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1. Introduction

The REECOL project aims to facilitate the transit-i on of
neutral fedtfwrrg. alhigsns with the European Green Deal, whi
become the -fautsrtalcldamattienent by 2050, and the RFCS (Res
Programme for the Coal sector. These frameworks emphas
emi ssions, the -phetedgpoweropl aotbk, and the adoption of

REECOL focuses on minimizing the environment al i mpact s
The project addresses several key areas:

Repurposi-omfyi fEemdR®0aalt ed Assets andhisf riasvtorl wetsurtersansf o
mining sites and associated infrastructures into area
include converting these areas into green spaces, agr.i

Ecosystem RehBmbsurnitmgi bhat the ecosystems affected by
centr al goal . This involves not just the physical resi
that were i mpacted. REECOL aims to restore these ecos
and sustainably in the |l ong term.

Future LarPd adsesyg for the future use of reclai med mi
various l and use options t hat can provide economic,
communities. This might include recreational areas, ac
environmentally friendly.

By applying emerging and innovative technologi es, parti
achieve ecological restoration that respects both envir
treatamedntvegetation regrowth are eaenhmlioyged athasrcalpaizsi leif tf &
technol ogies not only enhance the speed and efficienc!

rehabilitated | ands are sustainable in the Il ong run.
In essence, the REECOL project is about creating a bl ue
By focusing on environment al sustainability, economic
approach to managing the | egacy of coal mi ni ng while pa
The purpose of this report is to prominieng coempamateinem v
areas across Europe. These areas represent various reha
project. The report characterizes the degradation statu
these areas,infliot & owi scg fatsteen ftiltaat i on met hod outlined in
anticipated future-wsd aonfatti lbense Byr eleed ipmosntg bot h the ini
projected outcomes after reclamati on, this report serve
and monitoring solutions to be tested in subsequent wor |
The methodol ogy for selecting case study areas invol ve
Greece, Poland, Slovenia, the Czech Republic, and Franc
posnt ni ng reclamati on strategies. These areas wer e c hc
devel opment and testing of new solutions -tfeorrm Inaonndi troe @
solutions (WP5). The selected sites include:

1) Amynt eomlt alnelmagmnsi t e mi,nes, Greece

2) Mining Areas of PGG, Pol and

3) Vel emmijnei ng area, Sloveni a,

4) Radovesice and Strimice Dumps, Czech Republic

5 Konin Brown Coal Mine, Poland

6) Mazingar b.e, France
Each case study area wil/| undergo detailed characteri
monitoring activities in the REECOL project, ul ti matel
ecol ogical r ehmibnilng arteéeginonsn. post
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2. Selection of Study Areas

Del i ver albH ag6s .

The selection of case study areas for the REECOL pro
representatiomimfi ngarmiecdsamaaston scenarios. These areas
of challenges and oppor-muni hgebtandsoechbmdt wbohhapdsteha
valuable insights and data for the development and test
The selected sites span across different countries, S
economic conditions, which enrich the scope and applice
each study area, highlighting the reasons for their sel
Tabl8el ected Case St-Mdyi AgeBRsclfamaPiosh in the REECOL Projec

