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Project summary 

This project is a theoria and empirical summary of a real gravel mine. We use the 
theorical methods of the quarry knowledge, to describe a real gravel pit. This is the 
base of the first part of the project, where we describe: the geology, investigation and 
mining design. Here we pick the most relevant methods and processes of each part. 
Trying to explain how they are usually done. 

Secondly, in the environmental part we evaluated: the environment, the impacts 
generated due to the mine, the land reclamation, the muds in a theoretical view, 
vegetation and fauna and the land reclamation. Owing to this, the second part is the 
contrary of the frist one, we use the empirical part to develope the theoretical area. 
Furthermore, the gravel quarry still working, so we have being evolving the project as 
the mine did. 

Thirdly, we find a little example of some prices as if were from the real mine. Here we 
show that a good rehabilitation is not cheap, but necessary indeed. 

So, this project shows how to take care of the needs of a gravel quarry based on a real 
one. But also explain an exceptional rehabilitation, showing that the mine is not against 
the nature. 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1. INTRODUCTION 

1.1. OBJETIVES 

The objective of the project is to be used as a guide, showing the methods in a simple 
view.  
Here we build our project following a pyramid, going from the base to the top, and, in 
each case showing the most important application or method in a gravel quarry. Which 
is the project´s base. So the main props are: 

- Show a general view of the quarry. 

- Explain some of the most used methods. 

- Pick up one method and explain it deeply. 

- Circle everything in the gravel view 

1.2. PURPOSE 

The main purpose of the project is show that the mining is not against nature. We can 
extract the resources of the earth without hurting the environment. 

1.3. SCOPE OF THE PROJECT 

This project has begun many years ago. Therefore, we will focus in the main stage. 
Which is a production and rehabilitation works. We have folowed the land reclamation 
for 4 mounth. Despite the mine works takes large periods of time, in just this gap, we 
can see much improvement.  

1.4. WHAT IS A QUARRY 

Usually defined as: " An excavation or pit, usually open to the air, from which 
building stone, slate, or the like, is obtained by cutting, blasting, etc."   

In construction, we call quarry to solid inert mineral with grain size appropriate  
to make tough material. We also call quarry, to road bed rocks. So, quarry can 
take the lowest grain size 60 micrometer until far meters. source (SMITH, M. R, 
COLLIS, LUIS E, REGUEIRO, M and SUÁREZ, L, 1994,) 
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The mains uses are: 

- Arid for the preparation of concrete 

- Asphalt binders 

- Ballasts, sub-ballasts and gravel 

- Escutcheons for protection of port works, rivers and canals 

- Fillers and various applications 

- Raw material for industry (cement, filter sands, loads ...) 

1.5. GENERAL QUARRY GEOLOGY  

1.5.1. SEDIMENTARY ROCK AGGREGATES 

By removing rocks from the surface, they are exposed to weathering processes, both 
mechanical and chemical. Erosion during transport by water, ice and wind. Large 
quantities of debris and chemical materials, including biochemicals, are left available to 
form new sedimentary deposits. 

In addition, some sediments form during volcanism, such as ash, dust and rock 
fragments of volcanoclastic deposits. The sedimentary rocks will be divided into 
clasticas (detrital) based on the classification of grain size. And in organic on the basis 
of dominant raw material. 

1.5.1.1. Detritical 

Diamictites with an unconsolidated constituent material clay with blocks its 
consolidated equivalent rock is the tillite. 
Of songs with an unconsolidated constituent material: songs and gravels over 5mm, 
canchal and volcanic emissions. Of which they are suitable for aggregates once 
consolidated: conglomerate, agglomerate (volcanic), breccia and volcanic gap. 
The sandstones with a non-consolidated constituent material Sand (0.06-5mm) and 
once consolidated and suitable for arid sandstone, with varieties depending on the 
cement (siliceous, calcareous, clayey or ferruginous) or mixed with other minerals Of 
the cord (feldspar, lithic fragments as: arcosa, graugrava or tufa) Lodosas are not 
considered arid, but still the clay is very important for the construction and restoration 
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of mines. Sui non-consolidated constituent material is Limo (0.002-0.06mm) Loes and 
clay (less than 0.002mm) 

1.5.1.2. Organic 

Of chemical or biochemical materials such as calcareous, of which the unconsolidated 
constituent material are: shells, corals, crinoids CO3Ca precipitate (CO3) 2CaMg 
precipitate or replacement. The consolidated equivalent rock is the limestone 
(conchífera, coralina and crinoidea), Dolomía or dolomitic limestone. They are very 
suitable for use as aggregates. 
Silica, of which the constituent material (silica gel or siliceous fossils) has no interest 
for arid however constituted rocks such as flint or silex si. Salinas, saline precipitates 
(lake) the results are the evaporite rocks, without interest for aggregates and then the 
crusts that are of interest once the rock is consolidated. The groups of carbonaceous 
and ferruginous would therefore remain, but they are of no interest to the aggregate 
industry. However, since coal is bituminous slates and other iron carbonates, they may 
be interesting for other industries, such as energy or metallurgy. 

1.5.2.. INDUSTRIAL SORTING OF AGGREGATES 

The basic typology of the aggregates is in function of the technique used in its 
utilization. We can talk about: natural aggregates, crushed aggregates. 
 
Natural aggregates: Those that are used after having undergone only a modification of 
their size distribution to adapt to the requirements of the manufacture of a concrete and 
other requirements for use on site. They are usually detrital sediments present and 
paraactual and deconsolidated detrital rocks. 
 
Crushing aggregates: These are those obtained by crushing and grinding different 
quarry rocks or the natural aggregate rejection granulometry, which would include all 
canterable materials whose physical properties are suitable. 

Along with the two classic definitions we can add: 
 
Light aggregates: natural or artificial products that are used to obtain low weight and / 
or insulation parts or components. 
 
Artificial aggregates: byproducts of industrial processes, such as slags or usable and 
recyclable demolition materials. 
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1.6. GRANULAR NATURAL AGGREGATE 

Natural granular aggregates can be found in very different sedimentation 
environments, as a consequence of the action of wind, water or ice, and there is 
therefore a wide range of options for their production. Its properties always depend on 
the original rock, which after processes of erosion, transport and sedimentation. 
Although the first two tend to eliminate weaker fragments and of worse quality, with 
which the aggregates each have better properties. Thus, when transport distances are 
short, characteristic of glacial environments, the presence of undesirable elements may 
compromise the quality of the material for use as granular aggregate. 

The sources, then, are usually unconsolidated and relatively recent surface deposits 
that have accumulated. Briefly, the deposits are as follows: 

- Eluvial: are altered materials in situ. When they are developed on 
granite materials under a not very active climate, they can give rise to 
deposits of coarse sand. In general they show a very high presence of 
fines contain organic matter and are materials of little interest for the 
obtaining of aggregates. 

- Colonial: They are deposits, fundamentally gravitational, that cover the 
slopes, these are materials that can be used as a loan, or even as raw 
material for the production of crushed aggregates. They are usually 
oligomícticos (rocks are composed of rolled gravels, pebbles and 
granules (> 2 mm) with matrix of sand and / or limo-clays) and if the 
original material has good qualities, it can be used, being volumes in 
some cases, very important . 

- Alluvial fans: These deposits typically exhibit high cohesion and high 
fines content. In the ephemeral canals are residual deposits of sand and 
even gravel. These deposits are mainly used for lending and filling. 

- "Braided" river deposits: A "braided" river system presents the typical 
characteristics of a continuous course of water with moderate slopes, 
with a flood bed that is alternately traversed by a complex system of 
river channels, giving rise to large deposits of aggregates with little 
presence of fines. Normally, the lithological maturity of the elements is 
high, with only the most stable lithologies being present, depending, of 
course, on the nature of the area of origin. The elements usually have 
high roundness indices, the volume of these deposits is high. 
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- Deposit of meandriform rivers: This type of river system may 
represent an evolution of the previous system. Predominating the 
sinuous forms, in plant, of the channel: wide and silty plains of flood. 
Sand bars may be developed in time. They are good deposits for sand 
type aggregates. 

- Wind deposit: The deposits of dunes and other forms of accumulation 
are examples of granular deposits very well selected, of granulometry 
almost next to what denominates fines (the sizes depart oscillate 
between 0,02 and 0,05 mm). Its use can be considered restricted to 
corrector of certain granulometric compositions. 

- Beachgoers deposit: These deposits, both sand and gravel, have a 
very high degree of granulometric selection. They constitute important 
deposits, although their exploitation causes problems of alteration of the 
coastal morphology. 

- Submarines deposit: Old beaches and coastal platforms may have 
been left under the sea as a result of sea level oscillations. These tanks 
can be operated with bucket or hydraulic suction dredgers. The material 
can be transported and distributed over considerable distances by sea 
currents.  

- Depósitos glaciares: EThese deposits are often much less predictable 
than alluvial deposits in almost all respects. The shape of aggregate 
masses associated with glacier moraines and thick glaciofluvial deposits, 
their granulometric distribution, particle composition, etc., varies widely. 
Due to its origin and to the low capacity of the chemical alteration of the 
glacier system, the morrénico deposit does not usually provide good 
arid, unless the matrix is predominant sandy instead of argillaceous. The 
situation is somewhat more favorable in the glaciofluvial deposits, which 
present a better selection than the previous ones, although the degree of 
lithological maturation is similar. 

In our case we are in a meandriform gravel deposit with a continuous but very soft 
curvature. (Source SMITH, M. R, COLLIS, LUIS E, REGUEIRO, M and SUÁREZ, L, 
1994, 7-29. BUSTILLO REVUELTA, MANUEL, DURÁN LÓPEZ, ANTONIO and 
FUEYO CASADO, LUIS, 2014,31-62) 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1.7. GENERAL FRAMEWORK OF GRANULAR AGGREGATES 

1. In arid and glacial climates, the area of origin predominates predominantly the 
mechanical fracture of the material and, consequently, the minerals and labile rocks 
(sparse friction) remain. Detrital materials derived from these areas of origin give low 
durability aggregates. 

2. The fluvial means of transport helps to select the material according to the size, to 
improve its lithological maturity and therefore to give rise to deposits of a select 
grade quite good for the design of mixtures of aggregates of optimal properties. 
Coastal means has similar characteristics, although with an even higher degree of 
selection. 

3. The wind transport does not improve the mineralogical maturity and confers to the 
sediments a degree of excessive selection. 

4. The glacier medium and the mass transport of sediments generally give rise to 
poorly selected deposits, low mineralogical maturity and lithology with high fines 
content, etc. 

The general framework, as far as aggregates are concerned, is very important, since 
we can relatively easily place large potencies of material. Source BUSTILLO 
REVUELTA, MANUEL, DURÁN LÓPEZ, ANTONIO and FUEYO CASADO, LUIS, 
2014,84-89) 

1.8. GEOLOGY OF THE SITE 

In our particular case, our gravel is in a fluvial terrace. Characterized by a deposit 
meandrifome, a long sinuous shape predominates with great power during the floods. 
As expected, they have a floodplain suitable for the deposition of granular material. 

The geological arrangements are as follows: 

- Qt0:Graves and gravels with medium-thick grain sands. The deposits present 
domed morticular morphological and ask to show beautiful crescents of 
meander and river bar. They are discordant with respect to all other alluvial 
deposits except those corresponding to the current bed, which are the same 
age. The thickness can reach 2- 3 meters, forming fluvial bars belonging to the 
river fluvià and Muga. Chronologically it corresponds to the present Holocene. 
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- Qt0': Gravel, gravel and sand at the base of the unit passing vertically and 
traditionally to debris materials of finer grain size. In general it is the 
heterometric set with an erosive and discordant base with respect to the 
deposits of the terrace 1. The bulk of the deposits is irregular and oscillates 
between 2 and 3 meters. Topographically they are situated about 2-3 meters 
above the current course of the flood bed, of the Fluvià and Muga rivers. These 
sediments have been deposited by currents of a braided meandriform river or 
"braided". Towards the roof of the reservoir this evolves to meandriform (with 
sedimentation of meander barriers). Terrace 0 ', together with the current river 
barriers, constitute the most modern terrace of the Holocene. 

- Qpa: Clays, silts, sand and gravel. They correspond to the deposits of the old 
flood episode of the alluvial plain thanks to the contributions of the Fluvià and 
Muga, in a meandriform operation. The attributed age of the deposits goes from 
the Upper Holocene-Plistocene, and can be correlated with the fluvial deposits 
of the Terraces Qt0, Qt0 'and Qt1. 

Therefore, we can conclude that the rock is sedimentary, sometimes somewhat 
compacted thanks to the foundation of the clays and silts present. The meander is a 
large deposit of granular aggregates of different sizes, which will be very beneficial to 
the industry. Source (ICGC 1:50.000 "Alt Empordar) 

2. EXPLORATION AND INVESTIGATION OF ORE BODY 

First of all we must define two concepts: 

1) Exploration: searching methods and selection of deposits, which have an economic 
value. 

2) Investigation: Study of predesigned areas, to find the deposit and define the main 
characteristics. 

Is always a sequential process which begins with the exploration of an area. Then, It 
ends with study of resources and economic value in a specific area. 

This chapter aims to describe a method used in the exploration and investigation of 
aggregate deposits. When talking about prospecting, it is necessary to first refer to 
methods of locating and selecting geologically interesting areas for the extraction of 
aggregates (both natural and crushed). While the research refers to the study of pre-
selected areas for the location of a particular site and the definition of its characteristics 
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(morphology, material quality, exploitable volumes, hydrogeology, etc.). It is a sequence 
process that begins with the prospecting at a general level and ends with the 
investigation and evaluation of resources in a particular area. Source (LÓPEZ 
JIMÉNEZ, CARLOS, 1998,65-112. BUSTILLO REVUELTA, MANUEL, DURÁN LÓPEZ, 
ANTONIO and FUEYO CASADO, LUIS, 2014,144-199) 

2.1. EXPLORATION AND INVESTIGATION LAPS 

The steps followed in the geological reconnaissance phase are divided into stages. In 
that when reducing the spatial scope of the study is expanding the scale of work. 
Simultaneously, an inventory of natural resources must also be made for prospecting or 
future rehabilitation. 

The phases are: 

- Choice of prospective areas through a bibliographic study. 

- Search of possible deposits through a study of formations or rocky massifs. 

- Preliminary studies of one or more probable sites. 

- Detailed study with investigations of the probable deposit considered more 
interesting. 

- Feasibility study of exploitation. 

The development of the survey following the above guidelines aims to avoid: on the 
one hand, to carry out a survey with very scarce means, something that only leads to 
insufficient results and, consequently, to assume very great risks when the decision of 
And on the other, to reduce the high and unnecessary cost of approaching a very 
detailed survey. 

2.1.1. CHOICE OF PROSPECTING AREAS 

In this first stage it is intended to collect all types of bibliographical information existing 
and usable. For this, it is interesting to consult the publications of the Geological 
Institute of Spain or in our case the "Institut Català de geología i cartografía". Scale 1: 
50,000 and the numerous geological studies and memories accompanying the map 1 / 
250,000. This facilitates the work of consulting papers published in specialized journals 
or carried out by universities, theses, etc. The consultation of geotechnical plans will 
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allow to prevent geological risks associated with slopes, landslides and frantic levels, 
as well as to detect unstable areas. 

Consultation of future urban plans will allow farms to be placed in areas that increase 
the capacity of service to urban centers and avoid possible costly expropriations. 

It is also advisable to consult the map of crops and agricultural use, in order to avoid 
high acquisition costs and to avoid as little damage as possible to the forest and 
agricultural heritage of the area. 

Do not forget the consultation of cards that on deposits that have many official 
services. They may even be unwritten information, from vestiges of other gravels or 
quarries. 

The so-called GIS geographic information systems allow the accumulation and 
integration of all data collected on a selected surface. In order to be progressively 
determined and selecting the guidelines for a better use of the soil. Next, three-
dimensional data modernization systems will allow both the graphical representation of 
all the data collected and the elaboration of simulations in order to take at all times the 
most appropriate corrective measures. 

These works of cabinet make possible a previous classification of the rock formations 
of the study area in interesting, dubious and not interesting formations. Based on 
lithologic, stratigraphic or structural aspects. On the other hand, it should have taken 
into account the location of the future ibis or potential consumption centers, as well as 
the expected levels of demand for the different products. 

2.1.2. STUDY OF INTERESTING ROCK FORMATIONS OR SITES 

It begins with the photogeological analysis of the area, in order to delimit the areas that 
present better characteristics. As canterable masses or ones occupied by apparently 
granular materials. 

After this cabinet stage, field checks are carried out, with the consequent sampling of 
the areas delimited by the photointerpretation. Collecting lithological and structural data 
that allow the creation of lithological planes scale 1 / 25,000. The existing quarries will 
also be recognized, picking up their characteristics in summary fiches and reflecting 
their situation in the lithological planes. 
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In conclusion, these studios catalog the formations again in: interesting dubious and 
not interesting. From the practical point of view and not theoretical, since what interests 
are the characteristics of the rock and not so much its geological origin. 

2.1.3. PRELIMINARY STUDY OF INTERESTING AREAS 

It is studied and investigated in more detail, using geophysical techniques, conducting 
surveys, taking samples and conducting laboratory tests. Those most interesting areas 
located in the previous phase, in order to categorize them definitively in: interesting 
areas, dubious or without interest that are discarded after the study. 

2.1.4. DETAILED STUDY OF GRAVEL PIT 

It includes the necessary studies with a view to establishing a holding. In this stage it is 
precisely delimited: 

- Volumes of geological resources and usable reserves. 

- Type and power of both the useable masses and the coatings. 

- The geomorphological characteristics of the deposits and those intrinsic of the 
rocks or materials, which indicated in the definition of the operation and the 
most appropriate machinery in each case, as well as the phases that will be 
followed in the course of exploitation. 

- The qualities of the rare materials, are studied, to obtain the applicable 
treatments in order to conform to the norms that impose the potential markets. 

- The geotechnical characteristics of the slopes to be excavated and of the sterile 
ones.  

All these data will be necessary to plan the operation, and define the treatment of the 
materials. To study the possible sites of the installations, to know the quantities of 
products of determined qualities, of by-product and of residues. Establish an interim 
economic balance of the operation. Finally, the technical-economic viability study will 
be carried out together with the environmental impact study. 

In this phase the application of geophysical techniques, of mechanical probes for the 
geophysical testimony, and of the applied photogeology are required to facilitate the 
knowledge of its geomorphological structure. 
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In some cases it is necessary that the studies present several alternatives, since it is 
possible that some of these would not be viable. 

The research work will lead to the preparation of the following plans: 

- Topographical surveys of drilling and geophysical measurements. 

