a source of contfamination that has to be removed; or there may be a need
to reuse the available landfill space at the site for different kinds of wastes more suitable to
long-term disposal, such as non-reactive hazardous waste. In this way the useful life of the
existing landfills could be extended by many years besides avoiding the cost and time to
locate, design, permit, and consfruction of a new landfill.

All the above reasons may be independent drivers for LFM but may also be combined to deliver
wider benefits and maximise the LFM opportunity (Fisher, 2013).

On the other hand, LFM may cause significant economic and environmental impacts. The
composition of wastes in historic landfill sites is not known and estimates must be made of the
wastes within them and the subsequent impacts that those wastes may have. This lack of
knowledge might be a limitation regarding safety issues (Fisher, 2013).

Ofther safety issues include physical injury from rolling stock or rotating equipment; exposure to
leachate, and hazardous material or pathogens during mining or processing; subsurface fires and
landfill gas emissions. Other limitations include odour and air emissions, increased traffic on roads
between the landfill and resource recovery facility, extra mixing and handling of waste at the
resource recovery facility, and the handling of additfional inert materials.

Many of these risks are similar to ftraditional mining operations but are enhanced by the
heterogeneous nature of the wastes in a landfill, which could result in (Joseph et al., 2004, Reno
Sam, 2009):

Poor quality of recovered materials

— Ineffectiveness of substituting recovered tin cans for scrap aluminum cans
— Poor separation of recovered materials

— Low-value and limited applications of recovered materials

—  Emission of landfill gas

reclaim - Landfill mining pilot application for recovery of invaluable metals, materials, land and energy
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2. Brief History of Landfill Mining and current projects worldwide

Landfill mining projects have been used throughout the world during the last 50 years as a fool for
sustainable landfilling. The first reported landfill mining project was an operation in Tel Aviv, Israel in
1953, which was then a method used to recover the soil fraction fo improve the soil quality in
orchards (Shual and Hillel, 1958; Savage et al., 1993). It was later employed in United States of
America (USA) to obtain fuel for incineration and energy recovery (Hogland, 1996; Cossu et al.,
1996; Hogland et al., 1997). Pilot studies have been also carried out in England, Italy, Sweden,
Germany (Cossu et al., 1995; Hogland et al., 1995), China and India.

Until today, more than 60 Landfill Mining and Reclamation (LFMR) projects are reported in the
literature (Vossen and Prent, 2011). Ford et. al. (2013) has recorded 57 of them, as shown in Table 1.
The brief description of each project in Table 1 is based on the principal drivers, although frequently
more, than one, drivers may exist at each site.

Table1: Principal drivers for historic and current LFMR projects worldwide

Principal project driver Europe North America Asia Total projects
Not specified 12 4 2 18

Void space recovery 3 4 7

To allow site redevelopment 5 1 6

To mitigate pollution 2 5 1 8

To improve landfill engineering (e.g. 4 2 1

meet regulatory requirements)

Material reclamation for recycling or 3 2 6 11
energy production

Total projects 29 projects 17 projects of which 11 projects
across 9 1in Canada and 16 across 7 57
countries in the USA countries

Source: Ford et al., 2013

Given the number of landfills in existence around the world, it is evident that very few landfill mining
projects have taken place since the first recorded project in 1953. The documented projects
undertaken are spread around the world, while USA has undertaken the most LFMR projects.

It is also evident that although material sorting and recovery often features in a LFMR project, it is
not in most of the cases the main project driver. Many of the projects reviewed involved only basic
separation of wastes, principally separation of the soil fraction by screening. According fo Hogland
et. al (1999), the amount of recovered fine soil fraction, which could be used as cover or lining of
new landfill or backfilled in a more sustainable way is the most important variable in LFM. The soil to
waste ratio reported at various excavated landfills differs due to the amount of daily and final
cover material employed, the size of the screens’ openings, the type of landfill and waste, the
degree of compaction, the age of landfill, and the local conditions like moisture content in waste
and degree of composition. The average soil fraction in recovered municipal waste from landfill
tends to be around 50-60%. However, it can vary between 20 and 80% as given in Table 2
depending on moisture content and decomposition rate (Hogland, 2002). Strange (1998, as
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mentioned in Joseph et al., 2004) suggested that a landfill needs to be 15 years old before a
successful mining project can be performed.

Table2: Soil to waste ratio in landfill mining

Landfill Soil-to-waste ratio (%)
Edinburg, New York, USA 75:25
Horicon, New York , USA 65:35
Hague, New York , USA 50:50
Chester, New York USA 25:75
Coloni, New York, USA 20:80
Sandtown, Delaware, USA 46:54
Burghof, Germany 71:29*
Schoneiche, Germany 77:23*
Dobeln-Hohenlauft, Germany 62:38*, 21.79**
Schoneiche, Germany 20-80*, 30:70**
Dresden, Germany 74:26*,19:81**
Sengenbuhl, Germany 11:89%, 45:65**
Basslitz; Germany 50:50%*, 34:66™*
Cagliari, Italy 31:69*
Filborna, Sweden 65:35

* Screen gauge 40 mm ** Screen gauge 8-40 mm

Screen gauge is 24 mm unless otherwise indicated

Source: Hogland, 2002
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3. The Landfill Mining Process

The first step in planning a landfill mining and rehabilitation project should be a site survey to gather
site-specific information such as its operating history, types of wastes present, dimensions,
tfopography and physical characteristics (Salerni, 1995).

The next step of site investigation involves planning for preliminary excavation and obtaining the
necessary regulatory approvals (e.g. number of pits and/or frenches to be dug; equipment and
material handling procedure; analytical testing, measurements and data collection, etfc.)

Some relevant factors that need to be addressed while planning dumpsite rehabilitation employing
the concept of landfill mining are the proper time to begin extracting material from the landfill, the
methodology that should be conducted for feasibility studies and for taking representative
samples, the quantity and quality of materials that can be recovered, the variation of degradation
with time, wastes and space, the environmental and health risks of landfill rehabilitation works and
the enhancement of waste stabilization (Joseph et al., 2004).

The operatfional phase of LFM typically consists of three basic stages: excavating waste using
equipment commonly employed in surface mining; processing the excavated material fo meet
several objectives, including separating bulky materials, sorting hazardous material and other
unidentified waste, screening soils from waste, and sorting materials for recycling or use as fuel.
Several common mechanical processes (such as magnets for ferrous metal and eddy current
separators for aluminium) can be used (IWCS, 2009). Identifying and sorting hazardous material and
other suspicious waste material has been reported by IWCS (2009) to be an integral part of most
landfill mining projects. Additional processing and managing of the excavated material are guided
by the project objectives, properties and conditions of the excavated material, and processing
cost and time (ibid.).

According to the study of IWCS (2009), in a lot of mining projects screening of the excavated waste
was the most common process used. Figure 3 presents a generalized flow chart of the process that
some of mining projects employed.

As shown in Figure 3, the main part of the process is the screening, where the size and type of
screen used depends on the end use of the recovered material. The non-recyclable part is typically
reburied in the mined area of the landfill. If this portion is reburied without further processing, this
landfill mining operation typically achieves about 70% volume reduction (Cossu et al., 1995,
Hogland et al., 1995).

reclaim - Landfill mining pilot application for recovery of invaluable metals, materials, land and energy
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Figure3: Landfill Mining Process

3.1. Site investigation of landfills

Landfill and disposal site investigations aim fo determine a site’s conditions with respect to
regulatory disposal site state minimum standards for the protection of public health and safety.
One of the most important objectives of any landfill investigation is fo determine the horizontal and
vertical extent of waste in order to estimate a volume of waste, consider different remedial options
and determine costs to clean-close the disposal site (Young, 2010).

3.1.1. Preliminary Investigation

Environmental agencies usually recommend gathering historical information and carrying out a site
inspection during the preliminary investigation. Compilation of physical and historical data and alll
the existing information about the site need to be collected. This phase is very important for the
future steps, based on the infterpretafion of the previous and current topography, hydrology,
weather aspects, aerial photographs and historical documents with regard to the type and
amount of waste. This phase could result in avoiding unnecessary tests in the next steps, so as to
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reduce costs without compromising the quality of the final results (Mondelli et al., 2012). A visual
inspection should be also conducted during the preliminary investigation (ibid.).

3.1.2. Historical Aerial Photograph Study

The analysis of historical aerial photographs during a landfill investigation or preliminary site
assessment study is one of the most important and cost-effective methods in order to determine
the approximate areal (or horizontal) extents of a disposal site operation and can reduce the
scope of work for intrusive field investigation work (Young, 2010).

Once the historical aerial photograph review and analysis has been performed, a scaled
topographic engineering drawing should be prepared using an engineering drawing program that
will allow field information fo be added to develop a scaled drawing depicting the boundary of
the disposal area (ibid.).

