


 

EXTENDED ABSTRACT.............................................................. 	 3

LIST OF ABBREVIATIONS......................................................... 	 5

INTRODUCTION............................................................................. 	 6
1.1	 SCOPE AND OBJECTIVES............................................... 	 6
1.2	 RESOURCE EFFICIENCY.................................................. 	 6
1.3	 WATER MANAGEMENT.................................................... 	 7

PROCEDURES AND LEGAL FRAMEWORK.................... 	 8
2.1	 PROCEDURES TO BE APPLIED IN GEOPHYSICAL .		

	 SURVEYS..................................................................................... 	 8
2.2	 LEGAL FRAMEWORK ON WATER 

	 MANAGEMENT...................................................................... 	 8
2.3	 EU POLICY................................................................................. 	 9

DEFINITIONS.................................................................................... 	 11

RESOURCE EFFICIENCY BY DEPOSITS 
CHARACTERISATION TO IMPROVE THEIR 
ROCK QUALITY AND CUT-OFF GRADE.......................... 	 13
4.1	 GEOPHYSICAL METHODS.............................................. 	 13
4.2	 DEPOSIT CHARACTERISATION................................... 	 20
4.3	 CASE STUDIES........................................................................ 	 21

RESOURCES EFFICIENCY BY IMPLEMENTING 
GOOD PRACTICES ON WATER TREATMENT 
AND MANAGEMENT................................................................... 	 23
5.1	 CATCHMENT BASED WATER PLANNING.............. 	 23
5.2	 COMMUNITY ENGAGEMENT 

	 AND TRANSPARENCY........................................................ 	 23
5.3	 GOOD PRACTICES ON WATER 

	 MANAGEMENT ON AGGREGATES SITES.............. 	 24
5.4	 WORKFORCE TRAINING AND ENVIRONMENTAL 		

	 CULTURE.................................................................................... 	 26
5.5	 RISK ASSESSMENT AND 

	 POLLUTION CONTROL..................................................... 	 27
5.6	 INTEGRATION WITH THE 

	 CIRCULAR ECONOMY...................................................... 	 27
5.7	 EUROPEAN CASE STUDIES............................................ 	 27

01

RESOURCE EFFICIENCY BY PROCESS WATER
RECYCLING........................................................................................ 	 28
6.1	 SITE AND FACILITIES.......................................................... 	 28
6.2	 PROCESS.................................................................................... 	 32

WATER QUALITY ASSURANCE METHODS................... 	 44
7.1 	 TYPES OF WATER POLLUTION IN 

	 AGGREGATES SITES............................................................ 	 44
7.2 	 SAMPLING WASTEWATER.............................................. 	 45
7.3 	 PIEZOMETERS NETWORK.............................................. 	 47
7.2	 AUDITING, CERTIFICATION 

	 AND REPORTING.................................................................. 	 47

CONCLUSIONS................................................................................ 	 48
	· RESOURCE EFFICIENCY BY DEPOSITS 

CHARACTERISATION TO IMPROVE THEIR 

ROCK QUALITY AND CUT-OFF GRADE...................... 	 48
	· RESOURCE EFFICIENCY BY IMPLEMENTING 

GOOD PRACTICES ON WATER TREATMENT 

AND MANAGEMENT............................................................... 	 49
	· RESOURCE EFFICIENCY BY PROCESS 

WATER RECYCLING................................................................ 	 50
	· WATER QUALITY ASSURANCE METHODS............... 	 51

REFERENCES..................................................................................... 	 52

LIST OF FIGURES............................................................................ 	 59

LIST OF TABLES............................................................................... 	 59

06

07

Aggregates Europe - UEPG, as a member of the International Advisory Board 
of the ROTATE Project (GA #101058651), has contributed to the preparation, 
dissemination of this document by endorsing it by its Board and launching it 
under its umbrella.

This project has received funding from the European 
Union’s Horizon Europe research and innovation 
programme under grant agreement No 101058651).

02

03

04

05

08

09

10
11

Table of Contents

Authors

Bajo Cortés, Alba 
Borgesio Villasevil, Juan Antonio 
Estebaranz Nicolás, Bárbara 
Gorostiaga Castro, Isidora 
Rojas Benjumea, Francisco 
Ruiz Martinez, Bárbara 
Vallejo Campos, Jesús Manuel 

Espín de Gea, Antonio
Frías García, Gonzalo
Carreño Fructuoso, M. Francisca 
López Martínez, Elena 



3
RESOURCE EFFICIENCY AND WATER MANAGEMENT        

Extended Abstract

This volume on Resources Efficiency and 

Water Management is a practical guide 

designed to help the aggregates industry 

in Europe improve sustainability while main-

taining operational effectiveness. It addresses 

a central challenge for the sector: balancing 

economic competitiveness with environmen-

tal responsibility.

It promotes two main pillars for sustainable 

practices: first, improving resource effi-

ciency through detailed characterization of 

mineral deposits, and second, implementing 

responsible water management, including 

treatment, recycling, and reduction of 

consumption.