- Isopic curves of coating thicknesses. 

- Roof-level curves of the useable materials. 

- Isopic curves of thicknesses of useful materials. 

- Level curves of the holding wall. 

- Phreatic layers. 

When establishing the research meshes, which will be followed in the different works, it 
is necessary to understand that the number of drillings and probes of witnessing. It will 
be proportional to the degree of knowledge that it is desired to have in the deposit and 
that the risk will always be inversely proportional to this knowledge. 

Insufficient knowledge can lead to unpleasant surprises during the operation. The 
meshes will be established for each method, depending on the study phase and the 
method involved. The methods will be combined so that as much information as 
possible can be obtained at a reasonable cost. 

2.2. SURFACE GEOPHYSICAL SURVEY 

Geophysical prospecting allows to determine the physical characteristics of the subsoil 
and its special variations. The dimensions and qualities of the mineralizations that 
house the deposits and the characteristics of the rocky massifs, the geological 
structures of the same and the existence of groundwater. If the average geophysical 
parameter is sensitive to changes in the nature of the terrain, geological information 
can be obtained from the geophysical data. 

These techniques are generally less expensive than mechanical probes. However, it 
must be assumed that complementary methods, since the measures affect a large 
volume of land, and thus allow anomalies to be recognized. While the surveys provide 
punctual information. Therefore, they allow a better evaluation of the information 
obtained by the surveys. 
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These methods can not in any case suppose the elimination of the realization of the 
mechanical probes. For they are only effective when there is a surface contrast 
between the physical characteristics of the geological formations. 

Initial results can be achieved by: 

- Obtain immediate and evident results (a first application is in the interest that 
can have for a negotiation, for the acquisition of rights of exploitation on new 
areas). 

- Guide the postponement of mechanical surveys, to transform geophysical data 
into geological sections. 

- Give an overview of the structure of the reservoir and deduce the most 
favorable areas for exploitation. 

- Indicate the depth to be achieved in each case. 

- Reduce the number of probes, if there is homogeneity in surface geophysics. 

- Extrapolate the results of point probes to areas inaccessible to research, such 
as cultivated areas or steep points. 

- Provide some privacy of information and research. 

There is a remarkable variety of methods, depending on the physical parameters 
measured and the way in which this measurement is performed. Each presents 
particularities, which make it more or less adequate to solve a specific problem. 

The most common objectives in the application of geophysical methods and in the field 
of aggregates are: 

- Determination of the thickness of coating of sterile and of the exploitable 
materials. 

- Differentiation in qualitative terms of the variations that could exist in the 
lithological composition of the subsurface layers, as for example, clean gravels 
of dirty gravels. 

- Identification of rocky levels that influence the work of exploitation of natural 
aggregates. 

The geophysical parameters that provide a better information about the nature, 
alteration or breakage of land, are the electrical resistivity and the speed of propagation 
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of the seismic waves in the subsoil. Both are complementary, since the former is very 
sensitive to the variation of the amount of water in the subsoil and to the chemical 
nature of the same. While seismic waves vary their speed depending on the 
mechanical characteristics of the terrain, its compactness and index of gaps or 
discontinuities. 

Although the two most commonly used methods are electric prospecting and refraction 
seismic, the following is only a review of electrical prospecting. Source (LÓPEZ 
JIMÉNEZ, CARLOS, 1998,65-112. BUSTILLO REVUELTA, MANUEL, DURÁN LÓPEZ, 
ANTONIO and FUEYO CASADO, LUIS, 2014,144-199) 

2.2.1.ELECTRICAL SURVEY 

This method is based on the fact that the main mineral constituents of the rocks are 
insulators of very high resistance and it is the water of impregnation of the rocks that 
contain salts in solution which makes it more or less conductive. Therefore, the 
resistance of the rocks depends on two parameters. 

- Water content of impregnation. 

- The resistance of this water. 

We have an example in the Table 1 

TABLA 1 - RESISTANCES OF THE MAIN TYPES OF ROCKS 

Rock Rango de valores (Ω/m)
Clay 1 a 10
Marls 10 a 50
Shales 50 a 200
Metamorphic schists 500 a 1000
Limestones 80 a 5000
Compact sandstone Hasta 1000
Granite (According to 
alteration)

300 a 15000

Sand in fresh water 30 a 500
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The objective is to determine the distribution of subsoil layers in the vertical of the 
measurement point, provided that there is sufficient contrast between them in their 
electrical resistivity values. Its most well-known variant is the Vertical Electrical Survey 
(S.E.V). Although electromagnetic measurement techniques, either in the time domain 
(S.E.D.T) or the frequencies (S.E.D.F) 

As a result, the resistivity of sea water is 0.2 Ω / m and that of mica 10 ^ 14 Ω / m. 

2.2.1.1.Vertical electric soundings 

It consists in establishing at a point of the apparent resistivity curve as a function of the 
surface depth with the aid of a device equipped with four AMNB electrodes. The most 
commonly used is Schlumberger, where the four electrodes are aligned and connected 
as indicated in the Table 2. 

A continuous current I or a low frequency pulse is injected into the field by the 
electrodes A and B and the potential difference ΔV between the two M and N. The 
values of ΔV and I allow to define the apparent resistivity: 

Where K is a constant that depends on the geometry of the device. 

The current sending electrodes A and B are progressively separated at predetermined 
intervals, and an increasing volume of ground is progressively analyzed as the depth of 
investigation increases with the length of the lines AB, achieving a vertical scan of In 
the center of the measuring device. The maximum aperture between emission 
electrodes, which is necessary to reach to investigate a certain depth, is several times 
greater than this. The results obtained in the described way are assigned, once 
interpreted, to the vertical of the center point of the electronic measuring device. In 
addition, a form of geoelectric sections is presented where each layer is characterized 
by its thickness and by its electrical resistivity values in Ohm / m. 

The apparent resistivity p is plotted as a function of the length AB / 2 in bilogarithmic 
coordinates. The comparison of these curves, obtained with reference abacuses, 
allows to define the true resistivity and the thickness of the first terrain, and in some 
cases also the one of the second one (if its thickness is sufficient or there are 
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mechanical probes of support). These abacuses are valid only for horizontal tabular 
models (terrain). 

TABLE 2 : CORRELATION BETWEEN DIFFERENT TYPES OF MATERIALS AND THEIR RESISTIVITY

It should be noted that by means of the DC method, it is possible to choose the lengths 
of lines most appropriate for the realization of resistivity planes and to aid their 
interpretation with the aid of abacuses if the number of layers is less than three or with 
a computer. 

Electrical and plane resistivity surveys allow the detection of variations in the thickness 
of a granular material on the rock bed, or changes in granulometry between two 
granular layers, copper if there are fine polluting elements in wet areas. As the 
resistivity of the gravels is greater the lower the clay content. That is, the resistivity in 
the gravels is inversely proportional to the contaminant content. 

However, there are some significant limitations: 

- In each S.E.V influences a considerable rocky volume surrounding the point to 
which the results are assigned, which knows significant errors in the 
interpretation of data when there are lateral contrasts in the distribution of 
resistivity of the layers. 

- The resolute capacity depends on the contrasts of resistivity between the layers 
to be detected, their relative thicknesses and the depth to wing that is located, 

Type of material Ω/m

Clay between saturated and wet 1 -100

Gravel soil between saturated 
and wet

1 - 100

Gravel or sandy soil between 
saturated and wet

100 -500

Rock with fractured between 
large and small

500-1000

Little fractured rock with dry fill 10 - 1000

Massive rock; Deposit of gravel 10.000
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being therefore the higher the greater the thickness of the layer and the more 
superficial it is. 

- In optimum conditions, the results are affected by an error of 5%, with the usual 
error of 10%. 

All of the above can be seen with the measurement at regularly spaced points of 
apparent subsoil resistivity, according to an AMNB device of constant dimensions as 
previously described. The measured values will later allow the design and maps of 
isoresistivity and obtain an image of the whole of the reservoir studied. Source (LÓPEZ 
JIMÉNEZ, CARLOS, 1998,65-112. BUSTILLO REVUELTA, MANUEL, DURÁN LÓPEZ, 
ANTONIO and FUEYO CASADO, LUIS, 2014,144-199) 

3. MINING DESIGN 

Here we attempt to design the best way to exploit our ore. 

3.1. DESIGN PRINCIPLES 

The design criteria of the studied farm are, as expected, very adequate to the situation 
of the deposit. 

The gravel placed above the water table presents gravel and sand of different 
granulometries, are typical materials of the alluvial deposits. The materials are usually 
stored in terraces and channels of ancient rivers, as we have seen previously in the 
section of geology. Its extraction is done with typical or standard mining equipment. 
Normally, and in this case it happens, only a brief processing and washing is necessary 
to obtain quality aggregates. Since gravels have very broad granulometries, and ours 
is no exception, comminution processes begin by classifying materials that do not 
interest them in primary crushing. As they are massive deposits, they are usually 
extracted as a horizontal quarry, always respecting the adequacy of the water table. 
There are two key elements to the design: 

1) The height of the deposit, always determines how many banks and of what height 
will be exploited. 

2) The compaction of the material will be decisive when deciding machinery and 
method of extraction. 
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So, with regard to our exploitation, we have a power of 4 + 1.5 meters and a 
compaction qualifiable as soft. We will explain in more detail how it affects the 
extraction. Source (LÓPEZ JIMÉNEZ, CARLOS, 1998,86-108. BUSTILLO REVUELTA, 
MANUEL, DURÁN LÓPEZ, ANTONIO and FUEYO CASADO, LUIS, 2014,210-224) 

3.1.1.STABILITY OF SLOPES 

Stability of slopes in an open pit operation is of fundamental importance in 
terms of safety and cost-effectiveness. 

The factors that affect us on our farm are the following: 

- Partial collapse of a bench. 

- General Collapse of Excavation rib. 

This is because we only have a bench in our gravel and the immediate risk is 
the collapse under the machinery, when proceeding to start.  

Therefore, it is recommended in relation to the control and elimination of such 
risks involve the adoption of the following measures: 

- Determination and adequate maintenance of safe side wall. 

- Application of drainage systems of the massifs to reduce the stresses 
caused by water. 

Previous studies necessary to perform the geotechnical design of a stable 
slope, involve a characterization of the rock mass excavation object from: 

- Joint systems and discontinuities. 

- The relationship of these (soil) and excavation with possible rupture 
planes. 

- Resistant parters of the joints, the characteristics and properties of their 
surfaces, as well as the materials that fill them. 

- The geomechanical properties of the rock matrix. 

- Hydrogeological characteristics and water pressures in joints and 
fractures. 
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- Effect of vibrations on residual masses, etc. 

Although by the characteristics of the operation they are of difficult ocurrence.  

As it is a gravel deposit, fairly consolidated, although we can consider it soft. 
The common breakage type is circular breakage. Characteristic of inconsistent 
soil type massifs. 

Let us then briefly discuss the safety factor F, which is the relationship between 
the set of resisting and destabilizing forces that would cause the breakage. The 
greater F involves fewer risks but more slopes. This drastically reduces 
production capacity. 

The value F = 1 indicates the boundary at which a slope is, or is no longer 
stable. The need to use F> 1 values arises as a consequence of the following 
factors: 

- The possible existence of adverse biological and structural features that 
would affect slope stability, and which have not been detected. 

- Possible errors in the characterization tests. 

- The variability of the properties of the materials present. 

- The determination and seasonal variability of the water pressure in the 
slope. 

- Errors derived from the rupture assumptions used. 

- Calculation errors. 

Empirically, the safety coefficients F near 1.3 when the slopes are not long term 
and F to 1.5 or 1.6 for permanent or critical conditions. 

In our case, the characteristics of exploitation make the slopes have a very 
short residence period, in addition the extraction technique does not represent 
a risk for the detachment of materials. Since all personnel and machinery, is 
always above the layer exploited. We can better observe the determination of 
the factors that make up the safety coefficient with the following expression: 
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where: 

being: 

H = Rib height, in our case 4 + 1.5m 

pf = Bench face angle (º) 

Pp = Flat break angle (°) 

 𝛄  = Density of the rock (t / m³) 

𝛄w = Densidad del agua (t/m³) 

∝ = Seismic acceleration (g) 

z = Tensile crack height (m) 

zw = Water height in traction cracks (m) 

Φ  = Angle of friction (º) 

W = Sliding block weight (t) 
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For our side wall, it has the necessary characteristics to support the conditions 
of exploitation. Practically, the angle of the slope can be 60 ° or more. This is 
possible thanks to the power of the layer and the extraction conditions more 
detailed in the following sections. Source (LÓPEZ JIMÉNEZ, CARLOS, 
1998,86-108. BUSTILLO REVUELTA, MANUEL, DURÁN LÓPEZ, ANTONIO 
and FUEYO CASADO, LUIS, 2014,210-224) 

3.1.2. RIB HEIGHT 

The height of the bench is established, generally from the dimensions of the 
equipment of excavation and load, characteristics of the massif and the 
exigencies of the selectivity. 

The charging equipment serves as a base because the maximum height the 
bucket is conditioning to set the height of the bank. This approach allows you to 
use the backhoe, in our case, to clean up the front. For us, due to the 
exploitation batter head, as we can see in the figure 1 and phreatic limitation, 
we find it much easier to limit the height. Making the maximum height of the 
bench is 4 + 1.5 meters throughout the farm. Although the machinery could 
reach greater depths. 

FIGURE 1: EXPLOITATION EXECUTION EXAMPLE  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3.1.3.WIDTH OF THE WORKING PLACE 

The minimum width of workbench is the sum of the spaces necessary for the 
movement of the machinery that works on them simultaneously. 
Simultaneously, in our case, we can only have 2 processes Start and load. 
Conditioned by two factors: 

1) The machine scale. 

2) The design of tillage planning. 

In figure 2 we can see clearly that the width of the pit is not conditioning to carry 
out the extraction. We always have the advantage of extracting the material 
from the roof, therefore we have the whole surface to distribute the works, 
without it poses a security risk. Nevertheless, the width corresponding to the 
transport will be seen later, in treating the design of the tracks in the relation to 
the maneuvering zone. Normally, the cut must be 1.5 the length of the loader. In 
our case, we can better adapt to the need. 

FIGURE 2: WORKING PLACE IN PRODUCTION.
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3.1.4.BENCH FACE ANGLE 

As for the angle of the bank face it can be said that it is a function of the type of 
material and of the bank height. 

The more coherent and lower the bank the more vertical can be the face of the 
same, in the case of gravels, the final profiles of the holes are designed 
according to the objectives of the restoration plan, depending on the permanent 
existence or not Water. In our case, since there is permanent existence and 
presence of a very active biodiversity, the final angle is very shallow. But during 
the extraction can have angles of more than 80 °. 

3.1.5.BERMS 

The berms are used as platforms (not to be confused with runways) of access 
in the slope of an excavation and also like areas of protection when to stop the 
materials that can detach of the fronts in upper banks. The height or separation 
between berms is a function of the bank face slope and the dimensions of 
existing equipment. In our case, due to the lack of banks, thanks to a unique 
horizontal and longitudinal exploitation front. No berms are needed to cushion 
detachments or access upper fronts. 

3.1.6.PISTAS Y RAMPAS 

They are the ways in which the hauling units carry the transport of materials 
inside the mine 

The ramps, however, are used exclusively for the access to their cuts of the 
machines that make the start or auxiliary operations. 

In our case, the same deposit to be horizontal, massive and very level offers us 
the possibility of only needing clues in the accesses to the exploitation. 
Although noteworthy, there are no clues as such within the fronts. Since there is 
no risk of rollover or fall at different height. However, the access roads comply 
and the transit to reach the front comply with the current regulations,. It should 
be noted that, since it is a horizontal and flat deposit, there are no slopes higher 
than 5%, subtracting that maximum. 
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Since there are no ramps as such, let's focus on running tracks in a theoretical 
way. 

In tracks, their design must be such that the transport units used move without 
losing operating rhythm in safe conditions, therefore, the criteria to be followed 
are: 

- Firm. 

- Slope. 

- Track Width.  

- Curves: spokes, superheads and overshoe. 

- Visibility in curves and changes in grade 

- Convexivity or pumping 

The first two, basically have to do with the performance and cost of 
transportation, but also with safety. The determination of the optimal slope of a 
track is made from the characteristic curves of the vehicles, which consider the 
speed and the braking capacity. The best performance and cost, along with 
adequate safety conditions, are obtained with slopes of 8%, including normal 
rolling resistance. 

3.1.6.1. Track Width 

The width of tracks can be acquired with the following expression: 

A = a (0,5 + 1,5 n) 

where:  

A = Total track width (m). 

a = Vehicle width (m). 

n = Number of lanes desired. 
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In our case, because we have the machine already imposed, specified later in 
detail. We can make a simple calculation to know what width of track we need 
to transport the material from the front to the plant. For example: 

Heavy Duty Articulated Dump Truck Volvo A25E, width 2,859 m 

A = 2,859 * (0,5 + 1,5 *2) = 10 m 

3.1.6.2. Radius and curvature overhang 

So that the curves do not suppose a limitation in the production must have a 
minimum radius between 20 and 30 meters, depending on the vehicle that 
uses. 

Dumpers occupy a greater width in the curves than in the straight lines, since 
their rear wheels do not exactly follow the trajectory of the front ones due to the 
rigidity of the chassis, and, in addition, there is the tendency of the drivers not to 
stay in the axis Of its lane. Therefore, it is necessary to have an oversize, 
depending on the radius of the curve and the length of the truck. 

The expression used to calculate the necessary overshoot is the one due to 
Voshell: 

where:  

f =  Overhang (m). 

R = Radius of the curve (m). 

L = Wheelbase of the tipper (m). 

  
3.1.6.3.Camber 

In order to counteract the centrifugal force that appears in the curves, causing 
transverse landslides and even overturns, the pear tree on the outer side of the 
curve calculates from the following formula: 
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where: 

e = Tangent angle of the horizontal plane with the track. 

v = speed (km/h). 

R = Radius of the curve (m). 

f = Coefficient of friction. 

In table 1, the recommended ratios are given between the radius of the circular 
curve, cant with which it must be fitted and the most suitable speed to travel the 
same. 

 
TABLE 1 - RECOMMENDED RELATIONSHIPS

As it is a zone so flat and without abrupt tracks that interrupt the passage, it is not 
necessary to peraltar the zone of passage of vehicles. 

3.1.6.4.Visibility in curves and changes in grade 

An important factor to be considered in both curves and gradients is the stopping 
visibility distance, that is, that which is necessary for a vehicle to stop, without 
inadmissible decelerations, before encountering any obstacle That may be in its path. 

