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ABSTRACT

Throughout Lebanonos hi story, guarries hav
construction materials such as saadgregates, stone masonry, cement, block stone, and
others. Due to complexity of the quarry sector in Lebanon very few data are available, records
and studies in this field are limited. Therefore, the presented research tackles one of
L ebanon 0 ssingnisssids ana represents the most updated database on quarries in
Lebanon. Acomprehensive and integrated overview of the quarries issue in Lebanon in
general and the problem of rehabilitation in particular is given and the problematical topic of
an intgrated quarry planning within a sustainable development concept in Lebanon is pointed
out. Milestones and landmarks toward the adoption of a setup needed for the proper
rehabilitation approach at different levels as public sector, private sector and local
communities are developed.

The aim of the research was to study the issue of integrated quarry planning for sustainable
development in Lebanon and to enhance the understanding of sustainable quarrying
management practices in Lebanon.

First part of the reearch aimeat collecting information about the types of quarries existing

in Lebanon, their status of rehabilitation and the current rehabilitation practices. The
information and data were collected using two methods: firstly aeth desk survey
comgdimented by data from the remote sensing (GIS) and secondly an own randomized field
survey. In the second part of this research, management strategies for rehabilitation of
quarries and an algorithm for quarry rehabilitation should be developed.

In total 471 investigation sites according to an inclusive data sheet were considered out of the
entirely 776 estimated quarries based on the results of the desk survey activity. This
quantitative survey enabled us to quantify different parameter among them also the
rehabilitation status of quarries in Lebanon. The results clearly indicated that only 0.8% of the
guarries were rehabilitated, 13% were partially rehabilitated and the rest of 86.2% of the
remaining quarries were neither rehabilitated nematirated casing environmental damage

and financial losses. National and international literature was reviewed in order to identify
gaps and consequently recognize barriers that are hindering the rehabilitation.

Finally a recommendation for a multidisciplinary apptoator sustainable quarry
rehabilitation is given that could be adopted by the government of Lebanon after getting the
approval of all concerned stakeholders. In fact this algorithm in its four dimensions as legal,
technical, institutional, and financial dension needs two years to become realised. The
promulgation of two decrees (No 8803 in year 2002 and its amendment the decree No 16456



in 2006) by the Ministry of Environment was indeed an asset but nonetheless it was not quite
enough to ensure the propehabilitation of the quarries in Lebanon due to several reasons.

The proposed algorithm will be pioneer for three major reasons: i) approving a mining region
in Lebanon or the quarry master plan, ii) stop/forbid the issuance of the called administrative
extensions and iii) propose a real setup for the abandonedpaoational quarries to be
rehabilitated properly by law.

To validate the theory (resulted in the research recommendations) and evaluate it in practice, a
field experiment was established betne2007 and early 2008 to practically implement a
rehabilitation scenario on a part of an old quarry located in Sibline village situated in the
northern side of Beirut the capital of Lebanon. Using the DPSIR Framework Model (driving
forces, pressures, statimpacts, responses) adopted by the European Environmental Agency
in 1999, in addition to several relating materials it was possible to conceptualize the quarry
rehabilitation process in the Lebanese context.

The rehabilitation operation was initiated g Government of Lebanon and extended over 7
months during year 2007 and early year 2008. This operation included backfilling of around
15.000 m of the quarry base level with around 85.00dahinert material transferred from

the Normandy Landfill. Theehabilitation was finalised by restoring the site by adding a layer

of top soil and the cultivation of carob tre€sefatonia siliqud. By this case study it was
possible to address a sustainable procedure for natural resources management, examine and
validate the different results and the outcomes of the thesis and compares them to the different
variable, variance, parameters, criteria that regulate most the quarry rehabilitation process in
Lebanon.

Finally, the thesis works succeeded in laying the weayards an integrated approach to the
natural resources management in Lebanon. However further steps are still needed to multiply
the case study in different areas with different type of exploitation. It is important to note that
the financial aspects wemdt subject of discussion in this case study but it will certainly be a
key issue in other case studies in this context.

This research will certainly lay the way for other complementary studies and research from
different scientific perspective (soeemonomy, ecology, biology, agriculture, landscape
engineering, geology, hydrogeology etcé) to

Finally, this study resumed answers to the five most frequent asked questions i) why there is
no to little rehabilitation in Lebanon) when to rehabilitate, iii) which quarries to rehabilitate
first, iv) how to rehabilitate and v) who is responsible for rehabilitation.



ZUSAMMENFASSUNG

In der Geschichte Libanons sind Steinbriiche immer fur die Gewinnung von Baumaterialien
wie Sand, KiesSteine, Zement usw. genutzt worden. Durch die Komplexitat dieses Sektors
im Libanon gibt es kaum verfugbare Daten, Erhebungen und Studien tber Ausmald und
Auswirkungen der Abbautétigkeit. Deshalb behandelt die vorliegende Untersuchung eines der
drangendsin Probleme und legt eine aktuelle Datenubersicht tber die Steinbriiche vor. Es ist
ein vollstandiger und integrierter Uberblick Uiber die Steinbriiche im Libanon im Allgemeinen
und das Problem ihre Rehabilitation im Besonderen unter Beriicksichtigung desriggmny
Themas eines integrierten Steinbruchmanagements in einem nachhaltigen Konzept.
Meilensteine und Etappen bei der Etablierung eines Rehabilitationsprogrammes werden auf
unterschiedlichen Ebenen wie der offentliche Sektor, der private Sektor undfetgthictien
Kommunen entwickelt.

Ziel der Arbeit war die Entwicklung eines integrierten Programms zur Steinbruchplanung fur
eine nachhaltige Entwicklung im Libanon und die Forderung des Verstandnisses fir ein
nachhaltiges Steinbruchmanagement.

Der erste Tk der Arbeit zielt auf die Sammlung von Informationen Uber die im Libanon
existierenden Steinbruchtypen, ihren Status der Rehabilitation und die gegenwartige
Rehabilitationspraxis. Die Informationen und Daten wurden mit zwei Methoden gesammelt:
erstens drch Auswertung sekundarer Datenquellen mittels GIS und zweitens durch eigene
Erhebungen. Im zweiten Teil der Arbeit wurden Managementstrategien fir die Rehabilitation
und ein Algorithmus dafur entwickelt.

Insgesamt wurden 471 Orte untersucht, die nach Adewg der sekundéren Daten aus
insgesamt wabhrscheinlich 776 Steinbriichen ausgewdahlt wurden. Diese quantitative
Betrachtung ermoglicht verschiedene Parameter zu quantifizieren darunter auch den
Rehabilitationsstatus der libanesischen Steinbriiche. Die lisgebbelegen ganz klar, dass

nur 0,8% der Steinbrtiche rehabilitiert sind, 13% teilweise rehabilitiert sind und der Rest von
86,2% der Steinbriiche weder rehabilitiert noch renaturiert sind was Umweltschaden und
finanzielle Verluste verursacht. Nationaledunternationale Literatur wurde ausgewertet, um
Licken und Hindernisse fur die Rehabilitation zu identifizieren.

Schliel3lich werden Empfehlungen fur einen multidisziplinaren Ansatz fir eine nachhaltige
Steinbruchsanierung gegeben, die durch die Regidrilbamnons umgesetzt werden kénnten,
nach Akzeptanz durch die verschiedenen Entscheidungstrager. In der Tat wird dieser
Algorithmus in seinen vier Dimensionen, gesetzlich, technisch, institutionell und finanziell
zwei Jahre zur Realisierung bendtigen. Dieliggenden ZErlasse(Nr. 88032002 und Nr.
16456/2006) des Umweltministeriums sind ein Anfang aber nicht ausreichend die die
Rehabilitation der Steinbriiche aus mehreren Griinden.



Der vorgeschlagene Algorithmus wird aus drei Griinden wegweisend sein: iiclHahyg

eines Masterplans fur die Bergbaugregionen im Libanon oder eines Steinbruchmasterplans, ii)
Regulierung bezuglich der Ablaufem Steinbruchmanagement durch administrative
Festlegungen und iii) Vorschlag eines realistischen gesetzlichen Scenarios zu
Wiederherstellung und Renaturierung von Steinbriichen.

Um die Theorie in der Praxis zu Uberprifen und zu bestatigen, wurde ein Feldexperiment in
den Jahren 2007 und 2008 in einem Teil eines alten Steinbruchs angelegt in Sibline, einem
Dorf nordlich von Beut. Im Rahmen diese Experimentes wuddes DPSIR Rahmenmodel
(D-Treibende Krafte P-Zwéange S-Festlegungenl-Einflisse R-Reaktioneh welches 1999

von der Umwelt Agentuder EUals Standard aufgenommen wurdédplgreich angewendet.

Im Zusammenhang miveiteren &hnlichen Materialien war es mdglich ein Konzept fur die
Wiederherstellung von Steinbrtichen in Libanon zu erarbeiten.

Die RehabilitationsmalRinahme wurde durch die libanesische Regimitiregt und tGber 7
Monate 2007 und 2008 durchgefilhrt. Siinbaltet des verfiillen von ca. 15.00G der
Flache des Steinbruchs mit ca. 85.000imerten Materials, das von der Normandy Landfill
herantransportiert wurde. Die Rehabilitation wurde abgeschlossen durch das Aufbringen
einen Bodenschicht und das Aufpfizen von Carobbdumegératonia siliqua. Durch diese
Fallstudie konnte die Nachhaltigkeit der Mal3nahme fir das Management naturlicher
Ressourcen gepruft werden, unterschiedliche Ergebnisse validiert und untersucht werden.

Schlief3lich kann durch diese Aibein Weg aufgezeigt werden zu einem integrierten Ansatz
fur das nachhaltige Ressourcenmanagement im Libanon. Trotzdem sind weiter Schritte
erforderlich, um die Ergebnisse auf weitere Orte zu Ubertragen. Aul3erdem muss darauf
hingewiesen werden, dass diaanziellen Aspekte im Rahmen der Arbeit nicht diskutiert
wurden, die aber sicher ein Schlisselfaktor bei der Umsetzung der Vorschlage sein werden

Entsprechende erganzende Untersuchungen zu -@kammmischen, ©kologischen,
landwirtschaftlichen, landschti€hen, technischen, geologischen und hydrologischen
Aspekten sind erforderlich.
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1. INTRODUCTION

1.1 Problem statement

Throughout Lebanonds history, guarries hayv
construction materials such as sand, aggregates, stone masonry, cement, block stone, and
others. However, due to the recently increasing denfan building material, along with
substantial financial, technical and legislative barriers, quarries are now on the top the
nationbdbs | ist for environment al priorities.

The entire country is scattered with over 700 quarries established with little eatisid to
the surrounding environment and settlements and causing:

Environmental risks (slope stability/ land slide/ hazardous rockfall)
Permanent loss of biodiversity and natural resources

Noise and visual pollution

Air pollution from dust emission

Polution of groundwater and surface water resources

Loss of property value

In fact, conservative studies had estimated that quarries reduce land and property values in
Lebanon annually by approximately 0.1% of our national GDP (World Bank, 2004). If these
quarries are not rehabilitated, their environmental and ssmoomic impacts will remain
forever.

As a result of the consecutive wars from 1995 till July war 2006, Lebanon was forced to
rebuild several times its infrastructure as the backbone of therggustonomy.As a
consequence, concerns abound that an incremental demand was met with an uncontrolled
i ncrease in | ocal mi ning and quarrying act.i
fragile environment,

Dar Al-Handasah (1996) pointed dbit almost no rehabilitation or only partial rehabilitation

do exist in Lebanon, about 71% of quarries in Lebanon did not respect the minimal basic
standards and performance criteria. An estimated 70% of the quarries were structurally
unstable and 60% weidownright dangerous.

The sporadic and inappropriate mining and quarrying practices coupled with a lack of
environmental protection laws have led to serious environmental and-esmriomic
problems. For regulating the quarry sector since 1932 numerterapés were made to
reorganize the quarry sectbralthough these attempts were deterred by the civil war and
political interference. Nonetheless, there have been many governmental efforts aimed at
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organizing quarries exploitation and rehabilitation whiwve recently culminated in the
promulgation of new decreeBécree No. 8802002, Decree No. 16456/2006).

Since its establishment in year 1993, the Ministry of Environment worked hardly to build up a
reliable set up for quarry exploitation through depéeig a series of government decrees to
organize the sector. The quarry master plan approved by the decree No. 8803/2002 and all its
amendments included only 4 regions in Bekaa governorate with limited surface area in which
it is allowed to invest all typesf quarries in Lebanon. In light of the absence of a satisfying
mining region and the high demand for earth material, Lebanon is still facing a major problem
in respect to quarry investment and particularly in a missing post closure plan for each quarry.

Most of the quarries existing in Lebanon dates back to before the approval of the decree No.
8803/2002 and are left without rehabilitation. Different barriers still impede the
implementation of a sustainable rehabilitation program, including:

Lack of teclmical expertise, means and tools to evaluate and monitor quarry rehabilitation
at both the private and public levels

Implicit institutional laws and policies that do not reinforce quarry management
Complex land tenure issues

Major financial constraints due the local soci@conomically conditions

Overlapping of authorities; issuance of administrative extensions

Outlaw activities and investments

Missing of a pilot project in order to show an example for renaturation of a typical quarry

1.2 Structure and organization of the thesis

The study includes, in addition to the introduction seven other sections indicating the
problems and proposing consequent solutions for an integrated quarry planning in Lebanon.

I n fact, the studyods wvangtppics: secti ons elucidate

Chapterl: introduces the problem statement of the thesis

Chapter2: exposes the aim and the objectives and hypothesis of the study
Chapter3: describedhe general context of Lebanon

Chapterd: elaborates the materials and methods used tpletarthe study

Chapters: analyses and discusses the findings and the results of the research
Chapter6: presents an applied pilot case study on how to do a quarry rehabilitation
Chapter7: summarizes the general conclusions, recommendations and peespecti

© N o 0o bk wDNhBR

Chapter8: displays the executive summary of the thesis
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2. AIM OF THE RESEARCH

2.1 General am

The quarries in Lebanon and their rehabilitation status shelhflysedand classified. Based

on these results, the quarry management in Lebanon regardiaghabgity of renaturation
should be characterized. In frame of this research an algorithm for sustainable restoring and
renaturation will be developed. Furthermore, a quarry renaturation pilot project will be
created.

2.2 Hypotheses

The research is carriediobased on the following hypotheses:

1) The current quarry management practice is one of the major factors for land
degradation in Lebanon.

2) Itis possibly to characterize the quarries in Lebanon and to develop a programme for
their renaturation.

3) Sustainal® quarry management needs an administrative network in order to reduce
the negative impacts of the current quarry management.

4) The administrative procedures and the financing measures have to be improved in
order to secure the rehabilitation programmesuairges.

5) An algorithm can be developed for sustainable renaturation and restoration of quarries.

6) A pilot quarry rehabilitation project can demonstrate the realisation of the algorithm
for rehabilitation and renaturation.

2.3 Research objectives

The objective of the research are as follows:

1. Investigation of the situation from abandoned and active quarries in Lebanon
regarding their functionality, status of use and rehabilitation activities in different
regions in Lebanon

2. Analysing of the historical and currigpractices in quarry management in Lebanon by
using of literature and documents of the administration

3. Verification of the status of rehabilitation practices in various types of existing
quarries in Lebanon

4. ldentify the barriers that hinder the developmamd implementation of a sustainable
rehabilitation program

5. Analysing of the internal and external environmental and se@dmomic impacts
caused by the quarries and recommendation for the mitigation of those impacts
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6. Analysing the international literater and available documents regarding
administrative management and rehabilitation programmes

7. Development an algorithm for quarry rehabilitation in Lebanon for new and non
rehabilitated quarries

8. Preparation and realisation of pilot project as case study $astainable renaturation
of a closed quarry to demonstrate the suitability of the algorithm and to show the
procedure for natural resources management

9. Recommendation for further sustainable quarry management in Lebanon

2.4 Benefit of the studies

The adminstrations in different levels, quarry companies and other stakeholders have an
overview about the strengths, weaknesses, opportunities and threats of the current quarry
management. The data collected about quarry management in selected countries as well in
Lebanon can be useful for all those involved in quarry management or burdened of the
negative quarry impacts. The understanding of the possibilities for sustainable quarrying
management practices can be enhanced through the development of a modelrjor quar
rehabilitation, based on the result of this research. The rehabilitation scenario of the pilot
project can be multiplied for other abandoned quarries. The research can be useful for better
environment protection and protection of the biodiversity inaoein.
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3. BACKGROUND AND LITERATURE REVIEW

3.1 Geographic characterization of Lebanon
3.1.1 Topography and soil

The narrow coastal plain and two mountain ranges (Mount Lebanon and thieeBation)
which run parallel to the coast dominate the physical environmehelnon. The two
mountains are separated by the elongated Bekaa valley.

The first unavoidable feature or reality of Lebanon is its small surface area. With around
10.452 knj, it is the second smallest country in the Middle East and the Arab World after
Bahrain. Lebanon is positioned in thdiddle East,a geographical region of SodWestern

Asia, bordered by the Mediterranean Sea and the countries of Syria and Isngel. It
geographically locatein the East coast of tdediterranean Sea between North latitude 33°
0386 3866 and 34A 416 35606 and East | ongitud

The main natural resources of Lebanon are water, sites (mountains, valleys, coastline, etc.),
agricultural lands, and natural vegetatidorésts, etc.). Being limited, their rational use is
more than vital. These resources play an important role in the quality of life, agricultural
productivity and tourist attractions. It is necessary to avoid their dilapidation and, on the
contrary, use e of them in the most profitable manner.

Out of Lebanon's total surface 52% are rocky,-ooltivated lands and degraded rangelands.

The arable lands, mostly located in the coastal plains and the Bekaa valley, are about 260,000
ha representing just 25% t¢he total land area. Forest cover is very limited. The FAO
mapping of Lebanese forests in 1966 showed that only 66,000 ha forests are characterized by
a density above 10% and only 10,000 ha are high fai@ataxe, 1966)

Lebanonds ¢ e o tiwdgd accarting wonthe tgeologecal 8éme scale for two eras
with four major periods of different epochs and local subdivisions.

The Quaternary Period (& 1.8 MA) is consi de
column, represented by local accumulation of glacial andglastal deposits. It is a mixture

of sand, clay, silt and gravel in varying proportions and forfh& variation of deposition
environments, physical nature and chemical composition divided these materials into different
categories such as: Eolian, Alluvium, Fluvial, Colluvial, etc. Soil cover is the most recent
deposit of the Quaternary Period spedfees the natural medium for growth of land plants

and is located at the top few meters of the ground surface. It may also contain organic matters.
The different forms of soil covers in Lebanon are described as follows: coastal sand,
consolidated dunes, dwhitic sand, conglomerates cemented by calcareous material, and
Terra Rosa solls.
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Topography is an unavoidable, distinguished and at the same time restricting feature of
Lebanon. The mountains of Lebanon have shaped its climate, water resources, laatstapes

its extremely rich biodiversity. They had always played a decisive role in the history of its
settlements and are still to date.

Topography splits the territory into geomorphological regions, separated by valleys and
mountains. It enhances, thus, dsity of the environment, but does constitute physical
obstacles to the regions at the same time.

There are five geomorphological regions in Lebagtogure J:

1. TheCoastal zoneincluding the shoreline and continental shelf, the coastal plains and
the fodhills of Mount Lebanon up to elevations of 250 meters. The Lebanese coast is
about 250 km long (CDECODIT/IAURIF Study, 1997);

2. TheMount Lebanon range about 160 km long and 28 km wide, includes middle
and high elevation zones above 250 meters.stsrifrom Akkar in the North and
extends South to the hills of Jabal Amel. Mount Lebanon peaks at 3,088 meters at
Kornet esSaouda in the North.

3. TheBekaa plain, a land depression separating the Mount Lebanon andlAgiitanon
ranges. It comprises anl® km wide fertile corridor and is about 120 km from North
to South. The Beqaa plain is drained by the Aassi river from the North and by the
Litani River from the South.

4. The Anti-Lebanon range extends across the Leban&dgian borders. It peaks at
2,600 metes (Tallat Moussa). Slopes are generally compared to Mount Lebanon. The
Southen sections of the ArLebanonrange include Jabal el Cheikh (Mount Hermon)
which intercepts rainwater and redistributes water into at least three main watersheds
across Lebanorgyria and Israel.

5. TheSouth Lebanon an elevated plateau that extends a short distance inland from the
Western shores of South Lebanon to the Mount Hermon foothills in the East. This
region is intersected by many seasonal streams flowing from west toam@st
discharging into the Mediterranean Sea.

Roughly three quarters of the total surface area of Lebanon is mountainous, i.e., Mount
Lebanon, AntiLebanon, and South Lebanon (Figure 1).This diverse topography gives rise to
many microclimates, favourabl® the occurrence of many plant and animal species and
communities. At the same time, steep terrains are prone to soil erosion and ultimately land
degradation if poorly managed. The coastal zone is particularly vulnerable to urban
encroachment and loss ledbitat(MoA/UNEP, 1996a)
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Figure 1 Distribution of geomorphological regions of Lebanon (MoA/UNEP, 1996a)

Lebanese sojl which is typically Mediterranean in character, varies widely in quality and
productivity. Because Lebanon is predominantly mowotas, its soil is generally very
shall ow, fragile and prone to erosion. Evel
meters deep (UNEP, 2007).

The regionébés | ithology has contributed to t
basesaturated calcareous soil, except for the sandy soil formed on the basal cretaceous strata.
The most widely represented types of soil are the FRossa (red Mediterranean soil) and
Rendzinas, which represent about 70% of Lebanese soil (UNEP, 2007).

3.1.2 Climatic conditions in Lebanon

Lebanon falls in the Mediterranean climatic region, which is characterized by a hot, dry
summer and a cool, rainy winter; the spring and autumn seasons are short. Topographical
variation, however, causes local modifications lué basic climatic pattern, resulting in a
number of micreclimates within the country, with contrasting temperatures and rainfall
distribution. Conditions vary from a typical Mediterranean climate along the coastal plain and
in the Lebanon mountain range & subkalpine or mountain Mediterranean climate on the
highest peaks, which are covered in snow for most of the year. In some of the Northern plains,
the climate is suolesert in character.

The average annual temperature is 20°C on the coast (rangind3f@mn winter to 27°C in
summer), 16°C in the Beeka valley (ranging from 5°C in winter to 26°C in summer) and less
than 10°C at higher elevations in the mountain zones (ranging from 0°C in winter to 18°C in
summer). Average annual rainfall is estimate@828 mm, varying from 600 to 900 mm along

the coastal zones to 1 400 mm on the high mountains and decreasing to 400 mm in the
Eastern parts and less than 200 mm in the Noa$t. Above 2 000 m, precipitation is
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essentiallysnowyand helps to sustain ads supply for about 2 000 springs during the dry
period. Rainfall acurs on eighty to ninety days tliear, mainly between October and April.
About 75% of the annual stream flow occurs in the-fiventh period from January tday,
16% from June to July dnonly 9% in the remaining five months from August to December.
(UNEP, 2007).

Wateri s one of Lebanondés most precious resourc
hydrological position. It is estimated from isohyetal maps that the yearly precipitasioltsr

in an average yearly flow of 8,600 Mnin total, there are about 40 major streams in Lebanon

and, based on the hydrographic system, the country can be divided into five (Egjansd):

El Assi (Oronte$ river basin in the North that flows int&yria in the NorthEast of the
country.

Litani river basin in the East and South that reaches the sea in the-Bghof the
country.

Hasbani river basin in the SouthEast which flows into Israel in the Souast of the
country, and is a tributary oféhJordan river.

All the remaining major coastal river basins as the Nortl#riKebir river basin is
shared with Syria, the river itself forming part of the border between the two countries
before flowing into the sea.

All the remaining small irbetween sattered and isolated sub catchments with no
noticeable surface stream flow, like the endorheic catchments and isolated coastal
'pockets’.

Lebanon has a relatively favourable position as far as its rainfall and water resources are
concerned, but constrasmfor development consist of the limited water availability during the
seven dry summer months. Annual internal renewable water resources are estimated at about
4.8 km3. Annual surface runoff is estimated at 4.1 km3 and groundwater recharge at 3.2 km3 of
which 2.5 km3 constitutes the base flow of the rivers. About 1 km? of this flow comes from
the ca. 2 000 springs with about-18 I/s of average unit yield sustaining a perennial flow for

17 of the total of 40 major streams in the coundigbgr, 1995). War stress in neighbouring
countries including Syria, Jordan, Israel, and Palestine is a harsh reminder that Lebanon must
rethink its water strategy in the shortest delay possible, protect reatairces and use them

more judiciously (MOESOER Report, 20D.
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3.1.3 Major landscapes in Lebanon

Landscapes in Lebanon are an important factor for the quality of life in a protected
environment and of tourist attraction. They represent therefore an economic as well as a social
asset. In Lebanon are different remarkabieas as high mountains with different forest, in
particular the Lebanon Cedar tre€e@lrus liban), nature preserves, areas with high
biodiversity and agricultural plains (Figure 2).

Among the most important landscapes of Lebanon, some are visible fdstance such as;
peaks (Qornet eSaouda, Sannine, Barouk, Hermon), are agricultural large plains (Beqaa,
Akkar, Koura, etc.), great deep valleys (Abou Moussa, Qadisha, Ibrahim, Litani at Khardali,
etc.), picturesque valleys (Jaouz, Khlb, Beirut, Baouk 1 Bisri T Awali, Aassi, Hasbani,

etc.), important bays (Jounieh), forests of the North and pine forests of the Cazas of Kesrwan,
Baabda, Matn and Jezzine, hills of the South, and the QaraourCRkReNPMPLT, 2004).

Lebanon has a rich cultural herigggvhich includes a great variety of vernacular architecture,
mosques, open air sites, medieval castles, monuments, and sites and general artefacts dating
back to the ¥ and 3 millennium BC. These include the world heritage sites of Baalbek,
Sour, Byble and Anjar, the old cities of Tripoli and Saida, the recently excavated
archaeological sites of Beirut, and a number of major historical and/or archaeological sites in
urban and rural areas. Considering Lebanon's interest in recovering its role ad tegrsm
destination, these are the major assets for the tourism industry in Lef@ZDB-NPMPLT,

2004)
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Figure 2 Geographical map of Lebanon with forest cover, natural landmarks and remarkable
biodiversity areas (Biodiversity and Forests, 2010)

3.1.4 Biodiversity of flora and agriculture

Lebanon is characterized by its large diversity of ecosystems, due to its variety of
environmental conditions (climate, elevation, slope, sun exposure, soil, etc.). A small country
as Lebanon has a large diversity of faund #lora.Relative to its size, Lebanon boasts one of
the highest densities of floral diversity in the Mediterranean basin, which in turn is one of the
most biologically diverse regions in the world (Médail and Quézel, 1997). Lebanon is
provided with excefonal biodiverse conditions that are a great treasure not only for the
country, but also to humanity. Preservation and protection of biodiversity is in fact an
essential equilibrium for life and nature.
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The UNEP report identified 9,119 species in Lebanounghly equally distributed between
fauna and flora species (Figure 3).

Flora Fauna
(4,633) (4,486)

Figure 3Number of known flora andatina specieis Lebanon (Source MoA/UNEP, 1996a)

This number, however, is believed to represent only 20% of the actual number of species in
Lebanon and hence the need to pursue and intensive further research (MoE/UNDP, 1998).

Flora

In Lebanon exists a high number of endemic plants owing to its geomorphologic diversity and
the isolation effect of its diverse topography. Lebanon has a high pereaitandemic plant
species, surpassed only by Turkey in a list of six Mediterranean countries. From a genetic
conservation point of view, endemic plants are very important globally because they are only
found in restricted regions and therefore harbouguangenetic information that is potentially
important to humankind. According to the Biodiversity Reports, approximately 400 plants are
endemic to Lebanon, Syria and Palestine, of which 92 are presumed endemic to Lebanon only
(MoA/UNEP, 1996c).

The impat of local plant species on Lebanese culture and economy is significant. Many
aromatic plant species are extensively used in Lebanese cuisine and many people, mostly in
rural areas, still widely use medicinal plants for the treatment of burns, gastipaitest
diseases, and other ailments. A Survey of Economic Plants for Arid andASdniiands
(SEPASAL) found 224 plants of economic importance distributed in Lebanon (SEPASAL,
1999).

Other economic uses include local consumption (staple foods and wild plibts), honey
production (melliferous plants), landscaping (ornamental plants), and environmental uses
(erosion control, agrforestry, soil remediation, biotic indicators of pollution, etc.).

While such plants are essential to many economic acfivitieer exploitation is potentially
leading to a decline in the natural population of several plant species. For example, wild
ornamental plants (and cut flowers such as the narcissus) are being harvested at liberty and
perhaps at rates exceeding theieraft natural regeneration.
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Several detailed studies have been performed to assess the state of localized forests and forest
stands, such as the Rihane mountain region, fruit production in Aarsal, select nature reserves.
In the context of a plant cover camgation and management project, the forests of Hadath el
Jebbe (Qnat), Jabal Moussa (Nahr Ibrahim) and Kefraya (Bekaa) were also targeted. The
basic difficulty in assessing forest resources is the lack of unified forest nomenclature (i.e.,
canopy closureforest density and floral associations, state of degradation). Current best
estimates of forest cover vary from 4% to 13% (FAO/Khatib, 1996). A precise overview
about the current share of major forest species in Lebanon is not available, thereftre still t
data of 1996 are used (Figure 4).
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Source: MoA /UNEP, 1996¢

Figure 4 Distribution of forest species in Lebanon (in %)

Agro-biodiversity

Biological diversity also occurs among agricultural crops. The trend nowadays is to adopt
more commercial and productive crops, at the egpeof more traditional crop varieties.
Whereas imported crops usually generate higher yields, traditional crops are incontestably
hardier: they exhibit higher drought resistance, sometimes also higher resistance to salt and
heat stress, and are less spsibée to pests and diseases. Consequently, traditional crops and
wild cultivars, while less productive, require less water and-elgemnicals. Hence there are
need to conserve aglmodiversity, in Lebanon and elsewhere. There are some activities in
this regard. An UNDP/GEF (MoE, 2002) project was promotingfasm conservation
management of wild relatives and land races in three areas in the district of Baalbeck (Ham,
Maaraboun, and Nabha). To date, it has been conductebotmical surveys, vegetation
surveys, indigenous knowledge surveys and implemented a number of small scale activities to
improve soil, water and agitmiodiversity conservation of project target crops. To assess the
impact of the project activities, 19 sites were selected and delinsied GIS to perform
annual monitoring.