This volume emphasises the importance 

of knowing your deposit before extraction 

begins and how this can improve the rock 

quality while reducing the resources that 

must be used. By using advanced geophysical 

techniques— whether seismic, electromag-

netic, or gravimetric amongst others — site 

managers can map subsurface layers, cre-

ating an accurate tridimensional image of it 

and evaluate rock quality without harming 

the environment. This knowledge enables 

smarter, safer, and more cost-effective ex-

traction plans while laying the foundation 

for responsible site closure and restoration.

On the other hand, water is essential for 

nearly every process in aggregate opera-

tions, which may become controversial as 

it is also a climate stressed resource. Beyond 

site-level planning, the handbook calls for 

an integrated, catchment based approach 

to water management. This involves assess-

ing the entire watershed, considering other 

users like agriculture and local communities, 

and modeling future water availability under 

changing climate conditions by understanding 

that collaboration between stakeholders is 

the only way of ensuring a sustainable use. 

Furthermore, transparency and community 

engagement are also emphasized as essential 

elements.

At the operational level, the handbook out-

lines a wide range of best practices, not only at 

the processing facilities themselves, but also 

at some other areas. For instance, this volume 

remarks the importance of predictive systems 

such as conducting thorough hydrogeological 

studies, installing continuous monitoring net-

works, developing water balance models for 

each phase of production, or optimising in-

frastructure to reduce losses and contamina-

tion. It also recommends managing clean and 

contaminated water streams separately, im-

plementing real-time leak detection systems 

or seeking alternative sources such as rain-

water harvesting or treated municipal waste-

water as a way of turning aggregate sites into 

more sustainable industries.

Last but not least, a committed workforce 

together with clear procedures, regular 

training, and a company-wide culture that 

values water conservation. Including water 

performance indicators in employee evalua-

tions and recognising innovative ideas can 

help embed sustainability in day-to-day 

decision-making.

When it comes to process itself and the 

opportunities to reduce the water con-

sumption, this volume provides guidance 
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on both sites and treatment. From practical 

steps such as pretreatment to remove solids 

and oils or coagulation and flocculation to 

bind fine particles up to sedimentation and 

filtration to clarify water, and final adjust-

ments before safe discharge or reuse. The 

main goal is to create closed-loop systems 

that minimise both freshwater consumption 

and environmental impact.

As stated before, water is widely used in 

many processes, so that the volume also 

deals with innovative solutions aiming to 

treat and recover wastewater that may be 

also found in aggregates environment, 

although not closely related to the extrac-

tion process. Some of these solutions could 

be vapor condensation, greywater reuse, 

desalination of seawater, and even the use 

of smart monitoring systems to track usage 

and detect inefficiencies in real time. These 

approaches are especially important in 

regions facing water scarcity.

Having said this, it is also imperative that 

the recycled water which is sent back to the 

process  complies with certain quality re-

quirements. Unlike some other topics, there 

is no local regulation on water parameters 

requirements. However, there are a series 

of characteristic that must be accomplished 

in order to consider this resource as acceptable. 

On this volume, this topic is explored as well 

as the  sampling procedure or the different 

tools that may be implemented to monitor 

and guarantee the quality of the recovered 

water.

Finally, the handbook offers real-world case 

studies showcasing best practices across 

Europe, both for the use of geophysics methods 

to improve the extraction efficiency on sites 

and for the water management. The former 

focuses on how the environmental impact 

was reduced at the same time that produc-

tion was optimised, while the latter explores 

how sophisticated water balance models 

or advanced treatment technologies to 

achieve near complete water recycling use 

has demonstrated successful.

To sum up, this volume challenges the ex-

tractive industry to rethink its approach to 

water and how existing technologies can 

be applied to remarkably optimize the effi-

ciency on aggregates extraction operations. 

By embracing collaboration, transparency, 

innovation, and a culture of environmental 

stewardship, Europe’s mining sector can 

lead the way toward a truly sustainable future.
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List of Abbreviations

Anaerobic Membrane BioReactorAnMBR

Biological Oxygen DemandBOD

Abbreviation Description

International Geotechnical CenterCGI

Chemical Oxygen DemandCOD

Continuous Stirred Tank ReactorCSTR

Dissolved Air FlotationDAF

Downflow Fluidized Bed ReactorDFBR

Deoxyribonucleic AcidDNA

European Economic and Social CommitteeEESC

European Green DealEGD

Expanded Granular Sludge BedEGSB

Environmental Impact AssessmentEIA

Electrical resistivity tomographyERT

Fluidized Bed ReactorFBR

Free Water SurfacesFWS

Ground Penetrating RadarGPR

Groundwater Water DirectiveGWD

Induced Polarization methodsIP

Membrane BioReactorMBR

Magnetotelluric MT

Packed Bed BioreactorPBBR

Publicly Owned Treatment WorksPOTW

Abbreviation Description

Rock Quality IndexRQI

Sustainable Development GoalSDG

Subsurface horizontal flow wetlandsSHFW

Spontaneous Potential methodsSP

Sulfate Reducing BioreactorSRB

Subsurface vertical flow wetlandsSVFW

Transient ElectromagneticTEM

Trickling FilterTF

Total Suspended SolidsTSS

Two-way-timeTWT

Upflow Anaerobic Sludge BlanketUASB

UltravioletUV

Vertical Electrical SoundingVES

Water Framework DirectiveWFD

Wastewater Treatment PlantWTP
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1.1	 Scope and objectives