In our case, we do not have any problem of visibility thanks to the morphology of the 
zone. Visibility is not diminished in any area. 

Radius 
(m)

12 25 50 75 100 150

max. 
Camber 
(%)

6,5 6,0 5,5 5,0 4,5 4,0

Speed 
(km/h)

10 15 20 22 25 30
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3.1.7.ECONOMIC RATIOS 

Two important design parameters, when the deposits present sterile and ground 
coverings, are the following: 

Economic Ratio Limit (ERL-RLE). It indicates the maximum volume of sterile that 
individually a ton of ore can withstand with its extraction and treatment, producing a 
zero profit. 

Average Economic Ratio (AER-RME). It expresses the average ratio of sterile to 
mineral for all the operations with which average profit per ton is achieved. 

The basic expression for the determination of this last criterion, which is the one that is 
most used because it leads to a better use of available resources, is the following: 

PV = RME * Ce + Ct + B 

Then: 

being: 

PV = Average selling price of the ton of aggregate ( €/t). 

Ct = Cost of extraction and processing of the ton of aggregate (€/t). 

B =Desirable benefit per ton of salable aggregate (€/t). 

Ce =Cost of extraction and discharge of the cubic meter of sterile (€/m³) 

3.2. METHOD OF EXPLOITATION 

The mining methods can be defined as the procedures used and the spatial order with 
which the extraction of the associated materials of interest and sterile are carried out, 
mainly depending on the morphological characteristics of the site and topography of 
the terrain. 
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3.2.1.GRAVERA WITH OPERATING UNDER WATER LAMINA 

The gravels in which the water table is very close to the surface, or at a certain depth, 
in our case 4 m. When the productive package is of great power, they are usually 
totally or partially exploited under a sheet of water. On our farm, it will depend heavily 
on weather. The method applied is the exploitation in a single bank. Only when the 
upper part of the tank is dry, the extraction is done with a mixed method, and 
equipment can be used in each zone. We will always use the same equipment for the 
extraction of the material, due to the fact that the dredging is carried out to a scarce 1,5 
meters, depending on the piziometric level. As we can see in the figure 3. 

FIGURE 3: WATER LEVEL IN TIMES OF DROUGHT

The main disadvantage is the lack of wine on the materials that are extracted, and as a 
consequence increases the dilution of the load. Contaminating such materials with 
clays or silts. 

As can be expected, using this method, it is assumed that practically all the affected 
land will be abandoned as lagoons, partially filling some areas. 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3.2.2. MINING PLANNING 

After designing the final hole of the holding, and setting the annual extraction rates, it is 
passed to the planning stage. In this we will opt for operational planning, due to the 
current market. This short-term planning can range from three months to a year, 
allowing us to adapt better to market conditions. It also exists in the long term, covering 
longer periods of time. 

By opting, today, for an operational planning, we can correct the deviations more 
quickly and adapt the new demand frames. But we will have the disadvantage of not 
being able to assume large volumes of demand. Usually due to the meager machinery. 
This process must materialize together with the plans of the exploitation, the different 
cuttings, depths reached, annual advances, areas of clearing removal of soil, location 
of collections, etc. 

Depending on the expected extraction rates and operating conditions, they will define 
the necessary means of prediction, mainly loading and transport. 

At the beginning of the operation, we take into account the duration, therefore the 
installations will be fixed. 

At the same time, with the planning of the operation, the planning of the restoration 
must be carried out, described in chapter 7, in this chapter we determine if the 
restoration and operation functions are compatible to carry out simultaneously. 
Reducing operating costs and avoiding, as far as possible, increase the degree of 
affection or impact on the natural environment. As we can see in the figure 4. Source 
(LÓPEZ JIMÉNEZ, CARLOS, 1998,86-108. BUSTILLO REVUELTA, MANUEL, 
DURÁN LÓPEZ, ANTONIO and FUEYO CASADO, LUIS, 2014,210-224) 
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FIGURE 4: EXPLOITATION OF GRAVEL PIT WITH INTEGRATED RESHABILITATION. 

Source (LÓPEZ JIMÉNEZ, CARLOS, 1998) 

It is always much cheaper to advance restoration work. As long as economic conditions 
permit, as a decline in production is a brake on restoration. It is basic to think that if we 
do not create a gap and we do not produce sludge, we will not be able to restore it as 
planned, and it is better not to greatly modify restoration programs, unless it is due to 
serious environmental issues. 

The different horizons that constitute the floors have an incalculable value, reason why 
one must proceed with great care for its conservation. The most direct example is our 
case, a gravel that intends to recover as a natural reserve creating a lake with islands 
and establish a place for bird watching. 

3.2.3.CALCULATION OF ORE RESERVES 

Once the nature and distribution of the existing materials in a reservoir has been 
determined, the volume and tonnage of the exploitable reserves must be calculated. 

The calculation in sand and gravel deposits is more complex, since there may be 
variations depending on the degree of consolidation and saturation in the water of said 
material. Usually, to facilitate the calculations, the average value is 1.8 t / m³. 
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A detailed estimation is necessary, making a perforation in the ground crossed the 
materials to extract. 

3.2.3.1. Method of adjacent cross-sections 

We choose this method because of the linearity of the reservoir. It will give us a more 
defined image of the volume of rock to extract. 

The method thus follows, vertical geological sections are drawn in which at regular 
intervals the shape of the deposit and the area occupied by it in each section and 
inside the projected hole are represented. The reserves can be calculated by 
multiplying the area in each section by the equidistance between them, adding the 
following volumes: 

where:  

Vt =Total volume of material (m²) 

Ai = Deposit area in section Si (m²) 

Li = Thickness of the block represented by section Si (m) 

We have another variant of the method, it involves using different formulas such as the 
following: 
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being: 

V1,2 = Block volume between sections S1 and S2 (m3) 

A1,A2 = Area of material to be extracted in sections S1 and S2 (m²) 

L1,2 = Distance between sections (m) 

a1,a2 = Length of masses of exploitable material (m) 

b1,b2 = Thickness of masses of exploitable material (m) 

This method is highly recommended for very regular horizontal deposits with well-
defined strata. Since we can easily identify the usable masses. 

3.3. RESERVE CLASSIFICATION 

The process of estimating resources and reserves there are two factors of uncertainty. 
The first factor originates the extrapolations and interpolations necessary to infer from 
a few data. The classification of the mineral within a reservoir means collecting, 
processing and correcting the raw information from it, to arrive at a condensed and 
synthesized presentation, starting point for other studies. 

Resources: Those masses of honey that are known or are simply believed to exist, so 
that their extraction is economically viable or is in the future. 

Ore reserves: Part of the identified resources that can be economically exploited with 
current technology and conditions. 

3.3.1. RESERVATION CLASSIFICATION SYSTEM 

System proposed in 1943 by the US bureau of mines: 

➢ Reserves measured: Tonnage calculated by measures made in outcrops, and 
for which the law has been silent from the results and adequate sampling. The 
estimated error should be less than 20%. It should indicate if the tonnages are 
of the i situ reserves or the recoverable ones. 

➢ Reservations indicated:Tonnage or law partially calculated, based on specific 
measures, samples or production data. In addition to the geological evidence. 

 Ver.1.2 (23/06/2017)     -       Quarry mining   -          A.Adan         �  of �40 125



Tfg- Quarry mining

➢ Inferred Reservations: The quantitative estimate is based mainly on the 
geological knowledge of the reservoir with few measures or samples. 

We stress in particular the reservations indicated, since it is the system used in the 
valuation of the project. Source (LÓPEZ JIMÉNEZ, CARLOS, 1998,86-108. BUSTILLO 
REVUELTA, MANUEL, DURÁN LÓPEZ, ANTONIO and FUEYO CASADO, LUIS, 
2014,210-224) 

3.3.2. SYSTEM OF CLASSIFICATION OF RESOURCES 

The classification of resources follows three main criteria. 

3.3.2.1.Resources 

Existing material in the earth's crust in such a way that economic extraction of a 
product is potentially possible. 

3.3.2.2. Identify resources 

Specific reservoirs of materials containing a mineral of which colonel siting and quality 
by a geological test. 

3.3.2.3. Sub-economic resource identified 

Well-known reservoirs that are not reserves, but that can become so by economic 
changes and legal conditions. 

- Paramarginal: They are a part of the sub-economic resources that are being 
exploited edge areas or are not commercially available. 

- Submarginal: They are a part of the sub-economic resources that are being 
exploited edge areas or are not commercially available. 

Being an exploitation of aggregates, the reserves and identified are in their entirety, 
varying their dilution materials suitable for commercialization. However, the materials at 
the edges of the farm already contain too many geological contaminants, so it is 
considered paramarginal. 
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3.4. LOADING AND TRANSPORT  

The mining cycle can be defined as a succession of phases or basic operations applied 
to the material that can be used as the sterile material. Depending on the conditions of 
the project being carried out, there will be other auxiliary or support operations whose 
mission is to ensure that the main operations are carried out as efficiently as possible. 

The phases that comprise our mining cycle are: Start, load, transport and dumping. 

3.4.1. MINING 

The first of the operations for the movement of the materials, and consists of 
fragmenting these to a size suitable for later manipulation by the teams of subsequent 
phases. Rock fragmentation can be effected by two well-defined methods: indirect, ie 
by means of the energy released by the explosives into holes. Or direct, by the 
mechanical action of a tool mounted on a computer. 

That in our case our rose is not consolidated, does not make there is no fragmentation, 
but this is easier by mechanical methods. 

3.4.2.  LOAD 

It consists of collecting the already fragmented material and then depositing it on 
another adjacent equipment or installation. 

3.4.3. TRANSPORT 

It is the phase that in most cases has a greater economic impact on the operating 
cycle, which can be close to 50% of the total cost and even the investment in main 
equipment. Therefore, the maintenance and proper condition of the transport 
machinery is very important. 

It is based on the movement of the different materials to the treatment plants, in the 
case of the material benefited, or even landfills, in the case of sterile. 
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3.4.4. SPILL 

The discharging operation is usually carried out by the transport equipment itself, 
possibly by auxiliary equipment. 

According to the type of material and the optimization of the process, we limit the 
machinery to be able to perform several operations in a single. Therefore the task of 
mining and loading is performed by the backhoe loader Komatsu 450, detailed in the 
Annexed 3 - Machinery . 

Transportation and discharges are made independent units, which are the 
articulated dumper model: Volvo A25E. 

Thus a simple scheme of the duty cycle is as follows in figure 5: 

 

FIGURE 5: SCHEME OF CYCLE

The choice of the set of equipment needed to carry out a project is usually done after 
defining the critical phase or operation, on the basis of which the entire production 
process is structured, taking into account a number of considerations. Combinations 
that may be made between equipment intended for a particular operation may not 
result in a similar operation. It is noteworthy that the continuous system is being 
imposed as it minimizes costs but more investment is needed than independent 
systems and creates a greater impact. But it allows a greater reduction of operating 
costs. 

3.5. OPERATING SYSTEMS 

Having defined the applicable mining method, it is necessary to establish the operating 
system, This is constituted by the different starting, loading and transportation 
equipment. According to the continuity of the basic cycle. 

In our case, our system is completely discontinuous, the start-up operation is carried 
out with discontinuous equipment and the transport is carried out with tippers. It is the 
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most implanted system due to its great flexibility and versatility. We can see in the 
figure 6. How is the exploitation done schematically. 

FIGURE 6 : FULLY DISCONTINUOUS SYSTEM SCHEMATIC

3.6. MINING AND LOADING EQUIPMENT 

Backhoe with chains Komatsu 450. The movement of the bucket is what differentiates 
it from a front-end excavator, and the geometry of the work equipment, consisting of 
feather, arm and the pot itself. All manufacturers offer each model in both versions. The 
unit in question has the characteristics detailed in the Annexed 3- Machinery. 

3.6.1. GENERAL CHARACTERISTICS 

The main characteristics of hydraulic excavators are: 

- Compact designs and reduced weights in relation to the bucket capacity 

- Great flexibility in the operation and the relative mobility of the machines. 

- Specific pressures on the ground reduced. 

- High penetration and excavation forces, allowing the direct starting of compact 
materials. 

- Little space needed to operate. 
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- Moderate power consumption. 

- Average service life from 25,000 to 35,000 hours. 

- Average operating and investment costs. 

3.6.2.APPLICATIONS  

They are used in the starting and loading of soils and rocks with benches of less than 
15m height. In our case 7, since the boot is from bottom to top. 

The retro equipment digs below the track level, and the dump can be placed on the 
lower or upper level. 

3.6.3. SELECTION CONSIDERATIONS 

The data required to choose a hydraulic excavator refer to the required production P 
(m³/h), the type of material (soft, medium, hard, very hard, depending on its 
excavability, or material flown) and density of rock. 

With regard to the size of the pot, it is estimated from the production required and the 
type of material. In our case, we will estimate the maximum production capacity for a 
soft material. Considered from the simple compression MPa, it is considered soil, 
therefore MPa <1. 

The weight and power of these equipments can be calculated in a first estimate with 
the following expressions: 

where: 

C = Bucket capacity (m³) 

A humble example of calculation for our productions and powers. 

Weight (t) = 17 · 2.76 (m³) = 46.92 t 
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Power (kw) = 59 · 2.76 (m³) = 162.84 kW <268 kW (machine) 

Approximate yield of 150 m³ / h 

The size of the dumpers that are harmoniously combined with the excavators can be 
established according to the type of material to load and capacity of the bucket, as (5 - 
8) · C, We estimate Dump capacity = 5 · 2.76 (m³) = 13.8 m³ <15 m³ standard heaped 
box. 

The bank heights suitable to carry out operations with the maximum productivity are 
the following: 

Retro equipment: H (m) = 4 + 0.1 · 2.76 (m³) = 4.27 m³ 

Here we can see an image of a backhoe digging, figure 7. 

 
FIGURE 7 : BACKHOE EXCAVATOR - SOURCE: GOOGLE

3.7. LOADER 

This equipment has a great popularity as loaders in quarries and gravel. Nevertheless 
it is used for the load of the main and the settlement of the edaphic material. Its great 
maneuverability and versatility make it a multi-faceted machine. 

The blades are capable of carrying out the following operations: loading of trucks, 
wagons and hoppers; Loading and transport of material over short distances, 
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eliminating the use of trucks; And operations of gathering, feeding, pushing and 
auxiliary. 

3.7.1.TYPES OF UNITS 

According to the undercarriage, there are two types of units: on wheels and on orcas, 
the former being the most used. 

According to the bucket capacity train categories are set of blades: 

1. Small < 4 m³ 

2. Medium 4-8 m³ 

3. Large > 8 m³ 

Ours with 6.5 m³ of full capacity, is in the medians. Being this a Komatsu 380 of 
wheels. The loader blades have been evolving along with the dimensions of the dump 
trucks. 

3.7.2. GENERAL CHARACTERISTICS 

The main general characteristics of the loaders are: 

- Great mobility and maneuverability. 

- Compact design, reduced weight and low installed power in relation to bucket 
capacity. Although 142 kW is very well in relation to 21 kW / m³ per unit. 

- Possibility to handle large dump trucks. 

- Adaptability to different starting and transport systems. 

- Menor inversión de capital que en otro equipos de carga. 

- Average useful life between 10,000 and 15,000 h. 

- Average operating costs. 
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3.7.3.APPLICATIONS 

These units have two basic applications: 

As cargo equipment and as cargo and transport equipment.  

To carry out the first operation, which is interesting, the machine approaches the heap 
of material and penetrates the pot into it, being flush with the ground, by successive 
tilting it loads and then goes back and forth, describing a V until approach To the 
transport unit to download the material. This is the basic cycle that is repeated 
successively. 

There are four loading procedures: 

- Traditional method with a shovel. 

- Traditional method with two shovels. 

- Alternative method 

- String method. 

The one we use is the traditional method with a shovel. To load the main feeder and to 
push the collection of edaphic soil to its final location. As we can see in the figure 8 

FIGURE 8: SHOVEL LOADER PUSHING EDAPHIC MATERIAL
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3.7.4. SELECTION CONSIDERATIONS  

From the hourly production and the characteristics of the type of material to be loaded 
it is possible to proceed to determine some basic characteristics of the blades. For 
example estimate the size of saucepan needed. 

The weight and power of the blades that is advised is calculated with the following 
expressions: 

 

A few small calculations, to see if our Komatsu 380 is well chosen. 

Weight (t) = 7.5 · 3.1 = 23.25 m³ 

Power (kW) = 47 · 3.1 = 145.7 kW> 142 kW. In principle, the choice of machinery is 
correct for loading, without filling it. But, remember that this shovel is indicated for the 
placement of edaphic material and feeding of the primary. Even so, one would have to 
consider the actual power of the motorcycle in full operation and the actual operating 
capacity of the bucket. 

In order for the dump trucks to be balanced with the loading machines, it is 
recommended that they have capacities close to those given below: 

Soft material = 5 - 8 C -> Dump volume = 6.5 · 3.1 = 20.15 m³ 

In addition you have to consider the blade / dump geometry. 

Pala H (m) = 3.5 + 0.3 · 3.1 = 4.43 m³ 
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Shovel + tractor H (m) = 6 + 0.3 · 3.1 = 6.93 m³ 

Regarding the taxiing system, for units with buckets smaller than 4 m³ can be chosen 
depending on the conditions of the floor of the quarry and state of the work front. Ideal 
for our case that we only need for thrust and processing load. 

3.8. DUMPERS 

The development of the dump trucks has been parallel to that of open pit mining. 

The advantages of using dump trucks for the transport of materials are as follows: 

- Flexibility in terms of transport distance, from 100 to 3,000 m. 

- Adaptation to all types of materials. 

- Easy to vary the rate of production. 

- Simple and inexpensive infrastructure. 

- Lower initial investment than in other systems. 

On the contrary the disadvantages presented are: 

- High operating costs 

- High labor in operation and maintenance. 

3.8.1.TYPES OF UNITS 

Depending on the design and operating mode, they are classified into the following 
groups: 

- Dumpers 

o Conventional  

▪ Load ratio: 1.45 t / t. 

▪ Installed power / payload: 7.8 kW / t. 

▪ Size between 30 and 220 t. 
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o With trailer tractor 

▪ Lower weight / power ratio. 

▪ Lower initial investment. 

▪ Lower specific fuel consumption. 

▪ Longer tire life. 

▪ Suitable for long distances. 

o Articulados 

▪ Traccuin a todas las ruedas. 

▪ Contact safety on all wheels with the ground. 

▪ Great maneuverability. 

▪ Reduced loading height 

▪ Adaptation of slopes in bad conditions and adverse weather 
conditions. 

