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The objective of the ImpactMin project is to develop new methods and a corresponding toolset for the
environmental impact monitoring of mining operations using Earth Observation (EO). In WP4 the
basis for thisdevelopment is laid by generating a scientific knowledge pool of methods derived from
mineral resources exploration methods, satelliteb@a€ed environmental monitoring techniques and

r e sihlelappfcability io impaotMih. e r
Furthermore, this work package consists of the preparatory work for future work in work packages 6

by

INTRODUCTION AND OBJE CTIVES

Afitransl atingo

research

(Tools and services) and 7 (Detsite implementation).

This report (D4.3) summarizes the results of the work performed WMBd.4: Preparatory work for
demosite implementation. In the ImpactMin project, fodemosite regions are considered:
Kristineberg (Sweden), the Vihovici mine in Mostar (Bosnia & Herzegovina), Rosia Montana
(Romania), and two mining sites in the Orempuegion (Russia)Figure 1-1). Since no satellite
remote sensing techniques will be applied for environmental impact monittrithge Kristineberg
demosite in Sweden, no preparatory work for desite implementatiorwas performed, and this
demosite is therefore not included in this report. The preparatory work for-@@mamplementation
based on airborne campaigns is described in D5.3. In the Orenburg region (Russia), twsidateare

consgdered in this reportKarabastand Mednogorsk.

There is a large variability in the environmental effects of minintyedifferent demesites. In work
package WP4.1, environmental variables, soil and surface variables that are associated mgth mini
activities anddetectablewith satellite earth observation methods were identifieéidure 1-2). The

findings of WP4.1 were included in deliverable D4Vhriables (or impacts) are effects on natural
resources andnothe components, structures and functioning of affected ecosystems. The var@bles
separated into direct and indirect variables. Direct variables are related to direct and predictable effects
of mineral mining operations itself, occurring at the same &nd place. Indirect variables are caused

by mineral mining operations, but occur later in time or farther removed in distance. Indirect variables
may include cumulative effects related to induced changes in the pattern of land use and related effects
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The following direct variables are considered:

1 Minerals Minerals play a key role in all stages of mining and their behavior, as part of the
environment, due to miningelated activities is hence a prima@cfor in the process of
monitoring mining related environmental impact. The identification of diagnostic minerals
at the surface is one of the most important tools for the recognition of rocks that are
potentially mineralized. Most high spatial resolutisatellite sensors lack the spectral
resolution for successful mineral mapping. Lower spatial resolution sensors as Landsat or
ASTER are widely used and have proven to be useful for mineral mapping at regional
scale, although in case of Landsat, only brgealips of minerals can be identified. The
SWIR bands of the ASTER sensor are a great benefit, allowing the identification of
individual minerals and gradual changémfortunately, since April 2008 there are no
good observations in the SWIR range, becahsedetector saturatdASTER Science
Office, 2009) Theoreticdl, the Hyperion sensor would be of great use for regional
mineral mapping, but the low signal to noise ratio is a large limitafisa, the chance
that ImpactMin will be able to obtain these data is limited: currently no images for the
project demesites are available, and so far all data acquisition requests have failed.

1 Acid mine drainagg AMD) and ferruginous materialsAcid drainage is formed when
certain sulphide minerals in rocks are exposed to oxidizing conditions. In certain mines
where ores havhigh sulfur content, drainage from mine workings and waste heaps can
become highly acidic. A common sigéfect of sulphide oxidation is metal leachidg a
result, high concentrations of dissolved heavy metals will be released to the environment.
Although the spectral resolution of Landsat &nid particulari ASTER theoretically can
be used to discriminate between different minerals related to acid mine drainage, the low
spatial resolution will complicate the mapping of individual minerals or gradidrasid
mine drainageThe minimum mapping unit will however depend on the scale and severity
of acid mine drainage processes. Nevertheless, ImpactMin expectsVinktview-2
might be suitable for the mapping of several minerals (in particular iron
oxides/hydroxides), since the spatial resolution is superior and Worleibas 8 bands,
although only in the VNIR spectral range

1 Atmospheric pollution and windblown particleBollution of the atmosphere in mining
areas can be complex, as it is often not juphenomenon restricted to mining itself, but
also extends to activities around the mine, such as refining, smelting, other related
industries, and human settlement. Significant levels of dust, above 3 kg/t of ore mined, and
ranging from 0.003 to 27 kig/may be generated by extraction activities, crushing, ore
beneficiation, transport and traffic, and wibdrne lossegWorld Bank Group, 1998)
Significant releases of dust containing metals, including mercury, may result from the
drying of the ore concentratearge scale atmospheric pollution has been monitored using
MODIS imagery, which has a high spectral but low spatial resolution, and using ASTER
or even Landsat imagery (e.g. for monitoring urban air quality). Most studies however
focus on the secondary fe€ts from atmospheric pollution (land cover change and
vegetation stress). Hyperion imagenay be used to study mineralogy of particulates in
windblown dust. Nevertheless, the applicability of satellite remote sensing for monitoring
atmospheric pollutiodepends on the severity and the spatial scale of the event.

1 Temperature increment due to (underground) coal figadsurface and surface coal fires
are a serious problem in many cpabducingregions Combustion can occur within coal
seams (undergrounor at the surface), in piles of stored coal, or in spoil dumps at the
surface. Coal fires can be ignited in different ways: by forest fires, coal mining accidents,
burning trash on the coal seam outcrop, lightning strike, or spontaneous combustion of
coal(zZhang et al., 2004 Primary factors in the applicability of satellite remote sensing for
the detetion of temperature increment due to underground coal fires depends on the
background temperature, the quality of the remote sensing data, and the significance of the
coal fires. Thermal infrared bands of Landsat, ASTER and even NOWARR imagery
were sucessfully used in large scale underground coal fires in China, Australia and India
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(e.g. Mansor et al.,, 1994; Zhang et al., 1999r small scale events, the size of an
individual fire will be smaller than thiEOV of the satellite, but supixel detection might
be possible, depending on the surrounding background.

The following indirect variables are considered:

1 Land use and land cover changehe importance of mapping land use and monitoring
their changes hdseen widely recognized in the scientific community and the mining of
natural resources is invariably associated with land use and land cover c{Ruadgesh
and Gupta, 1998)rherefore, mining is an important factor of anthropogenic influence on
the environment, causing alteration of the lands¢Rjmna, 2002) including land use and
land cower change, urbanisation and industrialisation, land degradation and efémion.
successful monitoring of land use and land cover change related to mineral mining and
their dynamics, observations with frequent temporal coverage over a longer period of time
are required.The scale and characteristics of land use and land cover change will
determine at which spatial resolution the processes can be monitaretbat imagery is
widely used for monitoring conversions from natural vegetation to surface mirgks, an
afterwards to secondary vegetation after reclamation. However, the extent of land use and
land cover change is often larger than the mine itself. Vegetation indices or other
transformations are frequently used. Also time series of low resolution imégery
NOAA-AVHRR) have been used to monitor large scale land use and land cover change
induced by mineral mininf_atifovic et al., 2005)

1 Vegetation stressMining induced vegetatio stress is mainly an indirect consequence of
altering environmental variableMany mine wastes are structureless, prone to crusting,
and low in organic matter and essential plant nutrients (P, N, K). They mostly have low
waterholding capacity, and contacontaminants such as salts, metals, metalloids, acid,
and radionuclidesFurthermore, conservative, nogactive ions such as sulfate, nitrate,
manganese, magnesium, and calcium may migrate into the local aquifer and surface
waters. Vegetation indices ra used to monitor mining induced vegetation stress.
Depending on the scale of the impact, high spatial resolution QuickBird or IKONOS,
medium resolution Landsat or ASTER, or low resolution MODIS or NOMARR is
applied. Hyperspectral imagery from Hyperifacilitates a more detailed study of pigment
concentration changes.

1 Contaminated surface watersediment load and metal contaminatid@pen pits and
underground mining operations commonly extend below the water table, and require
dewatering during mimig. Unwanted or used water needs to be disposed of constantly
during mining, mineral processing and metallurgical extraction. When this water comes in
contact with broken rock and ore, it picks up particulate matter, as well as products of
oxidation or redction and dissolution, including acids or alkalis and metals. When mine
water reaches receiving water bodies, such as streams or lakes, mine water can cause
undesirable turbidity and/or sedimentation, its chemical composition can have toxic effects
on vegetation and animals, and it may alter temperature reg{Rigdey et al., 1996)
Depending on the origin of the discharged water (e.g. fissure water, proaess etc.),
consequences for the receiving water bodies vary significantly, comprising increasing
sediment loads, as well as contamination with dissolved pollutants such as sulphates and
heavy metalgCoetzee, 2006)Although the spectral and spatial resolutionsatellite
remote sensing systems do not allow for the assessment of surface water quality
parameters individually (chlorophyll, suspended sediment and dissolved organic carbon),
satellite imagery can be successful in monitoring dynamics of water clarmtyfcn
example dynamics of sediment loads, related with mineral mining.