The project was also helping to establish a local NGO for development (Nabha) and
empowering existing NGOs (Arsal). It has demonstrated to farmers the effect of cleaning and
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treating seeds of wild landraces on ygelhd is evaluating the resistance of several cereal and
legume landraces and wild relatives. The project is overseeing the establishment of a gene
bank for local grape varieties at LARI, studying mipropagation techniques for local
almond cultivars, gxoring the feasibility of expanding honey production, identifying and
cataloguing medicinal and aromatic plant, and providing fellowships to university graduates
as well as many other activities.

Ornamental landscaping has become an importantbagines in Lebanon. While several
retailers acquire their flowers and plants locally, many more rely on imports. Currently, there
are no quarantine regulations on imported ornamentals.

Likewise, thousands of trees are imported or donated annually to Leban@fof@station
campaigns. These stocks are neither certified dideaseor quarantined.

Furthermore, i mported species, such as cec
native cedar of Lebanon, thus producing new cedar varieties. Such varetiéscompete
with local species in the long run or attract potentially harmful insects.

In order to mitigate potential threats to local cedar populations, the Ministry of Agriculture
has banned the import and introduction of all cedar seeds and(@&@BIT, 2004)

3.1.5 Protection of habitats and biodiversity

It is developed a national strategy and action plan for biodiversity conservation. This strategy
has defined the following nine goals (Ministry of Environment, 1998):

1. To protect L e b adiversitp Fom teegradatiens dnd aseettain lihieio
availability for environmental and economic benefits

2. To conserve freshwater biodiversity through thstainable management and wise
of freshwater resources

3.To protect Lebanonos sityawmdevelaptheiarasdurcesanrai n e
sustainable way

4. To protect Lebanonds agricul tur al bi odi
availability while maximizing both environmental and economic benefits

5. To conserve biodiversity under natural conditiond astablish a balanced ecosystem
where plants and animals evolve naturally

6. To conserve biodiversity esitu and utilizing existing capacities
7. To protect natural ecosystems from invading species

8. To share global responsibilities in the use, conservation rmaadagement of
biodiversity

9. To share knowledge, costs and benefits with individuals and communities

23



A number of areas in Lebanon can be considered to be of global significance for biodiversity
as nature reserves occupyi ndgal sarfageracx (ARt e l
Compendium Statistique National, 2006). Seven are in the focus of protection efforts made at
the national level to secure the proper conservation of existing fauna and flora as well as
endemic and endangered species:

1. The Al-Shouf Cedr Reserve is made up of three adjacent but separate cedarforests
Ain-Zahalta, Barouk, and Maasir&buf

The Palm Islands offshore of Tripoli
The Horsh Ehden forest

The Tannourine Cedars forest

The Yammouneh Nature reserve
The Bentael Nature reserve

The Tyre coast and finally

© N o g pr~ DN

The Ammiq Swamp is of international importance for migrating birds, as the only
sizeable wetland between Turkey and Israel; the area is threatened by agricultural
intensification.

3.1.6 Situation of Agriculture in Lebanon

The arable landise (Table 1) in Lebanon suffers from lack of appropriate policy, planning
and management. The total cultivated area is estimated to be about 250 thousand ha (24% of
total land area), of which hundred thousand ha is under irrigation. About 85% of the
cultivated land is owned by the private sector. Forests comprise 11% while 45% is classified
as not suitable for agricultui®oA/FAO, 2000). Additionally 53,137 hectares were fallow
lands abandoned for more than five years. Almost 42% of the exploitablalagacland is

located in the Bekaa, which also accounts for 52% of the total irrigated land. Agriculture is
al so Al osing groundo to rampant urbani zat.
coastal plains.

Elevation levels avail Lebanon of thegsibility to develop an extremely diverse agriculture,
from quasitropical climate in coastal plains up to orchards in high altitude, with a full range
of possible intermediary products in between.
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Table 1 Land use in Lebanon (MoA/FAO, 2000)

Land Use Area in ha % of total area
Cultivated area 248.000 24
Unused cultivated area 137.000 13
Forests 118.000 11

Not arable 473.000 45
Roads, buildings etc. 69.000 7
Total 1.045.000 100

The major crops grown in the country are fruit trees (29.1%) fotlotwe olives (23%),
cereals (21.1%), vegetables (14%) including potato, onions and garlic), nuts (5.7%), industrial
crops (4.4%) and grain legumes (2.7%) (Table 2).

Table 2 Area and production of major crops in Lebanon (2001)

Crop Area cultivated (ha) Production (tons)

Area % Amount %

Cereals 52,000 211 172,000 7.5
Grain Legumes 6,600 2.7 61,300 2.6
Industrial Crops 10,900 4.4 30,900 1.3
Vegetables 17,300 7 646,100 28
Tubers, roots, bulbs 17,300 7 428,800 18.5
Fruit Trees 71,800 29.1 858,700 37.1
Olives 56,800 23 85,800 3.7
Nuts 14,100 5.7 29,900 1.3
Total 246,800 100 2,313,500 100

Source Ministry of Agriculture, 2001

25



3.1.7 Administrative boundaries and population density

Lebanonis divided into six administrative regions, call®tbhafazaswhich arefurther sub
divided into 25 districts, called Cagaexcluding Beirut (Table 3). Each Caza is made up of
several cadastral zonesanateq iikarieras well as villagedn total, there are 1,545 cadastral
zones and 1,237 villages. The Bekaa is the lafjsstict (4,161 k), followed by the North
(2,025 knf) and Mount Lebanon (1,968 K

Since the last comprehensive population census dates back to 1932, there continues to be no
agreement on the actual size of the Lebanese population today. Thedagzstigent surveys
provided that the population of Lebanon reached in 2005 the number of 3.753.785 individuals
(CAS, 1997). Lebanon's population is unevenly distributed, with about 60% clustered in the
coastal zone and 31% resident in the Greater Beirat are

Table 3 Administrative regions and localities at Governdvaibafazalevel (Compendium
Statistique National, 2006)

Mohafaza/Governorat Number of Number of Number of
district cadastral anes villages

Beirut - 12 60
Mount Lebanon 6 507 503
North Lebanon 7 430 252
South Lebanon 3 228 143
Nabatiyeh 4 145 50
Bekaa 5 223 229
Total 25 1,545 1,237

Lebanon is densely populatd@59 persons/kf), it is ranked 128 worldwide for its
populations and it occupies the™fositionamong countries of merthan one million people
as far as population density (number of inhabitants péy (@AS, 1997).

3.2 The construction sector in Lebanon
3.2.1 Problem statementi need of construction material

The legacy of the war and the accelerated reconstruction process arajoh factors shaping

the present environmental situation in Lebanon. Major environmental stress in Lebanon is a
consequence of poorly managed urban development in residential anesrdential areas,

the deteriorating environmental conditions resgltirom wardamaged infrastructures, and

land and water degradation, due primarily to chaos quarry investments and inadequate
management practices. This chapter provides a brief overview of the environmental state of
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Lebanon, both in terms of demand for tiesource and the major sources of environmental
threat and their effects.

Lebanonds fragil e env iterm anthepict acticty mab resuleed in wi t
widespread landscape despoliation. The process has been exacerbated by the civil war and
reaulting to a breakdown in civil and public authorities.

Among the most Potential Environmental Stresses on Land Resources is the pressure on the
guarries caused by continuing construction efforts: removal of sands from the coastal strip has
intensified coatal erosion; sand quarrying in mountainous zones has left the steep mountain
sides prone to erosion and landslides; exploitation of whit, bluish togndyish clayy,
marly-calcareous beds, quarries for cement industries in the northern plain hasthed to
devastation of olive groves.

Although the ecological impact of rock quarries is localized, their widespread distribution
throughout the country makes it necessary to address the problem on a national scale. The
high demand for aggregates during theorestruction program can be met by local resources;
however, the increase in demand for sand cannot be met through existing local capacity.
Dredging sand from the seabed could have significant impacts on marine ecology, coastal
morphology, beaches and fesies. Furthermore, the seabed might have become a "pollution
sink" as a result of the loAgrm contamination of Lebanon's coastal waters, and any major
disturbance of the seabed, such as dredging for sand, could release many contaminants into
the marinesnvironment.

Quarries and their pressure exert on natural areas as well as on the quality of life and therefore
constitute another major challenge to the environment. Lebanon did not succeed so far in
adequately managing this issue. Many quarries areamsixl, and most of them, even the
authorized ones, have not respected legal dispositions in terms of material extraction and site
rehabilitation.

Hence, the attitude of the authorities has been divided between the recognition of economic
and social importace of quarries, the need to put an end to illegal activities or on the contrary
tolerating them, or total and firm prohibition on the entire territory. Prior to the issuance of the
decree No. 8803/2002 by the ministry of Environment which was establishE2P3, the
concerned authorities in Lebanon did not and could not take a definitive decision in approving
the quarry master plan, based on which there will be a consent on whether extraction sites
should be concentrated in few zones, or on the contdasirjbuted on small and medium

sized quarries all over the country.

Hundreds of relatively old quarries in Lebanon have caused a serious visual intrusion to the
often spectacular natural landscapes of more than 3,000 hectares of lands. Every year, the
neals of the country for raw material would require the use of other additional hectares.
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The real damage began in the economic boom years efvandtebanon (specifically from

1990 to 2000). The Gross National Product (GNP) annual growth rate for Leban@eie

the years 1990998 was about 7.2% (UNDP Report, 2000), prompting and prompted by
immense and rapid urbanization (and rurddan migration). Excavation in a chaotic manner
answered this quick demand for roads, airport runways, bridges, buildings,apd other
infrastructural provisions (specifically between year 1995 and 1996) with a quick supply.
However, the intensive demand for quarrying material does not necessitate chaotic quarrying
which is not based on any technical standards; as such desrists in most other countries
around the world that did not resort to such unsustainable quarrying processes. The real
reason could be related to local political networks, unprofessional contractors or investor, lack
of quarry master plan and to the abse of corrective institutions in the pegr epoch.

Extracting sand and gravel has been a source of conflict between ecologists and developers
for over a decade. The proliferation of quarries (old and new) has prompted countless protests
by NGOs and caservation groups and calls for halting illegal quarrying activities. In 1995,
the GoL commissioned Dar Al Handasah to conduct a national wide assessment of the quarry
sector. According to this study, which was issued in year 1996, there were 710 quarries
(equivalent to one quarry for every 14.7 %rincluding abandoned and active quarries: 464
limestone quarries and 246 sand quarries. Fartypercent of all quarries were unlicensed (at

the time of the survey) and 718td not respect the most basic staddaand performance
criteria (e.g.very steep quarry slopes often exceeding 70°). An estimated 70% of the quarries
were structurally unstable and 60% were downright dangerous (Dadakidasah Study,

1996).

The construction sector affects the environmeminduall stages in the lifetime of buildings:
extracting raw materials (quarries, cement production), erecting the buildings (noise, dust,
hazardous materials), and using the buildings (disposal of wastewater, energy consumption
and emissions), demolitioof unwanted buildings. Inadequate construction standards and the
lack of sound urban planning regulations further aggravate environmental degradation.
Buildings are spread throughout the countryside gnosving like mushroors linearly along

roads and higheys. Uncontrolled urbanization spoils the landscape and impacts natural
heritage.
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3.2.2 Pressures on the environment

Buildings consume space and natural resources. They require cement and other building
materials, some of them are extracted from quarries (gatge sand).The significant
pressure on the landscape and the environment concerns essentially sand and gravel, which
represent more than 80% of the demands. The needs related to other types of construction
(offices, industrial, and commercial facilitieg)e estimated at 0.5 Mt per year over the same
period. According to Lebanonés habits, tren
to the construction sector; all construction works in Lebanon are totally made of concrete
or/and aggregate leged products. Moreover, the use of face stone to shape the building from
outside and internal wall/floor tiling are a very common practice and they will continue to be
for the future. It should be taken into account that about 200 to 300 tons of aggrEgaid

and gravel) are required to build an apartment. Over the period 2000 to 2030, an annual
average between 2 metric tons (lower scenario) and 4 metric tons (higher scenario) of
aggregates is required for apartment construction only.

Building materias are hauled long distances exerting pressure on the road nefimalky,

the aggregates needed for road construction are estimated at an average of 5,000 tons of
aggregates per 1 km of road (double carriage way) construction and 20,000 tons per km of
new highway. Ordinary road maintenance consumes around 10% of these values, while
rehabilitation can even consume 40 %. Hence
maintained or rehabilitated only once during tiext 25 years and should the network be
extended in reasonable proportions, an annual volume of roughly 2 Mt of aggregates is
required.During construction, workers are exposed to a wide range of pollutants (particulates)
and noise. Nearby residents also are subjected to extensive noise afidtanp

According the National Master Physical Plan for the Lebanese Territory study in 2004

( NMPPLT), the overall of Lebanonds <current
follows: 2 to 4 Mt per year for houses, 0.5 Mt per year for other typesradtruction and 2

Mt per year for roads. This makes a total quantity in the range of 4.5 and 6.5 Mt per year, or 2
to 2.5 Mn?. With other extracted materials (calcareous cement, rocks, clay, etc.), the volume
to extracti for the Lebanese BTU current ms# could represent up to 3 million*mer year
(including aggregates) (CDRMPPLT, 2004).

If the entire volume were to be provided from local production, the impact of quarries in
terms of site disturbances would be significant. In fact, we shall actmuiie percentage of
waste contained in the extracted material and for the land used for storage, circulation, set
back, etc. As such, for obtaining 3 Mof usable material, some 4 Mishould be extracted

and the areas required would be 60 to 80 heprgear. Taking into consideration the rough
topography of Lebanon and the high rate of urbanization, a rigorous management policy is
required to control the quarrying activities.
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Quarries exert significant pressures on the environment. They:

disrupt thenatural landscape and may cause structural damage to nearby houses from
blasting

generate nuisance to nearby populations through noise and dust

damage or destroy natural habitats and vegetation and underground geologic formations
(caves, abysses)

threatersensitive ecosystems near natural heritage sites

induce environmental hazards and risks

Quarries have dealt a serious blow to the once pristine and often spectacular natural and
cul tur al | andscape of Lebanonds othde Daegl s, gor
Handasah survey, only three sites (Abu Mizan, Feghal, and Msailha) have some slight sort of
restoration work underway, including soil filling and planting. Interestingly (and
unfortunately), complaints about landscape degradation are not cgnmstead residents

tend to focus on more direct impacts due to quarrying such as noise and dust {Dar Al
Handasah Study, 1996).

According to the UNDP report on sources of impacts after July war 2006, the impact of
qguarrying on natural resources was ased as a major and considerable impact to the
environment. The quarrying impact significance was rated as severe for long term duration
(the coming 10 to 15 years) (UNDP Country Report, 2006).

3.2.3 Land reclamation, the great consumer of materials

The problemof quarries has emerged in Lebanon with lesgale reconstruction projects
during the 199006s. With | imited authority <con
ranging between 10 M#rand 15 Mni per year during the period 192€00. A considerable

part of extracted material (roughly one third) has been used for land reclamation in Greater

Beirut (Dbayeh, Beirut Central District, Beirut International Airport runway). This part
represents more than 30 Mmvhich is equivalent to 8 to 10 years of ofiy Lebanese BTP

consumption (CDRNMPPLT, 2004).

Land reclamation projects in Lebanon are frequent and many of them are under study in
Tripoli, Jounieh, Jdaydeh, Saida, etc. Additionally dikes and marinas are constructed all along
the coastline.Hence,the effect of land reclamation on the proliferation of quarries must be
systematically evaluated on both the economic and environmental levels. Scars in the
landscapes caused by the quarries left doubt and reservations about the interest, for example,
of the Dbayeh land reclamation for offering only 5,000 dwellings, the construction of which
would have required 4 to 5 hectares of quarries only (CIMPPLT, 2004).
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3.2.4 Population growth and household needs

The growth of house construction is mostly related toeiase in the number of households,
which increases faster than population size, due to the decrease in the cohabitation
phenomenon: with a constant population, the number of households increases because the
average size of a household tends to diminiske average household size in Lebanon was

5.3 persons in 1970. It dropped down to 4.8 persons in 1997. In comparison, this average is
still 6.8 persons in Pakistan and 5 in the Philippines, but only 4.7 in Tunisia, 2.4 in France and
2.3 in Quebec. This redtion is due to a higher standard of living change in habits and
traditions as well as ageing of the population.

The National Master Physical Plan (CDBMPPLT, 2004) adopted a reasonable scenario of a
reduction of the average household size at the ratedestton the past 30 years. Hence, it
would drop from 4.76 persons per household in 1997 down to 4.34 in 2020 and 4.21 in 2030
(Table 4).

Table 4 Evolution of household size through 2030 (&XIRPPLT, 2004)

1997 2030 Evolution 19977 2030
Population 4.,005000 | 5,238,200 | +31%
Household size 4.8 4.2 -13%

Number of households 843,600 1,321,600 | +57%
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3.3 Quarries in Lebanon: Description and characterization
3.3.1 Types of quarries in Lebanon

While each quarry operation is designed to fit specific deposit, pioducand quarry
operation conditions and criteria, there are several basic types of quarrying operations to be
considered. Normally in Lebanon, crushers are associated to quarries due to their industrial
faculty in delivering the endse product needed rf@onstruction purpose#ccording to
available field data (Ministry of Environment list of related decisions to quarrying sector,
1997-2006;AppendixA and B), six different types of quarrying operations are differentiated

in Lebanon and are categorizesifallows:

1. Rock quarry with crusher: for aggregate production (involves stripping, excavation
using explosives , processing and trucking) (Figure 5)

2. Sand, industrial sand and natural aggregates quarrymining of unconsolidated
materials involves excavaticof sand and gravel deposits. It does not require the use
of explosives or blasting techniquéBigure 6)

3. Mosaic quarry with small size crusher for the production of the mosaic stone used in
the artisanal tiling industry; usually the mosaic quarry small sized quarry with
small to medium production capacity (involves stripping, excavation using no or little
explosives, processing and trucking)

4. Decorative stone quarrywithout crusher for the production of stone used in the wall
and floor tiling (involres stripping, excavation using special diamond floss, trucking
(Figure 7)

5. Cement quarry without crusher for the cement production (mining of unconsolidated
materials involves excavation of material deposits. It does not require the use of
explosives

6. Crusher without quarry i.e. for the maintenance of public and private projects
(Dams, residential compounds etc.)

I n subsequent of Lebanonds mountainous topog
chapter (3.1.2) and due to its small area, only surface gnagtivities (quarries) are found in
Lebanon. Therefore, the scope of our work is
which are the only existing type of mining in Lebanon although it is well known that other

types of mining do exist worldwide duas surface miningopen pits, strip and contour

mines, and mountaitop removal) underground mining and sand dredging.
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Figure 7 Decorative stone quarry (current status)
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3.3.2 Quarries Definitions in Lebanon

The relevant legislation (decree No. 8803/2002 and its amendments) dpfaress firstly

as all sites from which materials argracted but which are not covered under the umbrella

of mining legislation. Secondly, quarries are defined to aim at the production of materials for

commercial or industrial purposes. Therefore, quarries do not include sites where excavation
for urban deelopment purposes takes place (Decree No. 8803/2002 and its amendments).
Surface minesinclude quarries comprising a few hectares.

In Lebanon it is more common to use the word quarries than mines since we do not have other
type of mining activities or opation except sand dredging which does not fall in the scope of
this study. These operations require total disruption of the project area with large quarry(ies)
and extensive overburden piles; however, it is often feasible to backfill the mined aregs durin
or at the end of operations. Other land uses at the site are precluded during the mining and
reclamation activities. Slope or bench stability is a major concern in surface mining. Good
mining practice requires constant observation for bench face movéna¢mhight indicate
impending slopdailure (World Bank, 1991).

3.3.3 Mining operations

Stripping is the initial step in the mining operation and involvesioval of topsoil and sub
soil thatcovers mineable materials. A variety of equipment is used tq saipsport and re
depositsubsoil (Bauer, 2000).

Excavating equipment and procedures also vary with each operation. For purposes of
clarification, excavation operations are described by mine type and more specifically for the
two main categories: Stone quaand sand quarry (Bauer, 2000).

1) Stone quarries: Excavation of quarry material involves a tiege process. The first
step is to break the stone away from the quarry wall and break the stone into small
pieces. This is accomplished by the use of expéssiHoles are drilled behind the
quarry wall (cut face) within which explosive charges are placed. Depending on the
deposit depth, a standard procedure is to create a series of terraces or "benches". The
second step is to excavate broken stone by eitbe¥énd loaders or any other similar
types of excavations equipment. The third step is to transport broken stone to the
processing plant.

2) Sandand natural aggregatgsarries: Sand anthtural aggregatesxcavation is a two
step process. No blasting igjugred in this type of mining. The first step is to excavate
the material/deposit by using the appropriate type of excavators. The second step is
transportexcavated material to the segregating plant. In Lebanon very few are the
sand quarries which are asgated with washing plants to remove impurities from the
sand product
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Processingplant is the heart of a mining operation.

For the stone quarries: produces products that meet a variety of product specifications for
the construction industry. A typicallant includes crusher used to reduce the size of
stone, screens that segregate the stone and sand into various sizes, wash plants that
remove various impurities, such as clay and dirt, conveyor belts that transport the stone
and sand to various parts thle plant, stackers that deposit each product into a separate
stockpile, and loa@ut facilities for transporting products to the construction site.

For the sand quarries: includes a big sieve that screen the excavated material and
segregate it into diffent types, grades and form the impurities.

Support facilities: are located in close proximity to the processing plant. They include
maintenance areas, equipment and supply storage areas, a scale house and offices.
Normally, the scale house and office &weated near the entrance between the public
road and the processing plant.

Trucking is the primary means of transporting construction aggregates to the market. Typical
concerns rose by local citizens and officials include excessive wear on local noaeiased
traffic, safety, dust, and impact on property values (Bauer, 2000).

3.3.4 Types anddistribution of operational and norroperational quarries

Quarries are widespread over the Lebanon region and their geographical distribution is
attributed to the locageology of the area. For example, the location of the majority of the
guarries used to extract aggregates and rock from rock quarries is mainly in formations of the
Cenomanian Ag€, (Cretaceous Period) and of Jurassic Period. Sand quarries are mainly
locaed in formations of the Neocomian A@k (Cretaceous Period). The geographical and
geological distributions of quarries have led to the distribution of related industries and their
clustering around such areas. For example, cement factories are locateasinvhere marly
formations are available.

Rock Quarries are divided into two types: quarries where rock blocks are extracted and
quarries where rocks are extracted and crushed into aggregates. Table 5 presents the
geographical distribution of operatidmack quarries.
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Table 5 Distribution of rock quarries in the districts (DaitRindasah Study, 1996)

No of operational rock quarries
Governorate Total
Aggregates Rock
Bekaa 33 85 118
Mount Lebanon 17 97 114
North Lebanon 20 72 92
South Lebanon 2 35 37
Total 72 289 361

Sand Quarries are quarries where direct extraction (no blasting) of sand takes place. Few
sand quarries, however, contain washing basins to improve the material gradation. Table 6
presents the geographical distribution of operaticand quarries.

Table 6 Distribution of sand quarries in the Governof@te Al-Handasah Study, 1996)

Governorate No of sand quarries
Bekaa 3

Mount Lebanon 126

North Lebanon 32

South Lebanon 28

Total 189

Since the site survey was mostly carrieat for rock quarries, the total number of sand
guarries is mainly based on the revised official records and is not inclusive of all sand quarries
in Lebanon.

Non-Operational Quarries or abandoned rock or sand extraction saes160 oubf the 710
guarries in Lebanon. The abandoning of such quarries may be due to several reasons such as:

the quarry has reached to the property limits, or

the quarry was operating without a license and was closed by the government.
The geographical distribution of na@peational rock and sand quarries is concentrated in the
district Mount Lebanon (Table 7).
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Table 7 Distribution of quarries in tlgovernoratéDar Al-Handasah Study, 1996)

No of Nori Operational
Governorate i

Quarries (Rock and Sand)
Bekaa 2
Mount Lebanon 127
North Lebanon 30
South Lebanon 1
Total 160

3.3.5 Distribution of all types of quarries in Lebanon

In result of the survey regarding the geographical distribution of quarries in Lebanon by Dar
Al-Handasah, is visible the high number of foperational quaies in comparison to the
operational ones (Table 8).

Table 8 Distribution of all quarries in the districts (DarHdndasah Study, 1996; Ministry of
Environment, 2007)

Number of Quarries Total Total (only
Governorate (1996) | operational)
Noni Operational | Operational (2007)
Bekaa 2 121 123 53
Mount Lebanon 127 240 367 212
North Lebanon 30 124 154 117
South Lebanon 1 65 66 90
Total 160 550 710 472

It is remarkably 51.7% of the total number of quarries in Lebanon is clustered in Mount
Lebanon, flowed by 21.7% and 17.3% in North Lebanon and the Bekaa respectively, and
only 9.3% in South Lebanon. The abandoned quarries, however, constitute 22.5% of the total
number of quarries in Lebanon with the largest number of abandoned quarries located in
Mount Lebanon. Newer data from the Ministry of Environment from 2007 is showing that the

37



number of quarries in Lebanon is already reduced a little. On the other hand the numbers of
quarries in South Lebanon increased.

The Dar AlHandasah Study (1996) indted that some 62% of rock quarries in Lebanon are

considered to be small size quarries and the remaining 38% are divided equally between
medium to large quarries (Table 9). Nevertheless the problems during their use and also
regarding their renaturationeasimilar.

Table 9 Distribution of quarries per quarry size (DaHandasah Study, 1996)

Quarry size Volume extracted in fh | Percentage o
rock quarries

Small < 15000 m 61.6

Medium size 15000 i - 40000 M | 18.6

Large quarry >40 000 19.8

The combined excavation volume in 1995 was estimated at 24%4 Mm

Evaluating the ways of operating in the quarry sector there are many problems. More than 30
percent of the aggregates originated from unlicensed quarries. Mount Lebanon was by far the
large$ producer of aggregates (45.6%) and North Lebanon hosted the largest number of
unlicensed quarries, producing almost 61% of the total volume of aggregates originating from

unlicensed quarrie8y operating thguarries were destroyed spectacular naturdlaultural
of Lebanonds val

| andscape

eys,

gorges,

and

Ibrahim, Nahr el Kalb, and Nahr el Mott are such examples. According to the Dar el

Handasah survey, only three sites (Abu Mizan, Feghal, and Msailha)ahi#tie restoration

work underway, including soil filling and planting (Dar-Alandasah Study, 1996).

But not only the capacity of quarries is from economically interest, also the type of material

which can be excavated (Table 8). It is evidently tthet rock quarries have highest

percentage followed by the sand quarry. Although the lowest percentage rate is for the cement
quarry sector but it is worth mentioning that in cement quarry sector, the area of investment is
the biggest per quarry.
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Table10 Distribution of quarries per type of material (Ministry of Environment, 2007

Type of material Number Percentage
Decorative stone quarry 92 194
Cement quarry 8 1.6
Rock quarry with crusher 163 34.5
Mosaic quarry 27 5.7
Sand and natural aggregates 65 13.7
Sand for industry 117 24.7
Total 472 100

3.3.6 Legal framework: Environmental Management
3.3.6.1 Overview and background

The Lebanese constitution did not state explicitly to protect the environment. However,
Lebanon commit and respect the national pobfyhuman rights according to the United
Nation treaty dated 25 of September 1945 (The Lebanese constitution, 1943).

In addition, the present President of Republic in his oath statement declared that
environmental criminalities should not continue (Perbammmunication, 2008). On the

other hand and since year 2000, the consecutive governments affirmed in their government
policy statements, that environment is ranked on the top list of their high priorities. They
confirmed in their policy statements todat an extra effort should be done in order to
enforce and implement the existing regulations and set up new laws and regulation to ensure
properpreservation of the environment and its natural resource for the public interest ensuring
its sustainability ér the upcoming generations (Government of Lebanon Policy statements
between 2000 to 2005).

The Institutional Framework

A number of institutions in Lebanon have direct or indirect involvement in environmental
management, in particular the Ministry of Bronment (MOE), various line ministries,
research and academic organizations, and NGOs. However, as is prevalent throughout the
public sector, and because of the war impacts, major disruptions occurred both in
administrative structure and in human reso@mgowment.
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The Legal Framework

Lebanon has a | arge body of environment al
these laws are characterized by: (i) obsolescence and the need for updating; (ii) lack of clarity
regarding accountability for implemtation; (iii) lack of coherence, as some legislation was
hastily passed without taking into account-presting legislation; (iv) lack of provisions of
mechanisms for implementation; and (v) general weakness of law enforcement due to lack of
clarity in responsibilities and coordination and insufficient deterrent value.

According to an assessment of environmental management systems in developing countries
(Lovei, 1994), in Lebanon the environmental management system itself de facto remains
fragmented, althugh a separate environmental protection agency is established and
administrative functions and resources for environmental management are transferred to this
agency. The reason is many tasks related to environmental protection are still in the hand of
other ministries. So, it is fact that some ministries (public works and transport, Agriculture,
energy and water, Public Health, Industry and CDR) still keep control over some
environmental management issues.

Referring back to the legal framework managing duarry sector and in order to better
understand the past and present situation, a thorough review was donegdarrizérelevant
legislationsince year 1930 until present date. This review indicated that 79 references were
related to this topic. A bef of these legislative references is illustrateAppendixA

The AppendixA lists the several national institutions involved in this in the management
process of this sector each at its level of authorities including the council of Ministers as the

highest executive authority in Lebanon as per

3.3.6.2 Environmental Institution in Lebanon

The Ministry of Environment (MoE) created in 1993 by the law 216 with the power to: (i)
formulate general environmental policy dapropose measures for its implementation in
coordination with other concerned agencies; (ii) protect the natural andmada
environment in the interests of public health and welfare; and (iii) control and prevent
pollution, irrespective of the sourcelthough law 216 gives the MOE a broad mandate over
environmental issues, it is the source of ambiguities in the areas of policy formulation
(overlap with other agencies and lack of provision for a unit or body to carry out this task), the
policy and exectung roles of the MOE, and the lack of a clear definition of what constitutes
violations in the mandated fight against pollution. Although the monitoring function is given
to the MOE, enforcement powers lie within the prerogatives of the Ministry of tegaint

and municipalities.