Study A Count Description ol Reason for Selecti

Amy adédn Greec|A former lignite Forming a pit I ake in thg

l'ignite of three in@myndaj{Amyntaion mine is a signi

Anargyroi )amal iLmkiicharacteristic of the ar e

outside dumping albe developed in the surrd¢

already reclaimed|biggest artificial | ake i

biodiversity in the area

research. Al so, an import

already reclaimed area wi

soil sampling -8ayaardfori @

surrounding area of the y

Pt ol emailGreec|lt is about a com|lt includes areas already

l'ignite exhausted mines ajreclaimed with agricultu

operationaphdMavooapjexample of an already reg¢

Field). The area with pilot cultivations (

and outside dumpi|vineyards. Other types of

whi ch have alreadlareas are aromatic plant g

for agricultural greenhouse, and pil ot enge

orchard ar ea, there are 4

time series of approxi mat

for the soil uznasg (ke gfi m3

|l eaves quality). Systemat

cultivations have been paeé

PGG Pol an{Jankowice P-gnoc The Jankowice P-gnoc ming

example of reclamation f(¢

purposes. Ultimately, it

vegetation (without treeg

heap. Currently, actions

profile the terrain and ¢

|l ocation of the experi mar

no-neclined part of the hg

of the effects of current

techniques dewelREELCDLWIptrH
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Study A Count Description of Reason for Select

Vel enje |SIl ove|Area of subsidenc{Observation of the terra
mi ni ng 3 (PSU) abovevhRirte P{change in the relief of
remediation isfdédad({subsidence and where in
the terfrialilni nagndin |[technical and-tekeirml ggieeal
subsidence by inc|{surfaces by sowing veget
products of elect|(appearance and use for a
nearby thermal pojcarried out allows moni-t

temporary recultivation

rehabilitated PV (post)m
ani mal and plant habitat
(mining) | akes and the
mining area, which must
mi ni ng during the imple
and after the remediati ofn
also contribute to more (¢
technical and biological
the situation after the (
the final technical and K

— N AN Y = tn e+ —-

[%2]
~ — (n

O o —+ -

RadovesilCzech|Radovesice/ StSimi{The Rado8eSiameaciel heaps ¢
dump/ St rfRepub|compl ex selected as the main casaé
dump of view of geology and pd
of the Most Basin e rej
additives were si fica
i mportant areas | t o
here. téerlnommgoni t ored expe
established on these spoi
spoil heap there are 4 e
St Simice spoil heap ther g

ar
gni
eft

Konin BrPolan|{J:- Fwin pli tB mnpneey nfPosanti ni ng area intended f
Coal Min dump all owing comparison with
actiwithes the R@ELCDODL plra
research under WP4 can bg
carrying out planned recl
S.A.). The area after the

recl amati on, before the |

bi ological activity init.i

Mazi ngar Franc|A former coal miniThe site represents signi
meter high dump c(activities, with extensi\

shales, covering prime exammiei of pasd tr g

site also include{reclamation efforts invol

the "west" settlilinvasive species, and int

"north" tailings urban green belt with reg¢

undergoing natur a
reclamation effor

The selected case study areas provide a diverse and ¢

research and devel opment efforts. Each site offers wuni
testing and refining reclamati on and monitorikmigni eagl ut
reclamation, such as |l and use pl-anoophogjcectmpagisesal thesft
generate robust and transferable insights that can info
Eacht mdse selected case study areas is described in de
conditions, chall enges, and the reclamation approaches
wi || contribute to a deeper undeni a1t mamgdilrmaqdofr eefl faenatt ii we

devel opment
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3. Description of Selected Study Areas
3.1. The Amyntaion and Ptolemais lignite mining areas of PPC, Greece
3.1.1. Current State

Location and Extent

Study area bfgAmyat mi nas

Amyntaion Lignite Field is |located in FloThe aarPeafwictt huir|
environment al per mi &t iRigguriemi 1 spr ess ebnlt.s8 3t hkem pl an of th
Amyntaion flood plain, extending from SW to the NE al
piezometric regime of the flood plain practically reacl
(Cheimaditida and Zazar:.i |l akes at elevation ca. +595) t

about 15 km.

7

Petres

Petres lake

Vegoritida
lake

e
i AMYNTAION

Vegora

.
Levaia

rZazari 4

lake E

{ Filotas
Limnochori .