3.1.3. Geophysical Surveys

After the historical aerial photograph analysis and the development of the topographic map, a
geophysical survey of the disposal site and surrounding areas should be performed to develop
subsurface cross-sections that can be used to assess rock depth, changes of soil ftexture,
groundwater level, distribution of waste, etc., so as to develop intrusive investigation (drilling,
frenching, or direct push) locations (Mondelli et al., 2012). The major advantage of geophysical
survey is that it allows a quick invesfigation of a large area avoiding direct contact with
contaminants (ibid.).

Various geophysical survey methods may be employed based on site conditions. Some
geophysical fechnologies, such as electrical conductivity, are able to directly detect the presence
of contaminants by measuring the change in soil conductivities. Other technologies, such as
seismic reflection are better in identifying subsurface lithologies (USEPA, 2000). It should be noted
that a combination of one or more geophysical methods, e.g. resistivity (depth) and ferromagnetic
(areal), may yield the most useful data (Young, 2010).

Table 3 provides a summary of the difficulties encountered and the results obtfained in 11
geophysical investigations reported by USEPA (2000). In five, the geophysical technology was able
to directly detect contaminants, greatly aiding the delineation of contamination at those sites. In
the remaining investigations, the results described critical geological structures that influenced the
migratfion of contaminants. This information aided site managers in identifying appropriate sampling
locations for better delineation of contamination.

It should be noted that a geophysical survey is not a substitute for an intrusive investigation, and
should be used fo help a subsurface investigation, which will yield the most reliable information
(Young, 2010).

reclaim - Landfill mining pilot application for recovery of invaluable metals, materials, land and energy
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Table 3: Methods, difficulties and results of 11 Geophysical Investigations

Geophysical Method

Site Name and Location Used Purpose Difficulties Results
Marion, OH Baker Wood Ground Penetrating Delineate source areas GPR depth was limited by shallow dense GPR identified buried structures that in later
Creosoting Company Radar (GPR); and soil contamination clay soils; EM depth was limited by nearby | investigation found to be contaminated. EM
Electomagnetometry structures delineated near-surface soil contamination
Ciba-Geigy Hamblet & Hayes GPR Characterize Dense clay limited depth of penetration; Found topographic low where later
Site Lewiston, ME stratigraphy swampy areas limited access sampling found pooled DNAPL

Crystal Refinery Carson City,
Ml

GPR; Electrical Resisfivity

Monitor groundwater
contamination

No significant problems reported

Identified LNAPL mass located at water
table

Kelly Air Force Base San
Antonio, TX

Seismic Reflection

Map bedrock topology

Railroad noise interfered with data
collection

Identified channels in bedrock where later
sampling found pooled DNAPL

No significant problems reported

Found saddle-like formation in confining

Kansas UST Salina, KS Electrical Conductivity SCT:]C:]rorcgekr:ze layer that acted as preferential migration
grapny pathway for LNAPL
. Probes broke when encountered cobbles Clearly identified lithology, including layers
mggﬂg:”gag Fl'Z\\GP Electrical Conductivity SCT:]C:]rorztekr:ze and boulders; weathered bedrock was not yet identified; probe able to directly
' grapny not distinguishable in logs detect DNAPLs
Seismic Reflection; GPR; | Characterize Dense clay and sediments limited depth of
New Hampshire Plating Natural gamma; stratigraphy; Monitor penetration for GPR and seismic signals Delineated stratigraphy; identified zones of
Company Merrimack, NH Electomagnetometry groundwater groundwater contamination

contamination

NMHSTD UST Deming, NM

Magnetometry (R);
Electromagnetometry
(R); Natural gamma

Characterize
stratigraphy for sampling
point location

No significant problems reported

Gamma logs identified clay layers that
influenced vapor migration in vadose zone;
logs were used to position in sifu soil gas
samplers

Tinker Air Force Base Tinker,
oK

Seismic Reflection;
Electromagnetometry

Characterize
stratigraphy for new well
installation

Muddy surface conditions interfered with
data

collection

Characterized stratigraphy; identified
permeable layers

Trail Road Landfill Nepean,
Ontario, Canada

Natural Gamma;
Magnetometry;
Electrical Conductivity;
Density Temperature

Monitor groundwater
contamination

No significant problems reported

Developed continuous lithologic logs;
conductivity and temperature logs
identified zones of groundwater
contamination

Wurtsmith Air Force Base
Oscoda, Ml

GPR;
Electromagnetometry
(R): Magnetometry (R)

Monitor groundwater
contamination

No significant problems reported

Identified unknown LNAPL plume

Note: (R) indicates that the method was used in a reconnaissance survey for buried materials that might inferfere with primary fechnology.

Source: USEPA, 2000.
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3.1.4. Infrusive Investigation of Disposal Sites

Infrusive methods such as driling, frenching, or direct push can provide visual and physical
confirmation and documentation (drilling and trenching logs) of the approximate horizontal and
vertical boundaries of a disposal site (Young, 2010). Infrusive investigations should be conducted
after a thorough non-intrusive investigation in order to fill data gaps or verify features of the site
observed during the historical aerial photograph study and/or geophysical survey.

3.1.5. Laboratory tests for site characterization

Laboratory tests can improve the interpretation of the in-situ test results. Since a complete site
investigation using current engineering practice is usually difficult to carry out because it is fime
consuming, expensive and normally requires authorization and multidisciplinary teams, laboratory
tests can provide greater detail, but in minor scale, frying to represent the field conditions based on
soil and water/gas samplings (Mondelli et al., 2012).

The more usual laboratory characterization tests to investigate municipal solid waste disposal sites
include geotechnical properties (e.g. in-situ moisture content (w), natural unit weight (y), specific
gravity (Gs), etc.), Organic Matter Content (OMC), Blue Methyl Adsorption, X-Ray Diffraction (XRD),
Differential Thermal Analysis (DTA) and Gravimetrical Thermal Analysis (GTA), pH and X-Ray
Fluorescence (XRF) (Mondelli et al., 2012).

Laboratory tests for the estimation of pollutant transport parameters such as column, diffusion and
baftch equilibrium tests are also important in the more detailed phases of geo-environmental
investigations (Freeze and Cherry, 1979; Rowe et al., 1988; Barone et al., 1989; Shackelford and
Daniel, 1991; Yong et al., 1992; Shackelford, 1993; Yong, 2001).

3.1.6. Geotechnical investigation

Ensuring landfill stability is the major geotechnical approach during the operation and aftercare of
landfills and depends on various parameters such as waste composition, waste compaction,
climate conditions, landfill geometry, ground stability and pore water pressure (Koelsch, 2009).

The analysis of municipal solid waste for geotechnical purpose requires a specific procedure which
is different from conventional geotechnical methods. Those methods may be useful for waste
materials with geotechnical properties similar to soil (ibid.).

The first step of analysis comprises of the identification and classification of the waste. The main part
of the identification is the assorting analysis regarding the kind of materials. Groups of materials are
then defined corresponding with their geotechnical effect and behaviour. For geotechnical
purposes, size, shape and condition of all material groups need to be determined (ibid.).

Water content and biological stability are the major parameter to identify the waste condition. In
most cases, particularly when the waste analysis focus on old waste, it is sufficient to determine
both parameters using the smaller waste particles (0 - 8, 8 - 40 mm). For both parameters laboratory
standards are available. Water content is a basic parameter in soil mechanics as well as in other
fields. Biological stability may be measured as respiration (aerobe) or as gas generation
(anaerobe).

reclaim - Landfill mining pilot application for recovery of invaluable metals, materials, land and energy
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Material parameters for waste strength are available for various different waste materials. German
Geotechnical Society (Koelsch, 2009) obtained results from samples in Western countries. Figure 4
provides an overview on material parameters for municipal solid waste referring on the different
concepts of material testing. The figure basically classifies waste intfo unfreated (raw) waste
material and biologically stabilized material (after decay or Mechanical Biological Treatment).

ACTION B.2: Exploitation plan development

Parameter Unit untreated MSW | MBT-waste comments
Respiration mgQ./gTS (=5 <5
activity AT,
dry density pqg t/m? 0.2-0.5 0.2-0.7 loose dropped
0.5-1.0 0.8-1.5 compacted
Shear strength (anisotropic)
Tensile angle{ |° 25-35 10-14
dim 1+2 > 30% |dim 1+2 < 20%
friction angle ¢ 25-30 30-35
Pem
Cohesion cgm kPa <10
Shear strength (deformation dependent)
Friction angle ¢ €4=0%:0
Pt gy =10 %: 20-25
gy = 20 %: 22-35
Cohesion c¢q kPa €1=0%:0
g4 = 20 %: 22-35
modulus of kN/m? Es=-a+b'o
stiffness Eg a:-100 bis -300, b: 10-13
MSW: Municipal solid waste MBT: Mechanical biological treatment

Source: Koelsch, 2009

Figure 4: Geotechnical parameters for MSW and MBT-material

3.2, Planning of Landfill Mining

Once the site investigation is completed, the information gathered should be analyzed to
determine whether the proposed goals could be met within the projected cost framework. The
issues to be addressed in this analysis include access roads, fencing, waste receptfion and
placement, scavenger control, slope stability, leachate management, fire control, soil cover, use of
mechanical equipments, limiting the working face, environmental permit, environmental
monitoring and staff fraining (Joseph et al., 2004).