Since the Ministry is not an implementing agency the financial resources allocated for the
Ministry of Environment in the 2005 national budget plan was approximately 2.6 million
40
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US$, representing 0.05% of total budgetary expenekt1.98 million US$ in year 2006 and
2.14 million US$ in year 2007 respectively (Government of Lebanon budget plan, 2005, 2006
and 2007).

The Ministry employs about 58 highly qualified public servants; levels provided are such that
the MOE's capacityor environmental management is very limited (UNO&pacity 21
Project Final Report, 1996). This number accounts for less than 40% of its posts, which places
a tremendous load on the resources to manage the-diay issues, and thus leaves less time

for planning and programming. It is to be noted that the number of ministry expertise is
subject to potential decrease due to the economic situation of the country.

Af t er it os Il nitiation i n 1993 by l aw 216,
amendmentsto its existing mandate law in order to better outline and govern the
environmental sector as well as to eliminate the overlap with other concerned ministries
through clear separation of tasks and responsibilities and accountability. Its mandate was first
revised in 1997 by law No 667 and secondly in year 2005 by law number 690.

3.3.6.3 Organizational chart of the Ministry of Environment

As explained previously, MOE is currently organized into one Directorate General and six
services according to decrees No 59@land 667/97. It currently holds the following
administrative structure as shown in Figure 8. It is to be noted that the Service of Regional
Offices and Environmental Police not established yet.
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Minister

General Director

Registrar Service of Service of Service of Service of Service of
Administration Conservation| | Guidance and| | Protection of Prevention of planning and
(AIDi wU | of Nature Awareness Urban Impacts from programing

Environment

Technology

Department of Department of
Protection of conservation of
Natural Resources natural wealth

(Quarries) two

Figure 8 Currenbrganizational chart of the Ministry of Environment (MSBER, 2001)

The Ministry attempts managing the environment and its natural resources in a participatory
approach with all stakeholders (academia,-governmental noiprofit community based
organizaions, private sector, public sector, mass media, and international organizations)
according to five major principal policy pillars.

Sustainable Ecological Development
Protection Through Prevention
Polluter Pays Principle

National Equitable Development

a bk~ w N e

Mainstreaming of Environmental Policy

The Ministry is currently working on developing it mission statement.
3.3.6.4 Legislative profile

There is a considerable volume of laws and regulations on environmental issues in Lebanese
legislation. They have all been intetga in a number of draft legislation, which are all in the
pipeline for enactment. This major national program of environmental legislation is a priority
matter and is aiming at making the legislative framework more transparent and user friendly for
the Leébanese citizen and overseas tourist and investor with respect to abiding with
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environmental legislation. Lebanon is signatory to most if not all relevant international
environment al conventions, treati es, protoc

The Parliamentarian Committee for\Eimnmentis the very newly recognized Committees in

the Lebanese Parliament. It was first established in year 2000 and includes among its
permanent members 12 parliamentariasny government agencies have environmental
responsibilities, sometimes thisarc awoke problems in decision making, in particular
regarding the management in tngarry sector (Table 11).

Table11l Governmental institutions with environmental responsibilities (MoE, 2002)

National Council for Quarries include members | Other institutims of related mandate

A Ministry of Environmeni A Ministry of Industry;

A Ministry of Public Works & Transport A Council for development an
directorate general of urban planning reconstruction

A Ministry of Interior and Municipalities-
directorate general of administrations a
local councils

Ministry of Energy and Water
Ministry of Public Health
Ministry of Defense

Ministry of Finance

Do Do > o Do

Ministry of Agriculture directorate of rural
development

A Ministry of Culture- directorate general o
archeology

3.3.6.5 Overview on quarry licensing procedures

Presently there are two way to operate a quarry in Lebanon: the proper permitting procedure
and the administrative extension authorization

The permitting procedure

In order to operate a quarry, a license (permit) is reeddethis purpose. This procedure
involves the submission of an application to ensure compliance to the technical standards and
administrative requirements established by the National Council for Quarries created by the
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decree No. 9222/2002. The above ntened council is headed by the Minister of
Environment and includes representatives from eight other line ministries and government
institutions already listed in Table 11.

The initiation of the process requires a submission of 3 copies of a reqaeeofil the
proponent to the related Governorate according to cadastral area where the quarry is going to
be established. In addition to basic information (personal details, details of land ownership,
site plan, muni ci pal i t yionenostespedially inalypde theomajarl € )
following documents:

The nature and volume of the activities which the applicant proposes to undertake;
The quarrying process which the applicant will employ, the materials which he will use;
A map indicating the locedation of the project and a more detailed map (1/2000)
indicating the boundary of the quarry, the roads, the buildings;

All related maps: topography, geology, rehabilitations;

An impact notice on how the envisaged work will probably affect the environment
Other relevant documents.

After reviewing the application file for completeness according to prepared checklists for
each type of investment operation, a site visit by the technical team of the ministry of
environment staff is done to investigate thee snd do the necessary measurements and
observationsAppendixB indicates criteria set by the ministry of environment for each type of
investment.

Then, according to the authority stated in the decree No. 8803/2002 and its related
amendments, the proceadus split into two:

1) Investment of rock and sand quarries outside the 4 areas indicated in the decree: the
council of Ministers is the authority to take the decision on approving or disapproving the
application. The National council for quarries at itgular meeting forwards this kind of
application files and their technical reports to the council of Ministers to take the
appropriate decision. It is worth mentioning that no decision had been taken until present
date by the council of Ministers regardirige forwarded applications (Decree No.
8803/2002).

2) Investment of rock and industrial sand quarries and other types of investment all over the
Lebanese territory: the National Council for Quarries headed by the Minister of
Environment is the authority toka the decision (Decree No. 8803/2002).

At the meeting the MOE staff presents the application file and its technical report to the
national council of quarries who may approve or disapprove or request more in depth
information and may in some cases reffer file to another party for further processing.
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Once the National Council for Quarries approves, the Minister of Environment as head of the
council sends the approval decision to the correspondent/concerned Mohafaza to issue the
operation license (permit)

In case of approval by the National Council for Quarries, a financial bound is therefore
required to guarantee that rehabilitation plan will take place according to the application
approved by the relevant authorities. These guarantees or bonds wouddutreed the
operator/investor only if the site has been satisfactorily rehabilitated. If rehabilitation is not
executed or completed properly, part or all of the bond amount (or guarantee) may be
confiscated and used to complete the rehabilitation W&fikh respect to bond amount, the
most recent estimates include (MoE decisions related to quarries ligtpdendixB):

Stone quarry: 4,500 LBP (3US$) pef extracted:;

Mosaic Quarry: 6,000 LBP (4US$) pef extracted;

Decorative stone/construction bloglkarry: LBP 9,000 (6US$)perirextracted:;
Cement Quarry: 9,000 LBP (6US$) pet extracted;

Sand Quarry: 6,000 LBP (4US$) pet extracted.

I n general, the | icenseds duration is for
abides during his opation all rules and regulations and all environmental conditions stated in
his license. This requires too the submission of the renewal application to the
Governorate/Mohafaza in order to complete the whole process in the same way of getting the
first license.

Since December 2002 to end 2008, the national council for quarries in 25 consecutive
meetings(AppendixC) issued 59 approvals regarding several types of investments. On the
other hand, the MOIM had, upon approval of the council of Ministers desjsssued 449
administrative extension in year 2006, 490 in year 2007 and 210 until Midyear 2008
(AppendixD).

The administrative extension procedure

The Aadministrative extensionso authorizati
period given by theMohafez ér the classified enterprises to be compliant with rules and
regulations. The majority of the quarries in Lebanon are operating under this procedure upon
the approval of the Council of Ministers consecutive decisions (Kindly refeppendix A).

Usually not based on neither proper administrative, financial and institutional nor technical
criteria, these administrative extension constitutes a shortcuts bypassing the law allowing the
investors to work almost anywhere for a short periode@éhmonths each time subject for
renewal) without respecting environmental conditions or financial deposit and charges or
rehabilitation practices;
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3.3.6.6 Current Charges and Financial Guarantees

The Lebanese government already imposes significant chargesuoy gperators, albeit it is

a welkknown fact that much of the listed charges by law are not paid in actuality.
Furthermore, as most of the quarries that have operated in the past (and currently operating
under administrative extension authorization) hdeee so without acquiring the appropriate
permit, no financial guarantees were placed up front.

Nevertheless, the Ministry of Finance (under its 2003 Budget Law) is the first that charges
guarry operators through or upon issuance of a required petontpasum of LL 2.5 million,
(1.666 US$) and an additional fee of 1,000 LBP for evehexnavated (US 0.66 centsfin

paid on a monthly basis (Ministry of Finance, Budget law, 2003).

Municipalities also have a right to charge an annual fee on licensedeguoperating within
their jurisdiction amounting to (upon license and in Lebanese Pounds) (Minster of Finance
decision No. 1109/1 date 16/07/2003);

Stone quarry: 15,000 LBP (10US$) per m? area

Mosaic Quarry: 20,000 LBP (13.5US$) per m? area

Decoratie stone/construction block quarry: 20,000 LBP (13.5US$) per m2 area
Cement Quarry: 30,000 LBP (20US$) per m2 area

Sand Quarry: 20,000 LBP (13.5US$) per m? area

a bk~ w N

In respect to the use of Economic Instrumgehisbanon is attempting to apply a set of
regulatory and economic instruments to achieve environmental compliance. The permitting
and land use regulations are very weakly enforced due to the previously discussed problems
of institutional weakness, responsibilities overlap, and lack of clarity inlatws. The
reconstruction and recovery programs concentrate heavily on physical infrastructure with no
systematic requirement for environmental impact assessment.
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3.4 Review of quarry management in selected countries France, Great Britain,
Tunisia, Canada (Quebec) and Malta-

The countries and states selected for the study review of international quarry management
were chosen in such a way that each study satisfies at least one of the following criteria:

Highly developed and elaborate quarry managementegysidtion

Similar legal system to that of Lebanon (Civil Law)

Similar environment to that of Lebanon (c
Diversity of case study, and

Other criteria such as language and accessibility of legislation

Accordingly, the five selded countries (and states) comprise France, the United Kingdom
(Great Britain), Tunisia, State of Québec (Canada) and Malta. Since in the United Kingdom
laws are generally shared amongst its various members (Scotland, Wales, North Ireland, and
Isle of Man with minor specifications peculiar to each, only English Law shall be considered

in this review.

The case of Malta was particularly interesting due to its recently drafted quarry legislation its
unique approach to planning, as well as the familiar caims$ this sector shares with
Lebanon. For example, similar to Lebanon, effective enforcement and monitoring are major
barriers to the quarry sector in Malta. To illustrate, in August 2001, the Maltese Resources
Authority (MRA) revealed that, among the S#bne quarry sites of the countrgbandoned or
running-, over 60 % of quarries had gone beyond the boundary stipulated by their permit or
were operating without a permit. Moreover, an overview of the case studies proves that
different legislations adagifferent approaches to the matter of quarries. Great Britain and
Malta in particular have stressed on regulations which are goal setting, rather than
prescriptive.

The difference of legal system shall also be emphasized. The law in Great Britainakad M

is technically based, for the most part, on English common law concepts and legal
organizational methods which assign a-eménent position to cadaw, as opposed to
legislation. Whenever a judge makes a decision, this decision becomes a precaderihat

will guide judges in making subsequent decisions in similar cases.

France, Québec, and Tunisia have a daw tradition, based on Roman law. The law, in
these countries, contains a comprehensive statement of rules, many of which areafamed
broad, general principles, to deal with any dispute that may arise. Unlike celamanourts,
courts in a civillaw system first look to the Code, and then refer to previous decisions for
consistency.
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However, in public law, as health or environmeraa¥,|this distinction has become blurred as
even the countries of common law tradition have resorted to written law.

3.4.1 Definitions and classification of quarries in the reviewed countries

Type of quarries

The relevant legislation of all the selected coustdefines quarries firstly as all sites from
which materials are extracted. These are not covered under the umbrella of mining legislation.
Secondly, quarries are defined to aim at the production of materials for commercial or
industrial purposes. Therefgr quarries do not include sites where excavation for urban
development purposes takes place. Finally, in all five countries selected for this review, the
term quarries includes not only the sites for the extraction of consolidated rock, but also sites
where other materials are extracted including: limestone, granite, slate, marble, gypsum, marl,
gravel, loam, sand, clay.

In France(French Decree No. #¥133. 1977) and UK (British Quarries Regulations, 1999)

the definition of quarry extends to include tHellowing components: buildings, tips,
processing sites, mineral storage areas and other associated infrastructure of a quarrying site,
so long as the mineral is being produced

The Tunisian legislation makes two other distinctions. On the one hand tihgisshes open

cast (surface) quarries from underground quarries, whereby underground quarries are subject
to the provisions of the mining industry. On the other hand, the Tunisian legislation also
distinguishes quarries used for craft purposes from tbbswlustrial function Tunisian Law

No. 8320, 1989)

A similar distinction can be found in thérench legislation where quarries operated by
farmers or by municipalities are subject to special provisiensnch Decree No. 20880,
2002 and Law No. 200557, art. 42, 2005).

The Quebec regulation solely authorizes open air quarries (Cafagebec Regulation
respecting pits and quarries, artNb date specified)
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Size of quarries

Thresholds vary according to the considered country:

In France, all quarryng activities are subject to quarry legislation with two exceptions
(French Ordinance, 2002 :and French ACircul ai

Dredging activities with less than 2000 tons of dredged material;

Chalk marl or clay extractions when the operator is either aefaoma municipality for

their own use, and when the extraction surface is lower than 30@hen extracted
materials amount lower than 250 tons per year, and the total extracted materials amount
to less than 1000 tons.

Moreover, inFrance all quarries hae to be authorized through the proper authorization
channels except in the cases listed below, which are subject to a softer flystdeclaration
systemFr ench Ordinance, 2002 :and French ACirci

Rock, sand, and clay quarries of small ekteaddressed to historical monuments
restoration when the patrimonial or architectural interest justifies the restoration to be
carried out with the original materials.

Chalk marl and clay extractions when the operator is either a farmer or a munid¢gality
their own usethat is to say to improve the soil texture and acidity rate for a farmer, and
to rebuild local paths for a municipality. Some of them could be 50 meters deep and have
a 4.500 mvolume.

In Tunisia, all underground quarries are governey t he countryds nat.
while open cast (surface) quarries are subject to the Quarries Law only under certain
conditions (Tunisian Order on quarries operation art.1., 1990):

If the quarry consumes over 2,500 kg Bt @ass explosives a ye@.g. nitroglycerin) or

5,000 kg of & class explosives a year (made up with ammonia or potassium nitrate); or,

If the production capacity exceeds 5,000 tons a year for clay quarries or 70,000 tons a
year for other materials; or,

If the quarry uses pecali extraction process as dredging or sawing; or,

If the quarry was classified as a quarry submitted to the Quarries Law by the Quarries
Consultative Council in regard to its environmental impacts.

In Great Britain, Québec, and Malta, all quarrying activig is subject to the quarry
legislation and therefore requires a permit. In Québec however, extraction from a natural
deposit of unconsolidated mineral substances for the building, rebuilding, or maintenance of
logging or mining roads is not submitted tay@arrying permit (CanadQuebec Regulation
respecting pits and quarries, art. B® date is specified).
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3.4.2 Planning of quarries

Pl anning for the mineral extraction industry
Ahow much?0d and eracemineralswhitie thehomterm viewtinaning.

Tunisia and Québechave no national or regional planning system, but rely solely on local
planning. It is prohibited to establish a new pit or quarry in a territory zoned by the municipal
authorities for resential, commercial, or mixed purposes (commenaaldential). In
Québechowever, the Ministry of the Environment listed in its Decree, eight (8) territories of
designated landscape, nature conservation, or heritage value where it is prohibited to
undetake the operation of a pit or quarry (Can&aebec Regulation respecting pits and
quarries, art. 57/No date is specified).

In Great Britain, France, andMalta, national or regional landse planning for minerals is
adopted. It generally consists of twevels, or three in the case of Great Britain. Moreover,
the planning activities are based on the following principles:

Minerals should be conserved, as far as possible, whilst securing an adequate supply to
meet the needs of the economy and society.

Environmental impacts caused by mineral operations and the transport of minerals should
be kept to an acceptable minimum through good operational and management practices.

Restoration of sites should preserve or enhance the overall quality of the environment
after working has ceased and, where appropriate, make contributions to improved habitats
and biodiversity.

Areas of designated landscape, nature conservation or heritage value should be protected,
as far as possible, from mineral development.

The unnecessarsterilizing of mineral resources by using the land permanently for other
purposes should be avoided.

The French planning system for quarries consists of both local planning at the municipal

l evel, and regional pl an nienagal lavel, each munidi@l®p ar t e
council has to put in place a Local Plan Policy (PLU) (French Code of Urbanisme art-L. 123

1.), that indicates the zones that are destined for residential, commercial, industrial,
agriculture development and the zonesthatard est i ned to remain Aunbu
thus the zones where quarrying activities are allowed. At the department level, a Departmental
Quarries Plan defines the general conditions for the working of quarries in the departthent

sets objectivesof rehabilitating and redeveloping sité&ench Law No. 7663, July 19,

1976).
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It takes into account:

National economic interests,
Resources and requirements for materials in the department and neighboring departments,
Protection of landscapes, sitand sensitive natural environments, and

The need for balanced land management, while encouraging the economic use of raw
materials.

The departmental quarries plan is drawn up by a Departmental Quarries Council and,
following the approval of the repredative of the State in the departmenthe Prefect
(APr®feto), it is published. The authority

The complexity of the system stems from the fact that the authorization for quarry operation
must be consistenwith the Departmental Planning as well as the Local Plan Policy. The
Prefect can thus deny a permit that was granted by local authority if directions show for
example that there are already many quarries of the same materials in the area; an act which is
usually prohibited by Departmental Quarries Plans. The Prefect may also, even without any
quarry application, use the Interest Project Process, provided in theplammng Code, to

modify the Local Plan Policy. On the contrary, the Prefect may authergearry in a zone

where the local plan prevents quarries if its opening is essential to carry out the departmental
plan objectives. To that end, the prefect can resort to the above mentioned Interest Project
Process (French Administrative Directive, 1995)

Malta has also developed a two level planning system for its quarry s&ttd002, the

Malta Environment & Planning Authority (MEPARunched a national Minerals Subject
Plan, which covers a teyear period from 2000 to 2010. At a local lewbe Matese Islands

are covered by seven (7) local plan areas aiming at elaborating the national policy and
providing more detailed guidance. In a Local Plan, for example, a policy can relate to
quarrying expansion and identify areas for future quarrying.

The first national minerals policy was contained within the Structure Plan for the Maltese
Islands (1990) aiming at protecting the environment, ensuring adequate supply of minerals as
well as a avoiding their depletiorlowever, this first plan did not grant siefent means for

the control authorities to assume effective enforcement of the national policies.

Adopted in 2002, the newly established Minerals Subject Plan aimed at:

Effective monitoring of license and permit conditions;

Better Control of the impactd extraction, including protection of important landscapes
and sites;

Provision of a comprehensive framework for the future supply of minerals;

51



Management of inevitable land use conflicts between quarrying industry, tourism,
residential development and theeservation of natural and cultural resources.

The MEPA drew up the plan in consideration with international policy and regulations,
particularly those of the European Community, in view of the potential accession of the
Maltese Islands.

The plan consigdred many means of action in a stgpstep gait:

Define the needs and the issues: production and resources evaluation to facilitate a more
accurate assessment of demand; census of abandoned, existing and potential sites
(establishment of databases)

Plannng and zoning: make sure that local land use policies comply with the Minerals
Subject Plan, protect scheduled sites

Improve the regulations enforcement: regulate -aotihorized quarrying activities,
restore abandoned quarries, develop control methods

Improve on current practice: increase the contribution of alternative supplies, particularly
through the recycling of inert construction, demolition, and quarry wastes, diffusion of a
Code of Practice for Quarry Working and Restoratibat provides helpful gidance on

the details of site restoration

The MEPA first undertook research to better establish a database on production and reserves
and it was concluded that there was an adequate supply of minerals for the Plan period and
beyond. For this reason, thEPA decided to presume against the development of any new
qguarries for a period of around 5 years until the database will have been improved. A
framework is meanwhile put in place to guide quarry extensions.

The Minerals Subject Plan also provides a fraomk for protecting sites of nature
conservation importance. Since 1991, 23 specific Nature Reserves have been designated.
Scheduling of Areas of Ecological Importance (AEls) and Sites of Scientific Importance
(SSI 6s) began i n 19 9bbth typic@l larid garei habdatpafchanenta r e a s
springs, watercourses, typical coastal zones, forest remnants, valley sides, deep natural
caveséySl 6s contain individual speci es, grou
particular scientific value.

Theleel of protection for AEIl &s and "S$&élos i s
designates sites of general interest where any development, notably any quarry, must be
permitted. Nature reserves naturally belong to this class.

The Plan lastly prescriseLocal Plans to identify and to protect Areas of High Landscape
Value.
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In addition to national and local plarGreat Britain benefits from regional planning levels:

1)

2)

3)

The national level of mineral planning falls under the Office of the Deputy Prime
Minister (ODPM). The planning systemublished in 1996, is currently being revised
(British Planning and Compulsory Purchase Act., 2004). National policies ensure that
major developments do not take place in National Parks, areas of outstanding natural
beauty o sites of biodiversity, geological or archaeological interest, except in
exceptional circumstances. Mineral developments should be demonstrated to be in the
public interest before being allowed to proceed. There are 3 Minerals Policy Statements
(MPS).

a. MPS1( No v . 2004) sets out t he Governmen
mineral planning in Great Britain. It designates "industrial minerals" areas where
mineral extraction at some future date is a priority issue when takingussnd
decisions. This appach prioritizes local environmental benefits in return for
recogni zing a commit mentApperaires deal vithr e w
specific minerals, notably aggregates, brick clay, and building stone.

b. MPS2(March 2005) covers the principles to be folemin consideration of the
environmental effects of mineral working. I&ppendixes notably deal with
transport, blasting, dust, noise, mine waste, and the impacts on the water
environment.

c. MPS3covers matters related to site restoration and managemestwillmot be
prepared until the draft Directive on the Management of Waste from the Extractive
I ndustries has completed its passage t

Furthermore, Good Practice Guidance (GPG) gives advice to local planning
authorites, the minerals industry, and interested parties about how the policies in
MPS1 might be implemented.

The overall objectives set out in MPS1 are taken into account by Regional Planning
Bodies (RPBs) and the Mayor of London in the preparation of Regiopatiab
Strategies (RSSs, or the Spatial Development Strategy in LoriRIeBs have to seek

and take into account advice from county councils and other authorities with strategic
planning expertise in the region.

Then, the local authorities in charge of foreparation of local development documents
are the Mineral Planning Authorities (MPAs). Outside the metropolitan areas, MPAs
comprise county councils and National Park authorities. In Greater London and the
metropolitan areas, MPAs are respectively, tmdon borough councils and the
Metropolitan district councils.
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MPAs must prepare a folder of documents for delivering the planning strategy for the area.
They will notably include Local Development Documents (LDDs) and a Statement of
Community Involvemen These documents should be in general conformity with the RSS.
Local authorities must use MPSs and GPGs as guidelines.

LDDs include a core strategy, site specific allocations of land, area action plans where needed
and a proposals map. They will form tse&atutory Development Plan together with the
relevant RSS. Development plans for minerals should provide a clear guide to mineral
operators and the public about the locations where mineral extraction may take place. They
should set out clear and appropei@evelopment control policies, which should include the
safeguarding both of sensitive environmental features and of mineral resources with potential
for future extraction. They should cover all aspects of environmental and resource protection
includingrestoration.

The form, content and the procedures for making, altering and replacing these plans are given
in the Town and Country Planning (Local Development) (Great Britain) Regulations 2004.

3.4.3 Rehabilitation and renaturation of quarries in the reviewed ountries

The purpose of land renaturation is to reintegrate the pit or quarry into the environment after
operations have ceased. Mineral workings can often provide the opportunity in their
restoration and aftarse to create new wildlife habitats, landfoand sites of geological
interest.In all the five countries of this study, land renaturation/restoration is obligatory

Proposals for site renaturation and aftercare form an important part of the application for a
quarry permit. Where there is serious bibabout whether satisfactory reclamation can be
achieved at a particular site, there must also be doubt whether permission for mineral working
should be given.

In terms of content, the proposal should be sufficiently detailed for a realistic overview of:

Intended afteuse of the site,

Phasing of progressive restoration activity,

Final landform and landscape,

Monitoring and supervising procedures by the operator to ensure proper completion of
the restoration , and

Details of the materials to be usedluding overburden, soils and sédrming materials.

Tunisia andMalta have climates quite similar to that of Lebanon. These two countries face

difficulties in site restoration due to their relative shallow soils and limited water resources. It
Is therefore difficult to successfully establish vegetation, both natural and landscaped without
carefully consideration and selection of vegetation, which is to be included as part of a

renaturation and landscaping strategy.
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In Malta, permit applications mushclude the detailed arrangements dde restoration and

for aftercare which should cover a period of five (5) yddtaltese Development Planning

Act, 1992; and Maltese Minerals Subject Plan, 208pplications must also include details

of the longeiterm management of sites, particularly where restoration is for agriculture,
forestry, amenity, or nature conservation purposes. Where it is agreed with the MEPA that it
Is not appropriate to include the detailed restoration scheme, the application shveeNemho
include a concept scheme including illustrative details of contouring and landscaping.
Proposals for minerals development should be designed, wherever possible, to allow a phased
sequence of extraction, restoration and implementation of the plafeedise. To secure
adequate renaturation, the MEPA is requiring since 1992 a restoration bond on new and
extended sites.

In all cases, on completion of restoration works, operators must demonstrate that quarry faces
have been rendered stable. The restmmagcheme for the site must indicate gineposals for
treating quarry faces. On the cessation of extraction activities, all buildings, plants and
machinery must to also be removed from the site. Any haul roads that are not integral to the
afteruse of tke site must be removed as well. Inert wastes, wherever possible, should be
recycled and used as construction materials or may be used in the restoration of existing and
new quarry sites.

In Tunisia, an operator who wishes to cease quarrying activities Idhodorm the
administrative authority. The latter then proceeds to a site visit and evaluates the rehabilitation
works with regards to the terms of the initial consént.is found that the operator is not in
compliance, the administrative authoritynca c ompl et e t he rehabil it
expense. Anybody who would infringes on the rehabilitation obligation is liable to a term of
imprisonment of three months to one year and a fine of 2.000 Dinars (1.250 US$) at the
maximum, or to one of thessvo penalties.However, there is no guarantee mechanism
(Tunisian Law No. 820, 1989).

In France, the permit defines the conditions of rehabilitation of the site at the end of operation
(French code of Environment). Any quarry operator who does not comjly the
requirements for rehabilitating a quarry authorized will be refused further authorization
(French code of Environment).

In order to protect the public safety, easements may be instituted on old quarries to limit
construction and development worked promote the establishment of camping sites or
Caravan Parks. The institution of easements in the public interest is established either by
request of the party applying for authorization, request of the Mayor of the commune in
question, or initiative the representative of the State in the department (French code of
Environment).
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The project defining the easements and the area is subjected to a public inquiry, in accordance
with the measures of the French Law No-@® of July 12, 1983 relative to &h
democratization of public inquiries and the protection of the environment, and to the opinion
of the Municipal Councils of the communes through which the area extends. The easements
shall be appended to the zoning layout of the commune as providedHerAmticle L.1261

of the TownPlanning Code.

In Great Britain, MPAG6s have the power to Iimpose restor
consent (British Environmental and Planning Acts, 1995 and 2004). When an MPA decides to

impose restoration conditig, it has also the power to impose aftercare conditions. These

latter cannot require the operator to complete steps that will take longer than five years from

the date the restoration condition is satisfied. The steps included in the aftercare coadition c

relate only to the treatment of the land, such as draining, cultivation, planting, fertilizing and
watering.

The MPA monitors the aftercare and issues a certificate once it has been completed.

Guidance on good technical practice for the reclamationiéna development sites as well

as potential site aftarses are contained Mineral Planning Guidance 7 Reclamation of
Mineral Workings (MPG 7)Moreover, the use of mineral waste in site restoration should
conform to the relevant waste managementrotsadopted by the Environment Agency, and

in due course, by the competent authority to be designated under the forthcoming EU Mine
Waste Directive. It is intended that MPS3 will update MPG 7 on matters related to site
restoration and management, to take account the requirements of the Blinhe Waste
Directive

In Canada (Québec),renaturation must be completed within a time limit of one year
exceptionally two years after the date when the operation of the pit or quarry has ceased
(CanadaQuebedregulation respecting pits and quarries, art Nibdate is specified)

Where the operator has chosen to restore the site simply by leveling and revegetation, the
land restoration plan must be carried out concurrently with the operation of the pit or
quary.

If the topsoil and overburden are preserved during the operation of the pit or quarry, they
must be stored separately. The topsoil and overburden shall later be deposited on the
leveled surface during restoration, to facilitate the growth of vegetéfianadsQuebec
Regulation respecting pits and quarries, art. 40. No date is specified).

In the case of a pit, the restoration plan must not allow the slope of the worked surface to
be more than 30° from the horizontal unless the ground is to be sthiniligeme way to
prevent landslides and erosion. Where a quarry is located on the side of a hill, mountain,
cliff or slope, the final vertical cut must never exceed 10 meters. The operator may make
several superimposed vertical cuts of at least 10 metev&dpd such cuts are separated
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by horizontal terraces at least 4 meters in width (Can@dabec Regulation respecting

pits and quarries, art. 38. No date is specified).

Each horizontal terrace must be covered with vegetation.

Where the restoration projeconsists in creation of an artificial body of water, it must be
designed to prevent water stagnation. Such artificial body of water must be at least 2
meters in depth at its shallowest point (Car@dibec Regulation respecting pits and
quarries, art. 42No date is specified).

On completion of the land restoration project, the surface of the pit or quarry must be free
of all debris, rubbish, stumps, noisable material, pieces of machinery or other such
litter.

The Quebec regulation also provides tthegt operator of a pit or quarry may restore the site

by establishing a landfill in the pit or quarry. In other words, waste management facilities are
not differentiated from the rest of the site. The application for authorization to establish such a
landfill must be filed with the Minister not less than 1 year before total or partial cessation of
the operation of the pit or quarry. In addition, the land filling must begin at the latest 1 year
after the pit or quarry operations have ceased. If granted,uthereation operates as an
amendment to the restoration plg@anadaQuebec Regulation respecting pits and quarries,
art. 47 No date is specified)

Most countries of this studgecognized thatninerals extraction may proceed over several
decades, duringvhich the needs and aspirations of the public could substantially change.
With regards to rehabilitation, this may impact the appropriate-a$erof the site. As
standards change, it may be necessary to review consents with a view to imposing new
conditions. In most countries, the regulatory authority may compel quarry operators to
comply with newly established laws and standards, even if they were already in operation
prior to the ratification of the law.