- Dump Trucks 

o They sing of a draft tractor, type tractor-trailer of 3 axes, or of chassis 
rigid of 2 axles. 

o Tare load ratio 1.7 t / t. 

o Installed power at a useful weight of 0.6 kW / t. 

o Transport capacities between 70 and 180 t. 

o Suitable for low abrasive material and easy creep 

o Horizontal tours 

o Transport distances from medium to large. 
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The one selected for our case is a Volvo A25E. Which is detailed in the Annexed 3- 
Machinery 

3.8.2.APPLICATIONS 

The basic operations performed by a dump truck during a transport cycle are: receiving 
cargo, transporting it to the point of dumping, unloading the material and returning to 
the pit 

The loading of the dump trucks can be carried out by various means: wheel blades, 
hydraulic excavators or continuous mines. The discharge depending on the material 
transported, is done in dumpsters, hoppers or grids. 

The areas of loading and pouring must be separated so that the maneuvers to be 
made are as simple and as short as possible. 

3.8.3. LOAD MANEUVERS  

Next we will illustrate the load maneuvers, by means of which we will try to understand 
the bases of the cycles of work very briefly. 

Stage 1. The backhoe feeds the dump, figure 9. 

FIGURE 9: LOAD
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Stage 2. While the dump is being loaded a second truck appears, figure 10. 

FIGURE 10: SECOND STAGE

Stage 3. The dumper 2 begins to perform the maneuver to position itself, with its back 
to the dumper 1. The dumper 1, although full, waits patiently for the dumper 2 to 
end,figure 11. 

FIGURE 11: MANEUVER MEANWHILE LOADING
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Stage 4. Dump 2, once parked. Wait while the dump 1 leaves the loading area and 
takes the material to the drying zone, figure 12. 

FIGURE 12: PREPARING SECOND LOAD 

Phase 5. Dump 2, once the dump 1. Start the maneuver to put in front of the backhoe. 
The backhoe while waiting for the dump to finish the maneuver, figure 13. 

FIGURE 13: MANEUVER TO START
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Stage 6. Once the dumper 2 is in place, the loading operations begin, figure 14 

FIGURE 14: BEGIN SECOND LOAD

Stage 7. A new tipper appears and the same operation is performed, figure 15 

FIGURE 15: THE CYCLE BEGINS

It should be noted that the backhoe does not perform any other movement than the 
start and load. It does not move from the site.In Annexed 3-machinery, we can see 
through photographs what is described above. To be, if possible, more illustrative. 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3.8.4. CONSIDERACIONES DE SELECCIÓN 

The data required to select a transport fleet are as follows: Expected production, 
material characteristics, environmental conditions, runway characteristics and loading 
and unloading conditions. The selected tipper is the Volvo A25E in figure 16, we can 
appreciate it. 

FIGURE 16 - VOLVO A25E DUMPERS IN STAGE 3  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3.9. GEOGRAPHICAL LOCATION 

The derivative exploitation concession "Sophy" nº 0000 is located in table 2, in the 
municipality of Torrella del Fluvià. 

The ore site, has a surface of 2 mining 'squares, it remains located in the coordinates 
U.T.M. (31N): 

TABLA 2: GEOGRAPHICAL LOCATION OF THE AREA

From these 2 mining grids the beginning of the exploitation of a front has been 
foreseen, as the front advances and the pool of sludge generates the sludge will be 
restored due to the production of this one. This will technically lead to an integrated 
rehabilitation. 

The operating surface has an area of about 83560,50 m² which equals 8,36 Ha, 
represented in green in the. 

Access to the mine and to the first front, is carried out by the forest road of B. Duly 
marked and protected for the circulation of vehicles. 

Geographical coordinates Coordenades U.T.M.

Long (E-W) Lat (N-S) X Y 

3.0º 2.0' 
40.00'' E

42.0º10.0'20.0"
N

503.671 4.668899

3.0º 3.0' 
00,00 E

42.0º10.0'20.0"
N

504.130 4.668899

3.0º 3.0' 
20,00'' E

42.0º10.0'20.0"
N

504.589 4.668899

3.0º 3.0' 
20,00'' E

42.0º10.0'0.0"
N

504.589 4.668283

3.0º 3.0' 
00,00 E

42.0º10.0'0.0"
N

504.130 4.668283

3.0º 2.0' 
40.00'' E

42.0º10.0'0.0"
N

503.671 4.668283
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3.9.1. CLASSIFICATION AND CLASSIFICATION OF SOIL 

The land affected by the activity belongs to the company, Germand SA that will be the 
one that carries out the operation. 

The aforementioned exploitation is located at the first point mentioned above with UTM 
coordinates (503.640,4.668519). From there, they exploded it will advance in direction 
Northeast, sense Northeast. 

From the urban point of view, the POUM 

In accordance with what is established in articles 39 and 60 of Law 20/2009 on 
prevention and environmental control of the activities, the City of Torroella del Fluvià is 
requested the urban report that proves the compatibility of the activity. This document 
is in the detailed annex, but then in figure 17, we can find a brief sample. 

FIGURE 17: APPROVED TOWN PLANNING
Source( POUM Torroella del Fluvià) 
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The restoration program will be carried out jointly with the exploitation in what is called 
an integrated restoration with a system of continuous and linear exploitation. At the 
end, you will leave the restored land suitable for bird watching. Therefore, the area 
would be integrated into the natural space in harmony. Leaving the ground visually and 
environmentally in accordance with the ordinances and above all linked to the 
"aiguamolls". 

3.10.EXTRACTIVE ACTIVITY 

The established activity will consist of the extraction of gravel and sand. Due to its 
economic and social importance. The project is designed to be carried out in the open, 
making exploitation an open pit mine. The materials have a coherent stratigraphic 
structure without inclination. 

These are widely used in many industries. In figure 18 we can see a brief classification 
of the materials offered by the company.  

FIGURE 18: EXTRACTED AND PROCESSED MATERIALS 
Source(Germans arids curanta) 
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The land also has the concrete clays for later restoration. The program is divided as 
follows: 

1)  Prepare the area: Make visible the side that can be used and economically viable, 
for this purpose a backhoe will be used to load the trucks to move the soil floor 
which has a variable thickness between 0.5 and 1 meters. Logically, 
edafolójicas lands will be stored within the limits of the concession. To use 
them later in the restoration. Piziometric control rafts are established to control 
the water table in the area. 

2) Production phase: to achieve the sludge needed for its restoration, it is necessary to 
exploit, process and store both the materials and the sludge generated. 
Therefore, this phase generates enough space and begins to shape the 
terrain for transformation into a lake. 

3) Integrated restoration phase: The washing sludge generated here has already had a 
residence time of 2 to 3 years. So they are ready to be used in the restoration 
work, starting a cycle with a frequency of 3 years. In this phase also the 
margins of the lake are constructed and they begin with the repopulation of 
the vegetation. It should not be forgotten, that while the restoration takes 
place, production does not cease. 

4) Total restoration phase: It is understood that at this stage, production has ceased or 
has very little importance. So what is the premium is the total conversion of 
the area exploited in the artificial lake and the bird watching area. This task is 
much easier, thanks to previous restoration work. Reducing the final operating 
costs thanks to this design. 

Extraction between points 2 and 3 is about 334,242 m3. With a sterile content of 5%. 
Which gives a 95% material law. About 10,000 m3 of soil will be removed for coating 
and restoration. But the majority will be obtained by washing sludge. 

3.11. FACILITIES AND INFRASTRUCTURES 

The operation has mechanical means, see annexed 3 machinery for the extraction 
namely: chain backhoe, wheel loader and the truck for transportation to the processing 
plant. Punctually it will have the necessary vehicles to carry out the complementary 
works like clearing, irrigation, flattening, etc. 

Making the number of workers on the farm simultaneously is five. 
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3.12.FINAL MORPHOLOGY 

The final morphology is the product of three laps of production and rehabilitation. In the 
beginning the explotaition of the ore is very important, not only to get the resources to 
make the product, but also we need to create a gap to transform de land. Is remarkable 
that all the reshabilitation duties, are made simultaneously with the production works. 
Furthermore, they are combined in such a way, that the production part feeds over the 
capacity of the backfill works. After make the void, we fill the land with the muds 
generated in the processing part. The lake will be fill by the river, but not the whole 
place will be underwater. Just leaving se necesary surface to have the best 
enviromental quality for the animals. We can se in the figure 19, how it will end. You 
can see it better in the attachment 4 maps. Obviously, the final surface will be 
completely horizontal. Because, at the end will become a lake for bird watching.  

FIGURE 19: END OF THE  LAND RECLAMATION.
Source (Grup Curanta S.A) 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3.13.WASTE 

The ore waste and the rock-cleaning muds are used in the land reclamation. According 
to the excellent quality of the raw material, using the muds and the non-profitable 
goods, is the best way to fill the void. The soil material is excepcional figure 20, due to 
the location of the excavation, the soil have good fertilize qualities. The reasons are: 
proximity to river, good rain ratio and excellent filtration qualities.The soil material, will 
be remove and keep close to the mine. It will be used as the final layer. After some 
clays and muds coming from the processing plant.  

FIGURE 20: CLEAN WASTE AND EDAPHIC MATERIAL 

3.14.ESTIMATED OPERATING LIFE 

Due to the huge quantity and demand of material, which the state is claiming, in 
addition to private companies, it has been calculated that at the nominal exploitation 
rate, the resource will be finished in an approximate term between 10 and 12 years. 
This includes restoration works that will last 2 years. Contemplating the sealing and 
replanting of the flora. 
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3.15.LIST OF ACTIONS LIKELY TO HAVE AN IMPACT 

In an open-air extractive activity, the relevant actions are carried out to develop the 
activity, which has an impact on the environment. In the case of open-pit aggregates, 
the activities that have the greatest impact are listed as follows. But above all, we must 
take into account that we try to use the best techniques available for such cases. As 
the use of electric vehicles or with low emissions. Thus, the mining activity to be 
developed has elements that are susceptible to environmental impact 

Infrastructure: Construction of tracks and accesses 

Operation: Removing the coating 

Transport 

Restoration

Physiographic modifications: Creating gaps
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3.16.LOCATION JUSTIFICATION 

Due to the type of material, the opencast mining is the only one that allows the total 
collection of material. In addition, any other technique would be economically 
impractical, although technically correct. 

The exploitation front has been chosen mainly in two aspects: the first, the easy 
extraction and transport of the material and the second the refilling and the great 
improvement of the restoration. The geological material, here found, is only here, 
therefore not being an artificial material, but natural is there where nature develops 
it.Therefore, technically this material must use methods of exploitation of the activity . 
Thus, to minimize the negative technical and economic aspects of underground mining. 
In addition, open pit mining drastically minimizes safety problems, in terms of 
subsidence or material fall. 

Finally, the existence in the area of existing tracks and accesses will avoid having to 
build new ones, thus avoiding the consequent environmental impact that is derived. 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4. STUDY OF THE INITIAL MEDIUM 

4.1. CLIMATOLOGY 

The characteristics of the different climatic elements in the Alt Empordà region, 
commonly seen in the rest of the country's lands, are typical of the Mediterranean 
climate. It is a climatic type, the Mediterranean, of transition between dry and warm 
subtropical climates and the coolest and humid climates typical of the temperate zone. 
The climate is characterized mainly by the presence of an arid period in the summer, 
by short and cold winters and by the marked irregularity of precipitation. The 
Mediterranean climate of Figueres is noticeably different from the Mediterranean 
climate that occurs in Lleida, for example, where the amount of annual precipitation is 
lower, while summers are warmer and the coldest winters. see Annex 1. Weather. 

The climatic data of the municipality of Torroella del Fluvià according to the SIG 
Miramon are Table 1: 

 TABLE: 1 CLIMATE CONTENT

Torrellas de fluvià Total 7 años

Precipitación acumulada (PPT) 
(mm)

557,45

Temperatura mitjana (Tmm) (ºC) 14,675

Temperatura maxima mitjana 
(Txm) (ºC)

20,9

Temperatura minima mitjanas 
(Tnm) (ºC)

8,7

Temperatura maxima absoluta 
(Txx) (ºC)

36,25

Temperatura minima absoluta 
(Tnn) )(ºC)

-5,1125

Velocidad mitjana del vent Ns

Dirección dominant Ns

Humedad relativa (%) 72
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We can observe, that in winter it can be very cold and in summers much heat. Due to 
the mountainous location and with strong convection of winds in the zone, due to the 
aerial connection with the sea. The area tends to have torrential rains in the hottest 
months, yet it retains its climatic stability, in terms of temperature. The temperature 
may drop during the sudden summer frost, but it is only a one-off event with some 
periocity. 

4.2. ATMOSPHERIC QUALITY 

In order to assess the quality of the air, a "Xarxa de Vigilància i Previsió de 
Contaminació Atmosfèrica" (XVPCA) is available, consisting of a series of automatic 
stations, where parameters are measured, among them: SO2, NO2, CO, O3 And 
particulate matter (PM10 and PST). The ZQA or "air quality zones" delimits various air 
quality zones. Specifically, our area is in ZQA 9 "Alt Empordar - Torrella del Fluvià". 
According to the quality balance for the year 2015, in ZQA zone 9 the levels of harmful 
particles and chemical compounds is less than 2.5 micrometers. 

For other hazardous components, the limits imposed by law have never been 
exceeded. With regard to tropospheric ozone levels, neither the limit of time 
information to the population nor the alert level nor the value for health protection nor 
the value for the protection of vegetation has been exceeded. 

The area under study is not located in a special protection area. 

4.3. GEOLOGY AND HYDROLOGY 

4.3.1. REGIONAL GEOLOGY 

Recent, quaternary deposits that rely on the Empordà basin, mainly represented by 
detrital sediments, are widely developed in the valleys of the Fluvià and Muga rivers 
and, to a lesser extent, those of Manol, Orlina and La Rioja, Àlguema; We also find on 
the slopes and foothills of the mountains, and above all on the old deliques of the 
Fluvià and the Muga. According to its genetic process, the following types of 
quaternary deposits can be differentiated: Alluvial: river terraces, flood deposits, 
decoys, current alluvial, glacis, Flat deltaica. 
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4.3.2. HYDROGEOLOGY 

The Fluvià river is born very far from the region, on the northern slope of Collsacabra 
(Grau cingle), so that when it reaches the Alt Empordàja it is practically in its lower 
course, although it still has to cross, Through large meanders, the Serra de Valldavià. 
Shortly after Sant Miquel de Fluvià began its short route on the Empordà plain, before 
reaching the south of the Empordà wetlands. Due to its layout and the orography of the 
lands it crosses, it has traditionally been one of the main entryways from the plain to 
the interior, which has favored the growth of a population as important as Olot. Starting 
from Sant Joan les Fonts, and bordering on the northern end of the Transversal 
Cordillera, the river already takes a direct direction to the east. When it reaches Alt 
Empordà, the contributions it receives are of little importance, 

With a basin that is narrowed and that is only drained by small streams. Therefore, all 
the main tributaries, except Ser, are within the limits of the Garrotxa, such as Bianya 
Creek, Turonell or Llierca.  

The final stretch of the river is the one that has had more modifications and impacts, 
such as the uncontrolled dumping of rubble, the extraction of aggregates, excavations, 
pipes and breakwaters, etc. To avoid this process of degradation, from Armentera, the 
Fluvià has been included within the limits of the Aiguamolls de l'Empordà Natural Park, 
with strict protection areas (Integral Natural Reserve) such as the island of Caramany. 

The current mouth is located just south of the Empordà wetlands, on the beach of Sant 
Pere Pescador, although, just as 

The drainage network of the surface waters are well defined, being of the dendriform 
type and well embedded in the ground, presenting water circulation only after the rains. 
The pixeometric measurement of the area is done through tastings and 5 visible control 
points. In figure 1. We can observe the measurement of a control point. 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FIGURE 1: MEASUREMENT OF PIEZOMETRIC LEVEL

We have a table of the levels that are recorded in the area in Annex XI. From which we 
can draw the following conclusions: Throughout the year, the water table varies, but on 
average it is always 5.16 m from the surface. 

4.4. EDAPHOLOGY. 

The edaphic soil, poorly developed, with a thickness varying between 35 cm and 100 
centimeters. Which will be transported for later restoration. Soil soil will be transported 
and deposited as a collection, right next to the mud rafts. In order to be able to use, 
and if necessary to mix, the different soils rich in nutrients for revegetation of the area. 
In figure 2 we can see how the collections after 2 months, already generated alone, 
vegetation of abusive and herbaceous character. The collection generating is not of 
great dimensions, since the zone exploited although extensive, does not count on a 
great power of edaphic material. 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FIGURE 2 - COLLECTION OF EDAPHIC MATERIAL

4.5. VEGETATION 

Next we will determine the initial parameters of the vegetation of the area, typical of Alt 
Empordà, a climatological zone previously described in section 4.1 Climate. It has the 
following characteristics. 

4.5.1. PHYTOGEOGRAPHY 

The proximity to the sea and to be integrally on the line of the rain river are those that 
determine the existing communities. The soil, which also determines the species that 
have been able to install, is mostly calcareous, but alluvial materials of various 
provenances can be found. The predominant vegetation is of planifoli type, with 
species of riverside forests (Fresnos, alcemos, poplars and oaks) like majority tree 
species in zone with humidity builds, next to the oaks and pines, more characteristic of 
the Mediterranean vegetation of zones more Dry or frenetic. 

4.5.2. THE FORESTS 

In the margins of the fields and slopes of riverside forest, this community is enriched in 
species of caducifolis, constituting a mixed topography in which those of oak (quercus 
ilex) are altered mainly with those of oak (quercus humilis). 
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On the sides of riparian forests, we find some deciduous trees characteristic of these 
humid forests, such as ash (Fraxinus angustifolia) and acacias (steal pseudoacacia), 
which are nowadays introduced and very abundant in shores. 

As shrub species the crataegus monogyna, prunus spinosa, the blood corpus, abound, 
but there is a need for more species that love sunny places. 

4.5.3. THE RIVERSIDE FOREST 

The riparian forest is the deciduous forest that follows the fluvial courses. A forest that 
would occupy larger spaces and more far from the rivers if there had not been so many 
modifications by human activity. The vegetation is also populus sp, bananas hybrida 
and steal pseudoacacia, fast growing trees. 

The dominant autochthonous are varied, depending on the distance of the water and 
its regularity. The elm and fresno solenser species that appear more distant from the 
river, in contact with the mixed forest. In this area we find populus alba and above all 
the Salix alba, s.purpurea, which occupy the areas most exposed to the flood. 