This volume forms a technical, legal, and practical 

basis for the control of water in the extractive 

industry in the European setting as a whole and 

best practice to characterise mineral deposits 

and along with that increase operational effi-

ciency of the extractive techniques. It is intended 

as a manual for operators, environmental 

managers, geologists, engineers, consultants, 

and regulators responsible for planning, operating, 

closing, and reclaiming extractive operations 

such as quarries, sand and gravel sites, and related 

aggregate processing facilities.

This volume aims to:

	· Facilitate comprehension and the use of the 

main European Directives and legislative 

documents on water management, with 

emphasis on the environmental, quality as-

pects or on the use of waste etc.

	· Define the right way to carry out the geophysical 

exploration and deposit characterisation.

	· Define technical terminology and concepts 

related to water resources, water quality and 

deposit characterisation applicable to aggre-

gates operations.

	· Technical approach and guidelines for different 

methods of the upgrading of the cut-off grade 

and rock quality.

	· Best practices and technical recommen-

dations for successful water conservation, 

wastewater-mitigation, water treatment, 

recirculation and upcycling in aggregate 

processes for moving towards a circular 

economy.

01Introduction 

	· Establish the groundwork of the techniques 

to look at the water-quality.

	· Ensure mainstreaming of water management 

in the environmental policy at the site, regional 

and sector level by aligning with EU sustainability 

targets, biodiversity and climate adaptation.

1.2	 Resource Efficiency
It is fundamental to know the characteristics of 

a deposit before it is exploited, not only for the 

evaluation of its economic value, which is un-

questionable, but also because it must be thor-

oughly understood from the outset, in order to 

optimise its exploitation efficiently and avoid 

serious design errors that could compromise the 

mining project throughout its entire life cycle 

and even jeopardise a restoration that harmo-

nises with the surrounding environment.

To achieve this objective, it is necessary to use 

different indirect methods that provide important 

information about the quality of the resource, its 

geometry, dimensions, physico-chemical charac-

teristics, etc. Geophysical methods are a very 

valuable tool for obtaining information without 

affecting the environment and, in combination, 

they are able to detect different parameters that 

together size and evaluate a deposit from a mining 

and economic point of view.

One way to ensure the reliability of results and 

knowledge of the deposits is the use of international 

standards for mine reporting, which allows for 

effective evaluation of projects in a globalised 
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Introduction

world by using the same language and being en-

dorsed by competent personnel.

1.3	 Water management
Water plays a crucial role in aggregates extraction 

sites, as it is required to guarantee an efficient 

treatment of the materials as well as it may 

condition the development of the extractive 

operation. 

The water used in the process is usually obtained 

from surface water sources, and the water 

releases flow naturally back into these sources. 

It should be noted that the extraction of aggre-

gates does not release many substances. However, 

the physical characteristics of the water are of 

concern. For aggregate sites, the quality of wa-

ter is typically measured by the pH, TSS (Total 

Suspended Solids), and BOD (Biological Oxygen 

Demand). Although the organic pollution caused 

by mineral extraction is significantly reduced, 

the suspended solids content can be high due to 

processes involving water, like cutting, washing, 

and separating stones and clay. 

Wastewater treatment is an essential process in 

the extractive industry, and pre-release treatment 

of wastewater is a commonly applied rule. In 

some cases, the quality of the outgoing water is 

better than that of the incoming water, thanks 

to the treatment. Process water and its usage 

in the extractive industry are critical, and most 

existing operations employ closed-circuit sys-

tems, resulting in a minimal net consumption 

of water and very effective water resource 

management. 

On the other hand, groundwater management 

is an ongoing concern for quarry operators, as 

it can have an impact on their permit approvals 

since depending on the depth of the quarry rela-

tive to the surrounding groundwater regime, it 

may also be necessary to incorporate ground-

water control or dewatering measures into 

quarry operations.

However, appropriate planning and design of 

the quarry, coupled with operational practices, 

can mitigate the impact of these activities on 

the groundwater resource and, often, the water 

pumped out of the quarry is not significantly 

affected by the quarrying process
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02Procedures and
legal framework

2.1	 Procedures to be 
applied in geophysical 
surveys

The standards to be followed are those stipulated 

by PERC Reporting Standard 2021 (PERC, 2021) 

(Pan-European Reserves and Resources Re-

porting Committee), Pan-European standard for 

Public Reporting of Exploration Results, Mineral 

Resources and Mineral Reserves (Illustration 1) 

and in NI 43-101 (National Instrument 43-101 

Standards of Disclosure for Mineral Projects), 

Canadian disclosure standard for the presentation 

of mineral projects (Sim et al., 2012). 