1 Changes in soil moisture and groundwater environmAny mining activity invariably
disturbs the hydrological cycle of the region. Negative effects are produced to both ground
and suréce waters in both opencast and underground workBegellite imagery can be
used to detect drainage and landforms that act as direct indicators of ground water



occurrences. Both multidate VNIR, TIR and radar observations are used to monitor
moisture cotent of the soil. Surface features are analyzed in terms of geomorphology,
relative groundwater depths and vegetation patterns, not by quantitatively relating soil
moisture tareflectancewhich is too variable in space and time.

I SubsidenceMine subsidene is the lowering or collapse of the land surface, caused by
underground mining activitiegGe et al., 2007)including the extretion of mineral
resources or the abstraction of flui@ll et al., 2000) The rocks above mine workings
may not have adequate support and can collapse from their own weight either during
mining, or long after mining has ceas@ell et al., 2000) Using multiple synthetic
aperture radar observations, differential radar interferometry can measure surface
deformation and subsidence to high degree of accuracy over large spatial extents.
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In Table 1-1, the relevance of the direct and indirect environmental variables related to mining
activities as defined and described in D4.1 for the differeypakttMindemaosites is summarizedn

all demesites, it is interesting to look at minerals at the surface, includimgenals related to acid

mine drainage and ferruginous materials. Atmospheric pollution and windblown particles is also an
issue for three out of four densites, although atmospheric pollution is particularly severe in
Karabash and Mednogorsk, and of ominor importance for Mostar. Only at the Mostar desite,

there is an issue of underground coal seam burning. Furthermore, all fousidesnsuffer from land

use and land cover change and contaminated surface waters (sediment load and metal comtaminatio
connected to mineral mining. Vegetation stress is an issue for Rosia Montana, Karabash and
Mednogorsk. The Mostar densite is reported to suffer from changes in soil moisture and
groundwater environment, and subsidence and other surface deformdtiese impacts however

have limited spatial extent, and it is not clear if they are observable with relatively low spatial
resolution satellite imagery
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Table 1-1 Environmental variables associated with mining ativities as defined and described in D4.1 and
the relevance for the different IMPACTMIN demo-sites

= ©
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%] @ - 2]
o = @ 5
= S S IS
5 = S 2
3 2 X 8
(2]

< o =
Y @

Direct variables

Minerals X X X X

Acid mine drainage and ferruginous materials X X X X

Atmospheric pollution and windblown particles X X

Temperature increment due to (underground) coal fires X

Indirect variables

Land use and land cover change X

Vegetation stress

Contaminated surface waters: sediment load and metal contamination X

Changes in soil moisture and groundwater environment
Subsidence or other surface deformations

This report is structured as follows: Chapter 2 givebatoverview of the requirements for a satellite
mission planning at this gja of the project. The core of this document is Chapter 3, where for each
demosite under consideration, the preparatory work for dsit@oimplementation is described. For

each demssite, the description contains: an overview of the demonstration dideavkilability, data
collection, data processing and the analysis-#tweet, and finally discussion and recommendations
General conclusions are drawn in Chapter 4. The appendices of this report contain more detailed
information about the demonstratisites and the metadata of the geographical data that is available.
This is the product of two questionnaires that were sent out to thesiermepresentatives.

This report was compiled by VITO (Flemish Institute for Technological Research, Belgiun®. i¥IT

a leading independent European research and consulting centre developing sustainable technologies in
the area of energy, environment, materials and remote sensing. One of the main contributors to this
report was Geosense (The Netherlands). Geoserae iisternationally established remote sensing
consultancy for the mining and oil and gas industry, with experience in the application of remote
sensing and infrared spectroscopy technology for geologic mapping and mineral explddaton.
ULRMC (Ukrainian Land and Resource Management Certen)ributed ULRMC is one of the first
nonprofit, nongovernmental scientific and technical organizations in Ukraine. ULRMC implements
projects in environmental management, nature resources preservation, disaigi@tiomitand
response, etc.

The demesite representatives greatly contributed to this report. For Mostar, tisGFMO
(University of Mostar, Faculty of Civil Engineering, Bosnia & Herzegovina) and Photon (Split,
Croatia). The civil engineering faculty ahe University of Mostar is the leading institution in the
region actively participating in research activities in the area of civil structures, water resources,
mining and environmental managemeRhoton is a hyperspectral survey company that delivers
integrated hyperspectral and geospatial data products in a variety of appli¢datioResia Montana,

this was the UBB (BabeBolyai University, Faculty of Environmental Sciences, Romanide

Faculty of Environmental Sciences of the UBB started its ifietvin 2003, putting together the skills

of experienced academic staff in chemistry, physics, biology, geology and geodfaptige Ural
demosites, this was IMIN (Institute of Mineralogy, Russian Academy of Sciences) @S
(Camborne School of Mine&Jniversity of Exeter, UK)IMIN is the largest scientific centre of the
Russian Academy of Sciences in the Southern Ural, with research directed on studying the mineralogy
of the major types of ore deposits, experimental modeling of magmatic and hyahaltipeocesses,

and the decision of environmental problems which arise in mineral extraction and procéssing.
CSM has been training mining professionals and working with mines since 1888, and has a unique
combination of research expertise in mining, gggl minerals processing, environmental mineralogy

and geochemistry and applied remote sensing technologies.
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2 REQUIREMENTS OF THE M ISSION PLANNING

The requirements of this satellite mission planrangthe following:
Description of each dermgite, witha dear view on environmental impacts and processes
Description of gealata available at the dersde representative, including metadata

Description of addition data to be collected, both satellite imagery and ancillary information,
e.g. digital elevation natels, ground data etc.

Description of the objectives of data processing, the analysissth@st and products
Recommendations for data processing and analysis for eachsitemo

The satellite mission planning containsia depthdescription of each derysite that is considered in

the ImpactMin project, and where satellite daill be processed and analyzethe basis for site
description was a questionnaire sent out in February/2010 to all thesitenrepresentatives. The
outcomes of this questionnaican be found inAppendix 1.1 (Mostar), Appendix 2.1 (Rosia
Montana) andAppendix 3.1a and Appendix 3.2 (Karabash and Mednogorskespectively. The
relevant parameters related to mining impact were identified. All available information was gathered
in order to quantify the impacts. In many cases, however, the direct or indirect impacts of mineral
mining were not quantitatively investigated, and previous research only give an indication of the
seriousness of the ongoing processes. Nevertheless, for easfsiteeseveral core topics for satellite
image processing were identified.

Moreover, ancillary geographical information was gathered. A second questionnaire was sent out to
the demesite representatives in May/2010. The idea of this questionnaire whtatn more detailed
information of the spatial data that is available for each dgiteo The outcomes of this questionnaire

can be found iMppendix 1.2 (Mostar), Appendix 2.2 (Rosia Montana) andppendix 3.2a and
Appendix 3.2b (Karabash and Mednogorsiespectively.

Additionally, for each demagite the availability of satellite earth observation information was
investigated, and the need for additional information to be collected was destnitied.1, the
applicability of different satellite imagingystems for monitoring mining impacts was explored (see
D4.1, Table 37). Our search for available satellite images was focused on:-$@dtation, NOAA
AVHRR, Landsat MSS/TM/ETM+, ASTER, ALICHRIS and Hyperion.Existing archives of
historical satelliternagery were searched, in order to obtain interesting time series of satellite imagery
and to be able to analyze the dynamics of mining implct®rtunately, ndHyperion,ALI or CHRIS
images were available for either of the desites.For new data acquiton, ImpactMin will mainly

focus onthe new WorldView?2 sensor, because this sensor provides imagery with very high spatial
resolution and a considerable number of spectral bands.

Finally, an analysis flow sheet was prepared, which summarizes datsit@gudata processing and
derived products

-

Data availability . { Data processing . ‘ Products

The analysis flow sheets are the 6cored of this
guideline for image acquisition, processing and analysis in WP6. For eacksdentibe flowsheet is

described in detail. However, general procedures for data (pre)processing are deséysehiix

4.1 andAppendix 4.2, respectively.

The main links with other work packages are:

- Run parallel to WP5. There i s mingsfdrthedergo | i nk
sitesd, where preparatory work for aerial re
remote sensing with airborne hyperspectral data at certain-siggsowill provide important
opportunities for developing new methodologies.
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- Provide input to WP6, mainly for WP6.2 O6Acqu
d a t Adsd the deliverables D4.1 and D4.2 will provide input to WP6.