4.5.4. DEGRADATION COMMUNITIES 

The degradation of the holm oaks causes an enrichment of pines, especially white 
(pinus halepensis) and in some places pinaster (pine pinaster), constituting a tree-like 
muddle very common in the whole territory. A more intense level of affection leads to a 
progressive enlightenment of the forest, giving rise to shrubs having a leading role and 
trees passing into the background. For example, toppling on calcareous soil is 
relegated by the winter arm (erica multiflora) and rosemary (rosmarinus officinalis). 

One more degree in the degradation of primitive forests, desires of the bushes and 
bellies, implies the appearance of meager meadows. In these shallow communities 
brachypodium phoenicoides, hyparrhenia hirta, spartium junceum predominate ... 

On the sides of roads, abandoned fields, etc. They develop a mosaic of species that 
constitute the ruderal communities, among them chenopodium muralis, diplotaxis 
erucoides, hordeum murinum ... 

In the margins of the rivers it is necessary to emphasize the arundo donax and the 
vines as convolvulus sepium and humulus lupulus. 
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4.5.5.THE AQUATIC VEGETATION 

The vegetation grows in places that are good part of the year flooded, is not very 
frequent in the zones of the Mediterranean, since the summer drought limits the 
settlement of many species. On the other hand the dirt of the waters impoverishes 
enormously the few places where these communities can grow. In the waters rafts of 
fluvial courses can be entered: Lemma minor or L.gibba, also underwater herbaceous 
potamogeton nodosus and myriophyllum verticillatum. The canals and jungles appear 
very fragmented, typha latifolia and rush boval. 

In shallow water and uncontaminated excessively we find: nasturtium officinale, apium 
nodiflorum, veronica beccabunga, v.anagallis-aquatica. 

4.5.6. CURRENT STATUS OF VEGETATION UNITS 

The current state of vegetation is greatly altered by the river diversion works, by the 
current use of gathering and flagging of the fields, which have affected the original 
state of the potential distribution. 

The different types of vegetation are: 

- Cañizal: Community very depressed due to lack of continuous flow of water, 
there are fragments close to the existing stagnations in the trace of old meander 
and near fluvià. 

- Salcedo: they are kept at the margin of the river fluvià and with groupings 
located on some sand barriers of the zone of contact between meander-river. 
Community linked to areas affected by flood. 

- Fragments of riverbank forest: some sections are formed by fraxinus 
augostifolia and populus sp, some specimens of populus alba. 

- Ruderal vegetation: associated to the communities in recovery and concretely 
forest of bank and abandoned fields of culture. Together occupy the wasteland 
most of the surface basically constituted by bushes and canes, very aggressive 
communities that hinder the implementation of others, located on the slopes of 
the old river. 

- Yermos: mostly abandoned crop areas that need a recovery process, located on 
the top floor of the meander. 
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- Riparian forests are more or less well-preserved plant units containing a high 
diversity of species and have an important ecological role, both because of their 
interaction with the watercourses and the creation of a network of 
interconnected natural areas that contribute to To form ecological passages. 

The most interesting stretches are the ones that contain forest vegetation along the 
banks or mixed forest remains of holm oaks and oaks, but in both cases only the 
boundaries of the northern margin are preserved, with fragments of upper mixed forest. 
Therefore, if it is necessary to preserve and reinforce the northern margin of the 
meander, which due to its topography in the form of accused slope, has been less 
battered and preserves some specimens of ash, poplar and oak. 

4.6. FAUNA 

The predominant plant formations in the area of action are the upper mixed top, the 
riverside forest and ruderal communities and crops. The description of the fauna will be 
linked to these formations due to its great dependence on vegetation. 

4.6.1.THE FAUNA OF THE HOLM OAK 

Within the holm oaks a stable microclimate is maintained throughout the year. Due to 
the penetration of the rays of the sun, the thermal oscillations are not very appreciable 
and the relative humidity is little elevated; In the winter, the temperature of the forest is 
higher than in the open spaces while in summer, it is cooler. 

These characteristics are accentuated when the bane dominates in the hills and 
mountains per se is preferentially on the opposite side of these next to the sea. This 
allows in these forests to live satisfactorily animal organisms that are not adapted to 
terrestrial life and that need some humidity, such as: snails, etc. On the other hand, 
outside the forest they have to make twilight and hide during the day under the stones. 
The holm oaks, with a thicker cup, some species of normally endogenous life, take 
advantage of the dense vegetation cover that gives a dark and very humid 
environment, surface and make a nest shelter of some stone and even the fallen 
branches. This stability of the oaks is what allows that in adverse environmental 
conditions, many species that live in the biotopes of the nearness seek refuge in him. 
Increasing the diversity of this community. 

The stratification of the vegetation, also allows a stratification of the fauna and thus 
increases the animal diversity: in the recular stratum, the herbaceous, the bush, the 

 Ver.1.2 (23/06/2017)     -       Quarry mining   -          A.Adan         �  of �72 125



Tfg- Quarry mining

lianas and barks, and the tree tops. They are capable of giving food and shelter. 
Simultaneously many habitable habitats are created in the forest. 

The dynamic structure of the forest allows the availability of food and expand the traffic 
chain, vegetables offer stems in spring, fruits in autumn and winter, species are 
distributed throughout the seasons and in general interspecific relationships are 
functionally transmitted in An occupation of all possible ecological niches that allows 
the best use of the resources of the system. 

  
4.6.2. SHORE FOREST FAUNA 

Tree formations and riverbank meadows support a large number of animals, from 
arthropods such as insects, arachnids, myriapods, small vertebrates: amphibians, 
reptiles and mammals and a great diversity of trees. 

The forest gallery serves as a corridor so that the animal species of the deciduous, fall 
in the fall to the Mediterranean forest in search of the best environmental conditions to 
spend the winter. 

The riverside meadows, which usually accompany these plant formations, condition the 
presence of a remarkable diversity of species. On the ground, among the litter and 
under the stones and rotten mother, a large number of animals feed on the rest of 
decaying vegetables, small fungi and smaller insects. 

The animal population on the riverbank  
Among the first are the epheeropteros and odonapteros; Ephemera vulgata and the 
second we mention the most frequent dragonfly quadrimaculata, I.depressa, asechna 
canea. Well near the waters or above the aquatic plants we can have: lestes viridis, 
coenagrion puella and calopterix virgo. In the riverside meadows we will find insects 
typical of the humid environments, some without direct relation with running waters. 

In the flexible and humid soil we will find: diptera larvae as titula sp, larvae of 
coleoptera beetles, terrestrial crustaceans such as porcellio scaber, among 
oroptopteros gryllotalpa grillotalpa, dermatoptera as; The forficula auricular, some 
miriápodteros like; The centipedes lupus sabulosus, the earthworm, allolobophora sp, 
etc ... 

There are numerous insects that find, in flowers and plants, tender ways of nourishing 
themselves. Among them, perhaps we capture some hymenoptera and dopteros, 
mainly some lepidópteros like gonopterix cleopatra and anthocaris cardamines. Also 
we will find insects like the bacillus rosii, between the heterpteros the negara viridula. 
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In the sunniest places, some mantis such as the penada pushes, the praying mantis, 
etc... Some of these animals constitute the food resource of a good number of 
vertebrates that make the riverbank their habitat. 

In the forest and on the shore meadow, the salamander, salamander salamander, the 
common toad; Bufo bufo, the small toad; Pelodites punctatus, the toad of thorns; 
Hairballs cultripes or the toad paridor; Aletees obsétricans. As for the reptiles, it is 
worth mentioning, among the snakes, the serpent of water; Natrix natrix, n. Maura that 
feeds on small fish or tadpoles and on the saurians, the crystal snake; Anguis fragilis, 
which is a lizard without legs. 

There are few mammals typical of the riverside environments, highlighted: the water 
rat; Arvicola amfibius, the mole; Pitymis duodecimcostatus, the shrew; Crocitara 
russula and the forest mouse; Apodemus sylvaticus. 

In contrast, the presence of birds in the environments of the river is quite remarkable. 
Birds that are near the water or in relation to it are easy to see, such as the mostacilla; 
Alba and m.flava, the troglodytes troglodytes and in the lower parts of the river we will 
hear the hen chloropus and observe the capture of some fish by the alcedo atthis. 

Some birds do not shy away from the man and stay in the outer branches of the 
riverside trees, shrubs and meadow plants, or visit the fields a little farther, set in the 
fertile settlements of the river. Among them: fringilla coelebs, emberiza calandra, 
cardeulis chloris, serinus serinus, the nightingale bastard cettia cetti, the nightingale 
luscinia megarhynchos, also the red breast erithacus rubecula and the thrush turdus 
philomenos. 

In the open space: falco tinnunculus. Other birds are difficult to observe and easy to 
hear, although to differentiate them and to verify which species are treated it is 
necessary to observe them directly. We refer to a nocturnal bird of prey, such as the 
octopus scop, and especially to a few daytime birds that enter the crowns of the 
riverside trees: it is easy to hear the "pillar" of the parus coeruleus and the aegithalus 
caudatus. 

4.6.3. FAUNA OF CROPS AND RUDERAL COMMUNITIES 

Agricultural ecosystems and Rueda communities are considered halfway between 
natural ecosystems such as forests and aiguamolls and other artificial ecosystems 
such as urban ecosystems. 
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In agricultural ecosystems is the energy of the sun, the inflow that allows the operation 
of the system as well as the maintenance over time of its structure. The one that looks 
more like one ecosystem or another, depends on the degree of industrialization of the 
field. 

When studying the functioning of agricultural ecosystems, it is necessary to keep in 
mind that in addition to the energy of the sun there is an auxiliary energy that uses its 
operation and that comes among others of the effort of the own domestic animals that 
man uses as well Like the different mechanisms or mechanical vehicles used and that 
in any case need the fossil fuel to be able to work, together everything is energy that is 
united for the functioning of these ecosystems. 

It is noteworthy that the fields favor a few species to which we give the product we 
plant, while directly tends to reduce the number of plants and animals that would be 
their natural environment in that field. Which means very complicated in which there is 
a relationship between the producing plants and the consumed animal organism that is 
very different from the one that will be the natural trophic chain. 

The animal population 

The communities observed in the cereal fields from a vegetable point of view are the 
row or seed communities (segalion mediterraneum, which are often formed by plants of 
oriental origin, although many plants were part of the crops as The bulb (...) or the 
viscutella auriculata, etc. More and more, the search for the highest agronomic yield 
makes the wheat fields (iguin momnocultis) that causes the polychromy observed in 
the ancient fields to be lost Current. 

The faunistical composition of the fields tends to be poor all and that the knowledge 
that they have are scarce and it is more proper to appear species that can become 
detrimental by the mere fact of being monocultures. While other species that may be 
considered as pests of these fields, there are the Chinese (aelia and eurygaster), the 
wheat mosquito (maeytiola destructor), some hymenoptera family of zephyrs, certain 
larvae of chrysomelidae coleopteran. Of the few studies made in invertebrate 
macroscopic diurnal fauna, formed by the hemiptera, dipterans, coleoptera, 
hymenoptera, with densities ranging from 250 to 820 individuals per square meter. 

Hemiptera dominate ophidians with maximum densities of up to 6000 individuals per 
square meter. The best dipterans represented belong to several groups, the 
cecidominios, mythophyllids, empididos, loncopteridos, drosofilidos and chloroptidos. 
The densities are very variable and range from 10 individuals per square meter to 
about 1000 individuals. These dipterans, in themselves, have different forms from 
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phytophagous to other groups of sapphagous, scatophagous, mythophagous and 
scavengers followed by predatory entomophages. 

Among the hymenoptera, the families most represented are the Braconids and the 
Chalcidians. 

Among the coleoptera dominates the cryptographers, estafilinidos and latrididos. 

In short the cereal fields can be considered as modified meadows and the stability of 
their invertebrate fauna, can be explained by direct association with the populations of 
the meadow. 

The vertebrate fauna is formed, among others, by rabbits and hares, micro mammals 
(rats, mice and moles) and among lenders the snakes, especially the white snake, 
mustelids and resting. Among the birds is: partridges, quail and others. 

4.6.4.AQUATIC FAUNA 

We can say that the aquaculture wealth of the river Fluviá near the sea is very poor, 
due to the little volume of running water that presents the area close to the action and 
the fluctuations of the courses that makes it sometimes non-existent. 

We emphasize like own fish of the river Fluviá: the carp; Cyprinus carpio, the barbel; 
Barbas meridionalis, pike; Leuciscus cephalus, the eagle, anguilla anguilla. 

It is important the population of molluscs and the number of benthic organisms, that 
happen to be food of many other birds, we emphasize amnicola similes, lymnaea, 
gyraurus laves and ancylus fluviatilis; Rabien the pisidum casertanum and the worms 
and diptera larvae. 

There is also a certain abundance of freshwater clams (one sp) and in the submerged 
vegetation with myriophyllum amphipods (gamarus), isopods (asellus) and gambeta 
atyaephyra desmaresti. 

Vertebrates especially in danger 

Amphibians and reptiles, all being protected and most amphibians and reptiles, the 
legislation does not contemplate the protection of their biotopes. The degradation of 
these, the uniformity of protection and the lack of a detailed knowledge of the 
populations, together with the contempt and persecution that they give, make the 
situation of these animals in many cases dangerous. 
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Ornitofauna 

Of the species of birds that can be found in this area, raptors, both day and night, are 
those who are in a more compromised situation. Rapacious herds have declined 
sharply since the 1960s. The conservation of these species, as well as the 
maintenance of other birds, depends on the awareness of the population, as well as 
the prohibition of hunting, plundering of nests, etc... We have not mentioned aquatic 
species, as well as sporadic Since at present the precariousness of the area makes it 
difficult to assure the habitual permanence of some of them, but we are aware that with 
the proximity of the park of the aiguamolls of the empnordá, any coercion of the 
present communities will be satisfactory by its permanent installation. 

Mammals 

Carnivorous mammals are all we can find in this area those who need the most rapid 
protection measures. The disappearance of their habitats, hunting and death by 
poisoning are the main causes of their decline. 

Fauna movement. 

Animals have the ability to be able to move, unlike plants. These displacements may 
be due to a number of reasons such as the search for food, shelter, reproduction, etc. 
Or respond to local or seasonal migratory movements. Birds and various groups of 
insects travel by air, while the rest of vertebrates (excluding fish) and invertebrates do 
so by land. In general the bigger the animal the longer its displacements will be, being 
these due to any reason previously explained. 

In the case of our actions it provides an easy installation for amphibians and small 
reptiles important elements of the food chain, due to the needs that these animals 
present with respect to water, especially in the breeding season, where this is 
essential. The installation of this will facilitate the presence of other animals and flying 
in search of food. It is worth mentioning that the area remains within the area of 
influence of migratory stop of a multitude of birds, before or after passing the Pyrenees. 
Basic reason for the creation of reserve area of the park of the Aiguamolls de 
l'Empordà. 
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5. IMPACT ASSESSMENT STUDY 

5.1. OBJECTIVES OF THE ENVIRONMENT IMPACT STUDY AND LAND 
RECLAMATION 

The objective of the environmental impact study is to identify the actions of the project 
that may involve the environment, both in the exploitation phase and in the subsequent 
restoration phase. We will determine a set of protective and corrective measures that 
will minimize the impacts generated and make the project viable. 

For its part, the restoration program aims to determine the actions that ensure all 
protection of the environment and the integration of the affected area. During the 
operation or once finalized, to carry out this task the best available techniques are 
used. 

As a consequence, the diversity of sections that coincide in both documents is chosen 
to integrate them into one. Including, logically, everything necessary for the acceptance 
and development of the activity. 

To comply with the previous paragraph, the document will be divided into the following 
sections. 

- Project description 
- Environmental inventory and description of the current situation. 
- Examination of the different alternatives studied and justification of the 

solution adopted. 
- Identification, description and evaluation of the effects that the actions 

can generate on a determined medium. 
- Protective or corrective measures that mitigate significant environmental 

effects. 
- Environmental monitoring program. 
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5.1.1.ENVIRONMENTAL LAW 

Nowadays there are very restrictive laws due to the environmental impact. Every 
human action includes an impact, in our hands is the key to reduce it. The Spanish 
laws for environment protection are: 

- Ley 22/1973, de 21 de Julio, de Minas. 

- Ley 42/1975, de 19 de Noviembre, sobre desechos y residuos sólidos 
urbanos. 

- Reglamento genial para el régimen de la minería (RD 2875/1978, de 25 
de Agosto). 

- RD 2994/1982, de 15 de Octubre, sobre restauración del espacio 
natural afectado por las actividades mineras. 

- Ley 29/1985, de 2 de agosto, ley de aguas. 

- Reglamento de normas básicas de seguridad minera de 1985. 

- Ley 20/1986, de 14 de mayo, ley básica de residuos tóxicos y 
peligrosos. 

- RD 1131/1988, de 30 de septiembre, por el que se aprueba el 
reglamento de evaluación de impacto ambiental. 

- Ley 22/1988, Ley de Costas. 

- RD 886/1988 sobre prevención de accidentes mayores en determinadas 
actividades industriales. 

- Ley orgánica 9/1992 de transferencia de competencias a las 
comunidades autónomas (Constitución Española) 

- Other laws of local administration  

 Ver.1.2 (23/06/2017)     -       Quarry mining   -          A.Adan         �  of �79 125



Tfg- Quarry mining

5.2. IDENTIFICATION OF IMPACTS 

The evaluation of the project is the identification and definition of the different impacts 
and effects that all activity generates on the environment, which is substantial both 
during the extractive activity and once completed. 

Effects have to be minimized during the operation (corrective measures), once finished 
so that it is integrated with its environment (restoration of the quarry). 

The identification of impacts is carried out applying the matrix system proposed by 
ITGE (1996). The basis of the system is a matrix in which column entries are activities 
and operations that can alter the environment, whereas the entries in rows are 
characteristics of the environment (environmental vectors) that can be altered during 
exploitation. 

Impact-producing actions are grouped into the following areas: 

The access tracks to be built will be internal to the farm, carried out in areas that will be 
later exploited and in the whole of the activity. Therefore, they will not be given a 
differentiated treatment but will be treated in the section of operation and physiographic 
modification. 

In the annexed 4- impact table, reproduces the matrix resulting from comparing the 
different actions identified in the project with environmental factors. The table contains 
some extra contents that we will use but in the end is practicing the same thing. 

Infrastructure: Construction of tracks and accesses

Operation: Removing the coating 

Mining and load 

Transport 

Rehabilitation

Physiographic modifications: Creating gaps 

Abolish sterile
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5.3. CHARACTERIZATION OF IMPACTS 

Once the impact has been identified, the characteristics must be defined. This is done 
using the qualitative criteria established by Royal Decree 1131/1988, Regulation for the 
execution of Environmental Impact Assessments. Since it facilitates its treatment and 
documentation. 