Access road

The access road should permit the passing of two trucks tfravelling in either direction. The running
surface should be firm and not easily disrupted by tfraversing trucks. The road surface should
comprise of compacted earth or similar material with a fop dressing of road stone. A durable,
asphalt surface would be preferred, if resources are available (ibid.).

reclaim - Landfill mining pilot application for recovery of invaluable metals, materials, land and energy
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Fencing

Fencing a dumpsite is required to conftrol access to the disposal site, manage uncontrolled
scavenging by waste pickers and to protect the vegetated sites. As a minimum requirement all
open dumpsites within 500 metres of communities should be fenced. Perimeter fencing is desirable
around all rehabilitated open dumpsites though it may not be practical. The minimum form of
fencing to control vehicular access and larger animals would be a stake-and-wire strand (barbed-
wire) fence or an excavated perimeter ditch and bund planted with fast growing hedge-forming
shrubs (ibid.).

Waste reception and placement

A reception area should be clearly defined to check incoming vehicles by operating staff. The
reception area should have an entrance gate or barrier to regulate the flow of vehicles to and
from the disposal site and a gatehouse fo store waste records and documents and protect landfill
staff from unfavourable weather conditions. The reception area should have sufficient space for at
least two trucks to be parked and not interfere with the vehicle movements in and out of the site
(ibid.).

Scavenging Control

Ideally, scavenging should not be allowed to take place, but when difficult economic
circumstances prevail it is not easy to eradicate it from a disposal site. Where scavenging is
tolerated, scavengers should at least be separated from the mechanical equipment emplacing
waste. The usual approach is to set up a temporary scavenging area near the waste emplacement
area where frucks can discharge their loads. After the scavengers have finished searching the
waste it is bulldozed to the emplacement area (ibid.).

Slope stability

The final slopes of the filled portions of the site should be 2 - 8% in grade and should not exceed the
upper limit so as to promote surface water runoff without ponding or water-logging or erosion of
the final cover (ibid.).

Unless local geotechnical reasons prevail in the site and cannot be adjusted, the waste side slope
should not be steeper than 1 in 3 and top slopes should not be more than 1 in 20 (Rushbrook, 2001).
Slope stabilization activities should seek to redistribute waste within the confines of the existing
dumpsite without extending the external boundaries of the fill (Joseph et al., 2004).

Leachate accumulation

If accumulated leachate is identified on the open dumpsite then a plan should be made to drain
or pump the leachate into a prepared pond not liable to flooding or recirculated back into the
waste. The source of the leachate should be determined and the remedial works defined to
prevent leachate accumulations reoccurring in the future (ibid.).

Dumpsite fire control
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A plan should be prepared to extinguish potential fires them as the mining and rehabilitation work
progresses across the site. The method to be used for extinguishing fires should be presented in the
plan. The use of water to extinguish fires should be avoided. Isolation and rapid natural burnout or
smothering with soil is preferred (ibid.).

Soil cover

Once the landfilled areas have been sloped and all the waste compacted and covered, the site
should be covered with at least 60 cm of clay-rich soil. This final cover of clay-rich soil should have
an inner layer (about 30 cm for inert waste landfills or 45 cm for municipal solid waste landfills)
compacted in lifts of 15 cm to minimize surface water infiltration. Compaction testing of this barrier
layer may be required to ensure proper placing of the soil. An additional 30 - 45 cm of soil should
be placed over the compacted clay layer to protect it from erosion, plant roofts, vehicular traffic,
etc. This buffer layer also provides a rooting depth for the final foliage cover (ibid.).

Mechanical equipment

The preparations for dumpsite rehabilitation should include a list of equipment to be provided to
the improved site. Mechanical equipment serves three basic functions related to soil, wastes and
support works at a controlled land disposal site (Joseph et al., 2004).

The required number and type of equipment varies and depends on the quantity of waste handled
daily together with the available resources to operate and maintain the equipment. The most
essential equipment for the full-scale operation of the disposal site are (ibid.): one bulldozer of
adequate capacity to handle the daily quantity of waste arriving at the site; and one tractor with
tfrailer to haul cover soil fo the work zone and undertake other support activities.

Area of exposed waste

All exposed and uncontrolled piles of waste should be compacted into layers. All uncovered areas
of waste not expected to receive new deposits of waste, or at least not in the next few months,
should be covered with an intfermediate or final layer of soil material. The remaining area of
exposed waste will form the initial working area for the emplacement of incoming waste. This area
should not exceed 0.5 ha for sites receiving up to 250 tons per day and one hectare at sites
receiving 250 to 500 tons per day. Two hectares may be appropriate at large sites receiving well
over 500 tons per day (Joseph et al., 2004).

Environmental permit application

The environmental permit application will be required to fully address all potential risks in advance
of a LFMR operation commencing. Many of the conditions present at the landfill and ifs
surroundings will be unique to the specific landfill, and specific to the age of the waste being
excavated (Ford et al., 2013).

Environmental hazards and typical mitigation measures are discussed below. Most risks are
reduced by minimising the size of the exposed working face and excavating waste in a pre-
planned methodical manner.
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Managing hazardous waste, that may be uncovered during reclamation operations. Hazardous
wastes are likely fo be more prevalent at older landfills that were in operation at a fime when waste
disposal practices and waste acceptance criteria were not as robust, or well regulated, as in the
present day. Such wastes may be subject to special handling and disposal requirements to
mitigate risk to the environment and human health of workers, nearby residents and other members
of the public. The presence, nature and extent of hazardous waste could be sufficient to prevent a
LFMR operation from taking place on the basis of degree of risk, or resulting expense (ibid.).

Controlling releases of landfill gases and odours. Waste excavation raises a number of potential
problems related to the release of gases. Methane and other gases, generated by decomposing
wastes, can cause explosions, fires, odours and risk fo human health (Ford et al., 2013). The volume
of gas being generated depends on the presence of gas generating wastes, the quantity and the
age of the waste. Many LFMR projects have been undertaken on relatively old wastes, typically
over 25 years old, since the decomposition of waste was advanced, giving rise to low levels of gas
generation. Younger wastes produce higher volume of gas, resulting in a greater risk for odour
issues and explosion (ibid.). However, low levels of gas can still give rise to issues, in particular the risk
of accumulation to explosive or asphyxiating levels within confined structures, including beneath
and within buildings. As reported in literature, gas monitors with alarms are used to monitor levels of
gas, including methane, at the location of waste excavation (ibid.).

Controlling releases of liquids and leachates. Suitable containment and drainage will need to be
afforded to all areas used for stockpiling and processing wastes. It is likely that any surface water
runoff from these areas will either need to be collected and treated, or diverted into the landfill
mass (ibid.). Consideratfion should be given to any damage to leachate collection and drainage
systems that may result from the excavation process. Poor drainage could have waste mass
stability implications. Having removed any capping materials that may be present, rainwater entry
and thus leachate generation is likely to increase. For this reason, minimisation of the exposed
working face can be beneficial (ibid.).

Controlling releases of dust. Dust generation is a significant, but manageable, risk at any active
landfill operation, whether or not LFMR is taking place. Water bowsers to dampen roads in dry
conditions, or friable wastes, is usually an effective mitigation measure. Where asbestos is, or is
expected to be, encountered special measures are likely to be required, such as the use of fine
spray mists. Finally, stopping operations in high winds may be necessary at times (Ford et al., 2013).

Controlling subsidence or collapse. Excavation of a landfill area can undermine the integrity of
adjacent cells, which can sink or collapse into the excavated area releasing contaminants info the
surrounding area and causing damage to engineered structures. Limiting the depth of excavation
for any one lift is likely fo be a key management method (Ford et al., 2013).

Environmental risks can be managed if considered in advance of the operation and appropriate
mitigation measures designed and implemented in discussion with regulators (ibid.). Subject to
location, there may be also sociological issues arising from perception of the risks from nearby
residents or other stakeholders in the local environment (ibid.).
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When scoping and planning a LFMR project for a specific landfill, it is necessary to fully establish the
‘conceptual model’ of the landfill and its surroundings. The conceptual model is the full
understanding of the waste, the engineered structure of the landfill and the surroundings, including
potential receptors to pollution, contamination or nuisance (ibid.).

Environmental monitoring programme

The main aim of the environmental monitoring programme is o provide the tools for a quantitative
assessment of the environmental conditions and to identify solutions and measures for tackling the
impacts deriving from the mining operations as well as from the whole spectrum of activities taking
place in the landfill site (Joseph et al., 2004).