- Provide input to WP7, where tools and methods will be demonstrated on differensigesno
and tle demesite implementation plans will be provided.
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3 DEMO-SITE IMPLEMENTATION PLANS

3.1 Mostar Valley Bosniaand Herzegovina

3.1.1 Site overviewand environmental impacts

The AVihovici Coal Mineo is |l ocated in the Most
exploited by ARudnici mr kog ugl j-owmed doBpartywbat isc o a | I
inactive since 199IThe mine had entered production in 1901, first as an underground operation, but

from 1963 on, open pit mining was performed. In total, 1lianiltons of brown coal (lignite) were

extracted from the mine. 3.5 million tons were produced by surface exploitation (open pitting). The

total area of the mine site is 76 ha, with 43.2 ha surface operations and an open pit of 7 ha. The
production of coalwas stopped when the war broke out in 1992. All technical equipment was
destroyed. From 1992 1995, the mine was used as public solid waste dump. lllegal waste dumping
continued until 2007, when a remediation program was started and in 95% of the eairsdrae of

the surface waste was removed. Underground coal fires were (apparently) extinguished by water and
fly-ash pumping.

Figure 3-1 Pictures of the Mostar demesite

The mine is located in a karst landscape, with associated typical structures (e.g. caverrisssinkho
dolines). Geomorphology of the region is also dominated by alluvial formations along the Neretva
River. The climate is a serarid, Mediterranean climate. Surface cover is sparse and consists of low
lying Mediterranean shrubs (wild pomegranate mainB)ere are five general zones of Neogene
layers: sandstone, breccia, sadvel clays, sand marls and limestone. The main carbahseam is
composed of direct bottom and roof layers and a carbon layer with interlayer and refills of muck. The
geology ofthe area consists of Peffmiassic strata, ranging from plastanhydrites, unconsolidated
limestone, clay and mudstones, which are compressed during folding episodes and exposed on the
surface and thrusted upon Mesozoic rocks. Lower Triassic is compfisedious mudstones, marls

and plinth limestone.
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Figure 3-2 Coal fire at the Vihovici mine site, Mostar Harbourdom GmbH, www.coalfire.orq)

The most important miningelated processes which affected the environment are:
1 Surface disturbance

1 Underground tunnels linking the mine with the riverine ecosystem, esgediaihg floods.
The mine area is connected with the Neretva river through natural underground connections
(related with karst landscape) and through ditches that were built during mine exploration. The
main purpose of these ditches was to take overflotensdrom the lake and the mine to the
Neretva river. During high water levels of the Neretva river, the reverse situation occurs, and
water flows into the lake. According to field investigations, significant bacterial contamination
in the lake water is duto inflow of sewage through the Neretva channel in times of high
water of the Neretva riveiFichtner et al., 2007)The water in the lake is exchanged roughly
two times a year by refilling from natural inflofsom surrounding hills and mountains and
outflow to theNeretva.

1 Windblown dust and atmospheric emissias temperature incremeffitom underground
burning of coal/organicd{gure3-2)

1 Waste dumping (industrial, regidtial) in the mine area

The situation is thought to be sestabilized or stationary, although the condition of underground
portions is at present unknown.

SeeAppendix 1.1for complete input on the first general desite questionnaire.
Several previoustudies were performed on the Vihovici coal mine:

1 Regular reporting by the Universities and/or Mining Institutes of the former Yugoslavia
(19631991)

The reports from this period mention in detail the number of tons of coal excavated from the
pit, the annal norms, surplus or deficit in the operating costs of the mine and operating
expenditures and challenges. The reports show the overall decline of the amount of resource
produced resulting from the decreased need for coal and rising operating costsnofethe
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Even though significant apparent reserves have been left in the mine, it was considered to be
uneconomic to continue the exploitation.

AiStudy of sanation, exploitation and recul ti
of Mostar minamat BOOK ®txphAs6itation and recul
(1996), investor: EUadministration of Mostar, project leader: Faculty of Mining,

Geology and OitExploration, University of Zagreb

Mostarés <coalfield, wher e iomwas deeesloped oontains | par
considerable supplies of brown coal. Thick layers and good quality coal at relatively shallow
depths lead to the development of coal mining, at first in excavating and later in open pit
mines. Excavating works were limited by hgdeological circumstances of the deposit,

market conditions and mine business economics and only open pit mine has continued to exist

l ately. The mine shaft ACi mb had been opened
and rooms were overflowed. Theine fields have been degrading by continuous working of
the AVihovicio open pit mine and the stop o

actions brought them into adverse and extremely unstable condition. Working levels about the
waste dump hze not been properly formed and connected, while the crater part was found in
original condition, without convenient, functional form and acceptable final outlines. Large
quantities of water accumulated on the bottom of the crater and they are direntigtednto
Neretva by a previously formed ditch on the same level as the water level of the river. From
the beginning of the war, city waste was constantly brought to the mine field and its
uncontrolled and unplanned dumping in the lake, on the edge ofates and in other places,

had turned the whole mine field into a waste deposit. Sanation and technical recultivation of
the field required thrustingver or stretching of bigger quantities of dirt masses, so that the
coal mining comes to be an imperatif@ realization of such interventions. In order to
provide for quality participation in costs of sanation, exploitation had to include the best part
of remaining coal reserves. The plans also included an urgent sanitation of waste deposit by
means of diglcation of deposited waste out of the mine field or by its depositing in the
convenient place on site. Technically recultivated areas of waste dump in the new form and
shape of crater with lake will provide for and adequate biological recultivation afhedgi
interest for recreation.

All treated conceptual plans will be followed by required capital investments and economic
effects with the selection of optional variant. According to project assignment basic guidelines
a preliminary analysis of possible stibns of the pit in Vihovici was set up:

- Important contents and possible solutions of project are bound up together; they cause and
condition each other and they should be treated as a whole (sanation, exploitation,
recultivation and restructuring).

- The ®lution of the set task should be considered in the context of big mine field (70 ha)
which has been degraded to a great extent |
city of Mostar, up the river Neretva in rel

- Existing waste deposit in the crater and on the pit is to be treated in two ways:
o to dislocate all refuse from mine fields (from lake, crater interned waste dump)

0 to collect the waste all over waste dump and from pit crater to deposit it all on the
site, i.e. oractive position of depositing

0 compare the variants by their price and reliability of realization and make proposal

- To use the pit crater as a possible future waste deposit of Mostar has to be absolutely
excluded from consideration.

- Sanation of the wasteefosit on site and technical recultivation of degraded field cannot
be carried out without big quantities of dirt, so it is advisable to include the coal mining as
a main source of such masses.
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- Basic function of coal mining is to form and give anotherggsaient to final pit crater
AVi hovici o. The exploitation stands for ps)
the costs of sanation, i.e. initial and basic source of funds. An adequate sanation cannot be
effected without exploitation.

- Elaboration of tke study has to confirm the initial concepts or supplement, i.e. modify
them, if it would be necessary.

AiStudy of sanation, exploitation and recul ti
of Mostar minebo, BOOK 2: i Rest 96) otestar: &EW i on of
administration of Mostar, project leader: Faculty of Mining, Geology and Oil
Exploration, University of Zagreb

At the beginning of the Mostar mine had stopped its longtime continued work on coal mining.

Part of the mine facilities was cqhetely destroyed by direct combat actions during the war,
whereas other parts were devastated, and now, they are out of order. All movable property of

the mine was ruined and alienated as well as installation in immovable mine facilities.
Manpower from tle mine has been directly or indirectly included in the war and partly left the

town. A main consumer of coal, Aluminium Plant Mostar, has also stopped the production and

it is the question if it would be started again and to which extent. End of the evaosatwar
reconstruction imply reactivation of industrial and other facilities. By number of employees

and line of activities, coal mine had a dominating position in the town. New circumstances

which were also obvious before the war do not contribute ritiredty of coal mining. Works

taken on opening of the pit ACi MmO have been
AVi hovici o wild.l be put in the action only fo
this context, the restructuration of the caahe is to be carried out which will include new
programmes and facilities with realisation during sanation of mine field or afterwards.
Sanation and recultivation of #AVihovicio pit
and recreation activigs (orchards, vineyards, plantations, lake). Newt rooms of the

ACi mo pit wild.l be put in action for the prodt
AOrl aco is being brought up to its original
numbe of miners for purchase, care and use of explosives. The production shaft with the
tower will remain as a symbol of profession and mining tradition of Mostar. According to the

plans framework of shaft tower, pit bottom and approachable part of undergomms will

be used for cultural purposes and buildingf mini-brewery with restaurant. The remaining

mine fields will be left over for the towplanning purposes which will mostly correspond to

the needs of near and wider town locality and fit inteplanentioned in the study.

Water and Soil sampling (2003)

In 2003, before the rehabilitation project was initiated, water and soil samples were taken at
five locations in the mine area and analyzed for various parameters (pH,-etaadrectivity,
chlorides, ammonia, nitrites, nitrates, sulphates, copper, zinc, chrome, nickel, lead,
manganese, cadmium). Water analysis showed that the critical parameters are present in all
five sampling localities with elevated concentration of ammonia and nitrates. Sighific
concentrations of ammonia are noted (5.2 ppfl ppm, allowed release is 0.1 ppm). The
elevated values indicate a continuous process of waste decomposition which may have been
deposited in the lake and its surroundings. Also, significant concensatioFe are noted

(23.2 ppmi 26.2 ppm). Soil sample analyses showed that the critical parameters exist in all
five locations with concentrations of Cd (1.7 ppr3.2 ppm), Ni (41.0 pprih 58.3 ppm, max

limit value is 35 ppm) while Pb concentrations ar¢himi the allowed limits except for one
sampling location (62.2 ppm).