Repercussion 

Positive effect: admitted as such, by the technical and scientific community as well as 
by the general population, with a positive assessment regarding the state prior to the 
performance. 

Adverse effect: Loss of natural, aesthetic or cultural value, landscape, ecological 
productivity, or increase of damages caused by pollution, erosion or clogging, and other 
environmental risks. 

Generic Impact Characteristic 

Significant effect: It manifests itself as a modification of the environment, natural 
resources, or fundamental processes of operation, and which may produce significant 
future impacts. The minimum effects are excluded. 

Minimal effect: It can be shown that it is not remarkable. 

Types of action (cause-effect relationship) 

Direct effect: Which has an immediate effect on some environmental aspect 

Indirect effect: That supposes incidence on the relation of one environmental sector 
with another. 

Incidence 

Simple effect: It manifests itself on a single environmental component, or individualized 
mode of action, without consequences in inducing new effects, neither in its 
accumulation nor in its synergy. 

Cumulative effect: Increases its severity progressively, as it does not have elimination 
mechanisms with a time effectiveness similar to that of the increase of the causative 
agent. 

 Ver.1.2 (23/06/2017)     -       Quarry mining   -          A.Adan         �  of �81 125



Tfg- Quarry mining

Synergic effect: It occurs when the joint effect of the simultaneous presence of different 
agents supposes an environmental incidence greater than the effect of the sum of the 
individual incidences. 

Manifestation 

Effect on short, medium or long term: Incidence expressed, respectively, within the 
term included in an annual cycle, before a lustrum or in a superior period. 

Duration 

Temporal effect: It implies a non-permanent alteration in time, with a temporary term of 
manifestation that can be estimated or determined. 

Permanent effect: It implies an indefinite alteration in time. 

Location 

Localized effect: Manifestation in a specific area. 

Extensive effect: Notorious on a more or less extensive surface. 

Distance of affection 

Effect close to the source: Produced in the vicinity of the performance. 

Effect away from the source: Manifested at an appreciable distance from the activity. 
Assimilation 

Reversible effect: Alteration that can be assimilated by the environment in a 
measurable, half-way, due to the operation of the natural processes of ecological 
succession, and the mechanisms of self-purification of the environment. 

Irreversible effect: It implies the impossibility, or "extreme difficulty", of returning to the 
sequence prior to the triggering action. 

Recovery 

Recoverable effect: Alteration that is supposed to be eliminated, by natural action, 
anthropic action or action that can be replaced 

Irrecoverable effect: Alteration or loss is impossible to repair or restore, neither by 
natural nor human action. 
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5.4. ASSESSMENT 

Once characterized, the effect on the medium is evaluated. This evaluation follows the 
methodology proposed by ITGE (1996, op. Cit.), Is to evaluate qualitatively the 
magnitude of the effects that the different actions generate on the natural environment. 

To obtain this evaluation we will be guided by Royal Decree 1131/1988: 

➢ Compatible Impact: Small-Scale Impact. In the case of adverse impacts compatible 
there is immediate recovery of the original conditions once the activity ends. They 
do not need corrective measures. 

➢ Moderate impact: recovery of the original conditions requires some time and 
corrective measures are advisable. 

➢ Severe impact: the magnitude of the impact requires, due to the recovery of the 
initial conditions of the environment, the introduction of corrective practices. 
Recovery requires a long period of time. 

➢ Critical impact: the magnitude of impact is greater than the acceptable limit. 
Permanent loss in the quality of the environmental conditions, without possibility of 
recovery of these conditions. The implementation of corrective measures is 
unlikely. 

It indicates if significant impacts are non-existent. 

5.5. EVALUATION OF THE EFFECTS OF ACTIVITY 

All extractives in the open air generate effects on the environment, which are palpable 
during the activity and later. The effects produced in the environment, should be 
minimized to the maximum. 

5.5.1.LANDSCAPE EFFECT 

Any open-air exploitation involves a morphological alteration of the landscape, which is 
generally a significant visual effect. Although temporary, the effect is produced by the 
sum of different factors, for example: topographical modification, alteration of 
vegetation and exfoliation of lithological layers, causing chromatic peaks. As we can 
see, there are three processes that can generate a visual impact. The removal of the 
vegetation cover and the lands of coating, and of course, the creation of longitudinal 
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hollows and the filling of these, with own mud of the exploitation. 
The disposal of these sludge is given by washing the extracted aggregates. Which we 
will explain later. Following the transfer mining model, the dry sludge serves to prepare 
the area to be restored, avoiding the generation of collections. Preventing the 
generation of new impacts. 

The direct remedy, to minimize the coupling of matter, is the integrated restoration. 
Here we highlight: 

• Characterization of impact: Remarkable, adverse, direct, simple, permanent, 
localized. It is an irreversible effect (the landscape modification is irremediable, 
but recoverable with the expected restorative measures.) 

• It is an impact of severe magnitude without the application of corrective 
measures, and moderate with appropriate measures. 

As worthy of mention, restoration generates a positive impact. Since it generates an 
area of greater biodiversity, besides a strong countermeasure against the floods of the 
river Fluvià. 

5.5.2.EFFECTS ON THE ATMOSPHERE 

The operations that take place in the gravel: the removal of the coating, start and load, 
internal transport and filling of restoration, can alter the quality of the air in two 
parameters: 

  Dust 

  Combustion gases and vapors 

These operations generally generate particles of measurement greater than 100 mm, 
which tend to settle again in a radius of approximately 250 m. Especially the dust 
produced by machinery. The traffic of vehicles produces the crushing of the particles, 
generating fine dust. It can be transported, if the air currents are favorable. The 
typology of the exploitation front, makes the zone less affected is in the vicinity of the 
zone of start, due to the size of the gravels and high humidity. In order to assess the air 
quality of the project area, we proceed to consult the maps of vulnerability and capacity 
of the Territory of Catalonia against atmospheric pollution. Vulnerability is an indicator 
of the danger of exposure to a particular pollutant. It is related to emission levels, 
population density and natural spaces, defining as the risk of the population and 
spaces of natural interest. These contaminants are: PST, CO and SO2. 
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The emission levels: 

   PST (total suspended particles) 

   CO (carbon monoxide) 

   SO2 (sulfur dioxide) 

The PST map shows a moderate and low vulnerability for the populations and roads of 
communication, very low for other populations and zero for the territory. This is 
because to be a zone with good ventilation, without parapets that can restrict the 
passage of wind, the dust generated will not be so problematic. In addition the geology 
itself largely prevents the transport of large solid particles, thanks to moisture and 
particle size. The map of vulnerability to CO, the risk of exposure is low. Due to the 
machinery is in the best conditions for its use. With all the current revisions and 
permissions.  

The closest protected area are the "aiguamolls de l'alt empordar", and it is not 
susceptible to reach pollution levels. The capacity is defined based on the 
characteristics of the emissions of the zone or the dispersion capacity of the 
atmospheric environment. 

The measurement is made by means of the capacity index, defined as the difference 
between the average annual concentration of emission of a given pollutant and the 
reference value established by the regulations per pollutant of study. 

The maps consulted, the capacity for these elements is considered high. 

The expected emissions of PST and PM10 particles in tonnes generated have been 
carried out according to the methodology of the document "Calculation of fugitive 
particulate emissions in extractive activities". Issued by the General Directorate of 
Environmental Quality. 

The result (estimated): 

• PST: 4.12 Tn / year 

• PM10: 1.27 Tn / year 

The gases emitted by the machinery, trucks, are very low. Since its circulation is limited 
to loading times. Likewise, being combustion engines generate particular gases. 
Measures are contemplated: 
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• Impact characterization: minimal, adverse, direct, synergic impact (dust 
is generated by various actions), temporary, extensive and distant impact 
of the source. Impact produced by dust is reversible and recoverable, but 
the produced by the gases is irreversible, but recoverable by natural 
action of photosynthesis. 

• It is an impact of moderate magnitude without the application of corrective 
measures. Applying the corrective measures is minimal and compatible. 

5.5.3.ACOUSTIC EFFECT 

This type of open-pit operation, where machinery for the extraction was used, would 
generate noise and vibrations of low and continuous intensity during the working day, 
caused by the operations of starting and loading of the material, of internal transport, 
engines and exhaust pipes of trucks And friction of the wheels or caterpillars with the 
ground. 

The noise level in the vicinity of the open-cast operations is influenced by variations in 
atmospheric conditions and by the effect of topography. Generally, at a distance of 100 
meters, the noise level is decreased by about 50 dB, and at 1000 m distance, between 
70 and 100 dB. Recall that dB, is a logarithmic scale, therefore are values that are 
greatly minimized in a few meters. 

We have data on the noise generated in similar farms where the same machinery that 
will use the farm is used. The result obtained is 50-60 dB. With all the machinery 
underway at a distance of 500 meters. 

The exploitation is located more than 500 m away from any inhabited nucleus, 
therefore the emission levels are well below those established in Decree 176/2009 of 
November 10, which approves the Regulation of the Law 16/2002, of June 28, on 
protection against noise pollution. 

• Characterization of impact: remarkable, adverse, direct, simple, temporary, 
localized and distant from the source. Impact is reversible and recoverable. 

• You are a compatible magnitude impact. 
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5.5.4.EFFECT ON HYDROLOGY 

The exploitation and restoration will have no effect on the surface or underground 
hydrology of the area. This is due to the fact that it is not manipulated or cut any 
channel of drainage of water currents superficial or subterráneas.Pese to dredge 1.5 
m, this does not affect the course of the groundwater. The nature of aquatic 
environments will not be affected, as the extraction of the material does not have 
dangerous chemical components. Groundwater will not be affected as no water stream 
is manipulated. 

• Characterization of impact: remarkable, adverse, direct, simple, permanent, 
localized, and extensive. You are a reversible and recoverable effect. 

• Impact of magnitude compatible. 

5.5.5.EFFECT ON THE GROUND 

Impact that exploitation can produce on the ground is manifested in two aspects: 

- Edaphic characteristics 

- Use of soil 

In order to carry out the extraction of the material, it is necessary to first start up the 
primordia edaphological layer and transport it to the established collection area, this 
can cause a loss of the original soil qualities. However, the stock generated by the rafts 
and these by the material washing sludge, allows us to restore with enough speed, 
once the raft is in optimal conditions.Keeping a constant rhythm in the exploitation and 
restoration. 

By minimizing such loss the soil will be contained in the best possible way. As far as 
the soil is concerned, it will not change its original status, remaining as rustic. 

• Characterization of impact: notable impact, adverse, direct, simple, permanent, 
localized, and close to source. It is an irreversible effect, due to the extreme 
difficulty of soil, but recoverable with restorative measures. 
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• They are impacts of severe magnitude without application of corrective 
measures, and moderate with the application, being therefore impacts 
compatible with the application of corrective measures. 

5.5.6.EFFECT ON VEGETATION 

Impact that can be direct and indirect: direct due to destruction of vegetation, and 
indirect by the action of dust on the surrounding vegetation. 

The direct impact produced by the destruction of the vegetation will be restored by 
transporting the seeds of the native trees to the restored area once the weather 
conditions are adequate for planting. 

• Characterization of impact: remarkable, adverse, direct, simple, permanent, 
localized, and close to the source. It is a reversible and recoverable effect, 
replanting once the mine is finished with the help of the planned restoration 
measures. 

• It is an impact of a severe magnitude without the application of corrective 
measures, and moderate with the application, tending to impact compatible 
with the continuity of the application of the corrective measures envisaged. 

5.5.7.EFFECT ON FAUNA 

From the initial study of the medium realized is characteristic variety of existing fauna. 
However, it is not threatened by the development of extractive activity. For two main 
reasons: Habitats are not destroyed and animals are able to move freely. However, 
during the operation the effects are: 

• Characterization of impact: minimum, adverse, direct, simple, temporary, 
localized, and close to the source. It is a reversible and recoverable effect, 
replanting once the farm is finished with the help of the planned restoration 
measures. 

• It deals with an impact of a severe magnitude without the application of 
corrective measures, and is moderate with the application, tending to impact 
compatible with the continuity of the application of the corrective measures 
envisaged. 
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5.5.8.EFFECT OF GEOLOGICAL PROCESSES 

The exploitation can cause different effects that are manifested both in the course of 
the activity com at the end of the restoration. The most important effect are those 
originating from the exploitation front. Thanks to the method of extraction used and to 
the nature of the gravels and sands of the zone. The exploitation front, susceptible to 
landslides and other risks, will be minimized to the maximum, since the height of the 
slope is low and does not present risk for the stability of the terrain. In addition, the way 
of exploiting the reservoir creates a very low risk for the personnel.  

The filling with sludge does not show signs of instability since the stable layers are not 
being removed. This only conditions the area for the adaptation of the lake. However, it 
should be noted that the most susceptible area may be the lake's margins, so that final 
slopes with very smooth slopes and with the original material are foreseen. Avoiding to 
the maximum the sliding of the material. Removal of the material (4 + 1,5 m) does not 
affect any geotechnical capacity of the material. 

• Characterization of impact: remarkable, adverse, direct, simple, permanent, 
localized and close to the source. You are an irreversible but recoverable impact 
with corrective measures. 

• Impact of moderate magnitude without the application of corrective measures, 
and compatible with the application. 

5.5.9.EFFECTS ON INFRASTRUCTURE 

During the execution of the project, no infrastructures will be affected, such as electric 
or communication lines. 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5.6. IMPACT HIERARCHY 

Not all environmental impacts generate the same, so it is necessary to know their 
importance and repercussion. For this, we rank negative impacts. To do so, we value 
impacts without correction and then with corrective measures, to arrive at a conclusion. 

Hierarchy without corrective measures, table 1 

TABLE 1: WITHOUT CORRECTIVE

Hierarchy with the application of corrective measures, table 2 

TABLE 2: WITH CORRECTIVE  

Critical:

Severe: Landscape Effect 

Effect on the ground 

Effect on vegetation

Moderate: Atmospheric effect 

Geotechnical effect

Compatible: Acoustic effect 

Effect on hydrology

Critical:

Severe:

Moderate: Landscape Effect 

Effect on the ground 

Effect on vegetation 

Atmospheric effect 

Geotechnical effect

Compatible: Acoustic effect 

Effect on hydrology
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6. MEASURES TO PROTECT THE ENVIRONMENT 

6.1. PROTECTIVE MEASURE: LANDSCAPE 

 The activity is developed according to a criterion of visualization, by which it avoids as 
far as possible, the observation of the exploitation outside strategic points for its 
control. Being in an area far from any urban center, has taken into account the 
visualization of the farm from places of importance landscape, therefore leaving a part 
of the forest, which acts as a screen between the farm and the high points of 
observation . 

In addition, as a primary part of the project, the restoration is done at the same time as 
the exploitation progress, thus avoiding large gaps minimizing the impact. The 
transformation of the area into an artificial lake with a wide range of biodiversity has a 
very positive impact on the landscape. 

6.2. PROTECTIVE MEASURE: ATMOSPHERE 

The vehicles circulate on dry or wet gravel, this causes that the transport of sediments 
is limited to the dust raised during the circulation in tracks. Which is already very low. 
They make the effect on the atmosphere minimal. 

The nearest inhabited nuclei are at distances greater than 1500 meters, limiting the 
path of particles larger than 100 microns, considering a wind speed between 20 and 40 
km / h. The same particles at a speed greater than 40 km / h can be transported at 
greater distances, but they will be very dispersed and can not be detected. 

6.3. PROTECTIVE MEASURE: ACOUSTIC 

After a period of 2 years sound unaltered, is not it required measure of protection.  

6.4. PROTECTIVE MEASURE: HYDROGEOLOGY 

The exploitation and restoration will have no effect on the surface or underground 
hydrology of the area. The drains of the area will be oriented to the natural courses of 
the water. Avoiding the creation of new ones.  
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The water levels, are the bases of the biological corridors, therefore they will preserve 
the continuity and definition of its trajectory which it entails. Respect the interior of the 
river Fluvià; Avoiding to the maximum the introduction of machines, the unnecessary 
movement of rocks, the modification of profiles of the fluvial bed and to avoid the 
destruction of aquatic vegetation. 

6.5. PROTECTIVE MEASURE: SOIL 

If necessary, because the initial soil is insufficient. Material will be provided to improve 
vegetation and soil quality. Adding organic substrate for a better absorption of nutrients 
by plants. The sludge is typical of the area, and it is very advisable that these are used 
for the restoration of the building environment, therefore the affected areas will be 
restored, their Edaphic profiles and repopulate with native species in function of the 
water gradients. 

6.6. PROTECTIVE MEASURE: VEGETATION 

The removal of existing vegetation in the area of activity will be diminished with the 
restoration. In which the reforestation of the area affected by the activity is foreseen. 

Thanks to its environment, the corrective measures a on emissions, since every forest 
has a level of acceptance of CO2. To integrate the rocks with vegetation, with the same 
species of bank, will act with an integrated revegetation system, so that a unucual 
building layer will be arranged to favor the implantation of shrub and herbaceous 
species in all the extension. 

6.7. PROTECTIVE MEASURE: GEOLOGICAL PROCESSES INSTABILITIES 

Once the final slopes have been completed, the exploitation fronts that are stable and 
risk-free will be abandoned and ready to be replanted. In addition, the correct 
execution of the extraction maneuvers ensures the stability of the side wall. 

The filling material will be compacted to reduce the risk of landslides and subsidence or 
differential settlement. The material will be compacted with the weight of the machinery 
and given a residence time of 10 days. 
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7. LAND RECLAMATION 

7.1. REHABILITATION PROPOSALS  

Following are two proposals for the restoration of the affected area: 

1) Growing area: creating an area suitable for growing food, irrigation is a 
good option. Since it has a very flat and sloping area. However, given the 
location close to the river courses and their possible inductions, the 
possibility of losing crops and contaminating water with fertilizer products. 
It is too high a risk to make this use feasible. 

2) Bird watching: When creating an area for observation and study is giving 
two uses to the land exploited: the first; The creation of a natural habitat 
capable of harboring a very profitable biodiversity for the environment, the 
second; The possibility of facilitating the observation and study of all the 
fauna of the area. 

Then I conclude, that it is much more profitable to adapt the land to the second 
proposed restoration. Because the species coming from the "aiguamolls de 
l'empordar" will be able to enjoy a new area. Besides the study of the birds and as 
a strong measure to avoid possible damages by fluvià floods. 

7.2. OBJECTIVE 

The restoration of aggregate operations are necessary, since the activities can produce 
important environmental impacts, due to the movement of materials that generate large 
holes. In our case, the main objective of the restoration is to obtain a space suitable for 
bird watching, thus giving an area of great natural interest. 