Anargy.foi ;-'.- / ! ‘ Legend
F\NARG’Y ol > Environmental permitting limits
Chimaditida I b Pit limit of Amyntaio mine
lake Y A ' Pit limit of Lakkia mine
OUTSIDE 7% Exhausl.ed Anargyroi mine
DUMPING AREA . -~ = - Amyntaio Power Plant
§ _o" . y
Olympiada ; [ cityvillage
Inside dumping area
Perdikas Outside dumping area
Galateia " [ S
Fi gurTehe | ocation of Amyntaion mines (Anargyroi, Amynt i
permitting |imits (Kavvadas et al., 2022)
Study area of Ptolemais lignite mines
The Ptolemais mining area is in the Kozani Province of
a complex of Ilignite surface mines, covering an area ¢

(Figure 2).
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@® Location of Ptolemais Mines

— Area of interest
—— Excavation area

Dumping area
—— Belt conveyor
—— River

[ Village

Fi gkrreocati on map of the Ptolemais mining area
(map in Greek GeodeiGGRR&Terence System

Current Status

Study area of Amyntaion |ignite mines

I n the Aanryed,aitomree surface | ignite mines have been expl
|l ast 35 years: (a) the Anargyroi mi ne between 1984 and
million m3 total excavations, (b)) the Amyntaion mine b
production and 1595 million m3 total excavations, and
2013 and 2021, with 4 million tons of Iignite productio
tons of Ilignite has been mined in the Amyntaion area, V
ratio (steriles to |ignite) of 7 m3 per ton of lignite.

Figure 1 shows the current conditions with the spatial
I nside dumping was conducted mainly with spreaders (co

trucks and -coomatdierusousnosnur f ace mining). The internal wast
Currently, the region's economy depends on agriculture
condition of the Amyntaion mining area, where the alrea
wel | as the graded areas which are intended to host p h

45.18 km2 where the mining operations were taken pl ace.
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Fi gBrAd | ocati on map of the existing land uses in the Amyn
Study area of Ptolemais lignite mines

In Ptolemais region, the I|ignite mines of Public Power
year s, since 1957. During this period, a total of 1. E
excavations @f wh.i9d ebitlhlei dn gmite production in 2022 was
miand a strippirigt r@Pul iod Bawelr nCor porati on, 2021). Th
complex of mines which some of them are not anymore in
Currently, the Mavropigi and South Field mines are in

exploitation of the two mi(rFe gguvwelgl@)dee i € o p ltehtee dc uirmr e ®
regarding the already reclaimed areas within the enviro
broader area of the Ptolemais mines.
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312,000 320,000
_ I

4,480,000

Research area
o Enviromental = Forest - 3
| limits = Auxiliary facilitie _ il ¢
4,472,000 R ol fver A ‘ . =y 2 4,472,000
- Contour lines = Infrastructure
Existing land uses ~ Villages
= Excavations S * Moto cross
Waste dumps > — Renewable
Agriculture e <& €energy sources
I | = Water bodies
304,000 312,000 320,000
FiguwrCurrent | and use allocation map in the Ptolemais I|ign
(Kar eelti cdils 2024) .
Degradati on Status
Study area of Amyntaion |ignite mines
Figbsdows the elevation distribution in the mining are
through the hillshade effect. The brown (higher elevati
bl uish color shows the deeper part of the present Amynt
434 m (June 2024) .
Cont on the next page
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298,000 300,000 302,000 304,000

2 2
w w
=3 =3
(=] (=3
0. i
<t <+
(=] (=3
=3 =3
S 2
5 £
- =
<t =+
i=1

o

"

e

hd

h

T T T T
298,000 300,000 302,000 304,000

Fi gbrba gi tal El evation Model (December 2021) of the /
the three main mines (Anafgvwvadadmgntal on 2022) ak
El evations are shown in hillshade effect