Study for the rehabilitation of the mine site by Fichtner/dplan/HarbourDom, financed by
KfW Bankengruppe and the City of Mostar: Preparatory Stage Report(Fichtner et al.,
2006)and Feasibility Report (Fichtner et al., 2007)
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Upon request by the City of Mostar, KW Bankengruppe commissioned the consortium of JV
Fichtner/ dpl an/ Har bour DBemasiinbi Mantgh S2 @& & wii tn
presence and extent of soil and groundwater contamination and elaborating rehabilitation
options on the Vihovici former coal mine. A brekdsed chemical analysis program and

special sampling techniques were neededalmse previous studies were insufficient to assess

the risks of hazardous waste. The consortium intended to generate a reliable database on: (i)

the degree of waste hazard and amount of waste disposed in the lake and on the rest of the
mine site, (ii) invesgations on the degree of hazard for the environment in the lake water, in

the Neretva river water, and in ground water, and (iii) burning coal seams. The results of the

risk assessment of the Preparatory Stage can be summarized as follows:

- The organoleft investigations and lab analyses detected no significant chemical
contamination of the overburden area, opast pit lake and Neretva river. No significant
concentrations of poisonous and hazardous chemical substances above detection limits
were measuckin the soil, water and soil air.

- However, a potential danger was seen in the openly accessible domestic, industrial and
hospital waste. Around 85,000 mj of waste w

- The investigations of smouldering coal seams revealed the existénat least one
medium scale coal fire in a coal seam about 80 m below the surface. There was no
significant concentration of toxic gases at the moment of field investigations, but the
direction and intensity of coal fires could change rapidly.

- The lakein the opercast pit is bordered by steep slopes and cliffs, which are cracked and
faulted and of poor geotechnical stability, as well as the area of smouldering coal seams.

According to the results of all investigations, dangers to the environment iihbgici

complex and its surroundings are fortunately substantially less than originally assumed. As a
result of hazards assessment, possible safety measures or remediation solutions were
recommended.Table 6-1 in Appendix 1.3 summarzes the assumed dangers and the
investigation programme executed at Vihovici Site and the results, as well as giving a brief
description of recommended remediation measures.

The remediation measures included:
- The extinction of smouldering coal fires

- The pevention of further pollution of the lake water by inflow from sewage in times of
high water of the Neretva river

- Prevention of access to waste deposited in the area and the development of a concept for
future use and public access to the mine site, wasterage and fences

ADRICOSM-NERES project: ANEretva river Delta En
Sustainabl e Devel op me nfunded byRthes ltallan enhistnp of o j e c t
environment and territory. (2007)

Task 4.1 of this project included: Guidedis for Surface Water Quality Management.
According to theéDecreeon water classification (OJ 77/98)aters are assigned to five classes
depending on their quality and consequent possible use. Water classes and their respective
description is reported itlhe following table Table3-1)

Table 3-1 Classification of Waters According to the Decree on Water Classification

Class Description

Class | Underground and surface water that in their natural state or after disinfection can
be used as drinking water or for the
food industry, and surface water that can be used for the production of precious
fish species (trout)

Class I Water that in their natural state can be used for bathing and recreation, for
aquatic sports, for the production of other fish species (cyprinids) or that after
adequate treatment can be used for drinking purposes and other industrial uses
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Class Il Water that can be used in industries that have no specific requirement on water
quality, and in agriculture. These are waters that need pre-treatment before use
for determined purposes

Class IV Water that can be used after appropriate treatment only in areas with severe
water shortage
Class V Water that cannot be used for any purpose, because they do not comply with the

requirements of this law

The Decree indicates two groupspairameterswhich define the classification of waters:

- The first group includes the parameters which are obligatorily testec\aidated to
define the main the main ecological functions of the basin, namely: A. pkytséroical,
B. oxygen regime, C. nutrients, D. microbiological, E. biological

- The second group of parameters is evaluated only in case of specific investigations and
includes: F. metals, G. organic pollutants, H. radioactive elements

The Neretva Delta area is located in the southern part of the Dalmatian coastal region at the
borders of the countries of Croatia and Bosnhia and Herzegovina (BiH). The River extends
inland for approximately 220 km long, of which only about 20 km lies within Croatia from the
mouth of Neretva on the Adriatic Sea to the border boundary between Croatia and BiH at the
city of Metkovic. The Neretva River Basin covers an area of approximately010 0 k m| ,
mostly comprised in the mountain region of B&H. In its upper course, the Neretva flows from

its headwaters in Central Bosnia through canyons and cliffs. Due to its canyon character, the
ri verds middl e c-enargysHve Hydropaersplards withahe rebeyairs are
present in BiH part of the river (Jabl anica,
The | ower course begins downstream of the mou
and Bregava, and spreads intoadlnvial fan, called the Delta area, with an area of 20,000 ha.

The upper part of the Delta area is called Hutovo Blato and is in BiH, while the lower part is
situated in Croatia where the Neretva River branches into multiple courses creating a large
deltacovering approximately 12,000 hectares. The Croatian part of the river course forms the
so-called Lower Neretva Valley. The Neretva estuary continues in the Malostonski Bay, which

has long been recognized as a rare marine reserve due to the rich afd spéiddie in the

sea (mollusks, etc.). The estuarine area extends for approximately 8 kilometers along the sea
coastline from the city of Ploce to the north of the river mouth. In the upper and middle parts

of the River the climate is continental withoswpluvial conditions, while in the lower part

there is a Mediterranean climate.

The system of surface waters of the Neretva Delta includes:

- riversi Neretva River with its affluents: Bregova, Trebizat, Krupa, Buna, Bunica, Norin,
Crnarika, Mislina, Pmjak and other, smaller rivers and creeks;

- springsi that are situated on the karst rim can be permanent or periodical, depending on
the inflow and precipitation;

- pondsi are situated within the Delta and on the karst rim. Most of them disappeared
duringthe meliorations, but some of them are still important sources of drinking water.

Hydro-geologically, the Neretva River basin aquifer is characterized by a porous karst
structure covered with sediment. The aquifer, shared by B&H and Croatia, has aoexvén
approximately 280 kfn The aquifer is characterized by a complete inflow from B&H to
Croatia, with a predominant direction to south. With regard to groundwater recharge, there are
few existing estimates available of groundwater recharge on a atbasis.

The Neretva Delta Area is an important agricultural area for Croatian coastline and has its
impact on several key economic irstiies in the region. The strategically important port of

Pl ol e with i ts cargo transport for both <co
conditions in the river Neretva. Further south, along the Croatian coastline, there is a Mali

Ston Bay well kown for its seashell production and exploitation is directly linked to Neretva
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watershed through numerous karstic springs discharging into the Adriatic Sea. The river is
primarily used for transport, recreation and irrigation, the latter being the preatdrater

use, since agriculture is one of the primary activities of many people. About 5,376 ha of the
wetlands and lagoons in the Neretva's delta were meliorated and transformed into plantations,
mostly mandarine plantations. Currently, the arable landsapproximately 30% of the delta

area, of which the irrigated lands are 80% (5,000 ha). Several water supply systems were built
for the purpose of irrigating the farmlands, such as the Modroi oRpuzen water supply
system and the water supply systemtmaf Metkovic, which going through the Delta up to

the Mala Neretva River refreshes the water of Mala Neretva River. The coastal sea in the delta
is used for transport, recreation, aquaculture and fishing. Fisheries and aquaculture are
particularly devedped in the seaside area, in the Mali Ston Bay, a brackish water body famous
for its oysters. With regard to the karst aquifer, groundwater from natural springs and
catchments is predominantly used for the water supply system.

With regard to the Neretva ¥ar water quality monitoring, three hydrological stations have
been established on Neretva River, in Ploce at the river mouth, in Opuzen downstream of the
Mala Neretva, and in Metkovic, close to the state boundary with Bosnia Herzegovina. The
monitoring sations work as waterlevel and water temperature record stations. Parameters
monitored at the stations are: A. Physical/ cherhi@lOxygen, C. Nutrients, D. Micko
biological, E. Biological, F. Heavy Metals. Water samples are taken from the top laper of t
river. Measurements are taken 12 times/year for A, B, C, D groups; for E group 1 time/yr; for
F group less then 12 times/year.

According to the decree on Water Classification, representative values are calculated as
follows:

- in case the number of satep per year is above 12, the relevant value (except for the
biological indices, BB saprobity index and the biotic index), is calculated as the value of
90% (frequency), except for dissolved oxygen and oxygen saturation, which are calculated
as the valuef 10% (frequency).