2.2	 Legal framework on 
water management

Water Framework Directive (2000/60/
EC)
The Water Framework Directive (WFD, 

2000/60/EC) is the cornerstone of EU water 

policy. Its main objective is to achieve “good 

ecological and chemical status” for all surface 

and groundwater bodies across Europe and to 

prevent their deterioration.

The WFD requires Member States to identify 

and control pressures on water bodies, including 

those arising from extractive activities, through 

a wide range of measures. Moreover, It enforces 

the “non-deterioration” principle, which prohibits 

the authorisation of new projects that would 

worsen water quality. Additionally, the Directive 

introduces economic instruments through the 

cost-recovery principle, applying water use and 

discharge fees to promote resources efficiency.

Groundwater Directive (2006/118/EC)
The Groundwater Directive (GWD, 2006/118/EC) 

complements the WFD by specifically addressing 

the protection of groundwater quality in Eu-

rope. It implements Article 17 of the WFD and 

aims to prevent and control groundwater pollution. 

The directive establishes harmonised criteria 

and objectives for assessing the chemical status 

of groundwater bodies and for detecting upward 

pollution trends. It also sets threshold values 

that trigger the need for reversal measures. A 

core element of the GWD is the definition of 

quality standards for groundwater.

Environmental Quality Standards for 
Surface Water (2008/105/EC)
Directive 2008/105/EC establishes Environmental 

Quality Standards (EQS) for priority substances 

and other pollutants in accordance with Article 

16 of the WFD (2000/60/EC). Its purpose is to 

achieve good chemical status in surface waters, 

aligned with the provisions and objectives of 

Article 4 of the WFD. The directive includes a 

list of such substances along with their maxi-

mum allowable concentrations, expressed in 

quantitative terms.

Directive on the management of Waste 
from Extractive Industries (2006/21/
EC)
This directive lays down the requirements for 

managing waste from extractive industries, in-
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cluding the aggregates sector. It plays a key role 

in ensuring the safe management of solid waste 

and effluents generated in quarrying operations 

and related facilities, by imposing specific 

measures to prevent environmental contami-

nation caused by such waste.

Industrial Emissions Regime (2010/75/
EU)
Although metallic mining has been the focus of 

this regime, large-scale aggregate processing 

facilities or those involving certain processes or 

waste management operations may also fall under 

its scope. The directive includes a list of Best 

Available Techniques (BATs)—a set of technical, 

operational, and management practices designed 

to minimise the environmental impacts of 

industrial activities

Environmental Impact Assessment 
(EIA) – Directive 2011/92/EU (amended 
by Directive 2014/52/EU)
Any new extractive project in Europe is sub-

jected to Environmental Impact Assessment 

under Directive 2011/92/EU, as amended by 

Directive 2014/52/EU. This legal framework 

requires that, prior to approval, projects un-

dergo a thorough study of their potential envi-

ronmental effects. The EIA process is designed 

to identify, predict, and mitigate environmental 

impacts from the earliest design stages of the 

project, ensuring public participation and the 

assessment of reasonable alternatives. This 

assessment must account for worst-case sce-

narios and incorporate appropriate preventive 

measures.

Reuse and Recirculation of Process 
Water Regulation (2020/741/EU)
Although this regulation does not directly cover 

raw material extraction, it reflects the EU’s 

prioritisation of water circularity. As a result, 

modern extractive operations in Europe in-

creasingly implement closed water circuits, 

whereby water used in aggregate processing 

is collected and reused instead of being dis-

charged. This approach also contributes to 

reducing the generation of wastewater effluents.

2.3	 EU policy
The new policy by the European Commission 

highlights the significance of water resilience 

and sustainable water management as the EU’s 

industrial transition to sustainability.

In response to these challenges, the European 

Union has come up with major policies on water 

and resource optimisation: The European Green 

Deal (EGD) introduces zero pollution ambitions 

to protect the natural environment, comple-

menting the overarching aim to be a sustainable 

EU by 2050. The EGD sets out a roadmap for 

action on clean, circular economy, biodiversity 

restoration, and pollution reduction. To do this, 

the EGD focuses on a series of ambitious policy 

plans that are central for guiding policy in this 

area: the Chemicals Strategy for Sustainability, 

Zero Pollution Action Plan, Farm to Fork Strategy, 

EU Biodiversity Strategy for 2030 and the EU 

Strategic approach to Pharmaceuticals in the 

Environment. 

Additionally, the EU Blue Deal is a strategic 

initiative of the European Economic and Social 

Committee (EESC) for a coherent and sustainable 

water policy across Europe. As water is considered 

both a basic human right and a key public as-

set, the Blue Deal seeks to tackle urgent tasks 

such as water scarcity, pollution or infrastruc-

ture deficits. Once again, the initiative’s main 

elements are the promotion of water-efficient 

technologies, upgrading low-carbon water in-
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frastructure, ensuring equal access for all to the 

water they need, and integrating water into all 

EU policies. 

