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Reclamation of mined lands in Spain

 Compulsory from 1982
e Specific Law for Rec. of coal mining in 1984
e Current (new) Law from 2009

o Traditional practises are dominant
(terraces, artificial ditches, short- perfl de

restauracion
Ataluzado bancos 45°

sightseeing visual impact correction con tlu e do 35
—visual screens—), and regulators and
practitioners are not up-to-date of the

pest available knowledge = o
* In this framework, our group has p il | Tl genere 5

developed a few examples of (e e \ figeipy ki
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Design - 1994
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PROBLEM — Degraded land in a rurglareac
Central Spain, characterized by hig
ecological and landscape quality.

Geomorphic instability, erosion and
and off-site effects




SOLUTION - restoration and management of ecologic

processes through landform design, following a “highwall-
trench-concave slope” geomorphic reclamation model

e B ' C

Progresive development of <4 INESTABILITY

slope erosion processes at the <4 ESTABILITY
highwall, which are allowed to act
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sedimentation processes, accomodating A
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CONSTRUCTION AND RESULTS
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MONITORING AND RESEARCH - slope-focused (2D),
demonstrates the success of the highwall solution, but
evidences the lack of a drainage network (3D)

1080 m

1070 m -

1060 m
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Design - 2008
Construction - 2008
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PROBLEM - Geomorphic instability, [
erosion and on-site and off-site effects e ey




SOLUTION - restoration and management of processes through

landform design, following a “small slope watersheds” model
(...playing by ear, 1)

Conventional slope bench

Proposal of reclamation building small slope watersheds

Adapted from: Schor HJ & Gray DH. 2007.
Landforming. An environmental approach to hillside
development, mine reclamation and watershed
restoration. John Wiley and Sons, Hoboken.
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MONITORING AND RESEARCH: very low sediment yield from

the reclaimed areas

Measured sediment yield at two
sediment ponds from December
2008 to June 2010

POND Mass Area Rate

(kg) (m?) (Mg halyear)
Pond 1 2372.26 10.282 1.54

(no grazing)
Pond 2 1620.04 4.111 2.62

(grazed area)



FROM 2009, THE WORK OF OUR GROUP ON
GEOMORPHIC RECLAMATION ON MINED LANDS
OF SPAIN IS BASED ON GeoFluv™ (METHOD) AND

USES NATURAL REGRADE (SOFTWARE) TO MAKE
THE DESIGNS

19



Design
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PROBLEM - slate quarrying project in important Iberian (or
Spanish) Imperial Eagle habitat (bird of prey on the verge of
extinction — classified as critically endangered by the IUCN).
The regulators did not authorize a previous project with a
traditional reclamation approach

Tagus Toledo Tagus

, . Toledo Mountains Floodplain
Tertiary Basin Plateau 0

\ N : )
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(35 R
i O R el IS
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Los Quebraderos
Toledo de la Serrana Quarry Project




SOLUTION — a GeoFluv geomorphic reclamation design
which replicates colluvial slope landforms...

Legend
Drainage network

Contour

1-meter equidistant

— 10-meter equidistant

Elevation (m)
650.933 - 655
646.867 - 650.933

B 5425 - 646.867
B 63873364238
B 634667 -638.733
I 620.6- 634,667
o : B 626533-630.6
N 622.467 - 626.533

618.4 - 622.467

650622 m3 mine dumps
39 acres / 16 ha



SOLUTION — ... which are the basis for reconstructing rabbit
habitats, which form the foundation of the Spanish Imperial

Eagle’s foodweb. PROJECT APPROVED. NOT A SINGLE

PUBLIC ALLEGATION!

Legend
—— Drainage network

Contour
2-meter equidistant
——10-meter equidistant

Habitats

Natural surface not
modified

I 1.Rock cliffs and outcrops

B 2. Talus scree

3.Thyme and sparto grass
— on gentle slopes

4. Thorny shrubs on valley
bottoms

5. \Wetland




Traditional reclamation versus GeoFluv reclamation
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—— Equidistant contour 2 m Northeast South [ Northwest
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4) SOMOLINOS
(GUADALAJARA)

12 Phase: Design and construction - 2011
22 Phase: Design and construction - 2013
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PROBLEM — Degraded land in arural area of Central Spain, characterized by
high ecological and landscape quality, very close to a picturesque hamlet.
Geomorphic instability, erosion and on-site and off-site effects