- in case the number of samples per year is below 12, the relevant value of each index
(including biological parameters) is calculated as the median of all results of
measurements.

Figure 3-3 shows he location of monitoring stations in the area of Neretva Delta as well as
classification of water quality according to the various groups of parameters. These data are
published on the site of the Ministry of Agriculture, Forests and Water Resourcegpiite

for Water Management.

! Neretva Sub-basin - International Network of Water-Environment Centres for the Balkans

http://www.inweb.gr/workshops/sub_basins/6_Neretva.html
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o 40518 Tunel J. Podgora (inlet)
Balinska Lak:¢ -
40518 Sladinac Izlaz (outlet)
40155 Met kovil
Neretva 40157 Opuzen
40159 Rogotin
Spring of River Norin 40517 Prud
Figure 3-3 Sampling Stations and Monioring Results in Neretva Delta, year 2000

The following table [Table 3-2) reports the water quality classification of Neretva River for
the years 2000, 2001 and 2002, based on official Croatianfidassn for year 2000 and
analytical results for years 2001 and 2002.

Table 3-2 Surface Water Classification (20062001-2002)
Group | Metkovié | Opuzen | Rogotin

Classification II II 11
2000 2001 2002 2000 2001 2002 2000

A -Physical/ chemical

B - Oxygen

C - Nutrients

D -Microbiological
parameters

E - Biological
parameters

F - Heavy Metals

1 Water Quality Management, Author: Agency for Watershed of the Adriatic Sea;
Continuous measuremerg

Continuous water quality measurements are carried out by the Agency for watershed of the
Adriatic Sea in the Neretva River and several other places. General chemical parameters,

21



dissolved nutrients and metals were measured during gte3laears. This is restricted
information, but data should Imeadeavailable for the ImpactMin project.

1 Borehole geophysical data for geothermal anomalies from burning coal seams
(temperature, resistivity) in 2006

- The geomagnetic measurements cannot raakistinction between recent and extinct coal
fire areas.

- Different regions of significant magnetic anomalies have been found. Modeling of
magnetic anomalies results in areas of higher susceptibilities (caused by heat) in greater
depths (1640 m). The extet of the anomaly areas has been estimated by looking at the
analytic signal of the magnetic data and should be rather conservative.

- The area around the abandoned borehole showed a strong magnetic anomaly (M2). It was
verified that the anomaly was not cad by the casing of the well itself. So, the region
G2/M2 was identified as a region with a recent coal fire beneath.

- It is worth mentioning that the temperature anomalies in this area are very local, while the
geophysical anomalies are more extensihe: true nature of all observed geophysical
anomalies are yet to be determined.

1 Final report on extinction and rehabilitation works of the former Vihovici coal mine
(KfW Bankengruppe, 2009)

The works on the extinction of burning coal and the rehabilitation dbtinger Vihovici coal

mine started in March/2008 and finished in July/2009. During this time, in total 68 boreholes
were created. The installation and activation of a cooling system, regular control of this
cooling system and temperature distribution messents were performed. This final report
presents the details for all the finished boreholes (coordinates, diameter, depth, lithology,
temperature and gas measurements, etc.). Burning coal extinction using fly ash and water
slurry was performed in two inteals: December/2008 March/2009 and April/2009
July/2009.

3.1.2 Data availability

The University of Mostar (GFMPBosnia and Herzegovihain cooperation with Photon (Croatia)
provided various geospatial data sources, listed below:

1 Topographic map, 1970, BD00, 10m equidistance (scan of printed map, GeoTiff, see
Figure 34)

Digital Topographic Map, 1996, 1:10.000, 10m equidistance (CAD, ShapefilEigeae 35)
Digital orthophotos, 2004, 0.6m, color, optical/visible range (GeoTiffFigpare 36)
Hydrogeological map, 1995996, 1:10.000 (scan of printed map, GeoTiff)

Map with electrical installations in Vihovici area, 2010 (CAD, Shapefile)

Map with telephone installations in Vihovici area, 2010 (CAD, Shapefile)

= =4 -4 A A -

Map with plumbing and sewage in Vihaviarea, 2010 (CAD, Shapefile)

22



IMPACTMIN

Contract

S

o

14T

- 2 £ "(/4//;////2
Wares
yar

&z
@E‘ﬁ” =
£* M

| |
o 30
1

NN
[Pz aga

ar2130N
(N

210N
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Figure 3-6 Mosaic of orthophoto images of the Vihovici mining area, Mostar (2004)

SeeAppendix 1.2 for complete input on the second desite questionnaire on data availability and
metadata.

3.1.3 Data collection

a. Satellite imagery

In the framework of the ImpactMin project, several types of satellite imagery were and will be
acquired.

WorldView-2 imagery was ordered during the Summer of 2010, and will be ordered in Summer 2011,
if possible at the same time as the airbarampaign in year 2 of the ImpactMin project. WorldView

2 was only recently launched (October/2009) and is the first satellite that offers 8 spectral bands at
high spatial resolution (46 cmlzor more details, see D4.A. quicklook of the image acquired in
July/2010 is displayed iRigure 37.
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Figure 3-7 Quicklook of the WorldView-2 image of the Vihovici mining area, Mostar, acquired on

21/07/2010

244160¢

A complete time series of Landsat images could be retrieved from the Landsat image diablize (

3-3). From July/1985 till July/2009, 15 Landsat images of reasonable quality and cloud cover are
freelyavail abl e.
images are acquired in late spring or sumriviy(i August).

years covered are: 685,

Table 3-3 Time series of Landsat imagery available for the Vihovici mining area, Mostar

Sensor

Date

Quicklook

Landsat 5

07/07/1985

25

087,



IMPACTMIN

Contract

Sensor Date
Landsat 5 15/07/1987
Landsat 4 06/05/1988
Landsat 7 09/08/1992
Landsat 7 09/08/1999

Quicklook
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Sensor Date
Landsat 7 26/09/1999
Landsat 7 08/06/2000
Landsat 7 20/08/2000
Landsat 7 13/07/2001

Quicklook
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Sensor Date
Landsat 5 22/06/2002
Landsat 7 23/06/2002
Landsat 5 27/07/2003
Landsat 7 07/07/2007

Quicklook
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Sensor Date Quicklook

Landsat 7 16/09/2007

Landsat 5 27/07/2009

Six ASTER imagesovering the Mostar project area were acquifBable 3-4). A few more scenes
were available but of insufficient qualifgloud cover and/or low illumination angléd be worth
purchasing.The years covered arée 0 @ 8 Q 6 6 0 9 . Bha inagé ftodn February/2006 only
covers the Southern part of the study afidgee SWIR bands of the ASTER sensor are a great benefit,
allowing the identification of individual minerals, gradual changes andnaicie drainageDue to the

fact that in 2007 the SWIR system became defunct, the latter two images only comprise the VNIR and
TIR bands. HoweveldmpactMin expecs that this is not a major drawback as the analysis of satellite
imagery for this area will nialy be focused on land cover analysis, vegetation monitodng,
potential acid generation caused by abundant sulphide minerals in thdngpattMin will also
investigate heat anomalies associated with subsurface coal fires. In WP6 ImpactMin witherpdr

the spatial resolution permithe detection of thermal anomalies at this sdate the purpose of heat
anomaly detection]mpactMin plars to purchase some niglime thermal ASTER images in
April/2011 and sometime late Summer/2011.
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Table 3-4 Time series of ASTER imagery available for the Vihovici mining area, Mostar

Sensor Date Quicklook

ASTER 06/07/2001
ASTER 17/01/2003
ASTER 01/02/2006
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Contract

Sensor Date

ASTER 18/06/2006
ASTER 30/09/2009
ASTER 15/07/2010

Quicklook

No Hyperion ALI or CHRIS/PROBA imagery is available for the area.
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b. Ancillary information

An ASTER, USGS and SRTM Digital Elevation Model is available. More detailed topography based
on photogrammetric restitution of airborne stereopairs might becawvailable GFMO sent in a
request at the Geodetic Institute of Bosnia and Herzegovina.

A wide range of field measurementsicluding field spectra) will be available from the airborne
campaign. For a description, see D5.3.

3.1.4 Data processing, analysis flovsheet and products

a. Objectives

The objectives of aellite image processingvill be to monitor regional parameters of the mine:
temporal change and natural succession of vegetation, urban growth, geology. Even though medium
resolution Landsat MSS/TM/ETM+ iagery and ASTER is limited in spatial and spectral resolution,
ImpactMin will experiment withtime seriesanalysis for the monitoring aiemporal changes and
settings of the mineDuring the project course, ImpactMin will investigate phasition of the mme

and development coupled with urbgmowth and thenatural vegetation succession and regeneration in

the mining area since closure and first rehabilitation effGiitpure 38). Furthermore|mpactMin will

test if he thermal bands of medium resolutiomaigery (including night time imagerganbe used to
monitor temperature increment related to underground coal fires, although the spatial extent of the
mine site is relatively small compared to pixel size of TRges The high resolution WorldViev2

saellite imagery can be used to map surface cover in detail, and to monitor the increased urbanization
of the area in the vicinity of the mine site in the pamtflict boom (after 1995). If available,
hyperspectral imagery could be used to assess the ioondit the Vihovici pit lake (chlorophyll,

water clarity, depth) and zones of possible interaction with the Neretva river. Also the presence of
hydrocarbon waste, iron oxides, iron hydroxides and hydrophilic @agsminerals related to acid

mine drainageould be investigated.