Staff training

The site personnel should be trained and have defined job descriptions in order to perform properly
the tasks they are given. Working conditions also influence the ability and willingness of individual
staff members to accept and carry out the responsibilities placed upon them. These personnel
issues must be addressed during the planning stage. The minimum number of staff will vary
depending on the quantity of waste received and the standard of disposal operation achieved
(Joseph et al., 2004).

3.3. Available technologies in operational phase

There are a number of fechnologies that could potentially be employed in a LFMR operation (Table
4). Whilst most of these technologies are currently used within the waste management industry,
many are unproven, or little proven, in the application of LFMR (Ford et al., 2013). In comparison o
waste shortly after the point of generation, landfilled waste will often be compacted, degraded,
mixed, intertwined and often wet. Furthermore, shredding and separation equipment will most likely
operate at different efficiencies, and degrees of success, for waste from different landfills (ibid.).

Table 4: Available technologies for a LFMR operation

Excavation Screens Size Reduction/Shredding
— Trackhoe and backhoe | - Trommel —  Hammermills - vertical and horizontal shaft
excavators - Vibrating - Shearshredder
—  Bulldozers —  Disc/star —  Rotary, guillotine and scissors-type shears
—  Grappling Hoes —  Grinders - roller, disc-mill, ball mill
—  Flail mill
- Wet pulper
- Knife mill
Ferrous Metal Separators Non-Ferrous Metal Separators
—  Overband magnets —  Eddy current separators

—  Drum magnets
— Head pulley magnets

Handling Equipment Air Technologies
—  Front-end loaders - Windshifter

- Grapples —  Drum separators
- Conveyors - Air classifiers

- Forklifts - Airknife

Source: Ford et al., 2013
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LFMR projects undertaken around the world to date have most commonly employed excavators,
screeners, trommels, shredders, grinders and chippers for removing and sorting materials from
landfills. More advanced separation technologies are less proven in the application of LFMR (ibid.).

A short description of some of the technologies employed in LFMR is given below (ibid.).
Excavation/ waste removal

Excavator is probably the most important piece of equipment required for waste removal and
handling, for most LFMR projects. It is efficient, relatively low cost, can move high tonnages of
materials quickly, and can operate over many ferrain types. Following excavation, mobile or
stationary grapples and/or front-end loaders and trackhoes are typically used to organise the
excavated materials and separate out bulky material (Ford et al., 2013).

Landfilled wastes can be excavated from the top, working downward in “lifts” (e.g. typically 3m
per lift) or from the bottom, with a front loader removing sides and faces (ibid.). The volume
excavated per day will depend on the numbers of equipment used and the throughput of the
waste separation processes (ibid.).

Size reduction

Size reduction typically follows excavation and is undertaken to allow ease of subsequent material
handling and sorfing (Ford et al., 2013). Various industrial grinders and shredders can be use for this
scope (Ford ef al., 2013).

Screening

Screens are used to separate wastes by size, with material passing through the screen being known
as ‘undersize’, or ‘fines’, and that which does not is known as ‘oversize’, or ‘overs’. Some screen
arrangements allow for sorting fo a greater degree, thus creating a ‘midsize’ fraction. The most
common screens used in waste management are flat vibrating screens, frommel screens and star
screens (Ford et al., 2013).

Air technologies

Air fechnologies may include windshifters, separation drums, air classifiers and air knives. All air
technologies rely on light, low density, fractions of waste being separated from heavy, high density,
fractions in a stfream of air (Ford et al., 2013). Whilst air technologies are widely used elsewhere in
the waste management industry, they do have their limitations and their application to LFMR may
be limited to certain stages in the process (ibid.).

Metal separation

Metal separatfion within the waste management industry includes removal of ferrous and non-
ferrous metals. Removal efficiency is typically high and equipment robust. Ferrous metal removal is
normally undertaken by using drum magnets or overband magnets. Ferrous metal recovery from
excavated landfiled waste should be a straight forward operation. The separated metal may
contain greater levels of contamination in comparison to metal extracted from non landfilled MSW
(Ford et al., 2013).
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4. Planning of the landfill mining pilot application in the site of the Polygyros

4.1. Introduction

The landfill mining pilot application will take place in the site of the Polygyros Landfill (PL). In this
context this phase will make available the clarification of issues set in the in the objectives of the
research programme. It will allow the assessment of the excavation technology available and the
optimization of the design parameters, the identification and accurate characterization of the
deposited waste in terms of their content in useful materials, as well as the evaluation of the space
creation capabilities, through the mining process.

The details of the various parameters used in the proposed mining scheme are given in the
following paragraphs. Hence, firstly a brief infroduction of the PL is given along with the available
alternatives for implementing the exploitation. Following that, the detailed technical plan is drawn,
including the proposed siting of the mining excavation, the characteristics of the excavation in
terms of geometrical characteristics, as well as with the overall planning of the surface excavation
and the assessment of the required resources to complete task.

4.2, Site Location

The Polygyros Landfill is located in the Polygyros municipality, in the "Kastri" area, approximately 3.5
km northwest (NW) of the homonymous city, having a total area of about ? ha. The centroid of the
site's geographic coordinates are 40°24'11.0"N, 23°24'54.0"E. The access to the site is facilitated from
a rural paved road starting from the 3rd km of the Polygyros - Thessaloniki highway (EO16A).
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Figure 5: General view of the wider area of the Polygyros Landfill site (Google earth imaginary)
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The surrounding area is characterized by the small hills found there. The PL site is developed at that
hilly terrain at an elevation between +580m, at the northwestern part, and +680m, at the southern
part of the area. This particular terrain is a plus to the site, as it blocks any visual contact between
the Polygyros city and the main road network and the landfill, as it can be shown in the pseudo-3D
representation given in Figure 6.

Figure 6: Pseudo-3D view of the PL site with respect to the Polygyros town (Google earth imaginary)

43. Brief Technical Description of the Polygyros Landfill

The facility is operational since 2009 and from then on it has been used for the disposal of MSW
coming from the municipalities of Polygyros and Zervohoria. Since August 2011, Helector S.A. has
been the operator of the site, under contract with the waste management public bodies.

The geology of the area is consisted mainly by phyllites and quartzites, while at places quartzite
shales and quartzite sandstones are found. The constructional characteristics of PL include:
geological barrier, synthetic (HDPE) membrane, leachate collection pipes, and leachate pond,
biogas collection wells, biological treatment plant for leachate and biogas active pumping. In
Figure 7 the general plan of the site is given.

The facility covers a total area of 9.3 ha, from which the disposal area is around 2.6 ha. The PL is
designed to hold a total of 266,000 m3 of municipal solid waste (MSW) that will be disposed in two
phases i.e. A and B, having a maximum design capacity of 6,000 and 8,100 m3 per annum,
respectively. The main disposal area is located in the western part of the site and at the moment,
the landfilling operations are taking place as part of the 1st phase, located at the lower part of the
area (Figs. 8, 9). With the maximum disposal capacity of PL set at about 8,100 m3 per annum, with a
service life of around 21 years. Today, it is estimated that the remaining life of the site is about 16
years.
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Figure 7: General layout of the Polygyros Landfill site

Figure 8: Sketch of the PL's MSW disposal area (not to scale)
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Figure 9: View of the PL disposal area and details about the layering and compaction operations
taking place at the current working cell

The disposal activities are done on a daily basis in the PL site, while in the summer time the waste
quantities are reaching their peak values, as a result of the very active tourist season in the wider
areq.

Waste movement is usually confined to spreading the waste on the working face with compactors
or dozers after loads are deposited by trucks. The waste are layered and compacted, followed by
their covering with soil material. The layering of the waste is done gradually following a general
direction from south to north, forming stripes (working faces) about 4-5 m in width and 0.1-0.3 m in
height. Gradually the material cover the whole available area, forming the first cell of the site, up to
4-5 m in height. The next cells are constructed with the same principle, increasing the overall height
of the landfill.

During these operations the leachate collection piping system is layered (in the base of the site) as
well as the gas collection and management system. The leachates through a pipe network are
gathered in the designated pond structure and from there they are pumped to the respective
tfreatment facility. At the final stages of the facility the gas can be actively pumped and burned in
the gas flare unit.
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44, Mining Plan for the Polygyros Landfill Site

The mining plan should provide the necessary information regarding the exiraction of the HSW
material from the landfill body. The excavation procedure through which the waste is extracted
from its place is usually simple and straightforward, following the principles of surface (open-pit)
mining. Nevertheless, the optimization of the procedure and the organization of the whole mining
cycle in conjunction with the preparation for meeting strict environmental standards and for
controlling unforeseen events is crucial to achieve a cost-effective and safe operation.

The complete context of the issues that need to be addressed in the work plan were given in detail
in the previous pages of the report. In this section, emphasis is given to the major assumptions and
decisions taken info account for the mining activities in the PL site. These include:

The sampling phase and methodology applied.
— The identification of the target area that the mining operations are to take place.