In Malta, the Malta Resources Authority, whiclowm manages the Police Licensing
System, requires an annual review of licenses. This leaves room to impose new
conditions and standards on the oper&iorehabilitation.

In France, the DRIRE can require a revision of the permit provisions whenever itsdeem
necessary.

In CanadaQuébec)the operator may, at any time, alter the submitted restoration plan by
forwarding the modified plan to the Minister for approval similar to the original
restoration plan.
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3.4.4 Financial issues of quarry planning, rehabilitationand renaturation
3.4.4.1 Fees and Taxation of quarry management

In Great Britain, fees and charges are definedttyy Secretary of State but @cebe paid to
the Local Authority.

The Secretary of State publishes and regularly revises a scheme prescribing:

1. Fees fo quarry permit application by local authority permits;
2. Fees for the variation, transfer and surrender of permits; and
3. Charges for the subsistence (renewal) of permits.

Moreover, the financing scheme:

Makes different provision for different cases, inchgldifferent provision in relation to
different persons, circumstances or localities;

Allows for reduced fees or charges to be payable in respect of permits granted to the
same person;

Provides for the times at which and the manner in which the paynentsed by the
scheme are to be made.

In the financing scheme, the Secretary of State also, secure that the fees and charges payable
under the scheme are sufficient to the extent practicable, taking one year with another, to
cover the expenditure incurrég:

Local authority regulators in exercising their functions in relation to local authority
permits

The Environment Agency in exercising its functions of control of the respect of the
authorization conditions, or in preparing guidance in relation to thikogzation of
installations and plants covered by local authority permits. The sums paid to a local
authority regulator related to the expenditure incurred by the Environment Agency shall
be paid by the local authority regulator to the Environment Agency

In France, the Classified Installations Law established a-remurring tax payable by all
classified installations at the time of any authorization or declaration. It established
furthermore an annual charge payable by those among the said estaliBstumieh, by
virtue of the nature or volume of their activities, involve special risks for the environment and
which, for that reason, require detailed regular inspection.
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3.4.4.2 Rehabilitation and renaturation funding and guarantees

Quarries activities may preed over a long period and may even cease temporarily only to
reactivate at a later date. As extraction may cease either in the short or longer term, it is
difficult to establish whether the activity may restart or if the quarry has been abandoned. As a
result, restoration guarantees are used in many countries to protect against restoration failure.
It acts as a safeguard for regulatory authorities and the public to ensure that restoration will
take place to an acceptable standard and to protect agaumabamof factors including:

Liguidation or bankruptcy of the operator

Inadequate monitoring and enforcement

Operator fiwal king awayo from obligations
Inadequate or inappropriate conditions on consents

ok w0 nNPR

Shortage of fill materials

A financial guarantee is tygally used to ensure sufficient resources are set aside to cover the
expenditure of restoration. Commonly, guarantees are required for the following:

to ensure that restoration occurs
to ensure landscaping schemes are carried out
to ensure the removal pfant and machinery on the completion of extraction

Moreover, these guarantees can come in several forms including:

Bonds
Deposits
Mutual Funding Schemes operated through trade or similar umbrella associations.

In devising mechanisms to act as a gowe, it is important that excessive costs are not
placed on operators in the shi@tm, which could reduce investment in other environmental
mitigation measures or investment in modern plant and equipment.

Two types of guarantee can be identified:

A guamantee is determined on an ad hoc basis according to the type of mineral extracted
and extent of the consent

A nationally organized funding scheme organized for example through a trade
association, as in the UK, which is targeted at restoration failuiagafrem liquidation
or bankruptcy.

In some countries, guarantees are underpinned by legislation, while in others they are
common practice, required through conditions or agreements.
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Guarantees or financial sureties are a form of risk management arirresknally defined in
engineering terms as "Hazard" times "Probability of Occurrence”. In this case, the hazard is
an abandoned quarry site requiring action. The probability of this occurring is determined by
many factors. These include:

Poor Physical PAnning for Closure It is obvious that, if a quarry is not designed with
its eventual closure being taken into account, there are likely to be problems.

Insufficient money An excellent plan is not useful if there are no funds to implement it.
This probem can arise for a number of reasons, including:

Cash flow problems, caused for instance by low prices of aggregates.

Premature closure, which can arise for many reasons,

Company failure, which is a concern because quarries are often run as singleroperat
companies and cannot rely on their parents, which may, in any case, not have any
other income.

Sureties mitigate risk but do not eliminate it. Examples of remaining risks include:

Financial failure of the provider of the surety

Legal risks: it is onlywhen a surety needs to be realized that its effectiveness is really

tested.
The most secure approach to guaranteeing closure funds would be to require a full up
front deposit of cash. However, in deciding on amounts and methods of providing
S e c u r riedulaterys agendies have recognized the need to balance the cost of reducing
risk against the benefits this may achieve, and do not normally insist on such a deposit.
This is because they recognize that it would impose unnecessarily high costs, when the
risk of closure in the first few years of operation is normally verp[®foceedings of a
seminar on financial guarantees and securities in the extractive industry located on:
www.odpm.gov.uk).

There are several benefits to financial guarantees. Firdoammost they provide a level

of certainty for communities and regulators that financial failure will not lead to long
standing environmental costs or public sector costs. Secondly, they assure the Polluter
Pays Principle. Third they assure industry agasgutational risks and provide incentives

for progressive restoration. Lastly, they provide an incentive for the dissemination of good
management practig®@DMP, UK 2006).

The costs of guarantees on the other hand take the form mainly of opportsigy co
where there would be displacement of investment capital, especially in the case of "up
front" or cash deposit schemes.

The English/British experience is particularly interesting. Companies involved in quarrying
activities decided to create mutual mestion fundslf it appears to the MPA that a bond or
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guarantee is required but an operator can demonstrate that it is covered by an industry
guarantee scheme, the Government considers that a bond should not be necessary.

First, it was the Sand and Gravessociation, known as SAGAthat inaugurated a sand and
gravel restoration guarantee fund in late 1974. The fund was underwritten by SAGA's
members as a mutual fund, which would give minerals planning authorities the confidence
that any site in the ownghip of one of the members would be restored to an acceptable
standard in the event of that member's insolvency.

In 1997, SAGA and the British Aggregate Construction Materials Industry (BACNHg

other trade association at that time dealing genewvatly those members producingushed

rock, lime and asphalt, together with about 60% of concrete and sand and gravel preduction
merged to form the Quarry Products Association (QPA).

Meanwhile, the Chancellor announced that he was considering if theristifisation for
introducing specific environmental taxation of surface minerals extraction (including quarry
products). In July 1999, the QPA submitted to the Deputy Prime Minister a detailed package
of voluntary and regulatory initiatives to form a listic alternative to the proposed
aggregates tax. The QPA's 'New Deal' package included a proposal for the setting up,
management and operation dQaarrying Industry Sustainability Foundation

While it was recognized at the start of QPA that the fuag wnly applicable to sand and
gravel, it was agreed that crushed rock would need to be included as soon as possible, in order
to be able to claim coverage for all the aggregate sites in members' ownership.

Key elements of the QPA's package included:

Credion of a National Foundation for Environmental Improvement and Sustainable
DevelopmentThe Foundation, wholly funded by the industry and estimated to cost £25
million per annum, would have directed key initiatives including:

- Rehabilitation of orphan guries

- National research programme on the sustainable development of quarrying
- Funding and development support of the Aggregate Advisory Service

- Extended Quarry Restoration Guarantee Scheme

- Biodiversity Plan

Introduction of a compulsoryransport Codeof Practicedeveloped through partnership
with local authorities and other interested parties.

Industry wide implementation of ISO 14001 (Environmental Management Systems).

Environmental Assessments for ALL new mineral extractive developments, regastiles
size.
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Revision of the Planning Fee Structure, with higher fees to local authorities to enable a

greater emphasis on consistent monitoring and enforcement of the terms of consents. It is
proposed that these fees would be discounted for companies kdvehimplemented

ISO 14001 in order to encourage the extension of best practice in environmental

management across the whole of the industry.

Today, the QPA is the major trade body representing UK companies involved in aggregates,
silica sand, lime, as$plt, readymixed concrete and mortar production. In terms of volume,
these companies are responsible for about 90% of UK output. The QPA fund covers some 800
sites. QPA has some money in the bank, attracting as high an interest rate as can be achieved,
which is available at very short notice for any claim. Members have also committed
themselves to support claims up to a total of £1 million and any one claim of £500,000. Their
obligations are proata on their production volumes.

In parallel, in late 199%he British Aggregates Association (BAA) was founded representing
mostly smaller operators, the 10 % left. The new association had been initiating its own
scheme, based on similar lines to the old SAGA scheme.

The SAGA and QPA funds have never, in theimbmned life of some 32 years, been called
upon. Progressive restoration is now very much good practice, either because it is demanded
by the MPAs as part of the planning consent, or because the operator sees it as more efficient,
effective and less riskyhaéin leaving it until the very end of the quarry's operational life. This,

in turn reduces the likelihood of a member's financial difficulties causing catastrophic
restoration default.

However, some research showed that the low cost of the primary aggregttie UK had

led the industry to decrease the efficiency with which aggregates were used. A research
suggested that materials wastage on building sites in the UK was equivalent to building
13,000 extra homes every year.

In 2002,the British Chancellorfahe Exchequer finallyntroduced a new tax, thggregates

Levy in order principally to secure the system, angtovide an incentive to increase the
recycling of aggregate materials, theusee of components and materials and the utilization of
secondey aggregates where appropriate. The tax aims over time to reduce land take by
guarrying and the environmental impacts associated with it.

The new taxsupplies arAggregates Levy Sustainability Futitht can operate an integrated
package of policy measuresmed at developing a sustainable aggregate supply industry
including planning measures, regulations, product standards, research programs, promoting
the uptake of environmental management systems and targeted information programs.
However, the QPA's fundhas become a valuable complement to the tax, especially
concerning the issue of orphaned quarries.
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InFrance, t he proof of the applicantds technica

after closure consists in a provision of financial gontgas. They are provided by a written
commitment from a credit institution, or an insurance company (French Decree-Nb33,7
art. 233, 1977). Its amount depends on the category of installation and its dimension.

This demand is required for all Clasedi Installations but it binds the grant of authorization
only for a few categories of installations, two of whom are waste storage installations and
quarries (French Decree No.-I1I33, art. 232, 1977), and it is required after the original
authorizationas well as after authorization for a change of operator. Activity at such facilities
cannot start unless financial guarantees have been provideslauthorizing Order sets the
amount of the financial guarantees required and the conditions in whicimihishas to be
updated.

In CanadaQuébec
In Canada, several funding approaches towards rehabilitation are undertaken, following
certain criteria and principles in order to decide who shall pay and how for quarry creation.

These principles and criterizeaused in Canada to assess funding approaches to abandoned
mine (or quarry) rehabilitation. These principles and criteria are adopted from Castrilli 2003
(Castrilli et al., 2003) (Table 12).
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Table 12 Principles and criteria to assess fundopyaachesastrilli, et al,2003)

Principles and Criteria

Description

1 | Polluter pays The one in responsibility for the quarry should fina
rehabilitation costs

2 | Beneficiary pays The ones who benefited from the quarry (e.g. public) sh
finance rehabilitabn costs

3 | Fairness Fairness refers to notions of certainty of process, effective
efficiency, clarity, consistency, and timeliness in achiey
environmental objectives. It is related to Polluter ;i
beneficiary pays principles.

4 | Sustainable dealopment SD should provide the overall framework in which a qué

(SD) goals rehabilitation program should be developed.

5 | Openness, accessibility, Public input and access to information about the qu

participation rehabilitation needs to be alwatgdken into account.

6 | Revenue generating capacity The funding mechanism needs to generate sufficient fund
the task at hand.

7 | Administrative ease The generation of revenue, its collection and application n
to be through a relatively simplyquess.

8 | Economic impacts The economic impacts of the funding approach undert
needs to be assessed in order to safeguard the competiti
of the industry among other things.

10 | Discourage future site The funding approach should alsaiscourage future

abandonment abandonment of quarries without rehabilitation.

11 | Public perception The perception of the public towards the funding approad

important, as it also impact political initiatives towal
rehabilitation.

Five funding approaches ammdertaken in Canada (Castrilli, Joseph F. & C.N Watson and

Associates Ltd., 2003):

First,

not enforce, adequate rehabilitation during the operating life of the quarries and there is now

Government funded programs from general revenues;

Nationatmunicipal government funded cestaring arrangements from general

revenues,

Levies on industrial production;

Gowvernment industry partnerships; and

Non-profit organization trust funds.

the Canadian government or governmental bodies (whether national, provincial,
municipal or a combination of natiosptovincial municipal) could pay for the rehabilitation
of abandoned quarries out of general revenue. The government either did not require, or did
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no one available (or some other reason) upon whom to impose thesaaliraligations.
This approach makes all taxpayers responsible for financial resolution of the problem
(Castrilli, et al. 2003).

Second the present Canadian quarrying industry could contribute to a fund that can pay for
rehabilitation of orphaned/abandmhquarries. The theory behind this funding approach is a
generalized notion of polluter pays or internalization of external costs imposed on the industry
as a whole as a cost of doing business in the jurisdiction in the future. This approach makes
the quarying industry, and consumers of the products made by the industry, responsible for
the financial resolution of the problem (Castrilli, et al. 2003).

An i mportant example to illustrate here 1is
(ARA). Administered by the Ontario Ministry of Natural Resources, the purposes of the ARA
is to rehabilitate land from which aggregates have been acquired. To assist in this initiative,

the ARA recommended the establishmenmnidesof t
for the O6rehabilitation of abandoned pits a
their location and condition and research on aggregate resource management, including
rehabilitationdé (Castril |dgdefinestsrrestoringte®afdig . &

its former use or condition or changing it into something compatible with the use of adjacent
land. Regulations within the ARA impose an annualcgirt per ton licensing fee for each ton

of aggregates removed from théestluring the previous year. Oheelfth (or 0.5 cents) of

the six cents per ton fee must be provided to the Trust for purposes of abandoned pits and
quarries rehabilitation and research (the other 5.5 cents go to the municipal, county or county
governmerg in which the site is located). Within thigust, a separate Management of
Abandoned Aggregate Properties Program (MAAP) specifically targets the quarries
abandoned prior to the start of 1990. Over 200 hectares have been rehabilitated from 1990
2001, coshg $2.5 million dollars (TORA&ntaric Canada).

Third , the Canadian government could provide incentives for existing quarrying companies
to rehabilitate orphaned/abandoned quarries (governmeumstry partnership). These
incentives could come in therfa of tax deductions, exemptions from liability, issuance of a
quarrying license on an adjacent site, financial contribution by government in partnership with
a quarrying company, or other similar arrangements. This approach makésxpatyers and
consuners responsible for financial resolution of the problem (Castrilli, Joseph F. & C.N
Watson and Associates Ltd., 2003). In Ontario, the Ministry of Northern Development and
Mines (ONDM) and the Ontario Mining Association (OMA) recently signed a memorandum
of understanding that would allow mining companies to make voluntary contributions to
rehabilitate abandoned mine sites in return for a tax deduction and indemnification from
liability. The ONDM would administer funds received from industry, governmenogthoasr
parties.
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Fourth, the Canadian government could, without imposing new taxes or fees on the quarrying
industry, (1) redirect a portion of existing quarrying tax revenue, and (2) reduce existing
incentives to the industryand earmark both streams taplbaned/abandoned quarry
rehabilitation generally, or through a fund specifically designed for this purpose. This
approach makes both taxpayers and consumers of mineral products responsible for financial
resolution of the problem (Castrilli, et al., 2003).

Fifth, the Canadian government could use a combination of the above or related funding
approaches, including contributions from rgovernmental organizations (e.g. large
companies) or other such means. The latter (Trust fund) approach blends indeteisveiat

of industry, public (and individual) financial contributions to attempt to solve the
orphaned/abandoned quarry problem on a programmatic basis. Companies, governments,
individuals contribute money without having any particular site in mind whegnrttake their
contribution. In that regard, the approach works like an industry levy contributed to a fund
with the difference that the industry and private contributions are voluntary, and come with
tax deductions (Castrilli, et al., 2003).

For future pemitting of mines in Canada, Québec for example (in the case of a pit) demands a
guarantee of 5,000 $ where the stripping is less than or equal to 1 hectare and 4,000 $ per
hectare or fraction thereof where the stripping is greater than 1 hectare, tlzatepidoeing

in one of the following forms:

Cash or a certified check made out to the Minister of Finance;

Bearer bonds, cashable at all times, issued or guaranteed by the Government of Québec,
the Government of Canada or a municipality and whose market isaht least equal to
the amount of the guarantee required;

A joint and several deed in the form of security or of an insurance policy, with a waiver
of the benefits of discussion and division, issued by a banking institution, a savings and
credit unionor an insurer;

An irrevocable letter of credit issued by a banking institution or a savings and credit
union.

The Minister may use the guarantee where the operator neglects or refuses to carry out his
restoration plan or where the operator becomes ban&ru the operator is a corporation, if

it winds up its affairs. Before using the guarantee, the Minister must give the operator 60 days
advance notice. Upon expiry of that time limit, the Minister may use the guarantee for
restoration of the pit unlesbe operator has, in the meantime, undertaken the implementation
of the restoration plan.

Where the operator does not complete the restoration plan, the Minister may give
another 60 days advance notice and use the guarantee.
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Where the operator chooseseatoration method consisting in levelling and renaturation with
appropriate vegetation of the site or in a landfill made up of earth, sand or stone, followed by
surface renaturation, 75 % of the guarantee shall be remitted to him after the Minister has
ascertained that he has complied with the rehabilitation scheme. The balance of the guarantee
Is remitted after two years, when the renaturation of the land is completed, unless the
environmental milieu will not support perennial vegetation.

Where the oerator chooses other restoration options, the guarantee shall be remitted
to him in its entirety after the Minister has ascertained that the operator has complied with the
rehabilitation scheme, insofar as these apply to the restoration plan which hasatveszh
out. The guarantee shall not be remitted to the operator if it has been used by the Minister.
However, if the amount of the guarantee is greater than the cost of the restoration work
carried out on the Minister's orders, the balance shall beteginbit the operator.

In Malta, the only considerable mineral that is quarried and used for construction purposes is
limestone, and in specific globigerina limestone (for construction of domestic and commercial
buildings) and crystalline limestone (turnedsand and gravel to be used in concrete slurries).

The existing policy and regulatory framework for quarrying and mining present in Malta
(Malta Environment and Planning Authority, 2003) is guided by several policies, namely:

International Policy

Existing Structure Plan Policy

Local Plan Policy

Development Control System

On the international level, not only has Malta voluntarily bound itself to the Rio Declaration
on Environment and Development in 1992 (specifically the concept of sustainable
developmet), yet is legally bound by the regulation set forth by the European Union,
specifically concerning the objectives first set by the Single European Act (Article 130)
(Malta Environment and Planning Authority, 2003):

- To preserve, protect and improve thelguaf the environment

- To contribute towards protecting human health

- To ensure a prudent and rational utilization of natural resources
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In 1990, Malta had a Structure Plan that sought to meet the main objective of satisfying
demand for aggregates byllyu exploiting existing quarries. However within this plan,
controls on both the siting of the quarries and on the operation and restoration of quarries
were discussed and eventually carried forth into the Local Plan Policy (Malta Environment
and Planninghuthority, 2003).

The Local Plan Policy is a set of seven local plans for seven areas to expand upon adopted
policies in the Structure Plan in order to give more practical guidance where necessary (e.g.
identifying future quarry areas).

With respect to garrying, the Development Control system in Malta first organized the
guarrying sector by the issuance of a (1) Code of Police Laws, (2) Development Planning Act,
and (3) Environment Protection Acts.

The oldest of the three was the Code of Police Laws, hittwthe quarry applicant was
required to submit details of land ownership, a site plan, and a declaration saying no quarrying
would take place until the issuance of a license. In return the police consulted several public
authorities (Planning Area PermitBoard, the Director of Trade, The Department of
Environment, the Director of Workuarries and Explosive, the Ministry of Tourism, the
Director of Museums, the Water Works Department and the Chief Government Medical
Officer among a few others) that teas right to refuse to grant clearance, or subject clearance
to certain conditions. However, no restoration schemes were identified and no conditions in
reality were imposed. Furthermore, the renewal of a license happened more or less
automatically withouteally any monitoring and controls ((Malta Environment and Planning
Authority, 2003).

The Development Planning Act established the Malta Environment and Planning Authority
(MEPA) and replaced the license regime with development permission (permits)
requrements. The Act also established a new development control system through the
requirement of Environmental Impact Assessments for most quarry developments, tying
landscaping and restoration requirements for quarries to bank guarantees, and requiring that
MEPA permits for development to be site and area specific (in place of being tied to a specific
owner)(Malta Environment and Planning Authority, 2003).

Lastly, the Environment Protection Act establishes a number of key principles, including the
protection of the environment through preventative and remedial measures, the consideration
of environmental as well as socioeconomic concerns, the minimization of pollution, the
safeguarding of biological diversity and cultural heritage and the conservationuoélnat
resources (Malta Environment and Planning Authority, 2003).
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Present and Future Quarries in Malta

MEPA requires a restoration bond on new and extended sites in Malta. Restoration guarantee
mechanisms are in place to ensure against (1) the liquidattitne operator, (2) inadequate
monitoring and enforcement, (3) operators walking out from obligations, (4) inadequate
conditions on consent and (5) shortage of fill material (Malta Environment and Planning
Authority, 2003).

MEPA has identified two typesf guarantees, the first of which is a guarantee thats
determined on an ad hoc basis according to the type of mineral extracted and extent of the
consent, either by reserve, production or consentedoared Mal t a Envi r on me nt
Authority, 2003),and the second is a nationally organized funding scheme (e.g. organized
through a trade association). The second scheme however is not implemented in Malta due to
the absence of such a trade association (Malta Environment and Planning Authority, 2003).

On the Maltese Islands, it is now standard practice for new applicants for minerals and
minerals related development to require bonds to be submitted to ensure that certain works are
carried out. A bond of amount X is initially submitted but is reduced tgrin percentage

once landscaping strategy is agreed. The bond would continue to be reduced on a sliding scale
once certain works are carried out.

Abandoned Mines in Malta

Due to the fact that quarrying in Malta used to require only a license undeodeeof Police
Laws (see Section.3.6.2), whereupon no restoration scheme was required, the rehabilitation of
abandoned quarries places no legal requirements to past quarry operators.

To deal with the issue of abandoned quarries in Malta, the governsngniply contracting

out rehabilitation of abandoned quarriesthe private sector, taking into account that the
private sector i's to charge a per ton ta:
construction material (between 2003 and 2005, 3.57 million tons of construction material
have been disposed in the vaisoquarries in Malta). In this case, the private sector achieves
cost recovery from the tipping fees of disposing of construction wastes (WasteServ Malta Ltd.
Website). The contractors in Malta who wish to dispose of construction wastes at quarries, are
to register with the private company(ies) selected by the government to rehabilitate quarries.
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3.5 Impacts and influences of quarries on the environmenand possibilities for their
mitigation

In Lebanon several types of impacts from quarrying activities ardifebd at different level

of significance. These impacts include among others all the positive and negative, short and
long term, direct and indirect, reversible and irreversible impacts on the physical, biological
and socieeconomic environment. On tlather hand there are possibilities for mitigation of

the environmental pollutions and disturbances. This is very important, because principally
before the initiation of each quarry should be exist a mitigation plan. This plan should address
all measures, fiether technical, legal, social, and economical or other should be considered in
order to prevent, reduce or mitigate the negative impacts of the proposed quarry. In this
mitigation plan and for each impact, all the possible mitigation measures shouldibedo

and the preferred one described in details, including the reasons for choosing it (World Bank,
1991; ElFadel M, et al, 2000). The potential environmental impacts of the preferred
mitigation measure should also be discussed.

In this chapter wilshow following the literature studied, what are the most important impacts
of quarries on the environment and what for possibilities there are to mitigate them.

3.5.1 Quarries and physical environment
3.5.1.1 Impacts on water resources
Impacts to ground and surface wea include:

Decreasing aquifer recharge and increasing surface water runoff where topsoil is removed
leaving bare rock surfaces

Disturbing land drainage, and overloading and eroding receiving watercourses, due to
greater and faster runoff and uncontrollpdmped discharge of surface water and
groundwater

Altering the surface over which water flows
Changing the pattern of surface water flows

Changing the surface and groundwater resources quantity and quality, such as partial
blockage of streams due to roamscrushers construction over or within the right of way

of streams and water contamination by particulate matter or by waste material deposited
on river banks

Increasing the risk of contamination to underlying aquifers due to removal of the natural
filter medium

Exposing groundwater to quarry wastes
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Mitigation measures:

Avoiding of places with water springs and bourns;
Replacement of water flows;
Fast renaturation in order to improve the water household.

3.5.1.2 Impacts on air pollution

The mainimpact on ar pollution is the increase in dust emission. Dust is any solid matter,
emanating from a surface mineral working or from vehicles serving it, which is borne by the
air. It can be emitted from a stack as a plume or it can be picked up by the wind from the
ground, the surface of a road or a stockpile. Depending on their chemical composition, the
particles can be chemically active. The main effects of dust are:

Reduction in visibility due to dust plumes

Coating and soiling of surfaces leading to annoyancéamsdf amenity
Physical and/ or chemical contamination and corrosion

Increase in the concentration of suspended particles in runoff water

Coating of vegetation and contamination of soils leading to reduced photosynthesis;
inhibition of growth, destroyingf leaf tissues, premature leaf fall, degradation to tree
bark due to alkaline dust and possibly reduced value of agricultural products

Increase in health hazards due to inhalation of dust, e.g. asthma, or irritation of the eyes
Obstruction of road signs
Deterioration of the quality of life

Mitigation measures include:

Planting wind breaks
Covering crushers, screens and heaps of stared material
Misting access roads and any other place where dust is likely to deposit and accumulate

Adequately covering truck the cover should fold on the vertical sides at least 50 cm and
be tightly roped to prohibit dusting or dropping of gravel

Fitting dust creating equipment with effective dust suppression systems

3.5.1.3 Noise related impacts

Quarry noise is normally associatedth vehicles, trucks, lorries, caterpillars, operation of
draglines, dredges, dampers, drills, pumps and crushing plant, construction of screening
bunds, earth moving and the stocking of overburden mounds and blasting. Noise effects
include:
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Annoyance tahe neighbourhood and deterioration of the quality of life

Disturbance to animals and birds leading to their poor production and breeding success
levels

Mitigation of noise appropriate measures includes:
Providing noise control measures
Limiting the hoursof operation and avoid working at night

3.5.1.4 Impacts due to vibration

Vibration, due to blasting, is transmitted through the ground and air pressure waves. It can
have the following effects:

Shaking of buildings and people which cause damage and nuisance

Propelling of rocks fragments in the air due to explosion which is dangerous to people
and property both inside and outside the site

Slight disturbance to the deep subsurface structure that may lead to modifications in
water courses

Mitigation of vibration agpropriate measures includes:

Testing suitable blasting techniques adaptable to each specific site

Measuring ground vibration and air overpressure transmission as a function of distance
and charge of a delay

Monitoring and reoptimizing throughout operatiomnd whenever required by the
authority

Adopting adequate blasting design, accurate setting and drilling, and correct charging and
explosives

Using more frequent blasting, reducing the surface area and the degree of surface heave

Using delay (successivektbnation, which is preferable to instantaneous firing since it
gives better fragmentation, higher efficiency of explosive used, reduced vibration and has
better control of the rock

Avoiding gas venting by accurate drilling and complete filling of borehole

Blasting a limited heave depth not exceeding 6 meters and adopting terracing method
since it reduces fly rock risks, vibration, overpressure and the probability of unstable
qguarry faces and improves work efficiency

Covering blasted surface, particularty populated areas and when distance to roads is
less than 200 m

Avoiding blasting early in the morning, in the evening, on weekends and in public
holidays

Avoiding blasting in adverse weather conditions; i.e. when moderate to strong winds are
towards the ensitive areas or during cloudy days with a low cloud ceiling, foggy or hazy
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days as a heavy cloud cover at warm air temperature at high altitudes reflects noise back
to the ground

3.5.1.5 Impacts on landscape

Landscape changes and visual intrusion can result épearrying activities. Landscapes are
affected by:

Changes in land values

Quarrying activities and shape
Colours contrast

Deforestation

Waste dumps

Product stockpiles

Crushing or washing plants

Haul roads

Soil erosion

Effects of displacing agriculturattvities

Effects of displacing or harming cultural and archeological properties and sites of
religious significance

Mitigation of landscape changes and visual intrusion appropriate measures include:

Tree planting at a maximum spacing of 7 meters withranmum height of 1.5 meters at
planting date. These trees would only give a local treatment and could act as windbreaks.
Adequate trees should be selected to meet the objectives

Placing the crusher and other treatment systems inside the quarry site andheotoad;
Avoiding a straight uninterrupted vision from the road to the working site

Constructing an embankment of 1.5 to 2.0 m high to delineate the quarry site and 0.5 to
1.0 m off the right of way of rivers, valley and roads; this embankment wooldgp the

rivers, valleys and roads and would provide local landscape treatment. It shall be
protected from erosion and planted with shrubs or creepers

Filling depressions with soil to promote vegetative growth

Promoting vegetative growth on most quaragds, except the vertical hard rock ones.
Various practical measures can be adopted using wire mesh, geo textile, hollow mesh
mats and compost material
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3.5.2 Impacts on the biological environment

Potentialimpacts on fauna and flora: either directly through waral by clearing; or
indirectly by dust emissions, noise, water pollution and increase in the number of people

Risk of loss of a habitat and changes likely to occur in existing habitats
Removal of feeding areas
Displacement of fauna

Mitigation measures iclude:

Preventive measures should be applied such as screening and investigation, during the
project planning, for the presence of sensitive, rare, threatened or endangered species and
trying to avoid locating the project in such locations

Since the sourceof impacts are directly related to the physical environment (vibration,
dust , | andscapeée), applying the mitigation
attenuate the biological impacts.