— D D

B L

Figure 3-8 Pictures of the Mostar demo site (fieldvisit in September/2010) showing natural
regeneration of vegetation in the area
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b. Data processing and analysis floveheet

The data processing and analysis figlveet Figure 39, p.35 shows how satellite data will be
processed and analyzed in orderdachthe objectives. The flow sheet contains three parts: the data
input (in blue shading), the data processing (in grey shading) and the products (in red shading). The
satellite imagery that is available atigt will be used to experiment with different eastyservation

method in ordeto investigate the derrgite is: Landsat and ASTER time series, including dand

nighttime imagery to be acquired in 2014 ,WorldView2 image of 201@&nd one to be acquired in

2011 It might be interesting to plan the airber campaign at the same time as the Worldv2ew

image acquisitionField data will be available through the airborne campaign in 2011 detadled
description see D5.3). The data processing part contains 3 components, each leading to one or more
producs.

The first component deals with time series analysis of medium resolution imagery. The objective is to
monitor regional parameters and temporal change. Focus will be laid on the natural recovery of
vegetation and the position of the mine coupled witlanrgrowthand the monitoring of the success

of cleanup and stabilization efforts in 20@2009 In order to monitor natural recovery of vegetation, a
number of vegetation indices will be calculated for the preprocessed time series. The results will be
andyzed for trendsFor the last topic, it might also be interesting to look at high spatial resolution
airborne photographs, true color (historical) images from Google Badhhe recent WorldVies@

images (see further). For the preprocessing of the laarasl ASTER time series respectively, it will

be important to have very good spatial and spectral consistency between the images.

In the second part, thermal infrared bands will be used to monitor temperature increment related to
underground coal fireS.he shortcomings of borehole and geophysical methods for monitoring active
coal fires (time consuming, difficult to repeat, and costly to apply over a large area) can be tackled by
using remote sensing methoflsuenzer et al., 2007)Various authors have used remote sensing
techniques to detect and monitor coal fires. The background temperature, the qudl@yremote
sensing data, and the significance of the coal fires are the factors which determine the detectability of
the coal fires(Zhang et al., 1997)All three factors might be an issue for the Mostar dsite
However, h 2011, a request for ASTER dagnd nighttime image acquisition will be carried gut

order to test the applicability #STER TIR bands

The third component deals witligh spatial resolution imageand the interaction with the airborne
hyperspectral campaigsee also D5.3High spatial resolution satellite imagery will be used to derive
base maps, to identify pollutedeas (minerals), to monitor the spatial extent of polluted areas and acid
mine drainage, and to monitor water quality in the pit lake, the interaction with the Neretva river and
contamination of surface waters. The output of the airborne data anafesiB3s3) will be used to
calibrate/validate the analysis of high resolution satellite imagery. An important topic will be the
fusion of spatial/spectral data from different sources. Data fusion is a method that employs a
combination of multisource data wh different characteristics such as spatial, spectral and radiometric
resolution, to acquire a higluality image(Vaseashta et al., 2007)he integration of spectrally and
spatially complementary remote medgnsor datawill facilitate the interpretation of the imagery
Different techniques will be teste@®n the basis othe information that is available so fatr,canbe
expeced thatthe spectral variations in this area to be subtieth spatially and spectrally. The limited
spectral and spatial resolution of the ASTER imagery are certainly going to be challengirgyifactor
this area.Smartintegration of the relatively lowesolution ASTER imagery with high resolution
WorldView-2 and airborne hyperspectral data will be key to the successful use of the ASTER imagery
for monitoring environmental processes in this proggeia. Data integration and integrated analysis
will be one of the core aspects of the image analysis for this study area.

SeeAppendix 4.1 for a general description of satellite image preprocessingABgendix 4.2 for a
general description of satelliteqeessing.

The data processing for the Mostar desite will notbefocusdon subsidence, atmospheric pollution
or changes in soil moisture and groundwater, because the spatial extent and severity of these problems
will complicate successful data treatrhen
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c. Products
Thesatellite imagerocessing will lead to various products:

Base maps with spectral information, minerals, identification of polluted areas

Regional parameters: temporal change, natural recovery of vegetation and urban growth
Evaluation of tle success of cleanp and stabilization (2062009)

Evaluation of temperature increment due to (underground) coal fires

Evaluation of acid mine drainage

Evaluation of water quality in the pit lake and contamination of surface waters
Evaluation of the intexction with the Neretva river
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3.1.5 Discussion and recommendations

The preparatory work for densite implementation at the Mostar dessite shows that there are large
opportunitiesbut alsochallenges for the ImpactMin project.

The big challenge ofging satellite imagery for environmental monitoring of the Mostar dgiteois
the limited spatial resolution of the imagery, combined with the small size of thesiEmalso, o
the basis othe information that is available so fampactMin expecs the spectral variations in this
area to be subtleboth spatially and spectrally.

Neverthelessthe combination of satellite earth observation imagery with the images from an airborne
hyperspectral campaign will allow testing different image fusion tedlesidrhe integration of
spectrally and spatially complementary remote nagtisor data will facilitate the interpretation of the
imagery. Smartintegration of the relatively lowesolution ASTER imagery with high resolution
WorldView-2 and airborne hypegpsctral data will be key to the successful use of the ASTER imagery
for monitoring environmental processes in this project area. Data integration and integrated analysis
will be one of the core aspects of the image analysis for this studyMoresover, he outcomes of the
airborne campaigand the many ground measurements to be taken during the airborne carapaign

be used to calibrate and validate the satellite image processing.

Another opportunity is to monitor the effect of mine closure in 1991 elnahilitation efforts in 2007
2009. It is expected that it will be possible to monitor the natural recovery of vegetation in the area,
based on time series of medium resolution satellite imagery.

Also the use of thermal infrared bands to monitor temperatcrement related to underground coal
seam burning is interesting. Howevdre tbackground temperature, the quality of the remote sensing
data, and the significance of the coal firedll determine if itwill be feasible to use satellite imagery
for this purpose in this area.
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3.2 Rosia Montana, Romania

3.2.1 Site overviewand environmental impacts

Rokia Montant is | ocated approximately 80 km NW
NNE of the City of Deva in west ent r al Romani a, Iliat etrhaed 0f Goelgd eonn
Apuseni and Metaliferi mountain ranges in Transylvania. From 1970 till 2006, the Rosia Montana

mine was owned and operated by the state. Currently, S.C. Rosia Montana Gold Corporation S.A.
(R.M.G.C)) is trying to obtain the permitai or der t o again start oper a
Montana Projectd). Gold mining in Rosia Montana
2000 years and has influenced the social, economic, cultural and environmental conditions of Rosia
Montana Only underground mining operations were functioning before 1970. About 140 km of
galleries were dug in the area in nearly 2000 years of mining. Later on, the open pit mines Cetate and
Carnic were setup. The area of the open pits is 19.75 ha (CetateRdrad(Carnic).

Many of the impacts of this development and exploitation have been beneficial, such as the long
history, the diversity of the religion and culture, economic welfare proven by the wealth of
archaeological patrimony. Some of the impacts hawvédave been negative. Environmentally, past
mining has caused serious problems including pollution of soils and streams, landscape scarring, and
impact on land use and biodiversity: the environment is seriously affected. The 24.95 ha open pit
mining areaand brown acid waters exiting the underground mining works are visilgaré 310).

Also, there have been no significant attempts at environmental rehabilitation and no effective
environmental controls to reduce the impacts. The current situationrefattee progressive: if no
remediation actions are done, continued pollution of streams and soil within the area can be expected,
primarily from uncontrolled ruoff and seepage from the Rosiamin operation (activity closed in May
2006, site not rehabilitad, historic mine workings, and uncontrolled waste disposal practices.

In terms of a general localization, the investigated area is part of the Carpathian Subprovince, district
of t h e-Matalifarisvaldanic and flysch mountains. The topography in the Rosia Montana area is
typical for the mountainous landscape in the Nifeta Mountains region, having high elongated

ridges that separate deep valleys, steep slopes with peaks rising above the ridge tops at the upper end
of the valleys. Ridge tops tend to be well rounded with occasional craggy outcrops in the upper part of
Rosia and Corna Valleys or ridges adjacent to the site and slopes are usually steep.