Last but not least, the United Nations agreed a 

few Sustainable Development Goals (SDGs) in 

its agenda 2030. SDG 6 6 (Clean Water and Sani-

tation) focused, in particular, on achieving access 

for all to safe, affordable drinking water, and on 

improved sanitation and sustainable water 

management. Yet, water is also interconnected 

with other SDGs such as SDG 2 (Zero Hunger) as 

water is core for irrigation and sustainable water 

use is needed for food security and SDG 3 (Good 

Health and Well-being) because the availability 

of clean water decreases waterborne diseases. 

SDG 13 (Climate Action) also emphasizes the 

need to have a resilient water management to 

address the impact of climate change including 

droughts and floods. 

To sum up, sustainability of water is a question 

of efficient water governance, investment in in-

frastructure, pollution control and in new tech-

nologies that facilitate the preservation and fair 

distribution of water resources for the future 

generations.

03
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Best practice
A proven and effective method or technique 

used to minimise environmental impacts.

Conductivity
Property of a material describing its ability to 

conduct electricity or heat.

Contaminant
Any substance that degrades water quality or 

poses risks to human health and ecosystems.

Earth’s magnetic field
A weak and variable magnetic field is present 

around the Earth. Its origin possibly lies in the 

electrical currents due to the rotation of its 

molten iron and nickel outer core. The Earth 

behaves like a gigantic magnet with a moving 

north and south pole, not necessarily diametri-

cally opposed, located respectively near the true 

geographic north and south poles.

Effluent
Treated (or untreated) wastewater discharged 

from a facility into a receiving environment.

Electrical resistivity
Intrinsic property of a material that quantifies its 

opposition to the flow of electric current.

Electrical Tomography
It is a multi-electronic resistivity method, based 

on 2-D modelling of soil resistivity using numerical 

techniques (finite element or finite difference).

Flocculant
A chemical additive used to bind colloidal particles 

and facilitate sedimentation.

Flocculation process
A treatment stage where suspended particles 

aggregate into larger, settleable flocs.

Geophysical methods
These are a set of non-destructive techniques 

that make it possible to study the subsoil down 

to certain depths.

Groundwater
Water located beneath the soil surface, within 

the saturated zone, in contact with soil or subsoil.

Priority substances
Pollutants regulated due to their significant risk 

to aquatic environments under EU legislation.

Rippability
The ease with which a rocky terrain can be 

fragmented and removed from its original loca-

tion by the use of a “ripper”.

Sedimentation process
Gravity-based separation of solids from water, 

forming sludge at the bottom of the container 

or basin.

Seismic wave
Elastic disturbance propagating through the 

ground and earth rocks, caused by the release of 

energy by a power generation source.

03Definitions
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Sludge
Semi-solid residues generated during water 

treatment, rich in suspended solids and organic 

matter.

Surface water
Water present on the Earth’s surface: rivers, 

lakes, reservoirs, estuaries, and coastal waters.

Tertiary treatment
Advanced wastewater treatment stage aimed at 

removing residual contaminants before discharge 

or reuse.

Treatment process
Series of physical, chemical, or biological operations 

applied to improve water quality for a specific 

use.

Water body
A defined unit of surface or groundwater designated 

for environmental monitoring and management.

Water quality
Condition of water assessed by its physical, 

chemical, and biological characteristics in relation 

to its intended use.

Water resource
Water available in sufficient quality and quantity 

to meet a specific, sustainable demand.

Young’s modulus
Elastic constant of proportionality relating the 

uniaxial normal stress to the longitudinal defor-

mation produced in the direction of that stress.

04
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Geophysics is the application of physics to the 

study of the Earth, from the surface to the Earth’s 

core. Within geophysics one can differentiate ap-

plied geophysics (Davis et al., 2011), which fo-

cuses on the study of the Earth’s crust and near 

surface to achieve a practical goal. 

The cut-off grade (Equation 1) is defined as the 

minimum grade that a mineral or metal must 

have to be economically extracted. Ore grades 

higher than the cut-off grade will give profits, 

considering the ore economically exploitable. 

This is why knowing the cut-off grade is a very 

important part of a mining project, since based 

on this value it will be possible to decide if and 

how the mining operation advances.

According to the CGI (International Geotechnical 

Center) and Lebel et al (1987), the Rock Quality 

Index (RQI) is a fundamental parameter in the 

geomechanical characterisation of rock masses. 

This parameter is used to evaluate the degree of 

fracturing and the quality of the massif. Different 

parameters, which will be developed throughout 

the document, are used to determine the quality 

of the rock.

4.1	 Geophysical
methods

In the field of applied geophysics there is a wide 

range of geophysical methods that can be applied 

to the study of mineral deposits. One division 

of such methods is based on those that use the 

Earth’s natural fields and perturbations of those 

natural fields to search for anomalies in the 

ground and those that induce artificially generated 

energy into the ground for the same purpose. 