3.5.3 Impacts on the SocieEconomic Environment
3.5.3.1 Social impacts

Potmt i al i mpacts of the quarrying activities o
safety, that may result from:

operation of equipment

circulation of hauling vehicles

use of explosives

propelling of rock fragments

vibration

difficulties in accessig the quarry site

Increase in mosquitoes due to the collection of rain in the quarry depression which
creates a good environment for mosquitoes

Effects of relocating nearby settlements, if any

3.5.3.2 Impacts related to the transport sector

Increases in the nurmab and size of vehicles on road causing congestion, accidents and
difficulties for pedestrians

Damage to road and their verges, which are not designed to carry the weight of the
vehicles used to carry quarrying products or equipment

Spillage or drop of matial onto road spread of dust and formation of mud
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Creation of visual intrusion, air pollution, dust, noise and vibration in areas adjacent to
the roads

Transport related impacts can be minimized by applying the follomitigation measures:

Strict resgct of permissible load capacity of trucks

Regular maintenance of trucks

Adequate site entrance

Sign posts at and ahead of quarry sites for at least 200m

Limiting hours of work

Proper truck sheeting

Provision of vehicle washing facilities at site, wherednsia potential problem
Release of information and instruction leaflets to drivers:

3.5.3.3 Economic Impacts

Employment opportunities generated during quarrying activities

Changes in the economic status of the region where the quarrying works are supposed to
take place.

Mitigation measures:

Some impacts, such as relocation of people, should be prevented by choosing a location
that would not require any resettlement. Any relocation activity, when inevitable, should
be accompanied with compensation

Moreover, traning programs should be undertaken for staff and laborers to ensure proper
management and avoid accidents, thus preventing harm to their health and safety.

3.6 Rehabilitation of quarries T scenarios and strategies
3.6.1 Definitions terminologies: Rehabilitation, Restoration and Reclamation

Several expressions are used in reference to efforts for improvement and recovery of degraded
sites, such as mines and quarries; the most common of whialelaaéilitation , restoration

and reclamation. Each of these terms $aa distinct meaning from a technical and
environmental standpoint. Moreover, the exact meaning of these expressions varies greatly
across different countries.

Rehabi |l holdsaa strang @cuperative meaning of site reinstatetoeab enhanced
ecologcal capacity and environmental condition. This term often embeds the sense of
sustainability of the site o n d i R @ tna r esdbadiesrth@ meaning of returning the site

or ecosystem to the greatest extent possible to its original condition. In cases w
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rehabilitation involves returning the site to its original status, rehabilitation coincides with
restoration (Newton G.A. and Claassen V.P., 2008¢cording to the state of California,

G e c | a mentails the éeturn of a site, usually unsuitalde dny use, to an acceptable
condition for a specific, and possibly temporary, use such as cultivation.

On the other hand, in the United Kingdom, as
Advice Notice 64 for the Reclamation of Surface Mine Workings, definitions of these
terms vary greatly.

1) The term& est oriags i os @& d t o refer t o Afoperatio
extraction of material is complete and involves using subsoil, topsoil or soil
forming mater i a(PEDDRS,202.st ore the siteo

2) Theterm@a f t e rrefeastoB 6t eps taken after reetorati o
required standard f o r Thus,hatter-usencéne inctuged afte
activities such as planting, plant maintenance, fertilization, cultivation, stone
picking, irrigation and drainage works.

3) 6 Rec | a mrafers tontlde operations that are aim at returning a mineral
extraction sitefit o an acceptable environment al c
suitabl e for t hd¢SEDDPRS, 2002)Eherefoeef vihenrcompares 0
with the definitions of restoration and aftercare, reclamation includes both
processes as wel |l as fNAevent s \wektiaatidn, t ake pl

for example the correct stripping, storage and reinstatement o6sS@GEDDPS, 2002).

Quarry rehabilitation means (Personal communication, Training on the Best Practices on
Quarry Rehabilitatiortb wi t z e r | a madrestorg2 th® kand :affedied by raw materials
extraction and related operations to a satisfactory statgh particular consideration of
future land use, soil quality, biodiversity, landscape, and appropriate beneficial.use

Rehabilitation is used as an overall term for renaturation, reclamation, restoration, or
recultivation. More specifically, Ecologic&ehabilitation with its wider application is more
likely preferred to be used in this context (Aronstml.,1995).

For the purpose of this section, rehabilitation shall refer to the measures and actions used to
reinstate land disturbed by quarryingdaaxcavation activities to an enhanced and sustainable
ecological capacity.
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Rehabilitation priorities

to minimize the impact of our operation on land, ecosystem and people

to reintegrate the exhausted part of quarries into the landscape ( as wellpas ahdn
facilities)

to ensured well planned land use after quarry closure, considering the needs of
stakeholders

to reestablish or preserve a functional ecosystem with sufficient biodiversity

3.6.2 Objectives of Rehabilitation

The United Nations Environment Rpam (UNEP) has published several objectives for the
closure and rehabilitation of mines and quarries. Oberholzer and Harrison $26@8garize
them as follows:

improving public health and safety

increasing site physical and chemical stability
improving ste sustainability

minimizing adverse social impacts
maximizing socieeconomic gains

For the sake of brevity, this chapter has categorized the objectives of rehabilitation into three
main categories: safety, soe@gonomic and environmental.

Safety Objectives

The rehabilitation of damaged ecosystems such as quarried lands may aim at ensuring public
safety by improving site stability, preventing accidents and injuries, in addition to the
deterrence of landslides, mudslides, and rock fall.

SocioEconomic Objectives

Social objectives include appeasing public fears and concerns, and diminishing public
opposition to quarrying practices. An improvement of public opinion of the quarrying
industry would bring major benefits to future quarrying activities and psojeérom an
economic standpoint, raising the value of estate near quarry sites after rehabilitation is an
important objective, often resulting in improving livelihoods and income as well in tourist and
commercial areas.
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Environmental Objectives

There @e numerous environmental benefits associated with quarry rehabilitation, such as the
recuperation of ecological conditions, restoration of green spaces and vegetation, and decrease
in soil losses and erosion. Figure 9 describes the correlation thatth@inshabilitation
process and the three main pillars of sustainable development.

-Promotion of sustainable Development / - Renaturation green space
-Responsible land use: ecosystems: / - Protection of Biodiversity;

-Preserving of natural / - Increase site stability

/
/
f

Environment

Agriculture, forestry, pen space, recreational,x_.-’" Teserves, reservoirs, etc

Rehabilitation

Economic Social

* Land value appreciation; ¢ Improve authorities relationship
L] o i iy . A .
Enhance image of country: o Facilitate communications with
e Increase Tax payer and R —
money o

o Aesthetic satisfaction:
e Improve health, quality of life;
e Decrease public opposition.

e revenues;
e (Create Job opportunities

Figure 9Rehabilitationand the three base process of sustainable development (Training on
best practices on quarry rehabilitation, Switzerland, 2006)

3.6.3 Principles of Relabilitation

There are many principles that must be taken into consideration or adopted to ensure the
successful rehabilitation of a quarry site and its proper closure. The Australian and New
Zealand Minerals and Energy Council and the Minerals Councilustralian in year 2000

claim that successful rehabilitation is guaranteed by accomplishing the following:
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All stakeholders interests are considered.

Rehabilitation and closure occur in an orderly, @fftctive and timely manner.
Rehabilitation and afteare costs are adequately forecasted.

There is clear accountability of all stakeholders in their rehabilitation responsibilities
(planning, regulating, monitoring, operating, aftercare, etc).

A set of indicators are established to evaluate the compldti@habilitation.

A landform with similar capability to that of the site prior to extraction is achieved,
unless other beneficial land uses aregwtermined and approved.

3.6.4 Rehabilitation methods

The method for quarry rehabilitation or restoration depemdseveral factors, among which
is the selected afterse of the quarry site. In general, rehabilitation can be either rehabilitation
with backfill, or low level (partial) rehabilitation.

In most cases, governments encourage rehabilitation to achidwe highest extent possible

a land contour similar to that of origin. For example, the United States government has set
performance standards for the reclamation of surface mines and quarries that specifically
requestii t h e -mipilegsgtaded slopes must @pximate the prani ni ng nat ur al
(United States Code of Federal Regulation, 2002). Of course, exceptions are made based on
the approved after use of the site.

Rehabilitation with Backfill

This rehabilitation method is fundamentalbdopted when tlte is a need to alter the
landform of the excavated site. Whether the topography is restored to -tgigorging
conditions or adjusted to another form ultimately depends on the selected sHesafter
However, this method enables options both to occur.

Another decision inherent to this rehabilitation method is the choice of backfill material,
which can include rubble, inert or namert waste, in addition to the site overburden, subsoil
and soil layers overlying the excavated or quarried material. Kegigderations for the type

of fill material include material availability and cost, bulking and settlement characteristics,
and site after use.

Low Level or Partial Rehabilitation

When the afteuse of the site does not require major changes to the lgpejdoav level or

partial fill rehabilitation can be adopted. In this case, excavated or quarried voids are shaped
to landforms appropriate to the topography of the area, while backfilling is kept minimal.
Such a method may be appropriate to use in thebildhtion of an abandoned quarry site,
which is to be converted into an amphitheater or a-ofiokbing arena.
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There has been an increasing trend for this rehabilitation type in various regions in the United

Ki ngdom, despite t hieenf afcetattuhraets iatn dmabirnetaakisn si nfi
had been introduced from the excavation activity (Surrey County Council (SCC), 2002).
However, landscape features such as plants can be used to screen steep breaks and harmonize
the landscape.

In the case wére the water table is high, and flooding of the quarried site has taken place, wet
partial fill restoration can be used, allowing for a wide range of after uses, such as water
recreation, wetland or reservoir creation.

3.6.5 Phasing of Rehabilitation

The rehallitation of extraction sites serves to minimize and in some cases, alleviate the
environmental, economic and social impacts resulting from quarrying or excavation activities.
The earlier a site is rehabilitated, the quicker these impacts are dealt. datiesl above,
phased or progressive rehabilitation is the preferred alternative to rehabilitation that
commences only after cessation of all extraction activity and quarry closure. Progressive
rehabilitation involves the staged treatment of disturbed awasy the extraction operations
rather than undertaking largeale rehabilitation works at the conclusion of the works.
According to the Queensland Government Department of Mining and Energy, the advantages
of progressive rehabilitation include

satisking the neighbouring community
reassuring government agencies and decisiakers
reducing projects costand time

reducing environmental impacts due to minimized soil erosion, water contamination, and
visual impacts

allowing for practical trials of teabilitation methods prior to widespread use
maintaining topsoil fertility due to shorter storage time
improved operations cash flow

According to the (Surrey Country Council (SCC), 2002), the quarry operator can improve the
plan of the extraction and pleab restoration operations by taking into consideration the
following issues (see Figure 10):

Phased rehabilitation should follow a logical sequence, preferably working through the
site and finishing back at the site entrance. In addition, the procesaimgapid storage
areas should be positioned on the last areas to be restored.

The rerouting of haul roads should be avoided to reduce additional site disturbance. In
addition, it is preferable that the haul roads not ctwsdripped or restored soils.

The areas selected for phased rehabilitation should as far as possible reflect the different
soil units to be handled.
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Stage 2 Stage 3 Stage 4

Site planning should aim at increasing the areas with vegetation cover prior to extraction
Stage 1

and during rehabilitation since soils are bestsswved in that manner rather than in

storage.

Pl
Subs=aoil
Top=oil
Extraction

e e
- A

Stage 7

]
Ltk
b
feteh e et
b

.
iy tans i
i ..”..___..._..”.._..”.....__..._ﬂ.....”. i

S
S

Stage 5

Stage 6

internal and external factors
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opportunities. However, there is a set of factors that are usually considered before

commencing rehabilitation activities, which determine the bestusadalternative for that
site. Some factors cited as affecting the choice of the restorsthemes are listed in Table

As a rule, each quarry site is unique, creating its own site conditionseaadilitation
13

Figure 10Principle schemef progressiveestoration (SCC, 2002)

3.6.6 Rehabilitation considerations



Table 13Internal and external factors affecting restoration schemes
(modified of MIRO,2006)

Internal factors External factors
- Climate conditions - Public Concerns
- Slopes and land surface - Land use planning
- Site topogaphy of the determine - Legislation and Enforcement and la
area ownership
- Soil characteristics and quality - Cost Implications
- Geologic formation - Alternatives for Rehabilitation

- Budget availability Local publig

- Location of a quarry site .
opinion

- Extent of required/desired publ

- Quarry #te stability access

- Surface water

- Invasive plant species

- Site accessibility and rese

- Likelihood of Vandalism

3.6.6.1 Internal Factors

Climate conditions
Climate directly affects the range of flora that can not ontyige, but also thrive, in a site. It
is important to select the suitable plant species to achieve sustainable re vegetation results.

Microclimate can limit the growth of sensitive or highly adapted native species if the required
conditions are not adeqeat y met . Lebanonds diverse <c¢cli mat
distinct microclimatic conditions, many of which have not been thoroughly studied. Another
contributory factor to successful vegetation growth is aspect.

Slopes and land surface
Southfacing sbpes in theNorthern Hemispherand northfacing slopes in the&outhern
Hemisphereare exposed to more direct sunlight than opposite slopes and are therefore
warmer for longer periods. In addition, a dacing slope will be more open to sunlight
warm winds and willtherefore generally be warmer than the opposite slope. As such, the
aspect of the dominant quarry face(s) affects the sunlight that the quarry site will receive and
the potential for vegetation growth or restoration that the site holds (MIRO, 2006).pdat as
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of a slope can also produce significant influences on its microclimate and can have major
effects on altitudinal and polar limits of tree growth as well as on the distribution of
vegetation that requires large quantities of moisture.

Face height andape, and the way slope treatment is caroatlaffects public safety and the
safety of the established ende. The methodology for slope treatment is diverse and can
remedy slope steepness or configuration. It is preferable to decrease steepnesshand rea
ultimate safety and stability when dealing with human use or contact.

Site topography of the determined area
Although site topography can be dramatically altered through groundwork, it is an important
limiting factor when considering savings in rehigdition cost. The more complex and distant
the final desired landscape from the existing quarry state, the more it will cost to achieve.
However complex landscapes, such as that of golf courses, are often expected to generate
future revenues. Site topaghy affects other risk factors, such as aspect and mesoclimate,
which influence vegetation growth potential. Eumgks that are expected to be particularly
sensitive to site topography are golf courses, resorts, and open natural theatres.

Soil characterigts and quality
Soils determine the success of plant growth through nutrient lack or provision. Soil texture
helps or hinders the binding of seeds during seeding, and the success of young plants. The
quantity or thickness of topsoil should be sufficiemtdevelopment, and organic matter must
be abundant for holding moisture in the soil.

This factor can be easily countered with the addition of supplement organic material, nutrients
or soil conditioners to suit the desired ame. Therefore, with the estion of very poor

soils and cases of severe soil erosion or lack of soil cover, this factor has a limited impact on
land-use alternativegVIRO, 2006)

Geologic formation
The geologic formation of a site, and its stability, affect the potential stractiia it can
support. The lithology of a site affects its potential for qualifying as a site for artistic
sculpture, whereby the softness or hardness of the rock affects the potential of sculpture work
and the human and financial resources the task wegldgre. Site geologic formation is also
associated with a specific soil type, which affects vegetation growth.

Location of a quarry site
The location of a quarry site is vital in determining the possibilities of itsused (SCC,
2002). Provided that béer site conditions are met, sensitive or important ecosystems such as
wetlands or endangered habitats or habitats harbouring endangered species, require a buffer
zone or neighbouring zone to shield it, and provide an occasional supply of flora andéor faun
through migration. Such ecosystems should preferably be connected to neighboring
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ecosystems through green corridors, or constitute such corridors themselves, or otherwise be
weak in their isolation.

For sites evaluated for conversion to wetlands fastewater treatment, the site must
be close to and downstream a human settlement generating the wastewater, and must
preferable form a slow cascade flow of the water along the wetland.

Sites considered for water storage or reservoir establishment slomsider proximity to the
agricultural lands to be irrigated or to the expected water sink for feasibility and cost
efficiency of water delivery.

Quarry site stability

The stability of a quarry site directly restricts its options forjpekabilitation ed-use (SCC,
2002). Any alternatives involving construction or repeated human activity must be established
on stable grounds. Uses affected by this factor include but are not limited to housing or
residential areas, resorts, recreational areas, industriakz office parks, and water holding
uses such as reservoirs or fishing lakes.

Surface water

The vulnerability of a quarry site with regard to surface water restricts itssndptions or
otherwise imposes firm enforcement of stringent rules andatgu$ for possible sources of
pollution. Where there is uncertainty in enforcement and inspection capacity, less harmful
land development alternatives should be sought. Considering that the distance of each quarry
site from water springs, rivers, and simes will be known, the risk to surface water can be
evaluated. Among the described argks, those posing most risk are, in most cases, human
settlements (residential, commercial), industrial establishments, resorts and landfills.

Invasive plant species

The risks associated with invasive species are numerous, as related to plant and animal
establishment at a quarry site. Invasive species can alter ecological relationships among native
species and can affect ecosystem function, economic value of ecosyatenmsiman health.

The balance of O0engineeredd ecosystems can be
that area. Endangered species are often sensitive and vulnerable in nature, or live in sensitive
ecosystems with a difficult balance to nmtain. In cases where such ecosystems are to be
established or supported, care should be taken to eliminate invasive species that are more
vigorous and dynamic.

Site accessibility and rese

The accessibility to a quarry site is a factor either to be dedef a specific endise option
is desired, or to be considered as a limiting factor. Development alternatives where regular
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human access is expected are affected most by this factor, including housing or residential
areas, recreational zones, industzahes, resorts, and agricultural areas.

This factor is critical in determining the suitability of a quarry site for a particular end
use option, particularly development into a water reservoir, a landfill, a human settlement
involving piping and sewageetworks that include residential areas and resorts, an industrial
establishment, and an agricultural area with expected heavy fertilizer use.

Likelihood of Vandalism
This factor encases the intentional and malicious destruction of or damage to the phaperty
Is to be established upon the quarry site, which is referred to as vandalism. It can also
encompass illegal and uncontrolled exploitation of a common resource, service, or area
(MIRO, 2006).

Vandalism should either be prevented beforehand by plyseans such as fencing
or dealt with in other ways, but should be accounted for in all cases in Lebanon. Seme end
uses, such as housing, resorts, and park offices, are less prone to vandalism than other
alternatives. Special care should be taken mostlly alternatives destined for public use or
open to public, as water reservoirs, public parks, and forestry.

3.6.6.2 External factors

Public Concerns
Public concerns are famous for hindering developmental projects worldwide. Amongst the
two most known public sydromes are the Not In My Back Yard (NIMBY) syndrome and the
very dramatic Ban Any New Activity Anywhere Near Anyone At All (BANAANAAA)
syndrome. These two social paranoia pose problems, especially when dealing with quarries,
which are a socially, politicgl and environmentally sensitive issue in Lebanon (MIRO,
2006). Public concerns strongly affect endes such as landfills, water reservoirs, and
industrial zones.

Land use Planning
Land use planning and legislation restrict the development alternafiaesguarry site. The
official national classification of areas by allowed land use is available from the Directorate
General of Urban Planning (Lebanese Laws and regulations), and can be used within the GIS
system to identify possibilities for developrniém each area. As such, every quarry site will
have a limited number of engse alternatives to be selected from.

Legislation and Enforcement and land ownership

Legislation is linked with land use planning, whereby the developmental possibilitieshof eac
area are determined and enforced by law. Legislation will also play a role in relation to land
ownership, whereby in cases of full or partial private ownership, the landowner will determine
the effective endise of the quarry site, or otherwise the la#thorities will acquire the site.
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Cost Implications

The available budget for development is expected to vary per site, except in the unlikely cases
of a national fund or international grant. The -@rs@ must be known or determined before
proceeding wh rehabilitation activities, even if funding for development is not available. The
rehabilitation procedures must be performed once and in a single phase, in order not to make
any major changes at a later stage. This involves groundwork, filling, stabilizand the

like, and does not necessarily apply to seeding, planting, or aftercare. In cases where
extensive and costly changes are to be made to the site for a particular desined, esuth

costs must be accounted for.

It is imperative that a rgh cost analysis be conducted for each site, according to site size and
extent of work required for the potential desired-esds. Based on this estimation, decisions
should be made to continue with to reach the desired outcome, by using availablg fundin
and/or securing additional funds, or to choose a less costysnfbr the site.

3.6.7 Alternatives for r ehabilitation

Quarrying is only a temporary use of land that can last up to several decades. However, the
guestion remains as to what will happen ® site following its exploitation. Addressed prior

to extraction, the answer to this question determines not only the method for site rehabilitation
but that for the quarrying operation itself. Therefore, prior to any rehabilitation work begins
and evenany extraction work, the afterse of a site needs to be proposed by the quarry
operator and approved by the competent regulatory agency.

There are many different afteses into which a quarry site can be rehabilitated. According to
(SCC, 2002), these aftuses have been categorized into five broad categories: recreational
and leisure, nature conservation, agriculture, development, and other beneficialheses
choice of alternative however is not a straightforward process. It involves careful
considerabn of various factors including not only the characteristics of the quarry and its
surroundings, but also factors such as the economic feasibility of the selected alternative, local
land-use schemes, as well as public opinion. Moreover, thetkmg impementation of the

use, as well as the entity responsible for the@nm site management and finance should be
identified.

Moreover, it is possible to integrate more than one-aserwithin the same site. This is more
common for larger extraction sitesich are not very common in Lebanon. Such rause or
zoned sites are typically larger in size. They are also typically more complex to plan for but
have the potential to better suit the existing asd patterns and surrounding landscape. For
example,the nature conservation aftese typically compliments an informal recreational
usage such as picnic areas.
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Where the operator chooses a restoration method consisting in levelling\aegktation of

the site or in a landfill made up of earth, sandtone, followed by surface-tegetation, 75

% of the guarantee shall be remitted to him after the Minister has ascertained that he has
complied with the rehabilitation scheme. The balance of the guarantee is remitted after two
years, when the reegetaton of the land is completed, unless the environmental milieu will

not support perennial vegetation.

Where the operator chooses other restoration options, the guarantee shall be remitted to him in
its entirety after the Minister has ascertained that theradpr has complied with the
rehabilitation scheme, insofar as these apply to the restoration plan which has been carried
out.

The guarantee shall not be remitted to the operator if it has been used by the Minister.
However, if the amount of the guarantisegreater than the cost of the restoration work
carried out on the Minister's orders, the balance shall be remitted to the operator.

3.6.8 Costs of quarry rehabilitation in Lebanon

The Cost of Environmental Degradation in Lebanon

In the World Bank Study (Worl8ank [Sarraf, F. Larsen, B. Owaygen M.], 2004), the cost of
environmental degradation in Lebanon was estimated of about 1.5 times higher than high
income countries with respect to the various categories involved using various environmental
economic techniges.

The report shows that costs of environmental degradation in the year 2000 were estimated
between 2.8 4.0% of GDP. The annual mean is set at 565% million or 3.4% of GDP. In
addition to Lebanon and at the regional scale, costs of Environmental alemnastudies,
between year 1999 and 2002, were also carried out in Algeria, Egypt, Jordan, Morocco,
Tunisia and Syria. In this regard, Lebanon was ranked best third amongst the various
countries (Tunisia with the best COED of about 2.1% of GDP and Egyptthe worst

COED of about 4.8 % of GDP).

Table 13 summarizes the estimated results, indicating that air pollution (particularly urban
pollution) followed by water pollution (specifically lack of safe potable water, sanitation, and
hygiene) are the mosserious environmental problems in Lebanon and alarmingly,
degradation of Lebanonds coast al zones i s
Larsen, B. Owaygen M.], 2004).
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Table 13 Environmental Degradation Costs in Lebanon by sectors (World B¥#

Environmental sector Cost of Environmental Cost of Environmental
Degradation Degradation
(US $ millions per year) (% of GDP)
Air 170 1.02%
Water 175 1.07%
Land & Wildlife 100 0.60%
Coastal Zones &
] 110 0.68%
CulturalHeritage
Waste 10 0.05%
Subtotal 565 3.4%
Global Environment | 90 0.5%
Total 655 3.9%

Within the context of quarries, the World Bank study did not undertake a thorough assessment

as to the damage cost of all existing quarries in Lebadowever five such quarries were
assessed in Mount Lebanon Governorate, wher e
(associated with a reduction in aesthetic val
adjacent apartment values around theseduaaries is estimated in Table 14.

Table 14 Loss of property value of real estate adjacent to quarries (World Bank, 2004)

Quarry Name Decreas.e.in land prices gpe;rrfr:gﬁt value I Subtota.l |
(USD million) (USD million) (USD million)
Nahr Ibrahim quay 14.00 - 14.00
Shnanaayer quarry 75.00 8.10 83.10
Abou-Mizen quarry 1.31 - 1.31
Antelias quarry 5.00 0.75 5.75
Nahr El Mawt quarry (Industrial zone, no impact on land prices) -
Total 95 8.85 103.85

However, these surveyed quarries are considamehg the most important in the country in
terms of deterioration of landscape as some border-degkity urban coastal zones and
popular inland locations. Therefore extrapolating these values nationwide to cover the more
than 700 quarries is not an opti@Norld Bank Sarraf et al., 2004).
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As a conservative estimate, the World Bank study indicated that the cost of environmental
degradation corresponding to more than 700 quarries in Lebanon is about USD 48 million.
This however is overly conservative, agsi solely calculated as the value of the land that
those quarries occupy. Added with the five abmentioned quarries in Lebanon, the annual
damage costs would amount to a conservative USD Zi8t million, or 0.1% of GDP (World

Bank Sarraf, et al., 2004

To place things in perspective however, calculating the cost of environmental degradation of
quarries is also subject to much uncertainty and variation depending on the technique used for
calculation and the assumptions taken.

In one study (Harajli, @05), the contingent valuation method (CVM) was utilized to calculate
the cost of environmental degradation from one important quarry located near the historic
Moussielha Castle in Northern Lebanon, in order to assess the mean and total wiliagness
payfor rehabilitation. CVM and its survey techniques are used to estimate the economic value
of commodities and/or services which are not traded in the market plHeerefore for such
commodities is a lack of any prices. CVM involves asking a randomly chesaple of
people what they are willingp-pay for a clearly defined change of a good or service.
Furthermore what people are willitg-accept or tolerate a change (World Bank 2005).

A survey composed of twbundred questionnaires was carried out in aegi both
neighbouring the castle and considered some distance from it, asking people (through random
sampling) facdo-face their willingnesgo-pay to rehabilitate the quarry of Moussielha based

on a hypothetical scenario and assumptions given belowhas®tl on a simulated picture of

the Moussielha quarry rehabilitated.

The results obtained indicated that the median WTP for rehabilitating the Moussielha Castle
quarry was found to be US$23, which led to a total WWillingly to pay (or total value
towards rehabilitating the quarry) of US$11.3 million, while that of rehabilitating all quarries

in Lebanon amounted to a median of US$43 per year, which totaled to US$21.2 million per
year, or a range between US$21PS$318 million over 10 to 15 years or thee it would

take for rehabilitating all quarries (Harajli, 2005).

The study itself indicated the uncertainties, limitations and necessary assumptions involved,
and proceeded throughout as conservatively as possible. With all this, the annual value for the
rehabilitation of all quarries in Lebanon was calculated to be over USD 21 milcavever

herein it is important to note that not all quarries would need rehabilitation depending on the
size, shape, location, and type of quarry and the effectivenestnadrame of natural
factors like weathering and-xeegetation.

It was estimated in the Dar Al Handasah report that the additional costs to quarry operators
for implementing policy measures that will suppress dust, reduce noise and vibrations, in
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addition to rehabilitating the quarry site is equal to US$0.71fthe US$0.71/fvalue of Dar

Al Handasah is for the year 1996, equivalent to US$087/m t oday dés t er ms
average inflation in Lebanon for the past 10 years is about 2.1%), encompassesdalust
suppression and not only rehabilitation.

The survey done by the Dar el Handasah indicated that very little activity toward
rehabilitation is taking place and that the greater majority of quarries in the country remain in
a condition which haa detrimental effect on the landscape (out of the 280 quarries surveyed
by the study, there were no plantation in 98.5%, no restoration in 99.6% and no natural
regeneration in 98.4%)

3.6.9 Mining and sustainability

Sustainable mining/quarrying

This term, whibh some may dismiss as an oxymoron, could also be viewed as an important
objective to sustain mining/quarrying (please refer to section 2.3.2) dependent communities
into the long term, well after the quarry itself closes.

Resources development however ignfaccompanied by social and biophysical costs.

The first steps towards achieving the long term sustainability include the development of
principles of sustainability and a resource management approach that supports those
principles. Once this is achiedd is possible to conduct a gap analysis between the principles
and practices of sustainable quarrying and the present state of the mining region/s. this
analysis thenlends itself to the identification of barriers and opportunities that must be
consideed in the quest for a more sustainable future for the quarrying communities.

Principles of sustainability

Sustainability entails the realization of human needs and rights, while maintaining the natural
integrity of biophysical systems that support anthogmiric activities over the long term
(Robinsonet al, 1990). Healthy human communities are an integral part of sustainability.
Human needs and rights include a wide range of requirements that must be recognized, such
as adequate food water and sheltegnemic stability; cultural fulfillment; and meaningful
participation in the political process and decision making (United Nations, 1992; Gibson,
R.B., 2002; Robisort al, 1990; Gardner, J., and Roseland, M., 1989; Schrecker, T., 1999;
Sen, A., 1999) . Staining biophysical systems includes protecting genetic and species
diversity in plants and animals; protecting ecosystems functions and adoptive preventative
solutions rather than eraf-pipe mitigation of pollution(Hawkenet al, 1999; Kayet al,

1999; United Nations, 1992). Some essential principles include maintaining biophysical
integrity, social vitality, and economself-sufficiency(Kay et al., 1999).
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Impact of Mining on sustainability

Mining as practiced in most parts of the world fails toemée above principles of
sustainability. This is particularly the case in economies that rely on development to sustain
immediate human needs. In part, the difficulty is inherent in the nature of the activity itself.
Every mining operation is recognized causing two immediate effects on the surrounding
environment. The first effect is the depletion of the natural resources base (natural capital)
during the lifespan of the mine (Cavalcante, R.N., 1995) and the second is the negative
biophysical impact othe mining activities. While the mine is operating, there is a constant
depletion of the natural capital available to the region or the country within which the mine is
operating. As the mineral is extracted and sold the total amount of the naturdlasagpisdle

to the region is diminished. The end result of this process is the total removal of the mineral
resource, leading to the closure of the mining operation.