Rosia Montana area has a continental temperate climate. Higher areas are characterized by a mountain
microclimate with cold winters lasting 4 to 6 months, and with heagygll. Spring and autumn are

cold and humid, with significant rainfall. Summer is short, with gradual transitions between seasons.
Climatic datai air temperature, relative humidity, nebulosity, precipitation and wirchve been
recorded between 1988c2005 by the Rosia Montana Meteorological Station, located on the top of
Rotundu Hill, in the nortleastern corner of the Project site near the upper end of the Rosia Valley.

The Rosia Montana volcanic sequence is interpreted as admfi@me complex epfaced into
Cretaceous sediments, predominantly black shales, with sandstone and conglomerate beds. The 3D
geometry of the area is well established due to an extensive network of underground mines that have
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been developed since the Austtangarian Empirgeriod, and from the extensive drilling conducted

from the surface and underground over the last 25 years. Environmental conditions (relief, surface
lithology, climate, vegetation) determined the formation of a diverse soil cover. Its diversity is
apparentat type and subype level, especially in the lower levels, given the soil and terrain
characteristics of the respective areas and determining the rules of its distribution. Based on the data
obtained from soil mapping, soil and land maps have been gedkeld review of the soil map shows

that 8 soil units were defined in the study area, by type ant/paband 19 units of soil type and sub

type associations in various proportions.

SeeAppendix 2.1 for complete input on thérst general demaite questionnaireEnvironmentally,
past mining has caused serious problems including:

- Pollution of streams and sailsline waters coming from the open galleries have low pH and
high contents of heavy metals. They are mainly affectiegquality of the surface waters
and to some extent the groundwater. The heavy metals load includes high amount of As, Cd,
Ni, Se, Pb, Cr. The pH of the dugells water is generally neutral to slightly acidic. The soll
is not polluted with heavy metalsatelatively short distance from the mining site.

- Landscape scarringrhe landscape was completely modified in the area of the opencast
mine. Important amounts of rocks were excavated during the last 40 years.

- Impact on land use and biodiversityand ug was changed in the mining operation area,
including the open pit, tailings management facilities, waste heaps and industrial facilities.
Vegetation was completely removed in the area.

Florea et al.(2005) studied the streams that flomdially from the mountains through the Rosia
Montana mining area. Heavy metals including zinc, cadmium, lead, copper and manganese were
selected foranalysis.Table 3-5 shows that heavy metal concentrations are alamweepted limits.
Although mining activities were reduced, the solid waste rock deposited by the river side remains the
main source of pollution.

Table 3-5 Element concentration in surface water in the Rosia Motana mining area(Florea et al., 2005)

Trace elements SR“ mg/L Drinking water ~ Concentration found within this work mg/L

Maximum Minimum

Nov. 2004 Feb. 2005 May. 2005 Nov. 2004 Feb. 2005 May. 2005

Copper 0.005 <LOD 1.328 1.347 0.575 <LOD <LOD <LOD
Cadmium 0.003 0.004 0.152 0.168 0.107 <LOD <LOD <LOD
Zinc 0.03 0.001 8.750 15.550 18.590 0.001 0.001 0.001
Lead 0.05 0.007 0.248 0.231 0.539 0.001 0.001 0.001
Manganese 0.30 0.024 141.200 223.200 320.700 0.107 0.082 0.504

“Romanian standard
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Also Bird et al.(2005)investigatedsolute and sedimefioundmetal pollution (Cd, Cu, Pb and Zn)

along a 14km reach of the River Abruand River Aries and fhining-affectedtributaries.The River

Aries is a major right bank tributary of the River Mures and drains eastwards along the northern edge
of the Metaliferi MountainsKigure 312). Figure 313 shows the plot of solute Cd, Cu, Pbdasn
concentrations and values of pH and EC on a downstream basis. With the exception of Pb, metal
concentrations in the River Abrud are highest immediately downstream of the EM Bucium mine. Also
downstream the Rosia River, Cadmium, Cu, Zn are elevateck abwperative values. The mining
affected tributaries of the River Abrud cause a local reduction in agueous pH and elevation in solute
metal concentrations. Improvement in water quality downstream results from inputs from relatively
clean tributary streamand an accompanying increase in pH, which will promote the dissolution of
metals through precipitation and adsorption to suspended particulates within the water column. Bird et
al. (2006) show that mining activity within the Aries river catchment, particularly in the Rosia
Montana region, has caused the degradation of surface water and river sediment quality. The proposed
gold mine at Rosia Montana would therefore not be developed pedhted within a pristine
environment. However, the contrast between the level of pollution in the Rivers Abrud and Aries
suggest that the hydrological link between mining activity and river systems should be minimized in
order to keep levels of surface teacontamination to a minimum. Potentially great environmental
impacts could arise from a tailingem failure.
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Figure 3-13 Solid metal concentrations in the Abrud River, the Aries River and major miningaffected
tributaries (Bird et al., 2005) Vertical dashed and dotted lines show the locatioaf the Bucium mine

and the Abrud/Aries confluence, respectively. Samples of the River Rosia are marked with red circles
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Theareaof theexistingmine waste rock dumpss presented in the next table:

Table 3-6 Mine waste dumps in the Rosia Montana mining area

NAME Area (m, Area(ha)
23 August Dump 3479.45 0.348
Afinis Dump 1137.78 0.114
Aurora Dump 739.62 0.074
Cirnicel Adit Dump + 910m 11976.86 1.198
Dump Adit + 938m 9738.43 0.974
Gauri Dump 20796.64 2.080
Hop Dump 53683.79 5.368
luliana Dump 6273.84 0.627
Manesti Adit + 795 Dump 33468.07 3.347
Napoleon Dump 2677.33 0.268
Orlea Dump 43678.50 4.368
Piatra Corbului +960m Dump 1445.21 0.145
Piatra Corbului Dump 850.48 0.085
Rakosi Dump 21366.06 2.137
Valea Verde Dump 73039.24 7.304
Verkes Dump 5549.66 0.555

In the framework of a baseline conditions study conducted in-2008 153 soil sampleswere
collected from the mine surrounding area ahd contents of the following heavy metals were
determined: Cd, Co, Cr, Cu, Fe, Mn, Ni, Pb, Zn. The returned results were compared to the reference
values of MAPP Order/1997 regarding the normal contents of these chemical elements in soil (VN)
andthreshdd values representing alert (PA) aimterventionthresholds (PI) for sensitive soil use. A
predominant feature of these analytical data is the fact that they have low values, generally below the
alert or responsthresholds Table 3-7), except for Mn, Pb, Ni and Cr 4% > PA), and Cd and Co

(Xmax > P1).

Table 3-7 Metal content in soil samples collected at Rosia Montana (20@®05), compared to normal
values (VN) and threshold values for alert (PA) and intervention (PI)

Parameter Zn Cu Fe Mn Pb Cd Ni Cr Co
n 153 153 153 153 153 153 153 153 153
Xrmin 25.6 7.5 7.112 80 11.6 0.5 12.5 10.7 10.8
Xmax 271.9 39 47138 2187 90 10.1 114 79.2 66.6
Xaverage 87.5 17.8 28794 645 35.7 1.24 49.3 29.9 29.9
VN 100 20 - 900 20 1 20 30 15
PA 300 100 - 1500 50 3 75 100 30
PI 600 200 - 2500 100 5 150 300 50

In September 2010, again 27 soil samples were collected from the area and ghalyaesu, 2007)
seeFigure 314. The results are shown Table3-8. Veryfew soil samples show metal contents above
alert or intervention valuesiowever, a large number of samples contaore heavy metals than the
normal value. This shows that the background of metal content is fairly high.
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Figure 3-14 Location of soil sample collectior{Lacatusu, 2007)

Table 3-8 Metal content in soil samples collected at Rosia Montana (20)}0compared to normal values
(VN) and threshold values for alert (PA) and intervention (Pl)(Lacatusu, 2007)

Parameter Pb Cu Zn Cd Mn Fe Ni Co Cr
mg/kg mg/kg mg/kg mg/kg  mg/kg % mg/kg mg/kg magl/kg
n 27 27 27 27 27 27 27 25 27
Xmin 6.7 13.4 35 0.21 155 0.91 4.6 1.4 5.9
Xmax 56.2 300 395 154 2437 4.06 90.3 12.5 62.8
Xaverage 24.0 44.1 98.5 0.7 719.1 24 25.9 6.3 24.8
VN 20 20 100 1 900 3.0 20 15 30
PA 50 100 300 3 1500 - 75 30 100
PI 100 200 600 5 2500 - 150 50 300
n>VN and < PA 13 24 6 5 4 4 14
n >PAand<PI 1 0 1 0 1 1
n > Pl 0 1 0 0 0 0

Currently,air pollution is limited in the area, since the mine is not active. During the windy periods
the fine nineral fraction is mobilized from the open pit and dumps. This dust may contain different
mineral components, including various amounts of Si, Al, Fe, Ti, Ca, Mg, Ni, K, Mn, Cu, Zn, Cd, Pb.
However, there is no air quality monitoring system in functiathiatmoment.