LANDSCAPE I NDI CATORS

Figupeesents the distribution map of NDVI for August 2C
Amyntai on mining area, which was conducted in the cont
Amyntaion mine and environment al i mpacts assessment on
ranges bet we,enwhi laendt he zero values show the threshold
close to 1 show the appearance of younger and healthy v
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meandering stream networ k. Rai nwater flows into the Sou
receiving body of the surface runof(fDiori ttrhak oploaid eods Dy d&r
E, 2004; L o unl ocorutdhi so f 1t9el )r esearch area. The Soul ou Rive
which makes monitoring and evaluating water quality a p.
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Research area
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Ptolemais Christoforos

O Boundary of
enviromental limits

Spilia ) Mine boundary of
' — exploitable lignite
: deposits
y Pteleon
) 4 P ---- Watershed
.| Mavropigi E.7

| Lignite mi;'le 3 i == Soulou river

o | DEM (m)

Akrini . 1770

. Kardia
Lignite mine

South field

& Pontokomi
Askion Mt. =0 Lignite mine

Sideras
Mavrodendri
2

o
Skopos Mt.

Figwrba gital Elevation Model of the Ptolemais minin

LANDSCAPE | NDI CATORS

In the researchepamdr @&f02Boulsewaeiral spectral and | andsc
framework of water management towards an -ediff eetriavdost
Pt olemais study area. The distribution maps of some sel
the surroundings are presented and described in the fo
Wetness I ndex (TWI), the Stream Power I ndex (SPI1), t h
Nor mali zed Difference Vegetation Index (NDVI), the Nor |
Nor mali zed Difference Water I ndex (MNDWI), the Land Sur
(SMI'). The description of the indicators in the Ptol em
Loul oudis et al. 2023.

Fi gwBraend Fi9gpureesent the distribution of the topographic
respectively. As it can be seen from the maps, there ar.
concentrated. The spatial distribution ofstbeh8€st saoes
mining activity, where the water runoff and overland fI
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Topographic Wetness
Index Ptolemais

Boundary of mine
- activities
=== Soulou river

TWI

== 0.001-6.3

- 6.3-77
77-92

- 9.2-11.6

= 116-223

Fi g®BrSpatial distribution of TWH with the combinations o
are shown in red col our, ( FtLooluel noauidsi sBaesti na,| .n o2rOt2h3e r

The area of mining acivities is indicated

Stream Power Index
Ptolemais
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- activities
=== Soulou river

SPI

. 23-6.2

m 14-23
0.7-1.4

©0-0.08-0.7

= -36--0.08

Fi goWrSgpati al distribution of SPI with the combinations of t
presented with red values (RtLolué¢maids 9gBadi m|] .n@OL2Ber
The area of mining activities is highlighte

Fi gur@dA anlB present the distribution maps of NDVI , NI
vegetative coverage is presented. Typically, high NDVI
while | ow values correspond to a lQackhefarveeagedofattbe. o
dumping, i . e. the northern of the South Field Lignite
activities. Strong evidence of young and healthy veget
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shown in the southern arElae oNDWihheofSoBhbdwhe ghkt waMenef ec
are accumulated in | ocations withgarBhisgtho wxso taenn tii mdr ofvoerc
without noise from the urban areas.
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4 NDVI
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-0.15

Figdmspatial distribution of NDVI in JylLpu2022i ccPtdl amali
Hi glheat ues of NDVI suggest healthy andvaeatsetrefdagetsat i on
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Water Index
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in December 2021 (PtoleméisuBasidns eoraher 2088¢ec

Wat er features are represented by dark blue col c
activities is outlined as black I|ine
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Wat er features are represented by dark blue col c

activiti eass ibsl socukt Iliinreed
Fi gurper els2ents the Land Surface Temperature spatial distr
are observed inside the mine sites. The mean temperatur
that time ranged from 9 to 45 AC.
- 304,000 | 308,000 312,000 316,000 320,000 Land Surface
:8 p‘i = &.$ l ? < 54 \! Temperature
S by . w_ L ’d N Ptolemais
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= activities

=== Soulou river

LST (°C)
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| E
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Figurgpatial distribution of temperature (hodlbbwd2e22t(Btoc