— The assessment of the most efficient mining scheme in terms of operation characteristics,
safety and stability conditions.

— Theresources required for the mining task (machinery, equipment, labor, etc.)

— The sefting up of monitoring systems and measurement protocols (mining, environmental
protection).

4.4.1. Sampling scheme

The sampling phase will initialize the mining of the waste. Its main purpose is to identify the type and
characterisation of waste in ferms of content. Furthermore, it could be used to get insight regarding
the physical characteristics of the waste and assess its geotechnical properties. The available
alternatives are the use of drilling boreholes and/or the development of test excavations (frenches)
in order to quire the required data.

In the case of PL the most appropriate method is the development of frenches as the depth of the
landfill is relatively low. Thus, the main need of the sampling is to assess the physical properties of
the waste. The most suitable area for the development of these frenches is approximately at the
central part of the disposal area and to the northeaster parts of the landfill. In there the area is
relatively flat and can facilitate the development of the operations. The exact area of the tfrenches
is fo be decided ad hoc at the day of the sampling.

It is recommended, that at least 2 sampling trenches will be constructed using a backhoe
excavator/loader. Their length should be at least 5 m, with a depth of af least 3 m, and width of at
least T m, as shown in Figure 10, where sketches illustrating details of the sampling trenches are
presented. It is also suggested that the trenches should be developed in areas representfing
different time frames of the disposal operation. In this manner, even though the PL is a relatively
new landfill site, with a life of 6 years, it might be able to assess the difference in the characteristics
of the waste material.
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Ground Surface Ground Surface

a) Profile of trench and dimensions b) Cross section of trench and dimensions

Figure 10: Sketch of the proposed trenches used for the sampling scheme

4.42. Target area to be mined

The purpose of the programme is fo assess the performance of the mining scheme along with the
beneficiation potential of the waste through the pilot application of the landfill mining. Based on
the above, the large scale mining of the PL site is not an option aft this stage. The required amount
of waste to be mined and processed reaches a volume of 2000 m3, over a period of around 3
months. Thus, the idenftification of the area that the mining activities will be focused on, is a major
prerequisite for the successful completion of the project.

In the above context, the target area should be representative in terms of landfill's characteristics
as well as waste content, easily accessible to the equipment and appropriately located in areas
where the exiraction works could not interfere with the daily waste disposal operations. The best
possible arrangement, given the current state of the PL site, is to designate the mining area at the
elevation of +620 m, at the central part of the disposal area, approximately 30 m eastern from the
toe area of the current working cell.

There the mining could fake place almost independently from the disposal operations. At the same
time, the waste material found there covers a significant part of the PL's working life, from almost
2009 to 2012. Another advantage of the position is the minimization of the development works
required for the setting up of the haulage road. The main internal access network of the PL will be
used, while only limited new road development is required at the level of +620. The area where the
processing unit will be installed is located at the entrance point of the disposal area, and thus, the
total haulage length from the designated mining area to that point is almost 125 m. The proposed
arrangements, the designated mining and processing areas along with the proposed haulage
access road are presented in Figures 11 and 12.

The required surface area for the mining activities is a relation of the extraction depth and the
volume of the waste material required. Given that at the focus area the disposal depth is ranging
between 6 and 8 m and that the mining goal is set to 2000 m3 of waste, it can be concluded that
the mining area will have a surface of 600-800 m2, or dimensions about 20 x 40 m. The above are
based on the fact that the depth of the mining activities will leave at least a 2 m buffer from the
base of the disposal area, limiting the excavation depth to around 4 m.
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Figure 11: Proposed location of the landfill mining area, with respect to the current landfilling
operations and the proposed processing area

Figure 12: View of the proposed mining area in PL
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4.4.3. Mining scheme and operation details

The mining of the waste will be made with conventional surface mining equipment. Usually, in
relatively loose materials, as in the case of the MSW, excavators, backhoe/loaders, front-end
loaders or shovels are required to make the waste extraction and to load the materials into the
fransport trucks.

The PL mining scheme proposes the excavation to take place from the top (+620 m level) using a
hydraulic excavator at the crest areq, rather than making the extraction from the toe using front-
end loaders and by scraping the wastes. The excavator can perform quite well with high
productivity, extracting the loose waste found below, up to a depth of 4 - 5 m (Figure 13). The other
alternative would require the development of an inifial trench excavation and then the moving of
the equipment (front loader and bulldozers) at the lower extraction level. This method could be
applied successfully to a large scale mining scheme, butf in the current mining application the
development of the initial french alone would have generated almost the majority of the required
waste volume. Therefore, instead of making preparatory works, the direct mining approach
selected for the Polygyros pilot LFM can be simpler, straightforward and therefore less risky and
more productive.

Figure 13: Typical application of top excavation in landfill mining operations using excavators and
dump trucks

Based on the proposed mining plan, the waste will be mined using 3 - 5 m wide and 3 - 4 m deep
frenches, aligned in the NW-SE direction. Special attention will be paid to the gas extraction wells
found in the area or other fixed infrastructure so as not to disturb them. The french excavation will
start from one end (the SW - or the NE one) having a length of about 20 m. At the end of the
section the next cut will start. The excavation will confinue to develop fowards the NE (or SW)
direction, until the target volume of 2000 m3 is reached. It is estimated that finally a "box cut" of
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about 20 x 40 x 4 m will be developed, at the end of the operations.

In terms of stability, the relatively shallow excavation is expected not to create strains or problems
to the slope. Yet, special attention needs to be paid with a constant careful assessment of the
waste conditions directly below the position of the excavator. Caution is to be paid in cases of
extreme rainfalls that could deteriorate the stability conditions. In those events the possibility of the
temporary suspension of the excavation is to be considered. As a general rule, the final slope of the
mined area should not exceed the 1:3 limit. Furthermore, a buffer distance of around 5 to 10 m is
required between the mined area and the adjacent southwestern landfiled slope. A safety
distance should be kept between the loading trucks and the french's crest, with each truck
stopping aft least 2 - 3 m away from the working face.

The rate of excavation will be directly linked with the feeding capacity of the processing unit, as
the possible tfemporal stockpiling of the waste material needs to be minimized for environmental
reasons. Thus, the excavation will be taking place at intervals but no apparent problems or other
issues are anficipated, as long as a constant flow of materials can be maintained. Perhaps, for
flexibility reasons, there is the possibility of developing a small stockpile near the processing unit.
However, the proper design of the unit in terms of feeding rate can ensure the smooth operation in
both the mining and the screening process. Based on preliminary estimations the whole mining and
waste processing phase can be completed in about 45 working days.

At the start of the operation, the soil cover will be carefully removed and stockpiled for further
reuse. The mining face need fo be covered with soil so as to minimize odor issues, reduce
windblown litter, etc. This can be done on a daily basis, at the end of the working shift. To facilitate
the whole process, having also in mind the excavation rate, it is recommended that the exposed
working face should be kept to a minimum. Further issues to take infto account are the problems
related to storm water and runoffs after heavy rainfalls. It is recommended that a surface water
drainage system (e.g. diversion berms, grading of the surface adjacent to the excavation) could
appropriately address such issues.

The haulage of the material will be performed using standard dump frucks or the excavator itself,
as the distance fo the pending area is probably very short. Their capacity is quite adequate to
cover the capacity of the excavator and the processing unit, given the relatively small tfransport
distance. The road network should be periodically inspected and properly maintained. Also in case
where dust problems are expected, water spraying can be applied in the road surface with the use
of tanker trucks.

Apart from the above given details regarding the mining plan, there is an additional task that
needs to be performed. This encompasses the haulage and proper disposal of the processed
waste back to the landfill site, along with the closure of the open frenches that were developed by
the mining operations. The processed waste will be loaded to trucks with front loader equipment
and fransported for their disposal in the landfill site, while the recovered soil will be used for
covering purposes. Finally, the closure of the mined space (french) will be made upon the
completfion of the materials processing and the end of the pilot application. The closure will be
made by the infroduction of new waste material in the mined space, through standard landfilling
operation. It is estimated that within a period of 7 to 10 days the mined void will be re-filled with
waste and brought back to its original condition.
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4.4.4. Required resources (machinery, personnel, etc.)

The mining activities require a number of equipment to be used. Helector SA, which will have the
overall responsibility of the LIFE reclaim operations inside the PL, owns a small fleet of machinery
already used for the landfilling activities. They include a BOMAG BC 672-RB refuse compactor and
a RAM ltalia 40.13 backhoe loader. Also, a truck is available for a number of workdays. Part of the
above fleet will be also used for the pilot scale mining application, with the inclusion of a hydraulic
excavator that will be leased for the project.