To achieve a morphological structure suitable for the recreational use of bird watching, 
together with a habitat recovery, the following modifications will be made: 

- Create a lake, which acts as a reclamation of the birds and fauna of the area. 

- Adapt the final slopes, to facilitate the passage of the fauna. 

- Create observation zones 

The restoration of the single front has been designed in such a way that the extractive 
work with the restoratives is compatible. Therefore, on the one hand it is exploited by 
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the methods detailed above and on the other hand, it is restored using the washing 
sludge.  

Thus, with the forest screen that protects us from a visual impact, restoration work will 
be carried out as soon as the ponds produce the sludge necessary for filling and 
insulation of the lake created. 

7.3. REHABILITATION MORPHOLOGY 

7.3.1. FINAL MORPHOLOGY 

The final morphology of restoration will be substantially similar to the original 
morphology with the pertinent modifications for the creation of a lake. Due to the large 
surface, no gradients and very flat, characteristic of the area facilitates the work of 
extraction and filling, since only a single front is necessary. The drainage and water 
collection of the area is done in a natural way, provided by the same land and its low 
permeability. Therefore the addition of sludge from the washing is imperative, for the 
development of lake. We can observe the final morphology of the first phase in Figure 
1. 

FIGURE 1: FINAL SLOPES OF END OF STAGE 1

Everything related to the exploitation, is detailed in the corresponding section 3-Mining 
desing 
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7.4. PROPOSED RESTORATION 

As long as possible, the integrated restoration is performed. That is to say, 
simultaneously to the extraction the zones that are already fully exploited. 

The advance will be established, in relation to the production of sludge in the raft. By 
making the restoration for a long time intensify greatly. Therefore, it is necessary that 
for a good restoration, the operation is uniform and well-defined work cycles as already 
explained in section 3.8.3 Load maneuvers. 

In this way, the extraction will give way to the lands that will later become the bed of the 
lake. The restoration will depend on the exploitation, using the material of washing for 
the filling and adaptation of the land. Therefore, we will have three very definite phases 
of the stages of restoration. The first one, which only reached a higher level of 
excavation, due to the imperative need to first create a hole and filling material to 
proceed to the restoration. The second, where the exploitation of the material and the 
restoration will take place almost equally, because the generation of sludge will be 
constant, thanks to the collections generated and not dependent entirely on the 
demand for production. Finally, the final phase, where the restoration of the area will be 
more remarkable than the exploitation. Because, therefore, the material will be already 
scarce and will only be filled and cover the area. 

7.5. FILLING CHARACTERISTICS 

The main reason for the choice for filling the area is the naturalness of the constituent 
elements in the wash water of the benefit plant.  

This plant only grinds and sorts the gravel, therefore the residue generated in the 
trumpet is clean. Consisting only of clays, silts or ultra-fine sand. Forming a sludge 
suitable for loan. This mud is transported to a secondary balsa, where by precipitation 
and drying, it is deposited in the bed. For 2 or 3 years, depending on climatic 
characteristics, the sludge is dried by natural action. They have 3 rafts capable of 
storing a quantity over 3000 m³ sludge, ready to fill and establish the lake. Afterwards, 
it is extracted by backhoe with chains and is deposited in the articulated dumper for its 
transport to the phase of restoration of the exploitation, as we can see the figure 2. 
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FIGURE 2 TRANSPORT AND DUMPING OF DRY MUD

7.5.1.SLUDGE CONDITIONS 

Sludge or waste laundry slats have differing properties normally found in deposits of 
natural soil because of their process plant, transportation suspended mineral 
components are associated. Source (AYALA CARCEDO, F. J and RODRÍGUEZ 
ORTIZ, J. M, 1986) 

7.5.1.1.Sampling 

Sludge samples can be of the following types, depending on the point of collection: 

1) Of the suspension: they can take by means of a bypass in the exit of the laundry 
or in the mouth of the discharge to raft. 

2) Of the raft: It is advisable to fill a 50 liter drum, from the bottom of which the solids 
will be collected once decanted (sedimentation time not less than one day). Weigh 
the solids once the leftover water is removed and finally dried in the sun or in a 
stove. Thus, we determine the concentration in suspension. 
 
In the case of sludge already deposited on the raft, two types of samples can be 
taken: 
 
- Altered samples  
They are extracted with a shovel, once removed the crust or dried surface layer, and 
are deposited in plastic bags. Its weight can vary from 5 to 10 kg according to the 
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tests to be carried out. 
 
- Unchanged Samples  
They must be extracted with special samplers (Shelby, piston, etc ...) using probing 
equipment. They can be taken at various depths and serve to determine the 
properties of resistance and deformity. 

7.5.1.2.In situ testing 

In certain cases it is convenient to check the properties of the sludges once deposited, 
verifying compliance with the project hypotheses. Such is the case of the recreation of 
existing rafts or when there are doubts about the stability conditions of a structure. 

The most common prospecting methods are: 

- Static Penetrations: It presses from a chronic point of 10 cm², at a very low 
speed, measuring the effort necessary for the advance. 

- Sounding tests: As for example: Standard (S.P.T): drive a standard tube of 2 
inches in diameter, with a club of 63,5 Kg falling from 76 cm. The number of 
strokes is taken as an index to penetrate 30 cm. 

1) Whirligig: Torque measure to break the terrain with two 
vertically inserted cross flaps. 

2) Pressuremeter: Dilation under pressure, against the walls of 
the sounding, of a cylindrical cell. 

3) Dynamic Penetrations: With a conical tip of 16 cm² with a 65 
kg hammer falling from 20 cm, or analogous variants. 

In this project the characteristics of the equipment are not considered by their 
theoretical nature. 

It should be noted that the penetrometers can not pass through deposits in which 
debris or coarse elements have been spilled. They are, however, an efficient and 
economical method for recognizing large areas and detecting property variations. 

In general, dynamic penetrations and the standard test are indicated in sandy sterile 
and where in situ compactness is desirable (eg to assess liquefaction risk). In contrast, 
static penetrations and the windlass are useful for evaluating the shear strength of 
plastic sludge. Source (AYALA CARCEDO, F. J and RODRÍGUEZ ORTIZ, J. M, 1986 

 Ver.1.2 (23/06/2017)     -       Quarry mining   -          A.Adan         �  of �97 125



Tfg- Quarry mining

7.5.1.3.Characteristic geotechnical properties 

Phase ratio 

The sludge is formed by solid particles in an aqueous medium. 

The ratio of sounds to the total blend is called concentration and may be expressed in 
weight or volume. 
Weight concentration 

 
 
 

Volume concentration

specific gravity 

The specific gravity of the sludge varies greatly depending on the mineral and sterile 
concentrations, the granulometry, the presence of secondary elements, etc. 

Therefore, data from other farms should be used with care. Since it is very likely that it 
will not resemble our soil characteristics. Obviously, the specific dry weight depends on 
the conditions of consolidation of the sludge in the pond and on the evolution of the 
pore index from the initial deposition to the final state under successive spills. We will 
talk later about consolidation.

Average specific weight 

Specific relative weight, with gamma W = 1T / m ^ 3
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Granulometry 

It clearly reflects the treatment process used. Starting from the present case, the 
separation by mechanical methods produces sterile thicker than the washing of the 
rock. This is because fines are easily transported through the water, leaving the bulk 
intact. Giving rise to relatively fine sludge, usually with clay material, but will always 
depend on the bedrock. A typical graph figure 3 of particle sizes can then be observed. 
It should simply serve as a small guiding example.  

FIGURE 3 : TYPICAL GRANULOMETRIC CURVES FOR SLUDGE SET.
Source (google) 

We can see that the distance from the pour point to the particular size is inversely 
proportional. Since the larger the size of the less traveled this, along the raft. Logically, 
the final granulometry can vary if some further separation process such as selective 
decantation or cyclone is introduced. 

When considering possible granulometry, the total sludge must be differentiated, as it 
arrives at the raft and the coarse fraction, separates by cyclone, or the settled 
sediments at a great distance from the point of discharge. In our case, due to its 
natural sedimentation, this favors the segregations and spatial changes of 
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granulometry, so it is very difficult to establish the variability of present sizes in a mass 
of sludge.  

Plasticity 

We understand plasticity as, it is associated with the type of sterile and the percentage 
of fines, being in general rare that with percentages below 80%, an appreciable 
plasticity is present. Typically, we find sterile low plasticity. When all the clays and silt of 
gravel washing are treated, they have a high plasticity, of the clays resulting from their 
laminar morphology, extremely small particle size (high surface area) and high swelling 
capacity. In general, the smaller the particles and the more imperfect their structure, the 
more plastic is the material. However, when the sludge is used to cover the bottom of 
the lake, it does not present any problem of settlement, for its intended use. 

Permeability 

The sterile ones can present a great fan of permeability, but starting from the base that 
the rafts are product of the washing of gravels. We can state that the Limo-clay set of 
the zone will have a low permeability. From this we understand that it is the property 
that the soil has to transmit water and air. Normally for very fine sludge, the 
permeability can be estimated quite accurately by Hazen's formula: 
K = C · D² [cm/seg] 

k= C⋅D2 
10 [cm/seg] 

Temperature Correction 

K = C · (0,7 + 0,033 · t ) D2 
10 [cm/seg] 

D10 being the diameter that separates the 10% finest, in cm. 

For sludge with D10 <0.1mm. Can make permeability determinations in the triaxial 
apparatus with high gradients or from the consolidation curves obtained on the 
echometer using the ratio 

In general, we can admit that there is an exponential decrease of the permeability with 
the distance to the pour point, in correspondence with the granulometry. 

The distance at which permeability stabilizes typically ranges from 50 to 150 meters 
from the point of discharge, depending on the type of sludge. But the permeability of 
the sterile ones is progressively reduced when consolidating these. It does not appear, 

 Ver.1.2 (23/06/2017)     -       Quarry mining   -          A.Adan         �  of �100 125



Tfg- Quarry mining

however, that this reduction exceeds an order of magnitude of permeability, ie it goes 
from 10 ^ n to 10 (n + 1). 

Porosity and consolidation 

Represented by the percentage of voids in the same in front of the total volume. In situ 
porosity, usually have very high values, as corresponds to unbound materials 
discharged in suspension. The sedimentation process occurs with interference 
between particles due to their concentration, electric charge and mineralogical. Thus, it 
is difficult to estimate the porosity in the initial structure of the sludge and when 
effective stresses between the particles begin to be transmitted. (The tension 
supported by the soil grains, ie, the voltage transmitted by the contacts between 
particles. The maximum values established in the pore index for limes are 2,3- 2,4 and 
1,10 for sands, in the case of clays sedimentation is accompanied by a slight 
consolidation, but under its own weight. Pores greater than 15. The weight of the 
successive discharges creates a gradient that causes the water to escape to the free 
surfaces, whereby the sludge is consolidated, reducing porosity. Laundry waste 
presents a significant secondary consolidation, without increase Of the vertical load, 
either by particle disintegration or by viscous creep phenomena, for example gypsum 
sludge.In fine sludge deposited in rafts on a waterproof foundation To natural 
consolidation is extremely slow, and can not be counted on the stabilization of the 
seats in periods less than 40 years. However, in our case the removal of the sludge is 
at 2 or 3 years, regardless of the consolidation, it is more, it interests a floor not 
compacted for its best extraction with machinery. Sedimentation, on the other hand, in 
the final phase, must be greater, thanks to the application of pressure by rolling 
machinery. Making the area waterproof. Source (AYALA CARCEDO, F. J and 
RODRÍGUEZ ORTIZ, J. M, 1986 
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Pore index
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Specific weight of the saturated sludge 

Specific weight of dry sludge 

Specific weight of the sludge with a moisture w 

Specific weight of the pulp or suspension (with gamma W = 1) 
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Shear Strength 

The resistance to cutting of materials such as sludge in processes of slow loading (or 
with drainage) obeys to laws the type: 

Shear Strength

Being: 

C '= the effective cohesion or resistance per unit area in the absence of normal stress. 
In sludge it is generally C '= 0, except when they are very plastic. 

Ơ '= The effective normal stress on the breaking surface. It is obtained by subtracting 
the total sludge voltage (solid + water) from the interstitial water pressure. The latter 
value can be very difficult to determine when the height of the sludge varies over time.  

⦶ '= effective internal friction angle or maximum obliquity between the normal and 
tangential stresses at the breaking surface. 

Particular care must be taken with interstitial pressures; however, the terrón can be 
divided into two zones with negative and positive pressure, the separation line between 
them being the water table at which the water pressure equals the atmospheric 
pressure. 

In case of rapid rupture (without drainage) ⦶ '= 0 and the material has a resistance ʈ = 
Cu, where Cu is the apparent cohesion in which the resistance of the water is included 
as it flows through the fine pores of the sludge and under the abrupt gradient created. 
Logically this situation occurs only in very fine sludge, so that when there is an 
appreciable slime-sandy component drainage conditions are achieved. Logically, the 
highest values of friction correspond to sandy and coarse sludge, although in some 
cases intermediate sized, well-graded sludge. Are more resistant than cyclone sands 
or homogeneous residues. Under load conditions without drainage, sludge tends to 
present resistance parameters quite different from natural soils. Typical values of ⦶ = 
14 ° to 22 ° and cohesions of up to 0,8 Kp / cm2 

The gaps generated by the extractive activity will be partially filled with the objective of 
achieving the morphology of the restoration. The volume required for the restoration of 
the fronts of the operation will be about 50,000 m3. The filling will be made by the 
deposition and later compacting of earth, by layers of 1 meter of thickness, by the 
mechanical means existing in the exploitation. 
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The coating material and sludge generated by the exploitation will be used. In no case 
will other materials and in any case materials of dubious origin not inert. Given that the 
volume of sterile generated to the own exploitation has been estimated in about 16,712 
m3, without counting the materials of the layer of vegetal soil. All the leftover volume 
will be filled with water to make the artificial lake. Source (AYALA CARCEDO, F. J and 
RODRÍGUEZ ORTIZ, J. M, 1986 

7.6. ADEQUACY OF THE LAND 

7.6.1.FACE 

Once restoration quotas are achieved, most of the resulting land will be ready for filling. 
The sludge used has a residence between 2 and 3 years. So they are exceptionally 
rich in nutrients for vegetation. The total area that will be affected by the extractive 
activity is of 8,36 Ha. Of which almost 60% will be restored by means of a sludge filling 
and the future creation of a lake. 

The rest of the area, made up of the slopes of the banks of the lake, with very soft 
slopes, were partly reforested with native tree species and shrubs, more detailed below 
7.8 Vegetation. 

7.7. REVEGETATION 

The natural regeneration of riparian vegetation should be formed whenever possible. 
With it, a much more stable and diverse structure is achieved than with the plantation 
work. 

7.7.1.NATURAL REGENERATION OF RIPARIAN VEGETATION 

The structure of riparian vegetation. Like the aquatic fauna, must be a consequence of 
the river dynamics and must be created by the river itself, from the arrival of seeds 
coming from the vegetation of the next sections and the process of natural selection 
carried out by the different flow rates Throughout the year, and in successive periods of 
years. 

The passive restoration, with respect to the implantation of the vegetation of riverside 
is the most effective in the medium and long term, giving rise to distributed vegetal 
formations with a great variety and naturalness; And is also the lowest cost, when 
carried out the river itself through successive avenues and overflow. 
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To facilitate it in the short term, it is necessary to ensure the connectivity of the 
channel with its banks and the arrival of seeds to the riparian soils through the floods, 
as well as to dispose in this soils of good humidity and aeration conditions. It is 
advisable to perform decompression tasks but it is not always necessary. 

The clearing of invasive species is imperative, such as: cane fields or brambles, in 
order to facilitate the arrival of seeds and retention and germination in the riparian soils. 
However, it should be noted that all riparian species are pioneers and colonize poor 
and naked soils. They only need moisture in the soil and good conditions of infiltration 
and permeability. Source (GONZÁLEZ DEL TÁNAGO, MARTA and GARCÍA DE 
JALÓN, DIEGO, 2001) 

7.7.2. ROLE OF VEGETATION IN THE RESTORATION AND STABILIZATION 
OF THE CHANNELS 

Riparian vegetation plays a number of roles in the river ecosystem. Such as: 

1º.- To improve the hydrogeological behavior of the basin, favoring in the floodplain: 

- Water storage 

- The delay of the avenues 

- The reduction of damages due to erosion of margins  

- The deposition of sediments and organic particles 

- Reducing sedimentation downstream 

- Improving water recharge 

2º.- Control of the influence of the basin, making the riverbank act as "Buffer Zone, 
where it occurs: 

- Retention of runoff and sediment  

- Nutrient retention 

3º.- Stabilization of the shape and layout of the channel 

4º.- Influence on the functioning of the fluvial ecosystem, favoring: 

- The formation of shelters 
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- Shading the water 

- The contribution of organic matter 

5º.-Improvement of the landscape and cultural interest 

Riparian vegetation also plays a major role in the stabilization of the form and layout of 
the channel, acting both with its aerial part, dynamic and flexible to the passage of the 
avenues, as with its radical system, controlling soil erosion. 

The effects of herbaceous vegetation and vegetation are important, including the 
organic residues it produces, when we refer to the control of soil erosion, acting in the 
following hydrological processes: 

a) Interception: Organic leaves and residues absorb much of the energy from 
precipitation, preventing soil pounding and compaction. 

b) Soil reinforcement: The radical system physically holds soil particles in depth, 
while surface residues filter runoff, retaining sediments. 

c) Roughness: The herbaceous cover and the residues of the soil greatly 
increases the roughness, reducing the speed of the run-off. 

d) Infiltration: Roots and organic residues collaborate notably to maintain soil 
porosity and permeability. 

e) Transpiration: The reduction of soil moisture due to evapotranspiration of 
plants delays the occurrence of runoff and soil saturation. 

Woody vegetation, with a vertical system more developed than herbaceous, is 
generally more effective than this, in the stabilization of slopes and slopes. 
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7.7.3.STABILITY 

Plants as building material 

 In this case, the vegetal element should not be considered as a "cosmetic" 
superimposed on the structure, but as part of it, which contributes to the soil subjection 
and the maintenance of the work. 

Advantage 

- They are not affected by degradation processes, providing an increasing 
stabilization, due to their increasing regenerative capacity. 

- They protect the course in an elastic way, absorbing the elements and 
aggressive actions, reducing their intensity, for example the speed of the 
waters. 

- They are biologically and ecologically active. 

- They allow an aesthetic assessment of the landscape. 

Disadvantages 

- They do not provide all the consolidation and safety requirements required in 
some cases. 

- They require a certain period of time for implementation. 

- They reach full effectiveness after a time interval. 

- They demand space. 