The area of mining activities is shown

The mapped SMI distr3d)butédsvalates spbitgumnd high soil moi
areas outside the mine, representing agricultural | and
north of the South Lignite Field and within the boundart
due to small forests as | and cover, which were build up
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Soil Moisture Index
Ptolemais

Boundary of mine
activities

Figulgpatial distribution of Snir time rJnu(l o e2E0c2e2)l i (sP teotl eama.i s
High soil moisture values are indicated by blue col oul
The area of mining activities is shown

GEOTECHNI CAL | NDI CATORS

The slope |l engtflacamd watreepmedsiscat ors which calcul ate th
Mo d e | (DEMY.i biiheoni of LS)vdlouesPt opFiegnai s h4ea indicates
evident only in the mountains. At the same time, | ower
mining activity and in the agricultural area outside th

is more pronounced around Ver mion Mtn.

slope length and
steepness factor
Ptolemais

Boundary of mine
activities
=== Soulou river

LS

== (,031-0.8

= 08-28
28-6
6-10

. 10-25

FiguMspatial distribution of LS where high erosion
(Ptolemais Basin(Lowlroheirsn &trezlce)2023)

The area of mining activities is shown in
Research Fund Cefunded by the European Union. Vi ews
for Coal & Steel those of the author(s) only and do no Co-funded by
Union or Eur ofeacuReseaAgkncy. Neithe the European Union

the granting authority can be held re



-REECOL Del i ver albAHaglkd.

3.1.2. Future Use and Reclamation Plans

Proposed Recl amation Schemes

The reclamation issues that are investigated towards t
Amyntaion areas in Greece, involve the following proced
| mpact Assessment Study of Ptolemais and Amyntaion | igni

Prevention ofauadcdoweaes s eidn prearsons
Safe decommi ssioning of the mining equipment.

Configuration of the final excavation and dumping area
Sl ope stability and prevention from sl ope erosion
Surface runoff management

Final | and uses

Certification of the success of mine closure

Pl anned Future Uses:

Pl anting forest trees with the aim of wood production,

of recl ai med, fiomr etshte acraesaess of sl opes of the final exca
Agri cul t,urian tulsee-ffllaatt sourr fsaecemis of the final dumping ar
approved environmental terms plan forest devel opment.

Recreation ilnntdheusakakesoff opmati on and configuration
recreational areas are included the forest areas with

I nstall ation &enswablt al Ehgpgy Sbuiones hesdli arma,l RBY adted. X

Climate Change I nfluence

Based on the results of the Deliverable D 3.3, concern
etc., for the site, the predictive models show that ave
expected to decrease, while the average t e mpneordaetlurnee ains
projections average under RCP scenari os, mo d el simul ati
1015% decrease in precipitation. Projected changes in t|
where surface temperature is projected to rise approxim
respectively, for the Region of Western Macedonia. Al so,

and 30% under scenari o RCP4.5 and RCP8.5, respectively.

3.2. The mining areas of PGG, Poland
3.2.1. Current State

The mining areas of PGG cover 603 square kilometers ani¢
and 3 communes in the MagmpetskheggghesumAsl ehgsing all
by 2049. This process wild/ |l ead to the appearance on t
potential. Currently, 15 active mining plants cover abo
After the closure and removal of unnecessary infrastruc
residenti al rednéwve ngp rmeamtd. uBRestpl anning should be perfo
appropriate reclamation activities. Despite the high re
mining areas wil/ not be rewuwsedgi nerhai nsat haut haee 0O
spread of invasive plants and dense tree cover devel oj
economi ¢ v aniunei nogf aproesats. Coal mining waste dumps are al
these values, bi ol ogi cal reclamation involves the dev:
Analyses carried out within the framework of Task 3.2 h
for economic reuse. Due to the continuous waste stor ac
currently not possible to set there experimental plots.
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At present, arrangements are being made with the city
reclamati on methods developed within the framework of t
section of the heap where the deposition process has al

For this reason, the experiment al pmionhi M@granteass i wgs nlewc
the P-gnoc Waste Heap. This area is used to accommodat
for closure in 2049.