The first consistentvater monitoring program was developed starting in 2000. At present, the water
quality monitoring network operated by RMGC covers approximately 27,000 ha and includes the
following types of samples: acid rock drainage atiter types of wastewater, groundwater (springs,
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wells and boreholes), surface water (streams), water fromnmaale lakes, and drinking water from

the supply network. Based on the described sampling for wastewater, surface and ground water, an
overall evaliation of the water quality in the monitored area was carried out for each type of water
sample.

The wastewater sample analysis results, mainly from the Corna and Rosia Valleys, indicated low pH
and high levelof As, Cd, Ni and sulphates in the majoritfythe samples and occasionally elevated
levels of lead and total chromiumable3-9), related with acid mine drainage.

Table 3-9 Results from wastewater sample analysis1 the Corna and Rosia Valley. Li: lower limit, Ls:
upper limit. MAC: Maximum Admissible Concentration.

Waste water pH As Cd Ni Pb Cr SO,
Corna Valley Xmin 4.35 3.1 4.56 2.6 0 3.5 10.96
Xmax 7.1 66.43 42.8 536 6.6 2964 2289
Rosia Valley Xmin 2.68 5.1 14 3.1 0 52 1216
Xmax 3.03 1738 814 732 246 4077 2637
Li 6.5
Ls 9.5
MAC 100 200 500 200 1000 600

The contaminants found in the majority of analyzed surface and ground water saraples-10,
Table3-11 andTable3-12) were: arsenic, cadmium, nickel, selenium and total chromium. The presence
of lead and sulphates was sporadic and reflects localized sources primatelg teleining impacts.

Due to the predominantly nemeutral character of the samples, total and dissolved metal
concentrations (for arsenic, cadmium, nickel and lead) were largely similar.

Table 3-10 Results from groundwater sample analysis from springs in the Abruzel, Corna, Saliste and
Rosia Valley. Li: lower limit, Ls: upper limit. MAC: Maximum Admissible Concentration.

Ground water pH As Cd Ni Pb Cr Se SO,
(springs)
Abruzel Xmin 7.32 5.2 2.3 6.5 0 0 0.9 50.0
Valley Xmax 7.7 9.22 5.7 20.3 4.9 12 9.43 63.9
Corna Xmin 6.11 0.4 0 0 0 0 0.55 9.7
Valley Xmax 7.29 10.2 6.4 20.3 11.3 31 19.6 262
Saliste Xmin 6.34 0 0 1 0 0 0.1 1.8
Valley Xmax 7.75 9.1 9.2 42.22 1.3 27 9.5 87.9
Rosia Xmin 6.34 0.1 0 0.3 0 0 0.24 9.5
Valley Xmax 7.7 26.26 6.7 8.7 3.2 15 19 42.8
Li 6.5
Ls 9.5
MAC 10 5 20 10 50 10 250

Ground water pH As Cd Ni Pb Cr Se SO,
(springs)
Abruzel Xmin 6.37 0 0 3.2 0 0 0.9 321
Valley Xmax 7.35 18.1 7.8 20.3 11.2 16 23 234.5
Corna Xmin 6.1 0 0 0 0 0 0.5 12.2
Valley Xmax 7.56 12.8 12.8 12.3 12.4 17.2 21 73.7
Saliste Xmin 5.94 0 0 18.1 0 0 0.7 422.2
Valley Xmax 7.01 12.9 12 54.31 0 8.8 6.5 656.5
Rosia Xmin 4.4 0 0 0 0 0 0.07 275.3
Valley Xmax 7.6 10.7 6.5 43.5 14.6 13 21 520.9

Li 6.5

Ls 9.5

MAC 10 5 20 10 50 10 250

Ground water pH As Cd Ni Pb Cr Se SO,
(springs)
Abruzel Xmin 6.27 0.6 0 1 0 0 0 199

Table 3-11 Results from groundwater sample analysis from hand dug wells in the Abruzel, &@na, Saliste
and Rosia Valley. Li: lower limit, Ls: upper limit. MAC: Maximum Admissible Concentration.

Table 3-12 Results from groundwater sample analysis from boreholes in the Abruzel, Corna, Saliste and
Rosia Valley. Li: lower limit, Ls: upper limit. MA C: Maximum Admissible Concentration.
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Valley Xmax 7.43 16.3 16 43.5 10.2 328.8 2.4 718

Corna Xmin 6.3 0.8 0 4.6 0 1.46 0.5 17.0
Valley Xmax 7.8 9 10.4 21 49.6 704.9 4.1 105.3
Saliste Xmin 6.8 0.2 0 1.6 0 0 1.3 57.1
Valley Xmax 7.6 1.2 5.7 31.9 0 18 6.1 418.1
Rosia Xmin 6.68 0 0 3.3 3.2 12 0.8 44.4
Valley Xmax 7.23 12.3 4.4 84 78.3 878.8 5.3 1241
Li 6.5
Ls 9.5
MAC 10 5 20 10 50 10 250

The claracteristics of the monitored surface waters were variable within the moderately acidic to
neutr al domai n. A single exception was represen:
and originating in the t aiglplanh §he mgstoanidic swface Bater a d e
samples were collected from the Abrud Rivedownstream of mining works belonging to Bucium

area, from a tributary of Abruzel Stream and from Corna Strieatownstream of the waste rock

dumps, fromi BRowks tar eSa m emafm ARD di scharge points o
from the keéswnstSteammof the waste rock piles and
Poieni mine.

The general conclusion of the water quality baseline study for the Rosiandoatea is that the
historical development of mine operations has resulted in the contamination of waters with specific
pollutants, originating from the local mineralized bodies. Such components are leached by acidic
waters generated by the exposure ofpkidebearing ores to exogenous factors. Surface water
pollution propagates at long distances from the Rosia Montana area and other mining impacted
valleys, thus affecting the downstream water usage.

3.2.2 Data availability

One high resolution SPGTF image is aailable (acquired on 24/08/2004wo ASTER images were
acquired on 14/03/2002. Airborne orthophotos with spatial resolution of 0.5 m were acquired in 2005,
and can be purchased from RMGC (around U 2.400 f
The following geodata are avalile:
I ASTER rainbow Digital Elevation Model (15m resolution)
1 Topography map (equidistance 2 m) from Spectrum Survey and Mapping
1 Land use map from Spectrum Survey and Mapping
1 Delineation of protected areas from Spectrum Survey and Mapping
1 Location of lakesforests and buildings from Spectrum Survey and Mapping
1

Existing 20kW and 110kW power lines (including location of poles) from Spectrum Survey
and Mapping

SeeAppendix 2.2 for complete input on the second desite questionnaire on data availability and
metadata.

The followingorthorectifiedrenpte sensing data are available
1 Airborne Orthophotoplanresolution 0.5m, year 2005
1 SPOT5 24/08/2004, L1A, resolution 2.51(seeFigure 315)
T ASTER 14/03/2002, L1Asee below)

44



IMPACTMIN Contract 244160¢

Fiaure 3-15 Quicklook of the SPOT-5 imaae acauired on 19/08/2004 for the Rosia Montana dersite

3.2.3 Datacollection

a. Satellite imagery

In the framework of the ImpactMin project, several types of satellite imagery were and will be
collected and acquired.

Long time series of low resolution imagery is available. First, the Global Inventory Monitoring and
Modelling System (GIMMS) monthly NDVI time series derived from NOAYHRR (Tucker et al.,
2005)is available from July/1981 till December/2006 at 8 km spatgdlttion. Secondly, various 10
daily products derived from the SP&Egetation sensor are available at 1 km resolution
(Maisongrande et al.,, 2004Multi-temporal analysis of NOAAVHRR or SPOTFVegetation
products can be used to monitor vegetation dynamics.

WorldView-2 imagery was ordered during the Summer of 2010, and will be ordered in Summer 2011,
if possibleat the same time as the field wotlkmpaign in yea2 of the ImpactMin projectA
quicklook of the 2010 WorldView2 image is displayed ifrigure 316. WorldView-2 was only
recently launched (October/2009) and is the first satellite that offers 8 spectral bands at high spatial
resolution (46 cm)For more details, see D4.The image hasden orthorectified using the SRTM

DEM. It would be better to use a more detailed DEM, but at this stage such a DEM is not available.
ImpactMin iscurrently investigating the possibilities of acquiring a more detailed DEM.
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Figure 3-16 Quicklook of the orthorectified WorldView -2 image of the Rosia Montana mining area,
Mostar, acquired on 15/08/2010

A complete time series of Landsat images could be retrieved from the Landsat image diablize (

3-13). FromSeptember/1988ll July/2009 13 Landsat images of reasonable quality and cloud cover

are available. The years covered && , 687, 690, 693, 6 9 9 All inGa@eb , 601,
are acquiredrom late springo latesummer Junei September).
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