4.1.1	 Seismic methods 
Seismic methods (Scivetti et al., 2021; Lavergne, 

1989) allow to obtain a very approximate image 

of the subsurface, thus being able to recognize 

geological structures such as discontinuities, 

faults, folds, etc. Within the seismic methods, 

two main groups can be distinguished: methods 

based on reflection principle, and methods 

based on refraction principle.  

4.1.1.1	 Reflection seismic methods 

Reflection seismic is a seismic method that con-

sists of generating a train of seismic waves using 

an external energy source (hammer, dynamite, 

weight drop...) and, subsequently, measuring the 

travel time of these waves when they are re-

flected in the different underground layers, 

which differ from each other by their acoustic 

impedance values (i= -v; where  is the density 

of the different layers and v the velocity of the 

wave through each layer) (Crutchley, 2018). 

 

04Resource efficiency by
deposits characterisation
to improve their rock quality 
and cut-off grade

Equation 1
Equation defining the cut-off grade where Cm is the mining cost, Cp is the ore or 
metal processing plant cost, Pm is the ore or metal price, Cr is the refining cost and 
RM is the mineralogical recovery
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It is a geophysical technique that allows reaching 

depths of 700-1000 meters, which makes it 

the most widely used geophysical method in oil 

prospecting and for deep mineral deposits (Sáez 

Martínez et al., 2008).  

In the case of open-pit mines, they do not reach 

such great depths, they are shallow, so this tech-

nique has not been traditionally used in this type 

of deposits. Other conditioning factors for the 

use of this technique are the cost and the difficul-

ty of processing with quite expensive programs. 

4.1.1.2	 Refraction seismic methods 

Refraction seismic has the same basis as reflection 

seismic. The difference between them is that 

refraction seismic uses the velocity of refracted 

P-waves (Crutchley, 2018) (Table 1). 

Refraction seismic is a method currently used 

for the study of different regions of the subsur-

face. One, the study of deep crystal structures 

by means of low-angle refraction seismic. An 

example of this methodology, by means of which 

low velocity layers can be detected, is the DEEP-

MARHOLE project, a CTM’s project where the 

source of energy used where the blasting 

operations carried out in the quarries near the 

investigated area. And two, refraction seismic is 

a method used in studies of the most immediate 

subsoil for the characterization of the rock with 

parameters such as rippability (Table 2), degree 

of compaction of the materials, degree of alteration 

of the rock, structure, weathering of the rock, 

etc. 

The difference between two seismic methods 

(reflection and refraction) is in the data processing, 

which is much more laborious and expensive in 

reflection seismic, as mentioned above. One of 

the reasons for this statement is because the 

reflection seismic sections are obtained in 

two-way-time (TWT) mode (each reflected ray 

must make a one-way trip (incidence) and a re-

turn trip (rebound)) (Sáez Martínez et al., 2008), 

which implies the subsequent conversion to 

approximate depth. 

Table 1
P-wave velocities for some 
lithologies. Table Modified 

from Garcia (2003)

LITHOLOGIES

Loose soil

Silts and loose sands

Loose sands and gravels

Saturated loose sands and gravels

Water

Clays

P-WAVE VELOCITY 
(m/s)

250-400

350-500

400-900

1.500-1.800

1.450-1.600

900-2.500

LITHOLOGIES

Shales

Marls

Limestones

Sandstones

Granites

Salt

P-WAVE VELOCITY 
(m/s)

2.500-4.500

2.500-4.500

3.000-5.500

2.000-4.500

3.500-5.000

4.000-5.000

Table 2
General rippability criteria based on seismic wave velocity by refraction seismic. 
Table modified from González de Vallejo (2002).

Seismic Velocity 
(m/s) 

<1.500 

1.500-2.000 

2.000-2.500 

2.500-3.000 

>3.000 

Rippability 

Rocks can be excavated with bulldozers, ex-
cavators or tractors. No blasting required.

Easy ripping. Excavation of strata without 
blasting, somewhat difficult for excavators 
or tractors with ripper.

Somewhat expensive ripping. Light 
blasting (long ripping lengths, low specific 
consumption).

Light blasting required. Pre-blasting.

Major blasting (closed drilling schemes, 
small reblasting lengths, high specific
consumptions).



15
RESOURCE EFFICIENCY AND WATER MANAGEMENT        

Resources efficiency by deposits characterisation to improve their rock quality and cut-off grade

In openpit mines, refraction seismic has been 

carried out in order to evaluate the alteration of 

the massif, the geometry of the different layers 

to make the geological model and also to evaluate 

the geotechnical characteristics of the different 

materials, obtaining different parameters 

necessary to calculate the dynamic modulus 

used in the different slope stability programs. 

This stability is vitally important when planning 

the exploitation and also in the monitoring of 

the works throughout the life of the mine or 

quarry (Green, 1974).  

Refraction seismic methods can be used to 

determine the presence of layers and their 

characteristics, which is useful to differentiate 

them in the geological model. 

4.1.2	 Geoelectrical methods 
4.1.2.1	 Electrical resistivity methods 

The electrical resistivity of a material is defined 

as the capacity to conduct electrical current. It 

is a parameter that is controlled by factors such 

as: type of rock, turnover/alteration, presence of 

metallic minerals... (Montalvo Roman, 2021). 