Location and Extent

The coal deposit of the KWK ROW Ruch Jankowice mine i

Silesian Coal Basin, within the Chwagowicka basin. The
province, on the territory of the following cities andc
Popiel  -w), the municipality of $wierklany (villages: Ja
of Marklowice (village: Marklowice). The P:-gnoc Waste H

] ‘Iw e - L F e
pi y 'f .

s O Y 3
Brzezina s \ \ i oW

TN | el

Fi gdubeocation of waste heap, Jankowice Coal N
Hi storical Mining Activities
Operational resources in the entire deposit, as of Dec
tons. The mine is expected to start a new exploitation
from category | to 111 of the mining area wil/| appear
waste disposal sites, KWK ROW Ruch Jankowice is consi dé¢
Heap area to include sludge tailing.
Current Status
Currently, the storage of mining waste at the P-gnoc Wa

of Rybni# . 6833.EX. 2020 dated 30.06.2017, amended -by t he
| .6233.12.2020 dated 15.04.2020. The site selected for

heap on which the waste disposal process has been compl
the slopes are already covered with vegetation. The ex
where biological reclamation activites connected to the
has not yet been carried out. The current relief of P
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Figum€urrent relief of P-dnoc Waste Heap

Degradati on Status:

Risk of thermal processes

Ther mal condition monitoring and soil compaction obser
Condition of the site has been assessed as satisfactor
average soil compaction index |Is ranges between O0.96
specified in the construction project and building perm
thermal processes initiating within the heap (see Deliyv
Slop stability

The Jankowice Waste Heap is distingtilxped abyeas .c drmhsei ddr
fl at areas across the heap is as foll ows:

ASlopes with gradients |l ess than 5A: 32.7% of the heap
ASlopes with gradients between 5A and 15A: 15.2% of the

The terrain with slopes less than 5A, is primarily 1o
degrees between 15A and 26A cover 41.5% of the heap's ¢
the site in terms of potencial to stability |l oss can be
di fferent slope classes contribute to the overall morph
Tab2Participation of degree of | and degradation in terms of

Pactpati o

Degree of | an Treshold val
P-gnoc Wasg

Research Fund Cefunded by the European Union. Views
for Coal & Steel those of the author(s) only and do no
Union or EurofEeacuReseaAgkncy. Neithe
the granting authority can be held re

Co-funded by
the European Union




.REECOL Del i ver albR aegx?.

Figr7fRarticipati ondefgrédegqaté®nofi nl ardms of potenti al

Condition for pl ant growth

The degree of site degradation was assessed on the basi
Jankowice Waste Heap , there are clearly visible areas
cover. Areas classified as high and medium degraded occ
identified only on slopes covered with | ow vegetation,
base of the heap.

Tab3Participation of degree of | and degradation in terms of
waste heaps as a result of NDVI indicator analysis

% of ar e
category

P-dgnoc Was

Thr esh

Degree degraddt.i val ue

average value for area :
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Fi guB8NDVI I ndicator, P-dgnoc Waste Heap (27.07.
A dedicated flight was carried out with a specialist dr
19 to precisely determine t2h0e Thad u@b todi ntehde iNDaVYl e si npdreoxy, i
initial state of the study area, prior to the reclamati

North view of the planned 19ewilsainbalte olni gahr PeCadNeDrivesr as)e deemodn . AR

FigdONorth viewl @bhhedfrebkamati on area (visible 1i
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Fi g®20ONorth view (1) of the planned reclamation area

Northwest view of the planne&d( wiesil almea tliiogh PaX dleBrvd ri &s)n daerrd

Fi g®2riNort hwest view (2) of the planngkd reclamati on
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