It is the nature of mining to remove the resource base. Minerals are not renewablenahd can
be replaced within one generation (Cavalcante, R.N., 1995). Some minerals however can be
reused through recycling, making the product more sustainable over a longer term (IIED and
WBCSD, 2002).

Mining related activities can also run counter to sevaréthe principles of sustainability. The
reduction of a regionds natural capital wit
biological diversity of species as well as the regenerative capacity of ecosystems €Ripley

al., 1996).

The disturbace of the biophysical environment through mining processes (exploration,
extraction, processing and transportation) is related to the size of the operation, as well as the
type of mining being pursued, and the ecological sensitivity of the surroundipigybiocal
environment (Ripleyet al, 1996). However, the results of any mining operation, if
unmitigated, can include damage to the aesthetic characteristics, hydrologic systems,
atmosphere, flora and fauna, fertility of soil, as well as human health.

Defining a sustainable mining region

The general problem is that the activities of mining are contrary to the principle of
sustainability. The industry is often characterized by environmental degradation, negatively
affecting biodiversity and regenerationexfosystems. Mining in any community or region is

a temporary economic activity, and cannot in itself be considered sustainable over the long
term. It is possible, however, to conceive of a mining region being sustainable in terms of
long term health beyahthe life of a minéVeigaet al, 2001).

The following is offered as working definition: a sustainable mining region is one that uses

mineral extraction to enhance and diversify community development beyond the life of the

mineral resource, while maintang the health of the biophysical environment, and
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eliminating negative social and cultural impacts of mining on the local population, over a
multigenerational time scale.

To achieve this goal, a number of prerequisites, including political will, must pkce. A
sustainable mining region must balance the views and influences of stakeholders and decision
makers that range from global to local.

Sustainable development and mining

While decision maker in many industries can select a location and thennoftee their
operation there, the location of a mine is fixed by an existing mineral deposit. Once a mining
company as invested development capital, it cannot easily move its mining operation.
Furthermore, as VicKerman notes:

fiDespite the economic bensfithat mining and metals bring to societies, it is the
environmental and social consequences of the mining activities, whether real or perceived,
that attract greater attentian(Vickerman, A., 2001)

Nowadays mining companies must meet the rising expacsabf costumer, consumers, civil
society and public authorities and by compliant with existing rules and regulations by
improving their contribution to the development of societies and their surrounding natural,
social and economic environments.

Integraed mine planning for sustainable development

It is now generally agreed that the earlier a mining company or a miner incorporates
integrated environmental and social management into its closure planning, the more cost
effective and efficient it will be. Tédn most effective planning for closure incorporates active
technological and organizational innovation, rather than reactive behaviour, which often leads
to more costly incremental technological changes. Best practice generally involves
implementing appropaite operational and environmental technologies and social
development strategies during the initial stages of mine construction. Figure 11 describes
what sustainability involves being the cross cutting issue of different means preserving the
natural resorces.
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Figure 11 Definition used for sustainable management of quarries
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4. RESEARCH AREA AND PIL OT PROGRAMME AND MET HODOLOGY
USED

4.1 Characterization of the investigated mines and quarries

In order to specify the status of quarry rehabilitation, based ogetieral overview about the
guarries locations (Table 8) investigations were necessary in order to evaluate the
rehabilitation status. In the first phase of the studies a desk survey was carried out. Following
sources were used for analyses and evaluatitreauarries existing in Lebanon:

1)

2)
3)

4)

5)

6)

7

A quarry data sheet was prepared including relevant information and details required
to monitor the management and rehabilitation of quarries in Lebanon.

The data in the study of Dar Al Handasah 1996

Data available fronfiormer satellite imagery for Lebanon as a satellite data collection
in frame of the project Ikonos (2005) for the following reasons:
Identification of quarry number and distribution
Assess other types of parameters (e.g. geographical coordinates fouaagh q
location, distribution of quarries per villages/Caza, etc...)
Lead the site survey in the appropriate manner through preparation of field
survey plan (locations to be visited)

Assess the environmental base line data for Sibline quarry in pre and post
excavation phases.

Ministry of Environment quarries Database

Computer and software equipments, Google Earth Application 2007, digitizing work,
GIS layers (e.g. geology, hydrogeology, land use land cover, protected areas, soill,
cadastral, villages, rivecontour lines 50 m intervdl 1963; quarry map (map # 1 of

the decree No. 16456)

Equipments needed to conduct the field surveys (e.g. compass, maps, GPS devices,
digital camera, topographic maps, et cé)
to cower the quarries to be surveyed

On-site investigation and assessmeéntsite survey; before, during and after
rehabilitation
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Different several remote sensing parameters collected based on the mentioned programmes
were investigated in order to classify thengeal quarry type, land use and stage of
renaturation and rehabilitation (Tablel15).

Table 15 Parameters collected in frame of the remote sensing project (Ikonos, 2005)

. Information about current situation ¢
Information about general structure L
activities
- Geographical coordinates - Clusters (y/n)
- Geographical conditions - Distance to water resources
- Administrative position - Natural Land use
- Land form type - Rehabilitation Activity
- Type of Quarry (Rock or Sand) - Renaturation status

Additional to the data basaf the remote sensing project, the data from the Geographical
information System (GIS) was used. The collection of GIS data from various sources
including land cover types, land use types, hydrogeology, types of geologic formations, soll
types allowed t@ssess several other parameters:

Geologic Formation

Hydro- stratigraphic Formation

Soil Type (sand, clayey sand, clay, sandy clay etc.)
Land use type

Cadastral assignment

In the second phase a field survey was carried out in oréeatoate the diffieent parameters
collected for the quarry data sheet.

Basa on this survey it was possible to have an own view about the current quarry
characteristicsTable16).
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Table 16 Distribution and number of quarries surveyed in field

Governorate Estimated number | Number Quarries | Number Quarries
(Mohafaza of Quarries Surveyed Surveyed (%)
Mount Lebanon 247 160 66
BaalbekHermel 159 80 52

Bekaa 113 65 58

North Lebanon 109 67 62

South Lebanon 76 48 63

El Nabatieh 72 51 71

Total 776 471 61

These phase were important on one hand to check the available data about the quarries in
Lebanon and to correct them and on the other hand to have an own overview about the
different types of quarries and their status of rehabilitation The most mmpaidta are shown

in table 17. In connection with this survey one quarry was selected for the pilot project of
rehabilitation.

The intention is to use this pilot project as a case study, for further multiplication of the results
if the quarries are sinal. For this purpose was selected the Sibline rock quarry in Chouf area
in the governorate Mount Lebanon. The rehabilitation of Sibline quarry was planned in the
way of by backfilling it with the leftover inert materials transferred from the Normandy
landfill and used it for agricultural purposes as part of the envisaged post closure plan for
Sibline quarry.
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Table 17 Information collected in the field survey from quarries in Lebanon as random

sample
Field Description
Land Ownership Public or Private
Quary Activity Active; NonActive

Quarry Type (general) | Rock or Sand

Decorative; Mosaic; Cement; Sand & Natural Aggreg

Quarry investment Crushed Stone; or Industrial Sand

In selected districts UTM Reading taken by GPS in Field
Soil pile Presence ofwerburden / soil piles in site: Yes / No
Face height Indicates average height of quarry face (m)

Visual impact/influence | Negligible; Low; Moderate;High; Extremely High

Impact on fauna and flora Negligible; Low; Moderate;

Ecology impact/influencg _
High; Extremely High

Site existing vegetatio| Absent Cover; Few (+) <10% Cover;-28% Cover
Cover 25-49% Cover; 5074% Cover; >75% Cover

Site existing vegetatiol

height Vegetation Height <0.5m; 0-8m; 24m; >4m

Status of rehabilitation | No Rehabilitation; Brtial; Complete

Type of rehabilitation Terracing, renaturation/revegetation

4.2 Methodology of investigations and research
As already mentioned (see 4.1), the research consisted of three components

an indepth desk survey complimented by
a field surveg of stratified sampling nature and
a pilot case study on how to do a rehabilitation.

For this purpose, the research approached the issue of quarry rehabilitation based on several
methodologies.
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4.2.1 Physicalmethods
The physical method used can be didide three activities:

1) Preparation of individual Quarry data sheet: for the purpose of the research study and
based on extensive consultation as well as feedback from experts, an quarry data sheet
was prepared for each quarry to identify the relevanceisti®gg quarries in respect to
their rehabilitation statuseeAppendixF- Quarry data sheet);

2) The field component of the survey also consisted of severat@uponents. These
included:

Preparation of Field Survey Plan: the methodology of the field egurv
included: the locations of the selected quarry sites, the backgrounds of the
survey team members, and the extent of the site investigation.

Team expert: the team included a multidisciplinary group of expert from
different scientific background: agricutal engineer, geologist, and civil
engineer. Prior to the mobilization of the survey, the team of expert was
briefed on the research aim and the parameters to measure in order to be able
to assess the rehabilitation status of the quarries investigated.

Equipment and Survey Logistics and map preparation.

4) Analysis of quarry characteristics: several parameters were collected at this stage
including general quarry type, land use, as well as other parameters.

4.2.2 Use of the Geographic Information System (GIS)

1) Remde sensing of quarry distribution through satellite imagery: using a GIS tool, a
desk survey of high definition satellite images-@Dcm) was conducted. In this way
all sites of quarries or otherwise visible on the digital map were scanned and their
geogaphical location (coordinates) and some of their characteristics were also
identified.

2) Gathering and analysing additional data (GIS Database): the different layers of
collected data were linked together using GIS tool (Maplnfo professional 8.5 SCP,
Arc Map 9.0 by ESRI). GIS was used to integrate georeferenced imagery as data
layers as well as to link them to other data sets to produce geospatial representations of
data in order to identify some measurable characteristics of quarry rehabilitation
concern.
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3) Collection of GIS data from various sources including land cover types, land use
types, hydrogeology, types of geologic formations, solil types.

4) Analysis of quarry characteristics surveyed during this stage.

4.2.3 Environmental-Biological methods

The study adpted the DPSIROriving forces, Pressure, State, Impacts and Respdnses
Model as an Ecological Method for the pilot case study on how do the rehabilitation of an old
quarry being one of the frameworks that reports the state of the Environment and dis impa
on biodiversity as used by the European Environment Agency (EEA) in the European Union.
WhereasDrivers referring to the external forceBressures are the consequences of the
driving forces;States mirror the pressurenpacts are the resulting effecRBeponses are the
actions from society.

The DPSIR Model, adopted by the European Environmental Agency, is one of the
frameworks based on the concept of causality chains for data synthesis, which links
environmental information using indicators of differerategories (UNEP/RIVM 1994)

(RIVM, 1995) as shown in Figure 12. This model is similar to the PSR framework (OECD,

1993), but with two more categorieBriving forcesand Impacts The first reports to the
Aneedso of i ndi vi du alte actwitied that exert pgressuresiomrthe t ha't
environment.

Driving forces are understood as the social needs that require the existence of a given
economic activity PresSuredepeiids orn teennatirg ana extent of then e
Driving forcesand aso on other factors which shape human interaction with ecological
systems. Thémpactsare related to ecosystems and human health dB&atemodifications.

The policyresponsegead to changes in the DPSIR chain.

In short,driving forcesrefer to the exdrnal forces (e.g. social, demographic and economic
etc) which can influence human activities (e.g. life styRFpssures on thenvironmenitare

the consequences that the change of human activities can bring on the envirBnessaotes

can be either imeased or mitigated under the function of the external fo8tageamirror the
pressures and are the reflections and conditiongsregsureson the environmental status,
usually in a quality perspectivémpactsare the effects after environmental degutéah.
Responseare the feedback and actions from society with attempt to prevent, compensate or
change the previous problems.

A thorough understanding of the problem of quarry rehabilitation, its related driving forces
and resulting impacts at variouvéds are essential before problswlving efforts are taken.
Many methodologies, e.g. DPSIR framework can be applied to depict the problem. Its major
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application is on assessing and managing the environmental problems related to sustainable
development thefore is useful for policynakers.

Besides, with DPSIR framework, all related parts within the system, e.g. driving forces,
pressures, state, impacts and responses together with theicaléeted causality can be
discovered and identified. The ultiagoal of DPSIR framework is to evaluate the
effectiveness and efficiency of the policy respor{&&sA, 1999)

EEA states the aim of such an approach is:

A To be able to provide information on all of the different elements of the DPSIR chain
A To demonstrat their interconnectedness

A To estimate the effectiveness of the responses

Driving Forces

\ 4

Pressures

-

State

A

Responses

A 4

Impacts

Figure 12 Convention&riving forces, Pressure, State, Impacts and RespdideSIR)
scheme
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5. DESK AND FIELD SURVEY - CURRENT SITUATION OF QUARRY
MANAGE MENT IN L EBANON

Given the severe | imitation of Lebanonds r
any government expenditure needs to be thoroughly justified and prioritized. The cost of
environmental degradation due to abandoned quarries lyotlostrates the magnitude of the
damage, but it generates a valid economic justification for intervention.

However estimating rehabilitation costs is necessary to undertake for two primary reasons.
The first and foremost reason is that the necessargebud be allocated for rehabilitation
needs to be clearly known (i.e. how much money is required from the national or local
authority budgei for example for the rehabilitation of the quarries?). The second reason is
that the rehabilitation costs shoufibt exceed the environmental damage costs (costs of
environmental degradation of respective abandoned quarries), or else there would be no
economic (and arguably environmental) justification for rehabilitation to take place. An
approximation of the rehdliation costs of abandoned quarries in Lebanon would be
undertaken mainly through indications in the available literature and through transferring
values from outside studies.

It must be noted that the calculation of the cost of environmental degradsitregil as that of
rehabilitating abandoned quarries are subject to much uncertainty and limitations. However
both estimations are imperative to describe the problem to polders in economic terms

and to predict the resources needed.

On the other handnd in respect for reintegration of quarries into their landscape, there is no
universal rule/answer on how to restore and rehabilitate a quarry. Each site is unique and
represents a more or less an individual case. The possibility of reintegratiorgoathginto
landscape depends largely on the type of quarries.

In general quarries in Lebanon are of hillside or mountainous nature. Due to this fact, all
rehabilitation options should therefore be consequent to the quarries nature. Major points to
be corsidered are the restoration of rocks faces and the control of rainwater discharges. For
sharp cliffs, stability of the rock faces and safety measures have to be looked at carefully.

5.1 Results ofDesk survey using the result oRemote Sensing

The numbers othe quarriebased orthe remote sensing activifjkonos, 2005paredifferent

to the database of the ministry and the studypaf Al-Handsah (1996). The number of
quarries in the governorates of Lebanon (see table 8) is much higher as given in the
mentoned documentations (Table 18). The reason can be that the survey using remote
sensing makes no difference between abandareactive and active quarries. Nevertheless
based on this data it is possible to understand the problematic of rehabilitedieqystior
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these quarriesOn the other hand this difference in numbers of quafdesk survey and
remote sensing) makes clear the need of a field survey.

Table18 Quarry dstribution by Governorat®lohafazabased on remotessing

Number of Number of
Governorate (Mohafaa) . Quarries

Quarries

(%)

Mount Lebanon 247 31.8%
BaalbekHermel 159 20.5%
Bekaa 113 14.5%
North Lebanon 109 14%
South Lebanon 76 9.8%
El Nabatieh 72 9.3%
Total 776 100%

The remote sense method has his limitatjdout nevertheless useful data can be recorded e.g.
regarding the distribution per type of geological formation (Table 19).

Table19 Quarry dstribution per type of geological formatitmased on remotesgsing

Sandy | Rocky| Unknown| Total

Total No of edimated

. 207 479 90 776
quarries
No of estimated quarriey 26.6 61.8 11.6 100
(%)

5.2 Results ofthe field survey

A total of 471 ofquarryinvestigations were conducted of the total of 776 estimated numbers

of quarries based on the results of tleenote sensig (see also Table 16)t could be
recognised differences between data of the desk surveys the remote sensing and the own field
survey It was clearly visible it is necessary to visit all quarries in order to collect right and
useful information. In thedllowing tables are demonstrated such differences between the
official data base and information about tihgaries the field survey. On important question

in order to develop a strategy for rehabilitation and in particular renaturation was regarding
the ativity status of the quaes(Tables20).
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Table20 Number of quarries regarding theatity status

Quarry Activity Number of Quarries Number of Quarries
Surveyed Surveyed
(%)
Active quarries 195 414
Non-active quarries 276 58.6
Total 471 100

There are also differences in the numbers of quarries regarding their geological farmation
comparing the official data from Dar Alandasah (1996) (Table 5 and 6), remote sensing
(Table 19) and the own field survey (Table 21).

Table21 Quarrydistributionper type of geological formation based on field survey

Quarry type Number of Quarries Number of Quarries
Surveyed Surveyed (%)

Rock 366 77.7

Sand 105 22.3

Total 471 100

Very important from economical point of view is the knowledge about the gpégie of
aggregates which can be excavated from the quarries. Also in this regard were discovered
other materials and different amouniglfle 22 in comparison to the official data base from

the ministry of environmerdf Lebanon(Table 10).

Table22 Quarrytyperegarding the material mainly excavatesed on field survey

Number of Quarries NEEET @ OLETIES
Type of material Surveyed
Surveyed

(%)
Rock quarry wit 259 535
crusher
Sand for industry 88 18.7
Decorative stones 85 18
Sand and natul 17 36
aggregates
Mosaic quarry 16 3.3
Cement quarry 13 2.7
Total 471 100
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The following results of the field survey were not collected before. The quarry research
showed for good quarry management practise there is necessary also information about:

Socioeconomicdata as
— Land ownership;
— Visual impact
Physicaland geebiologicaldata as
— Design of quarriefrace height
— Ecology impact
— surrounding site cover
— Status of Rehabilitation
— Type of Rehabilitation

From the Socieconomic point of view the owrship of the relevant quarry is very
important for the planning,managementf excavating and in particular for the rehabilitation
procedure. Most of the quarries are private (Table 23) a smaller percentage is belong to the
public sectorbut for 8.5% othe quarries the ownership is unknown.

Table23 Land avnershipof places with different quarries following the field study

Quarry ownership NumbSelrJ r\c/che )%Léarries Quarrie&s)urveyed
Private 406 86.2
Public 25 5.3
Unknown 40 8.5
Total 471 100

Another effect of quarries is to consider from econonompof view this is their visual
influence on the landscap&uarries which are clearly seen from roads, residential, touristic
and protected areas can have a negative impact. Thereformphetiof quarries on the
landscape should be classifiediie categories (Table 24).

Table 24 Visual impact/influenaan the landscapeavestigateduringthe field study

Visual impact Numl)SeJrvc(g‘y(ggarries Quarrie(s/0 ?urveyed
Negligible 44 9.3
Low 89 18.9
Moderate 60 12.7
High 120 25.5
Extremely high 158 33.5
Total 471 100
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There are several physical and dmological data necessary in order to evaluate the quarry
management. One important is related to the design of the quarries. arberegulations
regarding the maximum hdig in particular with the aim to secure the stability of the relevant
quarry type. In Great Britain are detailed descrigiahout face heights and safe working
practices (Quarry regulation, 201Ihe face heigt in the surveyed quarries was mainly
between 21 and 50m, ther were also very small quarries with a ¢ate bhelow 10m and

very high with more the 101m (Table 25).

Table25 Face heighof the quarriesnvestigatedduringthe field study

Face height Number of quarries surveyed| Quarries surveyed
(%)

0-10m 90 19.1%

11-20m 137 29%

21-50m 151 32%

51-100m 68 14.4%

>101m 20 4.2%

Irregular 5 1.3%

Total 471 100%

In connection with the main aim of the research the sustainable renaturation was btidied t
impact of the surveyed quarries on the environment. Therefore the impact or influence on the
environment was investigated in five assessmgrable 26) Theseassessmentare values

for the impact of quarriesn the surrounding ecologyith a buffer zame (sampling area) of
100m around the quarry site

Table26 Ecology impact/influencef the quarries investigatetliringthe field study

Ecology impact Number of quarries surveyed| Quarries surveyed
(%)

Negligible 25 5.2%

Low 75 16%

Moderate 101 21.5%

High 241 51.2%

Extremely high (29 6.1%

Total 471 100%

Another important parameter in order to evaluatesitee covers (Table 27)Yhis parameter
evaluated the surrounding site cover of the quarry nearby virgin land by surveying a buffer

zone (samplingrea) of 100m around the quarry site
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Table27 Site coveiof the quarries investigated during the field study

Site cover Number of quarries Quarries surveye
surveyed (%)

Absent 164 34.8%

<10% 37 7.8%

11-24% 21 4.5%

25-4% 18 3.8%

50-74% 65 13.8%

>75% 34 7.2%

Few cover 132 28%

Total 471 100%

In this survey were investigated the current status of the quarry rehabilfatible 28) In

this case were evaluated the active quarries, that means they are partly still in function or just
finishing the excavating ofhe relevant aggregates. In this table is very good visible the why it

Is necessary to do this research related to rehabilitation of the quarries in Lebanon. A high
number of the quarries with 86.2% are not rehabilitated even followingptiteacts includes

in most of the cases such rehabilitation programme.

Before starting with this survey it was expected to find a high number of not rehabilitated
guarries, but the reality shows that the situat®omuch worsehanexpected.This resultis
demonstrating theneed to improve the quarry management from the contract to the
rehabilitation procedure.

Table28 Status of quarryahabilitationinvestigated during the field study

Status of rehabilitatio Number of quarries Quarries survesd
surveyed (%)

Not rehabilitated 406 86.2%

Partially rehabilitated 61 13%

Rehabilitated 4 0.8%

Total 471 100%

Additional to this survey were investigated ttatus of quarry rehabilitation belong ttee

group of noroperational quarrieTable 29). Thediscussion about the rehabilitation
programmes starts especiablgcause the environmental problems coming from the already
nornroperational quarries. After the survey the expectation regarding this problem becomes
true, only 38.1% of the whole amount o&thonroperational quarries in Lebanon is partially
rehabilitated and only 2.5% are completely rehabilitated. There are necessary decisions in
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order to complete the rehabilitation of these -operational quarries, mostly in form of
renaturation.

Table29 Type ofrehabilitation ¢f the 160nonoperational quarries Lebanon investigated

during the field study

Status of rehabilitation| Number partialll  Partially Rehabilitated Rehabilitate
rehabilitated (of| rehabilitated (%)
160 in Lebanon) (%)

Terracing, renaturatior] 56 35 4 2.5

revegetation

Only terracing 5 3.1 - -

incomplete revegetatio

Total 61 38.1 4 25

Discussion

Based on the aforementioned results it is explicit that no proper rehabilitation had been
adopted until nowadays. Results of tharry site survey of 61% (=471) of the total estimated
number of quarries from the desk survey (=776) demonstrated the following details (see
Tables 20 to 2):

1.

the majority of quarries in Lebanon (77.7%) are of rocky type and the remaining
23.3% are of saly type;

the higher percentage of quarries in Lebanon is committed for the operation of crushed
stone quarries with a percentage of 53.5%;

more than the half of the site surveyed quarries wereantive on the date of the site
survey;

Mount Lebanon andBekaa are respectively the most tow Governdviabafaza
populated with quarries (34% for Mount Lebanon and 30.7% for Bekaa);

5. more than 86% of the site surveyed quarries are operational in private proprieties,

6. for rehabilitation purposes, the site surveglicated the presence of soil pile in 56.5%

of quarries controlled;

the highest percentage (32%) was given for the quarries with a face cut height ranging
between 21 m to 50 m;

25.5% (the highest percentage) of the surveyed quarries had extremely suigh vi
intrusion on neighbouring regions;

51.2% (the highest percentage) of the surveyed quarries had a high negative impact on
the surrounding ecology (fauna & flora);

10.34.8% of the surveyed quarries are existing in regions where the site cover is absent

but the remaining percentage 65.2% indicates that quarries do exist in various regions
where the site cover ranges from < 10% to >75%j;
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11. 86.2% of the site surveyed quarries were not rehabilitated, 13% were partially
rehabilitated and only 0.8% of the totalmioer was rehabilitated.

Although there is difference in time scale, if we compare the data extrapolated from the site
and desk survey with the data source of both the Ministry of Environment and Dar el
Handasah study (1996), it is obvious that many raitenatches in the three data source and
more specifically in respect to the following criteria:

1. the largest number of quarries is geographically located in Mount Lebanon
Governoraté¥lohafaza

2. rock quarries with crushers are taking the biggest part infogha

3. aggregate quarries are often situated in urban districts in order to lower transportation
costs;

4. illegal operations are still taking place due to the lack of proper law and regulations
reinforcement;

5. almost no rehabilitation or only partial rehabiiitea do exist in Lebanon.
5.3 Administration of quarry management in Lebanon(Quarry Master Plan)

The establishment of the Ministry of Environmettanstitutedin year 1993 a concrete
landmark step ahead towards the organization of various environmentalig®ttonprising

the quarries file. Since its initiation, the Ministry of Environment had issued three specific
decrees for quarries as well as many other related Ministerial decises?®ppendixA) that
outlined the technical and regulatory framewonkdoganizing this sector.

The above mentioned decrees aimed at laying the way towards the creation of a fundamental
set up regarding the quarry sector in its five dimensional levels: technical, legal,
administrative, institutional and financial. In fabe Ministry of Environment, succeeded in

the last amendment, namely the decree 16456/2006, in addition to the many positives issues
alreadydecidedby the other decrees, to

organize the use of explosives,

identify, in addition to the 4 approved investrhareas for licensing, theoninvestment

areas where investment is prohibited;

require the supervision, of all quarrying activities, by a civil engineer/hydro

geologist/geologist

organize the.and Settlement and Reclamatigsue AppendixG) .
The Decee No. 8803/2002 and its amendment is the main explicit decree regulating quarries
operation and management in Lebanon. Its last amendment was done in year 2006 by
promulgating the decree No. 16456. New regulations had been appended to this decree
requiring new quarry owners/operators to rehabilitate their sites before they can apply again
for a new permitAppendixH);

110



On the other hand, it should be noted that since 1993 till to date the Council of Ministers
reconsidered studying the issue of the quaraster plan and the same council was assigning
the Ministry of Interior and Municipalitie® issuea documenthesoc al | ed A Admi ni
Ex t e n s(Gaverrsnent of Lebanon, 200Based on that, too many difficulties are still
hindering the implemeation of the proper legal framework and are making the task of
organization this sector a difficult one to achieve due to the major following reasons:

The quarry sector is by far the most politicized file amongst the environmental portfolios;

The concerneduthorities in Lebanon did not and could not take a definitive decision in
approving the final version of the quarry master plan;

Although the government made several consecutive endeavour to amend the 4 regions
designated in both decrees No. 8803/2002 B6456/2006these regions are still not
the most suitable areas for extraction in Lebanon due to

- small surface aes (Government of Lebanon, 2007) (Takdg, 3

- located in the western side of Attebanon chain of mountain,

- land property tenure,

- absege of service and access roads,

- not operational in winter time due to bad climates conditions,

- high transport cost,

- concentrated in one administrative GovernohMtdfafazaand

- till to date only two application is presented in thedions(Table D).

Table30 Area of the 4 regions approved for quarry investment by decree
No. 8803/2002 and all its amendment

Region in Bekaa Governorakédhafaza | Surface area in m
Aarsal 88.72

Tfeil 70.28
Kousaya/Deir El Gazal 3.508

Rashaya 9.703

Total area 172211

The overlapping of authorities namely between the ministry of Environment and the
ministry of Interior and Municipalities as well as other lines minisi{AggpendixA);

The continuous release by the Ministry of Interior and Municipality of the ctalle
AAdministratve Kt ensi ons o0 upon the approval of t
decisions. Usually not based on neither proper administrative and intuitional nor technical
criteria, these administrative extension are defined as a shortcuts bgpHssitaw
allowing the investors to work almost anywhere for a short period of time (three months
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each time subject for renewal) without respecting environmental conditions and/or
financial deposit and/or rehabilitation practices;

Presence of and unliceats quarries. The last studies showed that there are approximately
272 reported tickets for unlicensed quarry operations (Table 31) (Government of
Lebanon, 2005, 2006, 2007).

Environmenal engagemeris not yet considered as the high priority to Lebanesaeles
and commanders;

Table 31 Reportedumbers otinlicensed quarry operatiotiskets
(Government of Lebano2004, 2005, 2006, 2007)

Governorate Year

/Mohafaza 2004 | 2005 | 2006 2007
Bekaa 58 85 44 53
North Lebanon 1 - - -
Mount Lebanon | 7 2 6 7
Nabatieh 8 - -

South Lebanon | - - 1

Total 74 87 51 60

Usually, the land lord is not at the time the investor/company who careless about the land
after excavation;

Most of the mining operations activities in Lebanon are small (agisé medium siz
enterprises. fley lack technical mineral knowledge and financial resources disabling
them to continue their investment in a proper way in terms of capacities to sustain their
quarries (i.e. lack of mining engineers).

The level of participation of many inmers/investors is determined by availability of
deposits, ease of mining, processing and extraction of the commodity, and access to
markets, geographical location, technologies used in mining operations.

The effective participation of miners in the indyssector is hampered by their lack of
technical business and management skill, and by their limited access to mineral deposits,
capital and market.
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5.4 Evaluation of the current situation in quarry management
5.4.1 Sustainability of mining regions, weaknesseand opportunities
5.4.1.1 Weaknesseselated to sustainablequarry management

The mining region faces many barriers related to the goals of biophysical integrity, social
vitality and economic sufficiency, as do other mining regions around the world. These barriers
include the norapproval of the quarry master plan, continuing biophysical degradation from
abandoned mines and current practices, economic challenges, limited enforcement capacity
and social inequity.

Abandoned mines and cumulative mining impacts
As is the case around the world with abandoned sites, one of the major problems is
accountability. Many investors responsible for major environmental problems during the past
25 to 30 years have closed or moved away. Determining who is responsible for the etean up
a serious barrier to any remediation attempts. The fact that investors take no responsibility for
damage done is a significant barrier to restoration. The difficulty in holding anyone
responsible for environmental damage represents a large gap amongedéssary
preconditions for a sustainable mining region, as remediation is required in order to advance
toward a sustainable future. Moreover, during economically depressed circumstances, that is
Lebanon is passing through since year 1975, only limitehtial resources are allocated or
spent on environmental recuperation.