The excavator will perform the most important work relating to the development of the frenching
excavation. The RAM ltalia backhoe loader will be used in the initial sampling frenches, as well as in
a number of supporting activities (road maintenance, grading, material loading in the processing
unit, etc.). The truck will be used for the material haulage and if required its lease will be upgraded
so as to have it available throughout the pilot application period. All equipment will be properly
maintained so as to avoid faults during the mining operations. However, in the area there is quite
high availability for the types of the required equipment and consequently even in an unfortunate
even of a major breakdown the operations are expected to continue smoothly. Finally, for safety
reasons, all equipment before leaving the site will be decontaminated in a pre-designated area.

The personnel employed in the mining activities is related to the partners of the programme. All
employees, and especially the operators of the heavy machinery, are highly skilled with significant
experience in excavation and landfiling activities. This is a plus as they have the ability to perform
under difficult conditions and properly address typical working conditions and/or abnormal
sifuations during the operations. Also, the engineers of Helector, ENVECO, NTUA and the Polygyros
municipality have substantial experience in such operations. It is expected that the available
personnel for the completion of the task will be comprising by:

A site manager (Helector) responsible for the whole mining operation
— Ateam of at least three engineers (ENVECO, Helector, NTUA)

- Aforeman

— Three operators of the heavy machinery (excavator, backhoe, truck)

Finally, all personnel will be equipped with the appropriate personal protective equipment (PPE).

4.4.5. Monitoring system

The monitoring of the operation is an essentfial task to document the findings of the pilot
application, to assess the overall performance of the mining and processing operations as well as
to evaluate the strains posed to the environment of the area.

The documentation starts with the sampling phase where the frenches are mapped and the
waste's characterisation is documented. The daily progress of the main excavation operations, in
meters of excavation and total volume is also to be documented and recorded through mapping
and photographs. Time recordings of the excavation, loading fime and total haulage will be also
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included in the documentation. Furthermore, data regarding the daily work hours and fuel
consumption of the equipment will be stored. In addition fo the above data the following specific
information will also be recorded in a logbook:

- Team members and their responsibilities.

— Time of arrival and departure.

Deviations from the operation's plan.
— Level of health and safety protection.

The environmental and safety monitoring will be consisted by a number of units and apparatuses
that will be installed in the PL site and will be carried by the employees. This will allow for the
assessment of the environmental conditions in the working area and for the proactive assessment
of potential risks to the personnel's health. Emphasis is given to dust monitoring (especially related to
mining and transport operations) and gas emissions from the waste. There will be regular air
sampling which will constitute of (a) in situ automated samplers and (b) manual air sampling with
suitable portable equipment (bags, fubes or passive samplers). The monitoring phase will begin
before the starting of the mine operations in order to identify the background levels of the
measured characteristics. The following monitoring units and apparatuses will be installed in the PL
site:

Meteorological station (already installed and running)
— PM 10, PM 2.5 and TSP sampling units

Gas detectors

— Personal samplers and methane detectors

The maijority of the equipment is owned by the project's participants. However, leased equipment
could be also brought for monitoring purposes if required. The analyses of chemical characteristics
and organic compounds will be made available through specialized external laboratories.

reclaim - Landfill mining pilot application for recovery of invaluable metals, materials, land and energy



fggfgfm ACTION B.2: Exploitation plan development

References

ASTM D 5778-07. Standard Test Method for Electronic Friction Cone and Piezocone Penetration
Testing of Soils. ASTM International, Pennsylvania, U.S.A.

Barone, F.S., Yanful, EK., Quigley, R.M. and Rowe, RK. (1989). “Effect of Multiple Contaminant
Migration on Diffusion and Adsorption of Some Domestic Waste Contaminants in a Natural Clayey
Soil”, Canadian Geotechnical Journal, Vol.26, pp. 189-198.

Carius, S., Hogland, W., Jilkén, L., Mathiasson, A., and Andersson, P-A. (1999). “A Hidden Waste
Material Resource: Disposed Thermoplastic”. In: Procs. Sardinia 99, 7 International Waste
Management and Landfill Symposium, 4-8 October 1999, Cagliari, Italy, pp. 229-235.

Cossu, R., Hogland, W. and Salerni, E. (1996). “Landfill Mining in Europe and USA". ISWA Year Book,
International Solid Waste Association (ed), pp. 107-114.

Cossu, R., Motfzo, G. M., Laudadio, M. (1995). “Preliminary Study for a Landfill Mining Project in
Sardinia”. In: Procs. Sardinia 95, 5t International Landfill Symposium, Cagliari, Vol. lll, pp 841-850.

Davies, M.P. & Campanella, R.G. (1995). "Environmental Site Characterization Using In-Situ Testing
Methods”, 48t Canadian Geotechnical Conference, Vancouver-BC, Canada.

Fisher, R. (2013). “Landfill Mining”. ISWA Key Issue Paper.

Ford, S., Warren K., Lorton, C., Smithers, R., Read, A. and Hudgins, M. (2013). “Feasibility and Viability
of Landfill Mining and Reclamation in Scofland”, Scoping Study, Final Report, Zero Waste Scotland.

Freeze, R.A. and Cherry, J.A. (1979). “Groundwater”. Prentice Hall, Inc. Englewood Cliffs, New
Jersey, U.S. A.

Hogland, K.H.W., Jagodzinski, K. and Meijer, J.E. (1995). “Landfill Mining Tests in Sweden”. In: Procs.
Sardinia ‘95, 5 International Landfill Symposium, 2-6 October 1995, Cagliari, Italy.

Hogland, W. (1996). Workshop on Landfill Mining (ed), Swedish Research Council, Pitea Havsbad,
Sweden.

Hogland, W., Marques, M. and Thdrneby, L. (1997). “Landfil Mining - Space Saving, Material
Recovery and Energy Use”. In: Proceedings of Seminar on Waste Management and the
Environment-Establishment of Cooperatfion Between Nordic Countries and Counftries in the Balfic
Sea Region, 5-7 November 1997, Kalmar University, Kalmar, Sweden, pp. 339-355.

Hogland, W., Marques, M., and Paulsson B., (1999) “Waste Management in the Baltic Sea Region”.
ISWA World Congress 2000.

Hogland, W. (2002). “Remediation of an Old Landfill Site, Soil Analysis, Leachate Quality and Gas
Production” , ESPR Special issue 1 (2002) pp. 49-54.

Hogland, W., Hogland, M., Marques, M. (2011). “Material Recovery, Energy Utilization and
Economics of Landfill Mining in the EU (Directive) Perspective”. Presented at the Sustainable Solid
Waste Management in Eastern Europe - Prospects for the Future, 19-20 May, Ukraine.

reclaim - Landfill mining pilot application for recovery of invaluable metals, materials, land and energy



fggfgfm ACTION B.2: Exploitation plan development

Innovative Waste Consulting Services, IWCS (2009). “Landfill Reclamation Demonstration Project”,
Innovative Waste Consulting Services, Perdido Landfill, Escambia County, Neighborhood and
Community Services Bureau, Division of Solid Waste Management.

Joseph, K., Nagendran, R., Palanivelu, K., Thanasekaran, K. and Visvanathan, C. (2004). “Dumpsite
Rehabilitation and Landfill Mining”, CES, Anna University, Chennai-600 025, India.

Koelsch, F. (2009). “Toolkit Landfill Technology”, Chapter 4.6, Static Stability of Landfills, Reviewed by
German Geotechnical Society (DGGT), German Association for Water, Wastewater and Waste
(DWA), Association of Municipal Waste Management and City Cleaning (VKS in the VKU),
Technical Committee “Landfill Technology” and published in the internet: http://www.landfill-
technology.info.

kdlsch, F. (1995). “Material values for some mechanical properties of domestic waste”, CISA (eds.):
Sardinia 1995. Proceedings of the 5t International Landfill Symposium, Vol. 2, Cagliari, Italy.

Krook, J., Svensson, N., and Eklund, M. (2012). “Landfill mining: A crifical review of two decades of
research”. Waste Management 32 (2012) 513-520.

Law, H.J. (2013). “Sanitary landfill mining operational interim slope stability aspects”, Proceedings of
the 14th Fourteenth International Waste Management and Landfill Symposium, Sardinia, Cagliari,
Italy, 30 September- 4 October 2013.

Lee, G. F. and Jones, R. A. (1990). “Use of Landfill Mining in Solid Waste Management”. In: Proc.
Water Quality Management of Landfills, Water Pollution Control Federation, Chicago, IL, pp. 9.

Lunne, T.; Robertson, P. K. & Powell, J. (1997). “Cone Penetration Test in Geotechnical Practice”,
Blackie Academic & Professional, London.

Mondelli, G., Giacheti, H.L. and Elis, V.R. (2012). “Geo-Environmental Site Investigation for Municipal
Solid Waste Disposal Sites, Municipal and Industrial Waste Disposal”, Dr. Xiao-Ying Yu (Ed.), ISBN: 978-
953-51-0501-5.