The geoelectric methods based on the study of 

the apparent resistivity of the rocks in the subsoil, 

which is an intrinsic property of the materials 

(Figure 1), consist of the measurement in the 

field of the resistivity of the materials in the subsoil 

from the generation of current in the subsoil 

through the use of electrodes (Herman, 2001).  

 

The configuration of the “geoelectric device” on 

the surface (Figure 2) and the power of the 

induced current will define the penetration 

depth of the current and, consequently, the data 

collection at depth (Scivetti et al., 2021). Fig. 1
Resistivities for different types of rocks and minerals. 
Image taken from Orellana (1982).
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4.1.2.2	 Vertical Electrical Sounding (VES) 

Applied to areas with geological structure 

formed by horizontal or subhorizontal strata, the 

purpose of this electrical method is to determine 

the configuration in depth of the different layers 

that set up the subsurface using the apparent re-

sistivity variations of these layers in the vertical 

(Hamzah et al., 2007; Coker, 2012). 

In the case of vertical electrical sounding, the 

Schlumberger device (Figure 2) is the most used. 

The distance AB is the one that defines the depth 

that will be reached (the greater the distance 

AB, the greater the depth) (Auge, 2008). 

4.1.2.3	 Electrical resistivity tomography (ERT) 

ERT is a geophysical technique used to gener-

ate subsurface sections or profiles from electri-

cal potential drop measurements (Toledo Baca, 

2006). It aims to determine the actual distribu-

tion of the electrical resistivity of the subsurface 

in a certain depth range along a measurement 

profile, from the apparent resistivity values 

obtained by conventional DC measurements, 

providing the resistivity changes present in the 

ground. 

Systems based on electrical tomography, are 

used for the detection of weak structural zones, 

Resources efficiency by deposits characterisation to improve their rock quality and cut-off grade

Fig. 2
Different configurations of “geoelectrical device” where A and B are the current 
electrodes and M and N are the electrodes for the electrical potential measure-
ments. Modified from https://www.ocsa-geofisica.com/en/tomografia-electrica.html
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related to the low electrical resistance of these 

zones. These zones are usually fractured parts 

of the massif where fine materials are intro-

duced, whose water content is higher, or where 

the composition of the material changes 

completely (Perrone et al., 2014). 

Tomography consists of introducing a continuous 

electric current into the surface through two 

current electrodes. The voltage is measured by 

another pair of electrodes called potential 

electrodes (Figure 3). From the value of the in-

jected current and the measured voltage, the 

apparent resistivity of the material is obtained 

at a given point in the subsurface, called the 

attribution point, which depends on the position 

of the electrodes. Each type of material has a 

more or less characteristic real resistivity range. 

Empty cavities (filled with air) have an apparent 

resistivity that tends to infinity: saturated soils 

are highly conductive and therefore have low 

resistivity, and so on. From the resistivity values 

soil composition can be estimated and anoma-

lies such as a water intrusion, a fault, a pipe or a 

buried object can be detected. 

A key factor in this technique is the number and 

distribution of field measurements, because 

both its resolution and the depth of investigation 

depend on it. Generally, an electrical tomogra-

phy study requires a very large number of data 

to be obtained, with a small spacing between 

measurements to achieve the necessary lateral 

resolution and also that the measurements are 

made progressively involving several depth 

ranges. The maximum depth of investigation is 

approximately 1/5 of the profile length, and the 

resolution is determined by the spacing between 

electrodes. 

 

4.1.2.4	 Induced polarization methods (IP) 

The phenomenon of induced polarisation in the 

time domain is manifested by a drop in the soil 

potential after the cutoff of an induced current. 

Thus, if a current is injected into the soil through 

a pair of injection electrodes, the resulting 

potential difference generated at the measure-

ment electrodes is proportional to the resistivity 

of the studied formations (Montalvo Roman, 

2021; Slater et al., 2000). 

Resources efficiency by deposits characterisation to improve their rock quality and cut-off grade

Fig. 3
Basic ERT measurement scheme with two current electrodes (A, B) connected to a 
milliammeter, and two potential electrodes (M, N) connected to a millivoltmeter. 
The Wenner-Schlumberger configuration (Figure 2) of the electrodes is the one 
used in ERT. Image modified from Priou et al (2019). 
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4.1.2.5	 Spontaneous potential methods (SP) 

Those methods are based on the measurement 

of natural electrical potential differences 

between 2 points on the surface or at shallow 

depth (Auge, 2008).  

The technique is often used as an adjunct to 

prospect for metal deposits, especially for the 

detection of massive bodies, in contrast to in-

duced polarization, used in the exploration of 

disseminated deposits. In recent years SP has 

been extended to some hydrogeological and 

geothermal investigations and also to geological 

ones, especially for the location of near-surface 

fracturing zones (Auge, 2008).   