Economic challenges
Issues surrounding the problem of remediation derive from the depressed available mineral
prices in general and the abundance of quarries in Lebanon in partappaoximately 7.6
quarry/100 krf). The tight economic situation also makes it difficult for the industry to invest
in cleaner more appropriate technologies, which again, further hinder progress towards a more
sustainable mining culture.

Barriers to regwtory enforcement
The barrier to more sustainable mining in the region is the limited capacity of regulating
bodies to carry out their duties. With only a staff of three in the Ministry of Environment, the
workload for the concerned office overwhelms thpacity of the available staff. The office is
hampered in its ability to carry out many environmental responsibilities, including quarry site
inspection.
The limited capacity to carry out the mandate has led to a lack of enforcement of
environmental regakions creating a large barrier to sustainability not to mention the problem
of overlapping authorities between the Ministry of Environment, Ministry of Interior and
Municipalities and other line ministries as mentioned in previous sections.
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It appears, hoever, that economic priorities have weakened the ability of local regulators to
carry out their mandated duty. Until a more balanced approach takes the place of the
Adependent devel opment pat ho. Local resour ce
adequat regulation.

Quarry closure and rehabilitation legislation in Lebanon
One of the main barriers is that Lebanon still lacks the proper technical, financial,
administrative and legal framework in respect to quarry rehabilitation and closure legislation
andin most cases investors lack instruction and guidance from the government regarding
guarry closure and end point criteria for rehabilitation.

Social inequalities

A large portion of miners is fully occupiedth personal thingand unable to participateliy
in the political process and decision making in the newly democratized country.

Social, financial and cultural level
The mining policy of most countries as well as in Lebanon, which is enforced by laws and
regulations, is usually in language too coexpfor the artisanal and small scale miners; as is
the case in Lebanon, to comprehend. Most of theses miners are not even totally aware of the
national laws and regulations in force that affect the mining sector and in some cases
inadvertently violate them

5.4.1.2 Opportunities for sustainability

As is the case in the rest of the world, changes are taking place in government and industry to
address environmental impacts qbliarry managementThese changes can be noted in
academic institutions, environmental anddar legislation and regulations as well as
changing corporate and civic culture.

Academic institution
The strongest opportunity for effecting environmental change lies with the academic
institutions located in the region. Academic commitment to researatinerals production,
environmental management, and social and economic development provides new insights and
support projects geared at improving the sustainability of mining practices in the region.

Environmental legislation and regulation

In spite ofa lack of proper regulation and enforcement, the existence of environmental
legislation at the government level appears sound. In addition, the strong governmental
support for environment creates a good opportunity to improve the regulatory and
enforcemensystems.
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Changing corporate and civil culture
Another significant opportunity emerging is that some mining companies (very few, in fact
just one international compaijolcim) have begun implementing the green agenda in their
mining activities as an enanmental commitment.

In addition, people are becoming aware of the quarrying problems and consequently are
becoming sensitive to the single environmental violations.

Non-governmental organization
Non governmental organizations are becoming environmererdrand more active in
Lebanon. This potential opportunity would only lead to the protection of the environment if
the concerned NGO is aiming to integrate environment and ecology in their follow up
procedure based on environmental criteria. The engageaieattive norgovernmental
organization in the quarry closure legislation and their participation in this process is an added
value.

Government official expertise
The government personnel (and more specifically those of the Ministry of Environment) are
very few, but they are highly qualified public servant with different related scientific
background enabling them to be an interdisciplinary team and consequently to perform their
duties in the most proper way.

5.4.2 Sustainablequarry management practices

The aility to produce construction materials in this era of competing resource needs and
values requires new management practices that can maintain efficiency while accommodating
the biophysical and socieconomic needs of a sustainable mining community ®ptesent

and the future. Poor environmental practices can lead to long term economic expenses for the
investor/company, the community or both that might even outstrip immediate benefits, and
undermine longerm goals. An investment in cleaner technologied better practices would
increase quarrying efficiency and reduce the quantity of waste, as well reducing waste
through recycling.

Policies and plan must anticipate and prevent further environmental degradation, rather than
acting after the fact, or iresponse tale factodegradation. Uncertainty should not be used as

a reason for delaying preventative measures against possibly serious threats to environmental
health (United Nations, 1992; Mitchell, 1997New mining plans that incorporate the
principle of precaution could prevent potentially damaging practices. In addition to protecting
the biophysical environment, production costs can be lowered by preventing costly damage
that requires cleanp in the future.

Proper management of the natural worltdasnpered by uncertainty. Human interactions with

resources and biophysical environment can be managed by through adaptive policy, planning

and management strategies. Adaptive management requires that policy makers, planners, and

managers learn from paststakes and use experience to design new management strategies
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(Kay et al, 1999) Incorporated into the quarrying industry, adaptability helps to ensure that
mistakes are not continued in future construction materials development, ensuring
improvement in pactices and management over time.

Quarry management practices based on the above principles of sustainability offer an
approach that can benefit both the investor and the region where quarrying takes place. It
must also be emphasized, however, that therao single formula. As noted elsewhere
ARAdaptability, flexibility, responsiveness,
environment, which we all depend on, are the principles upon which future mines need to be
built if there are to followamer s ust ai (Weighdta, 2@0R)t h O

In conclusion, and in order to comply with above mentioned principles of sustainability,
efforts from both the public and private sector should be deployed toward approving the
soonest possible a mining region iedanon or the quarry master plan in consensus with all
relevant stakeholders. The quarry master @hould beintegratingall relevant scientific
criteria andcould be based onhe research in thithesis aghe deskand field surveys as
follows:

1) desk swey link all available data sets related to different layers using GIS software
(i.e. distances criteria and technical guidelines for each type of investment form MoE
database, geology, hydrogeology, urban and residential areas, shrines, land use
planning, land cover map, protected areas, hospitals, industrial areas, schools,
agricultural areas, etc...);

2) field survey to check all regions deducted from the desk survey in order to determine
their suitability for quarrying purposes (access roads, steep déameeexposition,
| and shape, weather conditions, é).

In order to approve this plan, it needs from the government side the commitment to
environmental priorities and the political determination to approve it, which until now does
not exist although severattempts were made with no hope, and from the investor side the
compliance with the new regulations and the will to shift their business to the approved areas.

On the other hand the quarry master plan should be practicable and applicable in all Lebanese
territories. Foreseeing additional regions in the new proposed amended quarry master plan
might have an instrumental effect to provide markets with needed products in a way to
overcome disadvantages of the already existing 4 approved regions.
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5.4.3 Mine (quarry) closure legislation in Lebanon

Till to date, almost all quarries in Lebaname in progressive operation$n some cases
operations in quarries stop for a while due to several reasons (shortage in products, climatic
conditions, product price, changepno | i ci e s, problem in machi ne
but this do no lasforeverand quarries restart again operations to regain in a short period all
what they i | o dgnt réspect of opportunities and products disregarding all types of
rehabilitation pratices. So a big part of quarries would be called abandoned for a period of
time and very few are closed permanently in the proper way where no operations are still
ongoing in these sites.

Although the actual quarry decrees state what should be doneatulitate new quarries but
they never approach the problem of old abandoned not rehabilitated quarries in Lebanon in all
respect: legal, institignal, financial and technical.

That is why by setting appropriate foundations, we initially consider theasedemportance
of integrated quarry planning, including quarry closure, in the light of the sustainable
development dialogue as it relates to the mineral resource sector.

An effective environmental plan to close a large quarry should therefore be babethon
social and environmental impact assessment. Companies/investors must incorporate
environmental and social issues into their strategic thinking and business practices, from
exploration through to investment, operation, closure and post closure phases.

Every quarry will ultimately close and the natural resources of the local area will then be used
for other purposes. Explicitly recognizing this in the quarry planning and closure process is
pivotal. Warhurst and Noronha (2000pte that the benefit of dg planning for closure
include ensuring that components of the natural environment are available for the future,
reducing the extent and expenses of final remediation, reducing future risk of incurring
stricter regulation, improving company profile angputation, and reducing tension and
conflict with local communities.
Mine (quarry) closure legislation will ensure tifeiancokandTopurua, 2000)

1. stable and safe conditions are achieved to protect public safety and health;
the area is left environmentalbenign with no unacceptable or toxic discharges;
any remaining infrastructure is sustainable;
social sustainability is assured;

o bk wn

Future liabilities are minimized for all stakeholders.

The objective of the guidelines would be to encourage the developieomprehensive

closure plans including a rehabilitation concept that return all quarry sites to viable, and
whenever practicable, self sustaining ecosystems and to ensure that these plans are adequately
financed, implemented and monitored within all jdrasion.
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Answers to the following key questions are instrumental for the development of a
rehabilitation concept:
1. What do we need for operation, what is the impact and what are the legal
requirements?
2. What are the needs of the natural and social envirorfmen
3. Are there business opportunities that contribute to the natural and social environment
(biodiversity, social development)?
Is there a partnership in rehabilitation and after quarry closure?
5. What are the costs? And how can they best be provided fdosure?

5.5 The selection of garries for rehabilitation
5.5.1 Problem description

As aforementioned, there are (according to the latest estimate) about 776 quarries in Lebanon
that vary in age, shape, type and size.

In principle, the noractive or abandoned quess that are a hazard to human health and
safety, threaten archaeol ogi cal or historica
appeal, and/or endanger fragile or endangered ecosystems or species (respectively) should be
rehabilitated first.

However the first actuality that inevitably would be realized is that not all of these quarries
need actual intervention to rehabilitate and more specifically theaciore or abandoned
qguarries, which are left for several years without any single operatitms.id the case
potentially due to some factors, most importantly natural processes that have already acted to
reabsorb the quarry sites back into their environment by weathering, erosion processes,
natural revegetation or other such mechanisms in sualag that would make the outcome

look almost acceptable and integral to the surrounding physical Environment in the first place
and that the landscape feature present had always been such. In other words, if natural
rehabilitation has taken, is taking orlMteke place effectively is subject to the time frame
involved as well the surroundings affected by the quarry. In most respects, these quarries
would be considered small in size and in areas relatively remote.

The second actuality to consider in the aafstehabilitating quarries is that there are cases
where cost of rehabilitation could be covered by, and financial gain could even be possibly
achieved through the sale of aggregates production. Aggregate quarries are often situated in
urban districts inorder to lower transportation costs. As a result, many of them have been
found trapped within urban borders, especially where rapid urban expansion did not follow a
long-term planning,as is the case in Lebanon. The rehabilitation cost in this case eould b
well compensated by the production of added value resulting from the new land uses. This is
often called6é pr ogr es si v e where mehdbilitdtiont ogcurs seaguentially, in a
reasonable period of time, while the aggregates are being excavategoddtiplanning, the

118



extraction of aggregates proceeds in a logical sequence so that depleted areas can be
rehabilitated while extraction continues in other areas of the quarry in order to improve the
landscape feature relative to how the quarry was abaddénP| anned stripp
replacement of topsoil, subsoil and overburden materials allows the licensee to establish
vegetation in as much area as possible, and a start can be made towards developing the site
for a particular after usé (Ministry of Naturd Resource, Ontario, Canadadh this case

thereby, not only would quarrying bealowed on an abandoned site for landscaping reasons
(subject to an environmental impact assessment and strict monitoring), yet the sale of these
aggregates is a possibilitgs are the benefits of reclaiming the land for alternative purposes
which achieve economic returns.

The third group of noitactive or abandoned quarries consists of those that indisputably need
intervention to rehabilitate and thus would require funditagh site is subject to its own site
specific basis in order to achieve high quality rehabilitation to meet objectives such as
(Ministry of Natural Resource, Ontario, Cangda)

- The restoration to former use or condition

- Compatibility with surrounding landses, including aesthetics;

- Agricultural productivity/soil capability; and

- Encouraging biodiversity.
These (the third mentioned category of quarries) are the quarries that would require public (or
private) financing sources to rehabilitate, and it is thest of rehabilitation that should be
compared to the cost of environmental damage that they cause. Subject to the severe financial

constraints that would undoubtedly be faced, the prioritization of rehabilitating those quarries
should be also undertaken.

The economic valuation of the damage costs associated with quarries could be used thereafter
in order to prioritize quarry rehabilitation efforts following those hazardous quarries
mentioned above. Those quarries that would yield the most return frobilitekian, returns

in the form of improved adjacent land and apartment prices (for example), and/or in the form
of improved aesthetics and landscape features should be tackled in such order.

5.5.2 Developing prioritization criteria for quarries r ehabilitation

Taken into account th@umber of nofrehabilitated quarries in LebangfTable 29) a
prioritization system is necessary to identify those sites that pose the highest threat to the
environment and public alike. Twenty criteria and associated parameterglestied and
validatedof concerned stakeholders. These criteaa be classified into 4 main categories:

1) Impacton: (1) land values, (2) water resources, (3) air, (4) ecology, (5) tourist and
cultural resources, (6) soil erosion, (73situ pollutian, (8) visual impact;

2) Site Safety(9) proximity to sensitive receptors, (10) geologic stability, (11) prone to
land or mudslides;

119



3)

4)

5.5.3

Future Landuse (12) surrounding (e.g., agriculture, residential, industrial, etc.), (13)
quarry location;

Feasibility: (14) quarry size, (15) land ownership (public/private), (16) existing
rehabilitation activity, (17) potential for natural -vegetation, (18) clustering
conditions, (19) availability of funds, (20) ease of rehabilitation.

Setting-up a Programme for quarries rehabilitation

Based on the Prioritization Criteria for Quarries Rehabilitation a theoretical rehabilitation
progranme for quarries was developed and few rehabilitation sites were ider(flisdde 32)

In this case only 13 criteria were formulated, whereas) every criteria group some are
used.The prioritization system is used to develop a first pricetyabilitationprogranme to

go in line with the current status. Five sites were identified as most pressing quarries to be
rehabilitated according toehollowing criteria:

=

© © N o gk~ wDdN

Type of exploitation or quarry type;

Environmental and visual impact;

Impact on public safety;

Proximity to natural resources (water springs, protected areas, wetlands, rivers, etc.);
Proximity to residential areas;

Availability of animpact assessment study of the site;

Land ownership;

Geographical location;

Willingness of the owner/operator to rehabilitate;

10. Proximity to archaeological/touristic sites;

11.Site location and its effectiveness in acting as a successful rehabilitation amodel

raising public awareness;

12.Potential after uses (landfill, water reservoir, agricultural land, etc.);

13. Availability of funds or bonds.
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Table32 Rehabilitation sites identified using the prioritization system

Stereographic Coordinates
Town/Site District Governorate Criteria
X Y
Msaylha Batroun | North Lebanon | -319055 14072 1,2,3,4,8,10,11
Sibline Chouf Mount Lebanon| - 345205.5 -56516.5 |1,2,4,5,6,7,8,9,11,12,1

Such results would have to be validated and exposed to public and concerned stekehold
before it can be implemented as they may not be compliant with the Ministry of Environment
deci si ona prioriwdflects the government political stance/decision concerning
quarries rehabilitation in Lebanon.

Rehabilitation has to be planned tetend of life of the quarry in order to demonstrate the
technical and financial feasibility of rehabilitation and to define, plan and integrate
rehabilitation in the daily quarry rehabilitation.

Rehabilitation planning has to reflect two situationsha)gost closure scenario, which shows
the final layout of rehabilitation and the post closure {asd and b) the ongoing
rehabilitation during the life of the quarry, which shows the development of rehabilitation and
land-use to reach the final stage. Wonimize the impact on the environment and to reduce
the financial liabilities for the final quarry closure, ongoing rehabilitation is the ideal solution
and rehabilitation should be carried out immediately when it feasible.

Rehabilitation projects reqar planning, and rehabilitation planning is a process. A well
rehabilitation planning approach should include the following steps:

1. Situation analysis: define and document all relevant topics for rehabilitation planning
such as land use for raw material @altion, ecosystems, landscape and identify
sensitive areas tat might be affected by raw material exploitation;

2. Rehabilitation vision: develop a common vision for future rehabilitation. This vision
provides the overall direction for all rehabilitation aggments by the
company/investor.

3. Rehabilitation concept: develop a rehabilitation concept that is supported by
stakeholders and illustrates how to reintegrate the quarry into the landscape , how to
contribute to biodiversity, how the land can be usedr afigarry closure while
respecting the needs of society and to organize the quarry aftercare. The concept may
contain several options, ranked according to technical, financial, environmental and
social criteria.

4. Rehabilitation plans: plan rehabilitation tp the end of the quarry life in order to
define actions and integrate rehabilitation in our daily quarry activities. Rehabilitations
plans are necessary to demonstrate the technical and financial feasibility of
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rehabilitation to guarantee an efficient agry operation and to visualize the
development of rehabilitation and future lamske in an easy and understanding way.

5.6 Recommendation for sustainable quarry rehabilitation
5.6.1 Proposed tchnicalrehabilitation methodology in Lebanon

The rehabilitation desibed in this section constitutes an introduction to rehabilitation
practices in general by describing the stages involved in the typical rehabilitation process. The
objective of rehabilitation works should be at minimum to ensure that depleted quaeries ar
rehabilitated to a condition which

is safe,
environmentally stable, and
compatible with adjoining lands.
While each site is somewhat unique, achievement of this general standard involves sloping

embankments and spreading the available overburdenogsdil stripping stockpiles back
over the surface.

5.6.2 Planning for Rehabilitation of quarries

Planning stages of rehabilitation are vital for efficiency in rehabilitation works and a sound
outcome. The alternatives for ende postehabilitation ¢ee chamr 3.10.7 and
rehabilitation considerations or factors described in this pag ¢hapter 3.10,6constitute a
pillar for rehabilitation planning in terms of decisioraking and feasibility assessment.

Rehabilitation planning ideally should consistloé following six steps:

Information Gathering
It is imperative to have all relevant site information available during planning and decision
making. This will allow the identification of sigpecific constraints, and provide the baseline
information for tle formulation of realistic objectives. It will also enable the selection of an
enduse alternative and influence decisions on the most appropriate techniques to use.

Significant relevant information on site specifications will be available from the yquarr
prioritization activity. Additional data can be gathered through further-stesk/ or from
responsible authorities, local municipalities, and site investigation.

Enduse Assessment
The assessment of pasthabilitation use can be based on the poteetidluses described in
this study, and the desired land use for the site. Often, in order to meet local and regional
aspirations, consultation with governmental agencies and the public will be necessary. Rather
than being a burden, the target sites can ptevide a real opportunity for providing high
guality social amenities.
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Feasibility Study
This study constitutes a rough analysis for guidance and deaisikimg. The benefits of a
feasibility study include the assessment of practical and financiailitiathe identification
of the position of the site in the national and regional planning context, and consideration of
possible roles for the site including education, research and public access.

A rough cost analysis or cost estimation or assessofethte potential cost of the various
options should be conducted during this stage. In addition, the feasibility oftdiong
management of the site must be evaluated in terms of responsibility, cost and practicality.

Consultation
Early and continued esultation in the field or rehabilitation is recommended for guidance
throughout the planning phase of a rehabilitation scheme. Specialized agencies and individual
experts can be sought for this purpose as preferred by the planning body.

Project Planning
Sound project planning is essential to safeguard the existing interests of the site and identify
appropriate target achievements and restraints. The first stage of detailed project planning is
defining objectives, preferably via a prioritized list of altjees, which can act as a guide and
ultimately be used to measure the project's success in the future.

Objectives are influenced by the landowner, local authority, community, and/or ecosystem
needs, and will relate to nature conservation, amenity, @docaesearch and financial
sustainability.

A good project plan should define answer the following 4 issues in a very clear manner:

(1) When to rehabilitate?
(2) How much would it cost to rehabilitate? and is the s®of funding known and secure?
(3) Who is quafied to rehabilitate the siteehd

(4) What are the rehabilitate steps and methods to be used?

Management Plan Development

A management plan should give precise details for restoration and long term management
phases, with the techniquegjoired to achieve the objectives. Restoration operations should
be well planned and coordinated, and should also lay out the foundations faerong
funding and aftercare management responsibilities. Ideally, aftercare strategies should be
submitted to e planning authorities followed by detailed annual progress reports.
Management plans should be monitored and approved by regulatory bodies, including the
DGUP and Ministry of Environment.
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A management plan of proposed rehabilitation can include antbegissues:

1. Projected plan of contours and final levels of site, together with information about
replacement depths for sailaking materials, subsoil and topsoil in the form of target
restoration profiles;

2. Areas to be restored to agriculture, forestgppéts of trees) and amenity uses or for
built development;

3. The phasing and timscale of the working, restoration and aftercare;

4. The methods of filling where appropriate, types of fill and materials proposed;

5. The methods of stripping, transporting and rmestp soils; including, where
appropriate, schemes for retrieving and utilizing soil making materials, dealing with
different soil types and machine movement;

6. Proposed outfalls for drainage of the restored land;

7. Proposed access roads to restored land;

8. Detals of proposals for nature conservation enhancement, indicating how they fit with
local nature conservation strategies and the biodiversity action plan.

5.6.3 Implementation sagein rehabilitation
Traditional Reclamation

Preliminary Works & Site Preparation
Site clearing and preliminary preparation is necessary to set up the site for subsequent
rehabilitation activities. Vegetation and overburden need to be cleared, while any valuable
established vegetation, in or near old or abandoned quarry areas, shoulair®s nehere
possible. Retaining large trees or vegetation patched stands will preserve centers from which
plants and soil micr@rganisms can spread into other areas.

In site clearing if present whenever possible, existing topsoil, subsoil, and oesrisinauld
be handled separately, since topsoil is more valuable festedlishing vegetation than
subsoil. It is preferable that this phase be performed duringaioy periods or seasons.

Groundwork and Reontouring

This phase applies to the-shapng of the quarry site and consists of two stages: filling and
stabilization.

Filling involves the gradual fillingup of the existing openings and gaps in the site, to achieve
desired contours poséstoration. The desired contours should be tailored defod after
settlement of the filling material. The site should blend with the surrounding land asiteoff
contouring, even in cases of water schemes, which should include below water surface
contours.

Stabilization should involve the steadying and pawction of filling material and meticulous
slope treatment. Landform replication can be used for operational quarries whereby a
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simulation is used for quarrying to make it so consistent with surrounding landforms that it
requires no further corrections paperation. This method does not apply to old to
abandoned quarries. Restoration blasting is a special form of landform replication where
blasting is made in such a way as to give a desired final landscape. Planned blasting can be
used for slope correctn or for the release of loose rocks, soils, or debris.

Existing steep slopes should be broken down into smaller shorter benches, which would
produce a terrace landscape. Alternatively, backfilling of these benches can be done with spoill
or soil to prodee a moderate hill slope landscape. Although the desiredisndf the site

will determine the shape and contouring of the site, the safety and stability of backfill and
slopes is an obligation.

Quarry Revegetation
Revegetation schemes depend on tlesictd outcome, be it a natural ecosystem, wetland,
orchard, or park. Reegetation consists of species selection, seeding, planting and vegetation
maintenance or aftercare.

The selection of species to be used on the site will largely depend upon thefgtheds
project and the sitebs rehabilitation poter
type and mount, in addition to organic mater and sufficient nutrients, will need to be made
available. Seeding must be done in the right seasonamitions such as moisture, etc., to

be followed by planting according to the landscaped scheme.

Aftercare

Aftercare should be seen as an integral part of the working of the site, especially in cases
where rehabilitation is conditionally coupled with guyarg operation.

Unless the site is going to be restored to domestic or commercial development, there will be a
requirement to return a layer of soil to facilitate vegetative growth. Soil resources should be
protected at all stages of restoration, aredeamajor aspect of aftercare. It is very important to
avoid damage to soil structure, since it can be very costly and time consuming to repair. The
type and richness of soil will influence the success ofegetation, and may jeopardise the
restoration sheme particularly where tree establishment or arable crop production is the
ultimate aim.
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Alternative Reclamation Method: Use of Bsolids
This methodology has been mostly found useful in the case of established ecosystems in
formerly abandoned or rem@tuarries. In some cases, the destruction of a thriving ecosystem
may not be a good reclamation practice or a cost effectiv€Smigh and McGuire, 1998)

In some cases, where overburdened areas for over 20 years had a thriving ecosystem where
wildlife found food and cover, bisolids were used as a soil amendment for the stockpile and
aglime areas. Bigolids provided organic content and nutrients for the projeevegetation

phase, replacing soil removed during mining operations while leavingisteng ecosystem

intact.

5.6.4 Recommendationdor planning authorities

Legislative and planning authorities usually present recommendations or a set of best
rehabilitation practices to suit local needs and standards.

Good rehabilitation practices for quarry planning and rehabilitation indicate for the
planning authorities andoperators several aspects they should take into account.

Before theplanning authorities starts they need laroad consultation also with the operators
taking into consideration possibigains for the community as well as the environment.
Furthermore it necessary taseire that plans fit in widgrolitical and regionastrategiesBest
Rehabilitation Pactices can be divided in two categories with different forms for the
rehabilitation asollow:
I. Carbonates (limestone, dolomite, marl:

a. Terraces;

b. Revegetation;

c. Artistic treatments;

d. Land fills;

e. Playgrounds;

f. Open natural theatres;
I.Sandstone (volcanic ashég¢)

g. Terraces;

h. Revegetation;

i. Land fills;

) Open water bodies, reservoirs, | akes, etce,
k. Playgrounds;

[.  Open natural theatre;

Types of restoration can also include agriculture, forestry, habitat creation, public open space,
specific recreational use, settlements and industrial commercial or, wildlife reserves,
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geological sitesThe planning autbrity should observeor gains n the biodiversity of the
area and also they shouldnsider the need to agree or specify planning conditions relating to:
survey of current land use and habitats;
survey to determine soil classification;

determination ofsoil quantities and identify soil making material to make up any
shortfall;

detailed restoration plan;

detailed aftercare scheme

For theoperator or contractor for planning of quarry rehabilitation tAeod Rehabilitation
Practicesconsists from followng managing aspects:

1. Reclamation should be treated as a two phase operation:

Restorationi infrastructure work, replacement of any or all topsoil, subsoil or soll
making material,

Aftercare- seeding, planting, fertilizing, watering, draining ohetwise treating the land
for a specific end use.

2. Creativityin proposals for restoratiae recommendece.g. combine agriculture with

habitat creation or open space.

Consider entering into a partnership with a body which can managestbetien.
Phase plans should be drawn showing timed movement of soils and overburden to
determine whether progressive restoration is possible.

Progressive restoration should be done wherever possible to minimise costs and damage
to soils.

Plan work aroundhe proper season.

Determining the thickness, quality, quantity and relocation of soils allows the correct
equipment to be selected.

Topsoil is essentially a living material that needs to be handled with care, so avoid:
- putting into dumps needlessly;
- putting into dump when wet;
- creating the dumps too deep or wide.
On completion of extraction:

good quality material which is sandy to assist drainage and bolder free, should be placed
on top of the overburden;

the subsoil should be replaced, followedtlhy topsoil;
if no soil available then this will need to be derived from existing material;
care must be taken to limit traffic on restored horizons;

all horizons must be rooted and stone picked to promote drainage
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Rehabilitation starts during ope@ti and is not something that begins only after extraction is
terminated. The general approach that should be adopted is to rehabilitate the exploited areas

and allocate them to their end use already during operation. Especially in large quarry areas,
whereexploitation is executed by zones, land is available for ecological and social projects
already during expl oi t ashiftethh . o Wearr ttitcau| @wh olbe oa ©
exploitation and preserved. Already exploited area can be fully reheddllisgamd allocated to

their end use.

When developing a rehabilitation concept, safety and security aspects have to be taken into
account (access restrictions, fences, ber ms,
the possibilities of rehabilitain depend largely on local conditions (e.g. topography of quarry
site, |l and resources of the company, etceée). /
devel op only feasible options in ordwlk to av
resbrationo i s often not realistic due to the | ack

5.7 Proposed Financing Mechanisms for Quarry Rehabilitation in Lebanon
5.7.1 Abandonedquarries

Quarries abandoned prior to Decie 8803/2002

As mentioned ingeechapter 3.48) , by definition an abandoned
responsible parties cannot be found because they have gone bankrupt, left the jurisdiction, or
are unwilling to accept responsibility and, therefore, the government may have to assume the
cleanup o s t(Gastrilli et al.,2003) The review of international financing mechanisms for
funding rehabilitation abandoned quarries (skapter3.8) revealed several methodologies,

both classical and innovative.

The first and most apparent methodology to rice abandoned quarry rehabilitation in
Lebanon is through d&édgover nment f undsbadngpr ogr ar
between national and municipal revenues. However, immediately this conventional
methodology would clash with the reality thatthee banese governmentsd me
situation, as outlined inhapter 3.7.6is in dire condition as most of the expenditures of the

Lebanese government are drawn into servicing debt and into salaries, subsidies and transfers
(which in the shormedium tem is inflexible). This reality trickles down to the municipal

level, as many if not most Lebanese municipalities complain of limited funds and financial
problems. To add to this constraint is the fact that, as mentioneldapter3.9.1, air and

water polution are considered the main environmental priorities to remedy, as revealed by the

World Bank report in the cost of environmental degradation in Lebanon.

Nevertheless, the option of funding rehabilitation programs through national revenues or a
costsharing arrangement between the national and the regional or local levels must remain an
option, specifically in emergencies where abandoned quarries are identified to pose risk to
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human life or irreversible ecological damage. This must be kept in mindeaBah At
Handasah report (1996) indicated that about 71 percent of quarries in Lebanon (since no
rehabilitation attempts occurs, this percentage could not of changed much) did not respect the
most basic standards and performance criteria (e.g., verygiaeyy slopes often exceeding

70°). An estimated 70 percent of the quarriesewstructurally unstable and 60%ere
downright dangerou@®ar Al-Handasah study, 1996)

The second potential approach to fund rehabilitation of abandoned quarries is threegh lev
placed on industrial production, or in specific all industries that deal directly with quarry
produce (e.g. rock and sand quarry operators). Herein, the Lebanese government could
impose a fee or tax (per ton tax) deposited into a dedicated fund eadnsalely for the
rehabilitation of abandoned mines (prior to Decree No 88[0d¥ approach is similar to the
aggregates |l evy in the UK which supplies t
proceeds of the levy herein would not only go into reitabng abandoned mines yet would

be used as a tool to encourage the reduction of aggregates usage and their réaeycling.
essence, this methodology would fit with most of the principles and criteria outlined in
chapter3.8 (polluter/beneficiary pays praiples, sustainable development goals, openness,
discouragement of future site abandonment and public perception). It would have a negative
economic impact however on the Lebanese quarry industry and may be unfair to a few quarry
operators (those operatosho did not take part in the past legacy of the Lebanese quarrying
industry which left over a thousand abandoned ancebabilitated quarries). However, these
negative economic impacts may be more than alleviated by bettering the image of the
Lebanese aurrying industry by having them take (full or partial) responsibility for past
actions.