Ninyo and Moore (2011). “Work plan for site investigation Lodi city landfill north of Awani drive Lodl,
California Cwis No. 39-CR-0023, Prepared for: California Department of Resources Recycling and
Recovery (CalRecycle), Project No. 104690061.

Reno Sam (2009). “Landfill Mining Process, Feasibility, Economy, Benefits and Limitations”. Report
published by Reno Sam (a Danish association of municipal waste management companies).

Rowe, RK. Caers, C.J. and Barone, F.S. (1988). “Laboratory Determination of Diffusion and
Distribution Coefficients of Contaminants Using Undisturbed Clayey Soil”, Canadian Geotechnical
Journal, Vol.25, No.1, pp. 108-118.

Rushbrook, P. (2001). Guidance on Minimum Approaches for Improvements to Existing Municipal
Waste Dumpsites, WHO Regional Office for Europe, Copenhagen, Denmark.

Salerni, E.L. (1995). “Landfill Reclamation Manual”, Reclaim-25-Landfill Mining Conference, 28-29
September 1995, SWANA Landfill Reclamation Task Group.

reclaim - Landfill mining pilot application for recovery of invaluable metals, materials, land and energy


http://www.landfill-technology.info/
http://www.landfill-technology.info/

fggfgfm ACTION B.2: Exploitation plan development

Savage, G.M. and Diaz, L. F. (1994). “Landfill Mining and Reclamation”, CalRecovery Inc., ISWA
Times No.4, pp 1-4.

Savage, M.G., Golueke, C.G. and Stein, E.L. (1993). “Landfill Mining — Past and Present”, Biocycle 34
(5), 58-61.

Shackelford, C.D. (1993). “Contaminant Transport. Geotechnical Practice for Waste Disposal”,
Chapman & Hall, London, pp. 33-65.

Shackelford, C.D. and Daniel, D.E. (1991). “Diffusion in Saturated Soil. I: Background”, Journal of
Geotechnical Engineering, Vol.117, No.3, pp. 467-484.

Shinn II, J.D. & Bratton, W.L. (1995). Innovations with CPT for environmental site characterization",
Proceedings of CPT'?5, Vol. 2, pp. 93-98.

Shual and Hillel (1958). “Composting municipal garbage in Israel”, Tavruau, July— December.

Strange, K., 2014. Landfill Mining: Preserving resources through intfegrated sustainable management
of waste. Technical Brief from the World Resource Foundatfion. Viewed at:
http://www.enviroalternatives.com/landfill.html [05/06/2014]

Hayward-Higham S. (2008). “The practical, technical and commercial realities of large scale waste
movement and its application fo landfill mining”, Proceedings of the Global Landfill Mining
Conference and Exhibition, London, 9 October 2008.

USEPA (1997). “Landfill Reclamation”, United States Environmental Protection Agency, Solid Waste
and Emergency Response (5306W), EPA530-F-97-001, July 1997.

USEPA (2000). “Innovations in Site Characterization: Geophysical Investigation at Hazardous Waste
Sites”, United States Environmental Protection Agency, Office of Solid Waste and Emergency
Response (5102G), EPA-542-R-00-003, August 2000.

Van Passel, S., De Gheldere, S., Dubois, M., Eyckmans, J. and Van Acker K. (2010). “Exploring the
socio-economics of Enhanced Landfill Mining”. Proceedings of the International Academic
Symposium on Enhanced Landfill Mining, 2010.

Van Vossen, W.J and Prent, O.J (2011). “Feasibility study — Sustainable material and energy
recovery from landfills in Europe”, Proceedings of the 13t International Waste Management and
Landfill Ssymposium, Sardinia 2011.

Yong, R.N. (2001). “Geoenvironmental Engineering: Contaminated Soils, Pollutant Fate &
Mitigation”, CRC Press, USA, pp. 307.

Yong, R.N., Mohamed, A.M.O. and Warkentin, B.P. (1992). Principles of Contaminant Transport in
Saoils, Elsevier Science Publishers B.V., 327 p.

Young, G.K. (2010). "Former Landfill and Disposal Site Investigations”, Department of Resources
Recycling and Recovery, Closed, llegal and Abandoned Site Section, California.

reclaim - Landfill mining pilot application for recovery of invaluable metals, materials, land and energy



rgg:g:m ACTION B.2: Exploitation plan development

Annex A. Expert report on the Polygyros landfill mining plan

A1l. Infroduction

The NTUA scientists provided the fechnical assistance and were responsible for providing the
technical guidelines for the design of the sampling phase as well as the landfill mining scheme that
will be employed at the site. In this manner the NTUA team has visited the Polygyros Landfill (PL) and
inspected the area and the operations that are currently under process. Furthermore, the future
operational plans of the municipal solid waste (MSW) disposal were discussed with the members of
the Helector S.A. feam that are responsible for the management of the PL site. This annex outlines
the major findings, as well as the proposals and guidelines that should be followed for the
development of the landfill mining plan.

A2. Basic Information

The Polygyros Landfill (PL) is located in the Polygyros municipality, in the "Kastri" area, approximately
3.5 km northwest (NW) of the homonymous city (Figure Al), having a total area of about 9 ha. The
centroid of the site's geographic coordinates are 40°24'11.0"N, 23°24'54.0"E. The access to the site is
facilitated from a rural paved road starting from the 3rd km of the Polygyros - Thessaloniki highway
(EO16A). The facility is operational since 2009 and from then on it has been used for the disposal of
municipal solid waste (MSW) coming from the municipalities of Polygyros and Zervohoria, with a
design capacity of 266,000 m3 MSW. Since August 2011, Helector S.A. has been the operator of the
site, under contract with the waste management public bodies.

The disposal activities are done on a daily basis in the PL site, while in the summer time the waste
quantities are reaching their peak values, as a result of the very active tourist season in the wider
area. Waste movement is usually confined to spreading the waste on the working face with
compactors or dozers after loads are deposited by trucks. The waste are layered and compacted,
followed by their covering with soil material. The layering of the waste is done gradually following a
general direction from south to north, forming stripes (working faces) about 4-5 m in width and 0.1-
0.3 m in height. Gradually the material cover the whole available area, forming the first cell of the
site, up to 4-5 m in height. The next cells are constructed with the same principle, increasing the
overall height of the landfill (Figure A2).

The plan of the site that depicts the latest available data in terms of fopography is given in Plan AT.
In there the main area of the facility where the disposal activities are taking place is given.
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Figure Al: General view of the wider area of the Polygyros Landfill site (Google earth imaginary)

A3. Sampling and Mining Plan for the Polygyros Landfill Site

The sampling and mining plan should provide the necessary information regarding the preparatory
work and the main phase of the landfill mining operations that are to take place at the PL site. The
excavation procedure through which the waste is extracted from its place is usually simple and
straightforward, following the principles of surface (open-pit) mining. Nevertheless, the optimization
of the procedure and the organization of the whole mining cycle in conjunction with the
preparation for meeting strict environmental standards and for controlling unforeseen events is
crucial fo achieve a cost-effective and safe operation.

The complete context of the issues that need to be addressed in the work plan were given in detail
in the previous pages of the report. In this section, emphasis is given to the major assumptions and
decisions taken info account for the mining activities in the PL site. These include:

— The sampling phase and methodology applied.

The identification of the target area that the mining operations are to take place.

— The assessment of the most efficient mining scheme in terms of operation characteristics,
safety and stability conditions.

— The resources required for the mining task (machinery, equipment, labor, etc.)

— The sefting up of monitoring systems and measurement protocols (mining, environmental
protection).
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Sampling scheme

The sampling phase will inifialize the mining of the waste. Its main purpose is to identify the type and
characterisation of waste in terms of content. Furthermore, it could be used to gain insight
regarding the physical characteristics of the waste and assess its geotechnical propertfies. The
available alternatives are the use of drilling boreholes and/or the development of test excavations
(tfrenches) in order to quire the required data. Furthermore, the equipment's capacity fo undergo
the main exploitation phase is to be tested in the sampling phase. Hence, through this phase the
decisions should be made for the use of typical backhoe excavators or the selection of hydraulic
shovel equipment.

In the case of PL the most appropriate method is the development of frenches as the depth of the
landfill is relatively low. It is recommended, that at least 2 sampling trenches will be constructed
using a backhoe excavator/loader. The target area for the development of the sampling
campaign is given in Figure A2. This area is far from the operations taking place in a daily basis and
it is relatively flat, facilitating the excavations.
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Figure A2: Proposed location of the development of the sampling campaign (french excavations).
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The exact location of the trenches and their characteristics will be decided ad hoc at the day of
the commencing of the sampling campaign. However, is that recommended that their length
should be af least 5 m, with a depth of at least 3 m, and width of at least 1 m, as shown in Figure
A3, where sketfches illustrating details of the sampling frenches are presented. It is also suggested
that the trenches should be developed in areas representing different time frames of the disposall
operation. In this manner, even though the PL is a relatively new landfill site, with a life of 6 years, it
might be able to assess the difference in the characteristics of the waste material.