The density is 900 units / Ha, of which 1200 will be trees (60%) and the rest (40%), 
shrubs. 
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Inert building materials 

Advantage 

- They are more stable in certain situations. 

- They are independent of the characteristics of the site and its application is less 
limited temporarily. 

- They are functional immediately. 

- Normally require less space. 

Disadvantages 

- They tend to lose their efficiency due to corrosion and degradation and do not 
have regenerative capacity. 

- They are not deformed in the face of the aggressive efforts of nature. 

- It has no biological function. 

- They are strange elements in the landscape. 

7.7.4.PREPARATION AND PLANTING 

The place where the plantations are to be carried out must present a series of 
conditions that facilitate the establishment of the vegetation during the first vegetative 
periods. For them, in many cases you will have to proceed to: 

- Cleaning the banks, eliminating rubbish, accumulation of debris or any other 
material outside the riparian soil, whose removal is necessary for the good 
development of the vegetation. 

- Selective brushing of invasive or unwanted species on the shores, for 
example: excess of brambles, shoots of reeds, ailantos, etc. To eliminate 
competition in the soil with the new plantations, and to accelerate the 
regeneration of the specific composition of riparian vegetation. 

- Stabilization of the lateral slopes of the channel, when they present 
symptoms of instability or erosion, being visible some gullies, small gullies, 
collapses, slope descalces, etc. 
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In short, we chose a plant stability of the slopes surrounding the lake, but will adhere to 
a sandy beach of the farm, as it is beneficial due to poor maintenance and minimizes 
the risk of fire. This is due to the fact that the area is designed for bird watching. 
However, in the restored area, native species of the area will be planted and in various 
quantities, described in section 7.7 Vegetation. Source (GONZÁLEZ DEL TÁNAGO, 
MARTA and GARCÍA DE JALÓN, DIEGO, 2001) 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7.8. VEGETATION 

The restoration of the different vegetal communities will be made based on the criterion 
of zone marked by the water gradient of the zone from the selection of native species. 

The objectives are as follows: 

- To consolidate an important heterogeneous riverbank forest, in order to be able 
to find the age spectrum of the different tree species and abusive. 

- Create zones of high forest density and zones of less density, to favor a greater 
number of environments. 

Vegetable communities are available in photographs in annexed 5. vegetation. 

7.8.1.THE WILLOW (SALIX) 

The water conditions existing in the area to be restored, prone to flooding, as can be 
seen in annexed 5- vegetation. It makes the salceda have a specific weight important 
as a damped element of water velocity. Therefore, its location will be in the most 
sensitive areas for erosion effects of floods: 

a) In the northeastern and southwestern sectors, they correspond to the places 
that are in direct contact with the main fluvià course. 

b) In the islands and sandbanks. 

c) As an advanced protection of margins and breakwaters, the part that is able to 
naturalize and create a vegetal screen reducing even more the visual impact, 
already minimal. 

Natural consolidation is the most important as we have seen in part 7.6. Thus the 
following species are added: 

Trees 

- Salix cinerea from 100 - 150 cm in height 

- Salix eleagnus from 100 - 150 cm in height 

- Salix purpurea 100 - 150 cm height 
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Shrubs 

- Cornus sanguinea 

7.8.2. THE BIRCH 

This community will be located in the second line, behind the salcedos or Cañizares or 
Juncales, where the water table is a few meters deep. The following species shall be 
added: 

Trees 

- 1 ud. Populus alba (Alber) of 10 - 12 cm of trunk perimeter. 

- 1 ud. Populus alba (Alber) from 100 - 150 cm in height. 

Shrubs 

- 2 pc. Crataegus monogyna (White elk) 80 - 100 cm high. 

- 2 pc. Croarlo myrtifolia (Roldor) 20 - 40 cm high. 

- 2 pc. Blood corpus (Sanguinyol) of 80 - 100 cm in height. 

- 1 ud. Sambucus nigra (Willow) 50 - 70 cm high. 

-
7.8.3.THE ASH TREES 

The community is not as demanding in terms of groundwater, so it will be located in the 
high areas behind the community of flood. 

The species will be as follows: 

Trees 

- Fraxinus angustifolia (Fresno) of 14 - 16 cm of trunk perimeter. 

- Fraxinus angustifolia (Fresno) of 100 - 150 cm in height. 
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Shrubs 

- 2 pc. Crataegus monogyna (White elk) 80 - 100 cm high 

- 2 pc. Corsaria myrtifolia (Roldor) of 20 - 40 cm in height. 

7.8.4.THE GROVE 

The implementation of a large grove in the esplanade of the service area, as a 
separating element between the collection area and the road of the area of action, is 
also a very good measure against visual impact. 

When using the Populus alba (Albero) as an autochthonous species of great height 
and good behavior to the climate. The planting of seed will be made of 7 x 7 m. Much 
greater than in the fields of sowing. 

7.8.5. OAK AND OAK FRAGMENTS 

It is planned to plant some oak and oak trees mixed in zones. Accompanying an 
existing copy in the consolidated slope, in the north margin of the extraction. 

- Quercus ilex (Encina) 

- Quercus humilis (Oak) 

7.8.6.REGARDING VEGETATION IN FLOOD AREAS 

In areas temporarily inundated, communities will be established dulceaquicolas, these 
will be represented mainly by Cañizales. 

Cañizal 

Replenishment in shallow areas and less sensitive to erosion, will be broken by canals. 
Which are one of the species more resistant, due to the temporary lack of water. The 
following species are republished: 

- Cañizo (Phragmites australis) 

- Boga (typha angustifolia) 
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7.8.7. HERBACEOUS GROWTH 

To consolidate slopes and margins closer to water, the hydrosembing method will be 
used. Adding a mixture of species that are adapted to the conditions of the place and 
that can be easily replaced by plants that spontaneously occupy these spaces. The 
best for a good plant development is the competition between plants in different 
seasons. Difficulty in the disappearance of specific nutrients. 

In the selection of the herbaceous species we will consider two aspects equally: to 
obtain the quick coverage to reduce as much as possible the water erosions of the 
edaphic mantle, and considering the study of the floristic communities of the zone, to 
avoid the introduction of alien species To the habitat of which the development of the 
project corresponds. 

The mixture will have the following compositions Table 1: 

TABLE 1: MIXTURE OF SEEDS IN THE HYDROSEEDING

The percentages will be expressed on the weight of the seeds in the mixture and the 
application rate will be 40 grams per m². Only one pass has been considered sufficient 
thanks to the rich substrate. 

At the level of composition of the different typologies of vegetation defined by domains, 
based on the criteria presented, as well as the commercial possibilities of plant 
availability, both at tree level and as we can see in Figure 4 and of this type Of 
vegetation. 

Lolium perenne 
(Liselotte)

12 %

Lolium multiflorum 25 %
Estuca ovina (Triana) 5 %
Estuca rubra communata 14 %
Dactilo glomerata 3 %
Estuca arundinacia 25 %
Trifolium repones (Huia) 4 %
Sanguisorba menor 5 %
Lotus corniculatus 4 %
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FIGURE 4: CURRENT VEGETATION OF THE RESTORED AREA 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7.9. FAUNA 

A list of the different ornithological species that could be installed naturally or stopped 
in their migration, as long as their habitats existed. In Annex XIII - Fauna, we find the 
explanatory table of the species and their preferred zones. 

Diverse species of amphibians, reptiles and fish that can become established, if the 
environmental conditions are good. Thus, the design criteria will lead to the creation of 
the following host habitats. 

7.9.1. RIVERBANK FOREST 

It is considered an important forest of riverside where we find the communities of 
salcedos, albareda and ash trees that will house great amount of ornithological fauna 
like for example: turtle doves, pigeons, pigeons, nightingales, acurruca, carbonero... 

To strengthen the establishment of the above species nest boxes will be hung in 
various areas of the bank forest. 

7.9.2. TEMPORARILY FLOODED ZONE 

A zone of ash will be created from which innumerable loose branches will be formed 
that are the raw material for the construction of the nests of the different species. In 
addition, the community will house a great diversity of birds, for example: warbler, 
rascón, kingfisher... 

7.9.3. PERMANENTLY FLOODED AREAS 

In these will create a step profile of the depths, this would be divided into three different 
heights: 

Abode 1 

It will have a depth of about 10 cm and will extend horizontally over a few meters. 

This area is located the food of different species that are composed mainly of 
invertebrates that live inside the bottom that makes up the flooded soil. It will then be 
the meeting place for piules, cuckoos, pigeons, turtle doves, swallows, seagulls and 
kingfishers. 

 Ver.1.2 (23/06/2017)     -       Quarry mining   -          A.Adan         �  of �116 125



Tfg- Quarry mining

Several places of attraction of birds, such as ponds or dead trees, will be installed that 
act as poles of attraction. This will be regulated naturally, with the passage of time by 
the same biodynamics. 

Abode 2 

It has an average depth of 1 meter. Creating this environment will attract different 
species of ducks, rake and gulls. 

Abode 3 

The depth of the habitat is minimum 2 meters. This depth allows unimpeded water 
circulation. 

We find all kinds of ducks, ducks, crows, smokes, pigeons, ducks... They normally dive 
for such food (invertebrates, minnows, worms, snails and vegetables) 

In order to create the ideal conditions for the definitive establishment of fauna, the 
following will be created: 

- Three islands inaccessible to visitors where the various habitats will be 
reproduced. 

- Shelters and burrows for fish fauna. 

- Delimitate zones free of touched anthropic activity to favor the necessary 
tranquility for the reproduction of the different species. 

Each of the zones have been designed according to the native animals, despite the 
natural modifications that occur, they escape the control on the design. 

7.10.GROUND USES 

As far as soil typology is concerned, they are of a rustic character with the 
presence of vegetation of the marginal zone or abandoned to the agricultural-
forest exploitation. Basically it emphasizes the occupation of unproductive 
meadows and fragments of riverside forest with vegetation. 
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The distribution of the different uses can be seen in Table 2, described below 

TABLE 2: USES OF THE SOIL BY SURFACE

Use of the soil Surface (Ha) % Surf/Surf total

Riparian forest 3,94 9,99239158001522

Mixed forest 0,67 1,69921379660157

vegetation-free areas 5,94 15,0646715698707

Meadow and fallow 
areas

28,88 73,2437230535126

Surface total 39,43
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8. ENVIRONMETNAL SURVEILANCE PROGRAM 

The purpose of the environmental monitoring program is to establish a control system 
that ensures compliance with the indications and corrective measures contained in the 
present study. It allows to verify the scope of certain impacts, the evaluation is hardly 
quantifiable. The environmental monitoring program allows assessing those impacts 
and articulating new measures, in case those applied are insufficient. 

Through this program it was possible to detect alterations not foreseen in the impact 
assessment study, and in this case to adopt new corrective measures or to improve 
existing ones. 

Monitoring and control will be carried out to verify the operation of the corrective 
measures, and to be able to modify or redirect its mechanics. 

8.1. ATMOSPHERE 

If necessary, a network of collectors of matter will be periodically installed to control 
both the magnitude of the emission and its dispersion. 

8.2.  NOISE 

Annual measurements will be made of the noise level generated in the area of 
exploitation. To check, they do not exceed the tolerance levels set by the regulations. 
But after a long period without noise, those measurments will be not requierd. 

8.3.  SURFACE WATER 

The ability of the soil to absorb rainwater, avoids the need to create drainage. Because 
being in the meander of a river, the water itself naturally, is evacuated by the roads 
generated. 
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8.4. VEGETATION 

Every six months a qualified technician will carry out a detailed inspection of the 
extraction area and thesurroundings to check the degree of affection to the vegetation. 

During the restoration work, the correct execution of the revegetation tasks will be 
verified, as well as the development of the implanted vegetation cover, modifying, if 
necessary, its characteristics. 

Periodically, up to 2 years after its planting, gutters of new vegetation will be made. 
These gullies will be concentrated mainly during times of maximum water deficit (from 
May to September). 

8.5.  GROUND 

Every six months, the integrity of the material contributed will be verified, controlling its 
subsidence and possible instabilities. 
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9. ECONOMIC VALUATION OF RECLAMATION 

The present economic valuation includes the restoration tasks to be carried out at the 
front of the concession. 

9.1. MEASUREMENTS 

TABLE 1. Extraction 

Affected area    8,36 Ha .....................................................................................................

Extraction volume   334.242 m3 .........................................................................................

         Sterile volume  16712,1m3 ........................................................................................

         Volume gravel and sand   317.529,9 m3 ...................................................................

TABLE 2. Restoration 
Total surface to be restored   4,10 Ha ................................................................................

         Tillage area   3,00 Ha ................................................................................................

         Area to reforest   1,10 Ha ..........................................................................................

Fill volume   50.000 m3 .......................................................................................................

Contribution of washing grounds   40.000 m3  ...................................................................

Volume of edaphic soil    24.600 m
3
 ...................................................................................

Mechanical Training   370 m ..............................................................................................
Supply of herbicides   459 kg .............................................................................................
Hydroseeding   20.400 m2 ..................................................................................................
Trees supply   594 Ut .........................................................................................................

Shrub supply   396 Ut  ...............................................................................................
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9.2. PRICE APPLICATION (EXAMPLE) 

Unit item Unit Unit price €  

m3 Vegetable soil collecting soil 24.600 0,45 11070

m Formation of drainage phases 0.7 x 0.4 m, 
ambient mechanical means

370 3,71 1372,7

Ha Extending soil layer 14,10 7.256 102309,6

Ha Soil texture adaptation 24,10 5.024 121078,4

Kg Supply herbaceous seeds 615 6,70 4120,5

u Supply trees 0.1 - 0.3 m high 635 1,32 838,2

u Supply trees1,5 – 3,0 m high 60 12,37 742,2

u Shrubs supply 400 2,49 996

u Hollow excavation 0.25 x 0.25, manual 940 1,68

1579,2

u Excavation hollow 0.60 x 0.60, mechanical 60 6,98

418,8

u Plantation trees or shrubs 0.1 - 0.3 m 
manual

400 3,91

1564

u Plantation trees or shrubs 1.5 - 3.0 m 
manual

69 6,42

442,98

m2 hydroseeding 20400 1,6 32640

m2 Irrigation 41000 0,23 9430

Total budget 288602,58
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10. CONCLUTIONS 

After using all the tools; methods, books, machinery, geology and more. We have to 
conclude that a mine is not a dead place. We need the ore and the products from the 
earth and the showed methods, teach us how to do it in a efficient way, so as not to  
damage the environment. The land reclamation, in this case, must be classified as 
exceptional. It  is not just to refill an area with waste, it creates an enviroment for the 
fauna and vegetation, so as to the life in the area will be plenty again after the mine.  

So, provided a good mine design is easier to get a perfect rehabilitation and easier to 
develop the mine. Obviously, the primordial elements of the ore are unchangeable, 
therefore we have to be able to develop the activity with the minimum risk for our 
workers, citizens and the local environment. Moreover, according to this parameters 
and if we do this properly a mine should be an evironmental friendly place.  

Finally, mining does not have to be against nature, we have to flow with her. 
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1. Weather 
 
Annual Climate Table   

 
Table 1 - Weather 7 years-1 

Torrellas de 
fluvià 

2007 2008 2009 2010 2011 2012 2013 2015 Total 7 
years 

CumulatedR
ainfall(mm) 

429,1 583,9 426,7 677,5 769,6 543,9 609,6 419,3 557,45 

AverageTem
perature(ºC) 

14,5 14,4 14,9 14,0 15,1 14,7 14,6 15,2 14,675 

Max. 
AverageTem
perature 
(ºC) 

21 20,6 21,2 20,1 21,3 21,1 20,5 21,4 20,9 

Min. 
AverageTem
perature 
(ºC) 

8,4 8,5 8,9 8,0 9,2 8,5 8,8 9,3 8,7 

Max. 
AbsoluteTe
mperature 
(ºC) 

33,3 35,5 36,1 38,1 34,5 37,1 34,3 41,1 36,25 

Min, 
AbsoluteTe
mperature(º
C) 

-6,2 -2,6 -7,2 -5,4 -6,1 -6,7 -3,1 -3,6 -5,1125 

Averagewin
dspeed 

sn sn sn sn sn sn sn sn  

DominantDir
ection 

sn sn sn sn sn sn sn sn  

RelativeHum
idity (%) 

71 72 69 70 75 73 73 73 72 

 
Source: (Fernandez, 2017) 
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Precipitation vs Temperature 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Source: (Fernandez, 2017) 
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Max Temperature vs. Average 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 

Source: (Fernandez, 2017) 
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Temperature minimal vs average 

 
Source: (Fernandez, 2017) 
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2. Piezometer 
 
Source: ((ICRA), 2015-2017) 
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To see more details of the graphic data, please refer to the following table attached: 
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Piezometria Excel 
Table.xlsx  
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3. Machinery 
Source: (Volvo Construction Equipment, 2007) 
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 Frontal Machinery 
 
Source. (KOMATSU Europe International N.V, 2016)
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Bakhoe Machinery 
Source: (KOMATSU Europe International N.V, 2017)
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4. Impact Table 
Source: (Fernandez, 2017) 
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5. Vegetation 
 
 

 
AshTree 
 

 
Salix Alba 
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6. Fauna 
 
Types Riverbank 

forest 
Cañizal dwelling 1 dwelling 2 dwelling 3 

Great Horned Owl     X 

raven X    X 

duck    X X 

Rascón  X X X X 

Seagull   X X X 

Fumarel   X X X 

pigeon   

X X X X X 

Turtledove X X X X X 

Cuckoo X     

Owl X     

Kingfisher  X X   

Whistle X     

Carricerín  X    

Warbler X     

Mosquitero X     

Carbonero X     

Magpie X     

Starling X     

Propéndalo X     

Sparrow X X    

Escribano X X    

Swallows  X X   
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Common Woodpigeon 

 

 
Source: (Àrids Germans Curanta, S.A) 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



19 
 

PernisApivorus 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Source: (Àrids Germans Curanta, S.A) 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



20 
 

Alcedines 

 

 
 

 
Source: (Àrids Germans Curanta, S.A) 
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7. Project maps 
I. Geologic 1:50.000  

II. Topography 1:50.000 

III. Topography 1:5.000 

IV. Track and access 1:3.000 Source (Àrids Germans Curanta, S.A) 

V. General plant 1:3.000 Source (Àrids Germans Curanta, S.A) 

VI. Treatment plant 1:3.000 Source (Àrids Germans Curanta, S.A) 
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Project title: Quarry mining                             Map title: Topographic 1:5.000

Author: Alejandro Adan Fernandez                 Scale 1:5.000

Source: ICGC 1:5.000 Alt Empordà              Map nº 3

Graphic scale 1:5.000
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