The third potential approach to rehabilitate abandoned quarries in Lebanon is through a
governmenindustry partnership. Herein, the government of Lebanon could cofmamitits
general (or municipal) revenues a part of the rehabilitation costs (calculated to be
approximately USD 22 million/yeair chapter 3.1 while the quarry industry commits to
funding the remaining part. The governmerdustry approach however woukbrk better as

a sitespecific endeavour (thereby a shtmtm and partial solution), unless it is linked to a
sustainable and institutional arrangement or program over time.

What is of importance to note here, is that many abandoned sites would thevestipened

for quarrying for rehabilitation (landscaping) purposes, and thereby potential to sell the
proceeds from such an operation could cover part, if not whole, of the rehabilitation
procedure. In this case, the quarrying industry would initiatebigfaéion completely if the

re-sale of the aggregates would more than cover costs of operation (rehabilitation), while an
agreement for partial governmental support could be asked for if the resale of aggregates
would fall short of the costs of rehabilitag the site. To further insure that rehabilitation
would take place on part of the quarry operator, a financial guarantee could be asked to be
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placed upfront also to ensure rehabilitation is undergone according to the agreement (and the
purpose that quay operations was fallowed on the site in the first plac@his approach is

also similar to the Pennsylvania Department of Environmental Protection (PDEP), Office of

Mi ner al Resources Management approach of &6Go\
@little to no costmitri ndheOpaibdti @r)d anAls ¢ ihet dRe

The fourth approach -pooulid e gtami ceaeéabe &ar osbo
contributions from private individuals and companies (or from the central goeat or a

donor agency) for its programs. It is much like a governsmghistry partnership yet

arranged by a negovernmental entity. Companies, governmental entities, individuals

(among others) contribute (voluntarily) money with or without having arécplar site in

mind when they make their contribution. However the applicability of this approach in
Lebanon would depend on the ingenuity of the-gomernmental organization leading the
rehabilitation programs, and its ability or capability of reaghtut to attain the necessary

funds for rehabilitation.

Finally, a combination of the aforementioned approaches could be undertaken in Lebanon.
5.7.2 Future operation of quarries

For the future operation of quarries, the Lebanese Government already seuticktrough
DecreeNo. 8803 (updated partially by Decree 16456). Within Decree 8803, a financial
guarantee is required to any woldd quarry operator, the amount of which is set by the NCQ
(including the Ministry of Environment). As discussectirapter3.11], values for the estimate

of financial sureties are shown, yet never were implemefkdpter3.8 addresses possible
alternative values for quarries. It would be ideal if financial guarantees were adjusted and
estimated in the environmental managempatt of the required Environmental Impact
Statement (EIA) of the quarry.

This guarantee come in the form of a letter of cred#ued by a bank that essentially acts as
anirrevocableguarantee of payment tobeneficiary) pl aced i n eouldber ust f
created by the National Council of Quarries. These bonds would be returned once the site has

been satisfactorily rehabilitated. If rehabilitation is not completed, part or all of the bond

amount (or guarantee) may be used to complete the wok.bdhd amounteflectsthe

expected cost of such work and should be reviewed periodically

Furthermore, DecreBlo. 16456 that updates Decrém. 8803 stipulates that no permit for
quarrying would be given to a quarry operator if he have failed to retaédilo agreed upon
standards past quarrying (presumably post Dedee88032002).
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5.7.3 Recommendationsfor financing mechanisms

In conclusion, remedying the past and evident legacy of Lebanese abandoned quarries and
ensuring its prevention in the future mt a complex task to undertake and yet is of
substantial importance. Through the selection @maritization of the abandoned quarries
which need rehabilitation, those quarries that pose risk on human life due to their unstable
nature, and then followedy those that guarantee the highest socioeconomic and
environmental returns if/when rehabilitated (e.g. increased property prices and enhanced
landscape features) could be rehabilitated first. This would be necessary to begin the
momentum (preferably undea comprehensive and tiriamed program) to rehabilitate

most, if not all, of the abandoned quarries.

With respect to alleviating financial barriers towards such rehabilitation, there are several
methodologies that were proposed for the Lebanese comédxadopted from international
experiences. Some of these proposed methodolokjiedly( seesection2.3.9) are already
addressed in Decree No. 8803 (updated by Déd¢oe@6456), while others could potentially

add to the Decree, resulting in a more rolaust efficient financial mechanism to ensure that
the problem of abandoned quarries is solved and prevented in the future.

The industrygovernment partnership is vital in the context of rehabilitating quarries in
Lebanon, as many guaabi st atoiuolnd pneerendi t & 6
landscaping to occur and offer the removed aggregates (for rehabilitating purposes) for sale.
Monitoring however in this case is crucial, to ensure that the agreed upon rehabilitation would
take place, and that if aostsharing arrangement is in place, the calculated amount of
aggregates to be removed is accurate and is serving the purpose of rehabilitation.

On the other hand, an extra levy on aggregate material is recommended to help (partial receipt
of this levy wauld go into rehabilitation) replenish a Rehabilitation Fund (to be set up by the
National Council for Quarries) until all abandoned quarries (or those selected for
rehabilitation) are rehabilitated. This rate could be kept thereafter (adjusted to irlatie |

of current demand and supply) in order to create incentives for the conservation in the usage
of aggregates and to encourage recycling or reuse (pending that price increases are transferred
to the consumer). The levy could be an increase of thealesgdy in pace by the Ministry of

Finance and may supplement the annual fees paid by quarry operators to the municipality
they are located in.

For current and future quarries, it was recommended that a financial surety (in a form of a
bond) be placedpiront before any quarrying is allowed. This surety should be refunded in
two stages, as the international review of mechanisms revealed, the first stage upon
rehabilitation (75% of total amount) and the second (remaining 25%) two years after
rehabilitation attempt is concluded to ensure that the attempt was successful and sustainable.
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In essence, it is important to remember always that a financial surety should reflect the real
and complete costs of rehabilitation required after the termination of atlymgpadivity on

a site. From chapter 3hbwever, it is realized that the quarrying industry is subject to a large
financial surety requirement (albeit this was perhaps never implemented in the past) which
could potentially be a slight obstacle to inwesnts in the quarrying sector in Lebanon. These
financial surety estimate divergences can only suggest one necessary approach that should be
undertaken. This approach is simply that in order to attain a more accurate idea of the costs
involved in quarry ehabilitation, the Ministry of Environment or the NCQ must take on pilot
projects (one for each of the various types of quarries) in order to set the guidelines and
benchmarks required for quarry rehabilitation (e.g. landscaping, dsgeéing, and
vegetaibn among other things) in accordance with each type, and more so in order to get an
accurate number as to the costs of rehabilitation involved. The latter is vital for any future
setting of the financial sureties or bonding that the Ministry of Envirobhmemn other
governmental institutions (e.g. Central Bank), insuring companies or financial banks must
place or be asked to place respectively. Uncertainty would always persist in this matter as
what is being calculated is a future scheme; however, witbrexye, the correct value for a
surety could be a better reflection of reality.

Undergoing such a task is vital to ensure that from the start, the amount requested to be placed
upfront (as a general figure and pending further concurring on a case byasasevith an
Environmental Impact Assessment) to ensure rehabilitation is the correct amount, that would
neither be too large (which would create a disincentive for investment) nor too little (which
would fail therefore to successfully rehabilitate an ralmmed site). Furthermore, it is
common knowledge that many, if not most, of the quarry operators have eluded the payment
of a financial surety and eluded taxation of any sort. Thereby, placing an accurate financial
surety to reflect the true rehabilitatiaccost would most likely lower the financial surety
required (than that currently in place), increase therefore compliance to this surety (assuming
implementation of the law remains as it is) and ensure sustainability of the sector. From this
point of view another important deduction is made being that better implementation of the
law, specifically forcing quarry operators to abide by the requirements of a financial surety
and strict monitoring or auditing of excavated quantities for taxing purposesiigeq

Alternatively, the Government of Lebanon could begin to implement the tax and guarantee
levels it has and observe with time the effectiveness (or regressiveness) of the values
suggested and how efficient they seem in implementing their objectkiag(ten mind the
economic concerns of quarry operators, of course).

Furthermore, it is recommended that the NCQ set up a quarry rehabilitation office that would
monitor quarry rehabilitation attempts, and to ensure that these attempts have been successful
or sustainable with the passing of time, and that the levies placed on quarry operations be
done, as it is internationally, on a per ton basis to create harmonization of units.

132



Moreover, the establishment of the National Environment Fund stipulatedriri{4/2002

would provide a practical and effective instrument to support financing of rehabilitation of
both abandoned and future quarries. In the case of future quarries, guarantees could be
directly placed under such Fund, allowing MoE to directly use gharantees whenever
needed.

Lastly, it is worth mentioning that if the Government of Lebanon had implemented the
guarantees, levies and charges it has inscribed (and preferably adjusted them to be more in
line with the objectives of rehabilitation), itonld have been more than financially capable
(also herein pending that the Government experiments with earmarked taxation) of 1) funding
a countrywide rehabilitation scheme of most (if not all) abandoned quarries and 2) ensuring
that such abandonment wdutot occur again (guarantees).

5.8 Proposed institutional/administrative procedure for quarry rehabilitation in
Lebanon

5.8.1 Problem description

To date, no official/administrative procedure for quarry rehabilitation exists neither at the
ministry of Environmennor elsewhere by which owners/operators of old quarry sites (of any
type or scale) can be granted a rehabilitation permit or license. Hence, the rehabilitation
attempts made by a certain number of companies/operator are due to:

1. They included green agendsda their daily work;
2. monitoring was made by a big consultancy firm;

3. in most cases the consumer was the Lebanese government for project of national
interest;

4. the partnership between local companies and international companies which allowed
to transfer tkir knowi how and implemented the work in applying the concept and
principles rehabilitation;
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A draft procedure should be prepared including:

1. Administrative framework: who, how, where and when?

2. Documents (administrative and technical: ID, land ownersbadastral map, land
use/land planning maps, geographical/survey maps with spot levels,-dgealogical
and geophysical assessment reports, EIA reports, etc.) required for application;

3. Technical and environmental conditions of the site (i.e., minamists from natural
resources: springs, rivers, protected areas; residential areas; plot size, etc.);

Preliminary evaluation and final approval;

Concerned and involved authorities (e.g., municipalities, Mohafez, etc.);
Work monitoring and followup reports;

Financial guarantees or bonds;

Eligibility, license duration and renewal,

© © N o o &

Penalties.

Other procedures such as final approval of work, archiving and systems for operational
guarries are routines that already exist and are operational at MoE and otleenedmublic
institution.

However, in order to be effective such a procedure must make part of, or be appended to, an
existing or a new legal framework, hence every procedure needs NCQ approval before it can
be submitted to CoS and later to CoM for fingpeoval and adoption.

5.8.2 Recommendationfor regulation of rehabilitation process

Since no License Request Procedure exists for Quarries Settlement, Regulation and
Rehabilitation, therefore establishing and developing a new procedure for this purpose would
provide a basic platform to the interested companies /investors in rehabilitating their sites in
well concise setup.

Whereaghe decree no. 16456 of 02/27/2006 related to the organization of quarries and stone
quarries (amendment decree No. 8803 of 10/@224nd its amendments) has tackled in its
articles no. 6, 10, 14, 20 and 22, the settlement, regulation and rehabilitation of all kinds of
guarries and storguarries.

Therefore the mechanism for obtaining a resettlement and rehabilitation license dfor ol
guarriesi that are uroperational, or non rexploitable, or usrehabilitated and that are listed
amongst the sites that have been operational prior to the promulgation of the decree No. 8803
must abide by the following mechanism (otherwise, the piangsof the decree No. 8803 of
10/04/2002 and its amendments will apply to them):

134



1. Will be considered as quarry settlement, regulation and rehabilitation process the
series of final adopted procedures for repairing or alleviating the negative impacts of
the (current or previous) exploitation process of a site on the surrounding environment
in particular and the natural resources in general. The rehabilitation objectives spreads
from preventing and stopping sources of pollution, including soil and lantditgtab
the site in a manner securing the public safety, to the restoration of the site to its
previous form in sustainable means suitable to its natural surroundings.

2. The application encompassing the documents required by the National Council for
Quaries for the quarry regulation and rehabilitation requests shall be presented in a
triplicate (one original and two copies) to tMehafeavho will forward it to the MoE
T National Council for Quarries.

3. The application will be forwarded back to thhafezwith the decision of the MoE
Nati onal Counci l for Quarries, whet her
decision will be abiding.

4. The operation timetable will be set according to the technical report information
presented by the petitioner and ieE i National Council for Quarries has the right
to impose the suitable timetable for the achievement of the works pursuant to the
technical inspection and the information included in the report.

5. The Mohafezwill issue a licensing decision if the MoE National Council for
Quarries has given its approval that will encompass the timetable, technical and
environmental terms that must be included within the quarry regulation and
rehabilitation activities issued by the MioBlational Council for Quarries; tlyeare
considered as an integral part of the licensing decision.

6. The petitioner will provide periodic reports (prepared by the supervising authority) on
the rehabilitation work progress every three months followed by a photographic image
to the MoE Natioral Council for Quarries as well as copies to the concerned
municipalities for them to be able to assume their responsibilities of monitoring and
following-up the technical work in the field and then report back to the National
Council for Quarries their aervations, if any, for the appropriate measures to be
taken.

7. Any incorrect information could cause the immediate cessation of the work without
any acquired rights to the petitioner.

8. The operation fees stipulated in article 7 of the decree no. 1645&2G72@06 will be
defined by a decision of the finance minister upon a proposal of the MoE.

9. The amount of the bank guarantee stipulated in article 7 of the decree no. 16456 of
02/27/2006 will be defined by a decision of the minister of environment

10.When therehabilitation works are finally concluded or stopped, the petitioner must
report the termination of works by a letter addressed td/itleafezwho will in turn
forward it to the National Council for Quarries for the monitoring of the rehabilitation
works and adoption of the appropriate decision. The notification wilAppendixed
by a statement with all the information regarding the achieved rehabilitation and
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regulation works according to the imposed implementation phases and the measures
adopted to avethreats.

11.0Once the termination of the operations acknowledgedviibigafezmust, by oneself
or upon the proposal of the National Council for Quarries, consecutively inform the
petitioner of the works that he still considers necessary for the executitre of
rehabilitation and protection process. Once it has been verified that all the required
operations have been achieved, tMehafezwill issue, upon the proposal of the
council, a decision regarding the termination of the operations, closure of tmg quar
and reimbursement of the guarantee imposed upon the petitioner after deduction of the
due fees pursuant to its objective. The work termination decision will be reported to
the ministry of interior and municipalities, the ministry of environment and the
National Council for Quarries.

12.1f the petitioner did not fulfil the engagements and operations that were incumbent to
him during or upon the termination of the rehabilitation process, the National Council
for Quarries can then execute them at the pagtialiscretion. The amount will be
taken from the original guarantee deposited, if the amount is insufficient, the petitioner
will still be under obligation to cover the difference; these provisions will also be
applied in case of license cancellation,iexpr waiver.

5.8.3 Required documents

First: Organizational Documents

Identification documents (copy of the ID/ or proxy)
A full cadastral map + a statement of the property approximate areas

Delineation and servitude statement not exceeding one month fromptieation
submission date;

Property attestation and realty attestation of fact of theunveyed areas non exceeding
one month from the application submission date;

Commitment of good operation practices, a waiver at the notary public to refrain from
undertaking any extraction work once the National Council and Mohafez have approved
the termination of the rehabilitation works;

Rental or exploitation contract or other;

Supervision agreement contract signed by an experienced civil engineer, agronomist,
geomechanic or geologist experienced in work discharging;

A map of the land location current status + longitudinal and latitudinal sections;

Topographic map at (1/20000) scale showing the property location and relation with the
surrounding environment;
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Second: Technical Maps and Documents

detailed rehabilitation maps with longitudinal and latitudinal sections and explanatory
graphs;
Timetable of the execution of the work phases;

Comprehensive digital panoramic photographs of the location datedgnadi oy the
pertinent party.

A tentative statement of the digging/rubble quantities and the estimated surplus, their
accumulation, transfer and handling procedures, submitted by a sworn and certified
topographer registered at the topographers syndicatdopographical engineer properly
registered at one of the two engineers syndicate;

Third: reports

An environmental status report including:

- An environmental description of the site with at least a 1500 m width from
each side that includes the natuibalances, archeological sites and the
surrounding land use in accordance with the comprehensive directives of the
Lebanese territories or in accordance with any directive specific to the area
encompassing the site;

- Direct or indirect environmental impa@assessment such as air and water
pollution and their resulting damages to health, vegetation destruction, noise,
damages from the means of transportation, infrastructure damages etc, and
proposing solutions to mitigate these damages.

A comprehensive andetailed rehabilitation report including:
- The final use of the site with mention of its content after the rehabilitation;
- Rehabilitation plan of action and timetable;

- The final site status after the achievement of the rehabilitation process

Fourth: The Municipality Council Decision

The municipality council decision/or the district commissioner decision where there are
no municipalities (objections and complaints will Bependixed to the municipality
council decision in case of a disapproval prodideat the latter is justified within the
legal time limits)
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5.8.4 General environmental and technical terms

1) Itis absolutely forbidden to cut fruit, gum or pine trees.

2) No transfer of agricultural soil or rocks; or rubble outside the real estate or use dhly for
land regulation and rehabilitation prior to the approval of the Md&tional Council for
Quarries of the work execution, for the excess quantities only;

3) Taking into consideration the guidelines of the MoE and/or ministry of agriculture and all
the masures observed for the preservation and use of coverage soil;

4) keeping an equivalent of 10% of the total area for rehabilitation for the improvement and
development of the existing and new ecological systems that has or could appear within
new environmentaconditions and time;

5) Preserving the rights of others, no trespassing on public propemtieschieving the work
within the deadlines;

6) Permit use only for the purpose approved by the My&tional Council for Quarries
under penalty of the immediate cassn of work;

7) Fencing the property with bushes or gum trees and keeping the current tree fence.

8) Creating a soil or green vegetation cover to mitigate the visual and pollation, and
dust from the rehabilitation operations;

9) No use of explosives will ballowed prior to the approval of the MeHE\ational Council
for Quarries and the pertinent authorities with a written commitment in this regard,;

10)No crusher of any kind or size will be installed for the production of gravel prior to the
approval of the MoE National Council for Quarries;

11)Submitting a performance bond which value will be defined by the National Council for
Quarries pursuant to the type and form of operation;

12)Operation fees and duties will be paid upon the promulgation of the licensingaédois
the pertinent municipal fund or to the treasury outside the municipality;

13)The National Council for Quarries retains the right to impose new environmental terms
when needed, to perform periodic monitoring; and the right to request the suspension of
the license if the required environmental terms are not being implemented without any
acquired rights to the concerned party;

14)The approval will be deemed expired 6 months from its date of issuance by the MoE

National Council for Quarries (thBlohafezmust justify the nompromulgation of the
decision if so).
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5.8.5 Recommendationfor quarry closure and rehabilitation in Lebanon

The complexity of social, cultural and economic issues in Lebanon today complicates the
process of physical decommissioning and rehabditaof areas disturbed by quarrying.
Before the enactment of the new legislations (decrees No: 8803 and 16456) there was no
comprehensive law or regulation that dealt adequately with the wide range of issues relevant
to quarry closure. In order to remettys deficiency in time for closure of all abandoned-non
rehabilitated quarries, the government of Lebanon should initiate a process to develop such a
policy. Its aim is to establish a comprehensive law for the implementation of the quarries
closure

One d the major issues raised during the public consultation (with the Ministry of
Environment personnel) on the legal framework for quarries in Lebanon, and which gained
large consensus, was the lack of reinforcement of existing legislation, the confliehdétas

among the various concerned authorities and the political interferences. It should be noted that
hitherto all environmental regulations pertaining to quarries took the form of either a
ministerial decision or a decree which can easily subjectedlitical contentions. Given that,

and based on the results analysis of existing legislations, a new compreHansifoe
regulating quarrying sector including the rehabilitation component should be drafted and
reviewed before being submitted to CoundilSiate (CoS) for verification and later on to

CoM then parliament for final approval.

The new proposed law should stop once and for all the overlapping of authorities and
consequently stop the issuance of trrhoee c al |
stipulate that quarry investors or operators to produce quarry closure and rehabilitation plans
for review and approval well before closure. Following the acceptance of the closure plan
from the responsible authority, quarrying companies should trgmogress at regular
intervals. Plans should address both social and physical aspects of quarry closure and
quarrying companies are required to provide financial guarantees for proposed closure work.
The law should also specify technical guidelines fog thinimum acceptable specific
requirements (actions and targets) of a quarry closure plan. Ultimately a successful quarry
closure plan is by far a technical, social and financial exercise.

The law will ensure stakeholder input in the quarry closure psodeseeks to facilitate the
transition of a local economy from mineral dependence to post quarrying economic
development in other areas. While it does not define the exact nature and extent of
stakeholder input into quarry closure planning, the sensitameagement of stakeholder input

and expectations will play an important role in its implementation.

The proposed law should address all the above mentioned mechanisms (technical, financial
and institutional/administrative) and integrate them in onaugeA national debate should
take place at the early stages and all involved stakeholders should be part of the proposed law
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before its promulgation in a voluntary and consultative/explanatory programme appraisal. It is
worth mentioning that the proposed lalould complement at first what the actual decrees
already tackled in terms of rehabilitation and organization and afterwards adjoins all items
and articles related to rehabilitation and quarry closure plan (.e.g. rehabilitation concept,
procedures for ieabilitation, rehabilitation of abandoned quarries, the effect of- non
rehabilitation on new licenses).

In addition to what is mentioned, it is worth pointing out that the new law should tackle the
new and advanced technologies related to the quarry secieell as other type of investment

that are until to date not well conceived in Lebanon such as the issue of open pit particularly
for the cement quarries that require a huge areas to excavate large quantities of needed
mineral from hillsides and mountea. These mountains and hillside would disappear in few
years.

The objective of the proposed law guidelines is to encourage the development of
comprehensive closure plans that returns all mine sites to viable, and whenever practicable,
self-sustaining eceystems, and to ensure that these plans are adequately financed,
implemented and monitored within all jurisdiction.

A fully integrated mine plan, including rehabilitation and closure details, is a key aspect to the
sustainable development practices. Sasfié closure will assist in passing on resources and
basic infrastructure, which members of local communities can use to generate sustainable
economic activity.

Once the law is promulgated, it is recommended to organize a training and skills development

at the national level for the investors, operators/companies. The emphasis would be on
practicalnoljiAihaamsdg uction with | imited technic
sufficient practical experience and know how to be able to run the miningtioper safely

and economically in compliance with pertinent mining and environmental laws.

Objectives and principles of quarry rehabilitation and closure guidelines

Six key aspects with correspondent objectives and principles determine the quarry
rehabiltation process and closure guidelines. Thisugeshould figure in the proposed legal
framework for quarry (mine) closure and rehabilitation in Lebanon. In essence, the proposed
law should address mainly the following aspects:

1) Stakeholder involvement,
2) Planning,

3) Financial provision,

4) Implementation,

5) Standards,

6) Relinquishment.
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Consequently, each company/investor should abide by these objectives and principles while
planning their rehabilitation scheme for their quarry. FigliBedescribes the conceptua
model to be adopted for quarry rehabilitation all a long the different steps that should be
tackled to really wundertake the rehabilitation scheme for every quarry
site

Legal compliance

Monitoring Reporting Evaluation Analyse Damages &
Assess Impacts

Evaluation

Stakeholder
Involvement

Budget Allocation

Plan for
Rehabllltatlon

Figure13 Conceptual Model for quarry rehabilitation
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6. PILOT PROJECT AS CASE STUDY ON THE REHABILITATION OF
SIBLINE QUARRY SITE

6.1 Arguments for the case study

In Lebanon as in most developing countries, disposal of municipal solid waste has been a
major problem, particularly in areas where there are high population densities, high
production of waste and scarcity of land adequate for landfill. Under such conditions,
uncontrolled waste dumping along the seashore has been an unfortunate yet common practice
for solid waste disposal in major urban centers; such was the case of the Normarntly landf
for more than 15 years. This site forms literally the sea fagade of Beirut central district and
was created as a result of haphazard dumping of municipal and other waste generated during
the 15 years of civil unrest (19-1®90) Fig. 14).

On another nie, the study outcomes in chapter V showed that the biggest percentage of the
operational and abandoned quarries in Lebanon is not properly rehabilitated and only, very
few are partially rehabilitated which figures, among others, Sibline quarry.

The goverment of Lebanon initiated a rehabilitation process to a part of Sibline quarry as a
response to the arising need of shifting the Normandy landfill to another place more suitable
and environmentally sound. The implementation of this operation was the euté¢@public

i private partnership including the government of Lebanon institutions from the public sector
(CDR, MOE,) and the contractor, designer, landowner and laboratories from the public sector.
It is to be noted that the financial charges neededmouct the rehabilitation operation were
part from the government of Lebanon commitment towards promoting a sustainable natural
resources management plan in Lebanon.

It was a big challenge to test the theoretical approaches of the research done of frasne
thesis in practise accompanying the planning and realisation of the Sibline quarry case study.

Based on thedescripted methods afehabilitation managementhe rehabilitation of the
Sibline quarrywill be realisedby backfilling it with the lefover inert materials transferred
from the Normandy landfill as detailed in sections below. This proposal presents a double
benefit at the environmental level since it brings up solutions for the two main major
environmental problems in Lebanon.

6.2 Aim and research design

The aim of the case study is to envisage a rehabilitation scheme for quarries in Lebanon and
to address a sustainable procedure for natural resources management.

The purpose of the case study i s rehabiltaBor a mi n
processo based on a stakehol der partnershi
Waste (MSW) ovegeneration in the area Beirut central district. The paper adopts the DPSIR
framework as a strategic management approach,c{sgeer 4.2.2 to analysethe causality
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behind quarry rehabilitation problem by passing through the complicated interaction among
various stakeholders involved in the overall rehabilitation management system at the national
level.

6.3 Detailed objectives of the ase study

To carry out rehabilitation on Yaammgatt of
enhancing the overall vegetation in the quarry area and will improve the overall
integration of the said quarry or part of it with its surrounding;

To transferthe leftover inert material from the Normandy Landfill towards the-non
operational Sibline quarry site and properly landfill them with the ultimate goal of quarry
site rehabilitation. After compaction a maximum total quantity of inert material mixed

o

with soilisexpected o reach®*4& 85. 000 m

Inert Matreial
S s 8 Lt

Sibline landfill

= imag ° 03
17.4 km ©i2 e F

Pointer 33°44°08.51* N 35720°05.07" E| elev. 281 m Streaming |||[111111] 100% L Eye alt. 6003 km

: 'begle"'

Figure14 Satellite image showing the Normandy Landfill and the Sibline q&wopgle
Earth Satellite image

6.3.1 Project description and details

Project time frame: onths in between years 2@0112008
Concerned parties in projeiatplementation:
Client: SOLIDERCDR Council for Development and Reconstruction;
Land owner: privat@roperty belonging to Jumblagahily;
Contractor: Arab and Co. enterprises;
Designer Rafik EI-Khoury and partners (Consultisigngineers);
ConsultantMinistry of Environment;
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Laboratory: American University of Beirut (AUB) Core laboratory;
Targeted groups: Citizens of Beirut and Chouf areas as well as Chouf municipalities
grouping.

6.3.2 The selection ofSibline Quarry

The Sibline quarry site can be consideredaagilot case for quarry rehabilitation in
Lebanon due to the following characteristics:

Close to the high way (&42.8km) and to
Beirut the Capital of Lebanon (& 35 km);
situated in relatively smal/l catchment 6s

basin not reaching nearby rivers;

One of he very few partial rehabilitatedjuarries in Lebanoricomplete terracings
shown in theFig. 15;

Low devation (highest point in thg u a r r y whiéhdn@angdssimpacts on water
resources and reservoirs

Close to the Landfill site which means lessvel time and consequently less transport
cost and less air pollution, and nuisan€ig (15);

Fig. 15 View on the Sibline garry

Laboratory test results showed that the leftover inert material is composed of soil and
rejected inert material consistingainly of plastics and fabrics.

Moreover, the test results indicated also that the inert material is not contaminated with
chemicals, heavy metals and hazardous waste.

6.3.3 Reasonfor selecting the Sibline quarry aslumping

Double benefit by conducting the mo8lexible solution that correspond to the better
environmental practice in the Lebanese context:
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Remove leftover inert material from the sea shore and reclaim the land for further
utilities;

Rehabilitate and closure plan for a part of Sibline quéfigure 16)left without final
rehabilitation phases.

Poi ENelev) 215/mi S 111111 Eyelaltl 1:45km:

Figurel6 Satellitemage of the Sibline quarifGoogleEarth Satellite imagg
6.4 Conceptualizing a quarry rehabilitation using a DPSIR framework

The methodological approach of this research project eflyprdescribed in Figurel2.
However an independent analysis is done for each of the two study components: the landfill
and the quarryRigure 17 and 18

Environmental phenomena often overlap various spatial |g@iaingeret al, 2004) A
number of vaables (some of them are intezlated) can be found to be positively correlated
between rehabilitating a quarry and relocating a landfill. Therefore, numerous DPSIR
frameworks can be used at different levels of the defined problem with a number of driving
forces specified. However, due to the space limit, this paper will only focus on the economic
growth and the sustainable development as one key driving force for the quarry rehabilitation
case study.
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Driving Forces Pressures

MNational Economical growth Normandy landfill is located in the sea shore

in addition to demographic :") of the capital Beirut and in the middle of its

and urban expansion

T i

Responses
» Relocating Normandy landfill to another area that fit the environmental conditions
with mininmum impact;
® Shift the landfill to another place that is already disturbing the environment and try
to make use of it by reclamation and reuse of the land where the abandoned quarry

touristic and conmumercial heart

exists.,
i_L
Impacts State
» Pollution to human health, pollution to marine Increase in mwunicipal solid

environment, Aesthetic and landscape visual waste generation in greater

intrusion and sea <I,: Beirut district
» Landfill: risk caused degradation of the
quality of life including human health and

ecosystems, cultural resources, aesthetic,

|

Figure 17DPSIR scheme for the Normandy landfill
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Figure 18DPSIR scheme for the quarry rehabilitation
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