Site effects...
from a quarry
considered to be
reclaimed by the
regulators
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w0 emm Main channel

| ocal
Atienza base

Legend

Drainage network
I Limestone caprock
- Mesa's slopes developed on sandy and clayey rocks of the Utrillas Formation

INPUTS
Runoff coefficient For one unit 0.3
2 year, 1 hour, precipitation cm 1.84
50 year, 6 hour, precipitation cm 8.52
Drainage density m/ha 80
A channel reach m 12.58




SOLUTION — GeoFluv design replicating stable reference
landforms

D Boundary of the geomorphic reclamation area

- Channels network

2.5
— 1-meter equidistant contour ) 6'6: 800

Elevation of the geomorphic reclamation area
e High : 1257.18 m

S Low : 1224.09 m 6



Construction used survey and stake

GPS machine guidance may also be used

A Main divides, subridges
and subchannels

® channels




Construction — Level 3 Training helped operators

Subridge (a) and
subchannels (b

/

e . =




CONSTRUCTION AND RESULTS

12



First GeoFluv

reclamation built in EUROPE (2011)

13



CONSTRUCTION AND RESULTS




CONSTRUCTION AND RESULTS
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CONSTRUCTION AND RESULTS




5) ARLANZA (LEON) Design - 2011
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PROBLEM - a coal waste dump clogging a small valley
(180 acres/73 ha watershed).
Gully erosion has started; effects on nearby road an river

§ AREATO BE RECLAIMED
= .-_.._::. A - T, 'I."-’.- I :r R T .L:I-‘_#.-‘.
Y. o v




... and the artificial drainage does not work

[¥4]
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SOLUTION — Restoring the hydrological connectivity (GeoFluv)

LEGEND

GeoFluv DESIGNED AREA

TOPSOILED AND REVEGETATED WASTE DUMP

MAIN CHANNEL
SUBCHANNELS
s SUBRIDGES

s DESIGNED CONTOURS
e CULVERTS

BOARDWALK




GeoFluv geomorphic reclamation

versus Bioengineering

Manta de coco

Semillado de herbaceas

Manta biodegradable

Relleno tierra vegetal

|~ Biorrollos
'

'

%

/////,

SECCION A-A’

Manta de coco
Semillado de herbaceas

Relleno tierra vegetal
Manta biodegradable

Biorrollos

Escombrg

SECCION B-B



6) EL MACHORRO Design and construction
(GUADALAJARA) 2012
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PROBLEM - kaolin mine in a highly challenging site . . .
... at the edge of a Natural Park and extremely vulnerable to
water erosion

! ~ 8Bacres /36 ha




SOLUTION (15T PHASE) — simple modification of topography
(concave) and surface soil cover (topsoil) of the traditional
terraced landforms covered with subsoil; quantification of

sediment yield of 5 treatments, by means of sediment fences,
for two water years: 2008-2009 and 2009-2010




RESULTS (1°" PHASE) — concave slopes yielded much less

sediment than linear slopes; topsoiled slopes yielded much
less sediment than subsoil-covered slopes

%ﬁ 300 +
Martin-Moreno, C., Martin ': 200 - s
Duque, J.F., Nicolau, J.M., 52 .1
Hernando, N., Sanz, M. and = - 12
Castillo, L. 2013. Effects of 0- S
topography and surface soil e B e B
cover on erosion for mining 400 - <
reclamation. The i M
experimental spoil heap at El i; . ;,gg?
Machorro mine (Central §2 1 126 gf
Spain). Land Degradation & % ., | k -
Development (in press), DOl | 2 .

10.1002/Idr.2232 LCS-TS LCS-CC Lscc LS-TS LS-OM



SOLUTION (2N° AND DEFINITIVE PHASE) - building stable

landforms and maximizing landscape and ecological
Integration by means of a GeoFluv approach

= UNIDAD 1-7
~ UNIDAD 16
2 ._,F
S 2
REMODELADO
GEOFLUY

" REDDE DRENAJE

BALSAS FINALES 46



CONSTRUCTION AND RESULTS
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GeoFluv geomorphic reclamation versus traditional reclamation

Traditional
reclamation




Traditional reclamation
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6retan 80000 € have
been spoiled in building

ineffective check dams

downstream of the mines




GeoFluv geomorphic reclamation versus traditional reclamation










LIMESTONE CAPROCK
AT THE TOP OF MESA
Drainage area entering
the slope quarry

To be ecologically restored
based on a geomorphic
historical reference, to become