Ground Surface
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—

a) Profile of trench and dimensions b) Cross section of trench and dimensions

Ground Surface

Figure A3: Sketch of the proposed frenches used for the sampling scheme

Determination of the target area to be mined

The required amount of waste to be mined and processed reaches a volume of 2000 m3, over a
period of around 3 months. Thus, the identification of the area that the mining activities will be
focused on, is a major prerequisite for the successful completion of the project.

In the above context, the target area should be representative in terms of landfill's characteristics
as well as waste content, easily accessible to the equipment and appropriately located in areas
where the extraction works could not interfere with the daily waste disposal operations. The best
possible arrangement, given the current state of the PL site, is to designate the mining area at the
elevation of +620 m, at the central part of the disposal area, approximately 30 m eastern from the
toe area of the current working cell.

In there, the mining could take place almost independently from the disposal operations. At the
same time, the waste material found there covers a significant part of the PL's working life, from
almost 2009 to 2012. Another advantage of the position is the minimization of the development
works required for the setting up of the haulage road. The main internal access network of the PL
will be used, while only limited new road development is required at the level of +620. The area
where the processing unit will be installed is located at the enfrance point of the disposal area, and
thus, the total haulage length from the designated mining area to that point is almost 125 m. The
proposed arrangements, the designated mining and processing areas along with the proposed
haulage access road are presented in Figure A4.
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Figure A4: Proposed location of the landfill mining area, with respect to the current landfilling
operations and the proposed processing area

The required surface area for the mining activities is a relafion of the extraction depth and the
volume of the waste material required. Given that at the focus area the disposal depth is ranging
between 6 and 8 m and that the mining goal is set fo 2000 m3 of waste, it can be concluded that
the mining area will have a surface of 600-800 m2, or dimensions about 20 x 40 m. The above are
based on the fact that the depth of the mining activities will leave at least a 2 m buffer from the
base of the disposal area, limiting the excavation depth to around 3-4 m.

Selection of mining scheme

The mining of the waste will be made with conventional surface mining equipment. Usually, in
relatively loose materials, as in the case of the MSW, excavators, backhoe/loaders, front-end
loaders or shovels are required to make the waste extraction and to load the materials into the
fransport trucks.

The PL mining scheme proposes the excavation to take place from the top (+620 m level) using @
hydraulic excavator at the crest area, rather than making the extraction from the toe using front-
end loaders and by scraping the wastes. The excavator can perform quite well with high
productivity, extracting the loose waste found below, up to a depth of 4 - 5 m.
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The other alternative would require the development of an initial trench excavation and then the
moving of the equipment (front loader and bulldozers) at the lower exiraction level. This method
could be applied successfully to a large scale mining scheme, but in the current mining application
the development of the initial french alone would have generated almost the majority of the
required waste volume. Therefore, instead of making preparatory works, the direct mining
approach selected for the Polygyros pilot LFM can be simpler, straightforward and therefore less
risky and more productive.

Based on the proposed mining plan, the waste will be mined using 3 - 5 m wide and 3 - 4 m deep
trenches, aligned in the NW-SE direction. Special attention will be paid to the gas extraction wells
found in the area or other fixed infrastructure so as not to disturb them. The french excavation will
start from one end (the SW - or the NE one) having a length of about 20 m. At the end of the
section the next cut will start. The excavation will continue to develop towards the NE (or SW)
direction, until the target volume of 2000 m3 is reached. It is estimated that finally a "box cut" of
about 20 x 40 x 4 m will be developed, af the end of the operations.

In terms of stability, the relatively shallow excavation is expected not to create strains or problems
to the slope. Yet, special afttention needs to be paid with a constant careful assessment of the
waste conditions directly below the position of the excavator. Caution is to be paid in cases of
extreme rainfalls that could deteriorate the stability conditions. In those events the possibility of the
temporary suspension of the excavation is to be considered. As a general rule, the final slope of the
mined area should not exceed the 1:3 limit. Furthermore, a buffer distance of around 5 fo 10 m is
required between the mined area and the adjacent southwestern landfilled slope. A safety
distfance should be kept between the loading frucks and the french's crest, with each fruck
stopping at least 2 - 3 m away from the working face.

The rate of excavation will be directly linked with the feeding capacity of the processing unitf, as
the possible temporal stockpiling of the waste material needs to be minimized for environmental
reasons. Thus, the excavation will be taking place at intervals but no apparent problems or other
issues are anticipated, as long as a constant flow of materials can be maintained. Perhaps, for
flexibility reasons, there is the possibility of developing a small stockpile near the processing unit.
However, the proper design of the unit in ferms of feeding rate can ensure the smooth operation in
both the mining and the screening process. Based on preliminary estimations the whole mining and
waste processing phase can be completed in about 45 working days.

Detdils of the operational phase

At the start of the operation, the soil cover will be carefully removed and stockpiled for further
reuse. The mining face need fo be covered with soil so as to minimize odor issues, reduce
windblown litter, etc. This can be done on a daily basis, at the end of the working shift. To facilitate
the whole process, having also in mind the excavation rate, it is recommended that the exposed
working face should be kept to a minimum. Further issues to take intfo account are the problems
related to storm water and runoffs after heavy rainfalls. It is recommended that a surface water
drainage system (e.g. diversion berms, grading of the surface adjacent to the excavation) could
appropriately address such issues.

The haulage of the material will be performed using standard dump trucks or the excavator itself,
as the distance to the pending area is probably very short. Their capacity is quite adequate to
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cover the capacity of the excavator and the processing unit, given the relatively small transport
distance. The road network should be periodically inspected and properly maintained. Also in case
where dust problems are expected, water spraying can be applied in the road surface with the use
of tanker trucks.

Apart from the above given details regarding the mining plan, there is an additional task that
needs to be performed. This encompasses the haulage and proper disposal of the processed
waste back to the landfill site, along with the closure of the open frenches that were developed by
the mining operations. The processed waste will be loaded to trucks with front loader equipment
and fransported for their disposal in the landfill site, while the recovered soil will be used for
covering purposes. Finally, the closure of the mined space (french) will be made upon the
completion of the materials processing and the end of the pilot application. The closure will be
made by the infroduction of new waste material in the mined space, through standard landfilling
operation. It is estimated that within a period of 7 to 10 days the mined void will be re-filled with
waste and brought back to its original condition.

Overall, it is concluded that this scheme has the required flexibility fo tackle possible changes in the
disposal operations or to address difficulties at the mining phase or changes in the volume of the
waste to be mined and processed.

A3. Assessment of the resources required

The mining activities require a number of equipment to be used. Helector SA, which will have the
overall responsibility of the LIFE reclaim operations inside the PL, owns a small fleet of machinery
already used for the landfilling activities. They include a BOMAG BC 672-RB refuse compactor and
a RAM ltalia 40.13 backhoe loader. Also, a fruck is available for a number of workdays. Part of the
above fleet will be also used for the pilot scale mining application, with the inclusion of a hydraulic
excavator that will be leased for the project. This is to be decided upon the results obtained from
the sampling phase.

The excavator will perform the most important work relating to the development of the frenching
excavation. The RAM Italia backhoe loader will be used in the initial sampling frenches, as well as in
a number of supporting activities (road maintenance, grading, material loading in the processing
unit, etc.). The truck will be used for the material haulage and if required its lease will be upgraded
so as to have it available throughout the pilot application period. All equipment will be properly
maintained so as to avoid faults during the mining operations. However, in the area there is quite
high availability for the types of the required equipment and consequently even in an unfortunate
even of a major breakdown the operations are expected to continue smoothly. Finally, for safety
reasons, all equipment before leaving the site will be decontaminated in a pre-designated area.

The personnel employed in the mining activities is related to the partners of the programme. All
employees, and especially the operators of the heavy machinery, are highly skilled with significant
experience in excavation and landfiling activities. This is a plus as they have the ability fo perform
under difficult conditions and properly address typical working conditions and/or abnormal
sitfuations during the operations. Also, the engineers of Helector, ENVECO, NTUA and the Polygyros
municipality have substantial experience in such operations. It is expected that the available
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personnel for the completion of the task will be comprising by, a site manager (Helector)
responsible for the whole mining operation, a foreman and the operators of the machinery fleeft.
Also, a team of engineers from ENVECO, Helector, and NTUA can assist in the details of the
operation scheme and resolve issues that might come up at the period of the landfill mining
activities.
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A5. Photographs of the PL site

Photo A1. General view of the disposal area of the PL site

Photo A2. Details of the disposal and compacting operations at the current disposal cell
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Photo A3. View of the proposed mining area with respect to the ongoing disposal operations

Photo A4. View of the proposed processing area
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Photo A5. View of the north western boundaries of the PL site, the leachate collection pond and
the gas flare

Photo A4. Equipment available (backhoe loader) to be used in the landfill mining operation.
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