QUARRY BENCH

Already ecologically restored
mimicking an alluvial - colluvial
slope piedmont



Optimum ‘stitching’ with the environment
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CONSTRUCTION AND RESULTS
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MONITORING AND RESEARCH - quantifying the hydrological
and erosive response of the GeoFluv geomorphically
restored areas (flume, pressure sensor, turbidimeter)

e
BEamsiazas
LT




MONITORING /
RESEARCH:
Quantification of erosion
by using TLS and
Multistation




7) MARIA JOSE
(GUADALAJARA)

Design - 2012
Construction - 2013
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PROBLEM - same as El Machorro, but with a traditional
approach of reclamation since 1965 (severe physiographic
transformation)

5




SOLUTION |72

GeoFluv [
regrade /7
reshape of the z@-
valley made by |7
the mine
(between the
highwall and the
waste dumps)

r‘l! L
i .

CONCEPTUAL
DESIGN [

FOR 34 ACRES |7
/ 14 ha




SOLUTION - GeoFluv regrade / reshape of the valley created
by the mine (between the highwall and the waste dumps) —
6 acres / 2.5 ha CONSTRUCTIBLE DESIGN




CONSTRUCTION AND RESULTS




And an example of how things should not be done: the
builders did not respect the base level altitude!




8) CAMPREDO
(TARRAGONA)

Design - 2013
Construction — 2014 / 2018
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PROBLEM - in addition to the land degradation by mining,
there are nearby problems of flooding caused by a highway

100 rafcideie aray :
tut Cartegraiicidegeataly o T e et b
o (5 i WA, i Lo
L AE ' SR U RN, el

Fecha de las imdgene 010M40°46112.22" N0 1 0°35113:61" E elevs 50m
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SOLUTION Aurora pit: 18 acres / 7.3 ha

GeoFluv-
based
designs for

1) Restoring
valuable and
threatened
habitats;

2) Restoring
the
hydrological
connectivity




SOLUTION

GeoFluv-
based
designs for

1) Restoring >
valuable and
threatened
habitats;

3) Use the pit 2
as a natural
“storm surge
basin” of an

Area
area of 689 reclaimed (Pastor

acres /279 ¥ pit): 59 acres / 24
ha




In Spain, Geomorphic Reclamation on Mined Lands, in general,
and mainly because of the use of the GeoFluv method, is:

 Providing a HIGH STABILITY, from the short to the long
term, to the reclaimed landforms, balancing their runoff
and sediment yield with the surrounding environments
and eliminating maintenance

 Restoring lost hydrological connectivity and helping to
reduce the effects of flooding

 Helping to restore some of the most valuable and
threatened habitats in Europe (Natura 2000 network)

 Despite the small area of most of the reclaimed lands,
they are having a high influence as demonstrative
examples for a change in Mining Reclamation practise

 Achieving aremarkable high acceptance among local
communities and regulators, making mining feasible in
places where this activity was seen as not viable (as at
the very edge of protected areas, for example) 41



Geomorphic reclamation in Spain is also restoring

Ecosystem Goods and Services (EGS)

Balaguer, L,
Escudero, A.,
Martin-Duque, J.F.,
Mola, |. & Aronson,
J. 2014. The
historical reference
In restoration
ecology. Biological
Conservation (in
press)

ElOLOGICAL
CONSERVATION

High

Natural Capital & EGS

Low

Sheep
and goat
grazing

2 [ronore

Cultural and

<_:-\] Sand . :
. identity
Limestone quarries landscapes
f Flrewood quarfying ecological A
& charcoal Sand farn{;g
Acorn ShlLsEala quarries .
(livestock Tlmber - Organlcq
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husbandry Ecotourism
Livestock Mushroom
grazing harvesting
Ak v Flrewond Timber
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Ecological restoration
(21t c.)

Industrial mining
(2" half of 20™ c.)

Romanesque period
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Time




Mainly throughout the work of our group, and by using the
GeoFluv method, SPAIN is leading the field of Geomorphic
Reclamation o Mined Lands in EUROPE

At RESTAURACION GEOMORFOLOGICA, we provide:
university teaching, courses of updating for regulators and
mining industry, consultation and research

RESTAURACION
GEOMORFOLOGICA
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