One thing to keep in mind is that, according to 

the same author, spontaneous potential logs, 

both in terms of equipment required and cost, 

are the simplest and most accessible of all geo-

physical prospecting methods applied from the 

surface. 

A combination of electrical methods provides a 

lot of information about the composition of the 

different materials and their structure, because 

thanks to them we can obtain resistivities laterally 

and in depth in a continuous way. A limiting fac-

tor for these techniques is their extension on the 

surface, given that in mining areas it can be very 

complicated to deploy long cables due to the 

orography of the mine. This does not occur in 

studies of virgin areas where the problem comes 

from access and orography. 

When obtaining resistivities and conductivities 

it must be taken into account that there are 

different materials that can have very close resis-

tivity values, so it will be difficult to differentiate 

them using only resistivity, as for example 

limestones and dolomites. They are very effec-

tive methods for the differentiation between 

clays and limestones, filling zones and cavity 

detection, although it must be considered that 

very compact and massive zones can behave in 

the same electrical way as a cavity, so this method 

must be accompanied by others to be able to 

discriminate cavities from massive and compact 

zones (Jouniaux et al., 2009). 

4.1.3	 Electromagnetic methods 
According to Linares et al. (2002), electromagnetic 

methods are based on the electrical generation 

of a primary magnetic field at the surface, which 

induces a magnetic field in the subsurface. The 

measurement of the relationship between both 

fields allows determining the apparent conductivity 

of the different geological bodies in the subsurface. 

4.1.3.1	 Transient electromagnetic (TEM) 

Generation of a transient electromagnetic field 

and measurement of the decay of the induced 

electromagnetic response. 

With a depth of investigation ranging from 10 

to 1000 meters, it is a method that, according 

to several authors (Acosta et al., 2015, Depin et 

al., 2009), is being applied to the profiling of the 

depth of mineral deposits, allowing to estimate 

both the depth and the geometry of mineralization. 

4.1.3.2	 Magnetotelluric (MT) 

Simultaneous measurement of natural electric 

and magnetic fields oscillating in perpendicular 

directions to each other and for a wide range of 

frequencies. It is a method that measures the 

electrical resistivity of the subsurface as an indirect 

way to study the geological characteristics of a 

given area (Cortés et al., 2010). Up to a depth of 

approximately 3,000 meters, it allows determining 

the presence of faults, fractures and discontinuities 

in the rock mass. 

Resources efficiency by deposits characterisation to improve their rock quality and cut-off grade
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4.1.3.3	 Ground Penetrating Radar (GPR) 

Method that uses very high frequency electro-

magnetic waves (from 10MHz and higher up to 

over 2 GHz) and analyses the reflection of these 

waves as a function of the dielectric constant of 

the materials in the subsurface (Scivetti et al., 

2021). The dielectric constant is a parameter 

that, as mentioned above, depends on the different 

materials. Thus, the contrast of this dielectric 

constant is responsible of the reflection of elec-

tromagnetic waves, marking the boundaries 

between different materials. 

The objective of GPR is to map the characteristics 

and structures of the subsurface, making possible 

to study the composition and compaction of the 

subsurface and to identify geological formations 

and deformations at relatively shallow depths in 

the subsurface (Baker et al., 2007). 

From the point of view of electromagnetic methods 

(EM) in the studied areas included in the 

ROTATE project, the GPR and TEM have been 

used depending on the geometry required for 

each study and because they are superficial deposits. 

GPR is able to provide data on the geometry of 

the layers present in the area and their fracture 

state, but the most important aspect of this 

method is that the presence of fines (clays and 

silts) produces the absorption of the signal, 

preventing the penetration in depth and therefore 

the obtaining of results. 

Also, the processing and interpretation is quite 

tedious and requires an experienced operator 

to be able to analyse the different anomalies 

detected. Another factor to consider is that the 

more we increase the depth we want to reach 

the lower resolution we get in the results and 

vice versa so you must know the possible geology 

expected in the area. 

A great advantage of this technique is the re-

al-time information it provides because while 

the profiles are being made, the results can be 

viewed and the different anomalies can be in-

terpreted without the need of post-processing, 

in principle, because sometimes a more detailed 

and detailed study of the results is necessary. 

TEM has been used to determine the different 

columns of materials present. This method has 

the great advantage of requiring little space to 

obtain information at depths of more than 100 

m, which is of great relevance in a mining area. 

Its penetration capacity makes it one of the 

most widely used methods in the search for 

underground water. 

4.1.4	 Radiometric methods 
Radiometric methods consist on measuring the 

natural emission of gamma radiation to es-

tablish concentrations of radioactive elements 

in surface rocks. In other words, it is responsible 

for measuring the radioactivity of certain energy 

windows related to unstable isotopes, in this 

way it is possible to determine the concentra-

tions of radioactive elements associated with 

minerals present in rocks and soils (Milsom, 

2006). 

4.1.5	 Gravimetry 

Gravimetry is a geophysical method of measuring 

the gravity field. It is a technique that allows the 

measurement of variations in the acceleration 

of gravity over the ground, variations that are 

called gravity anomalies and are considered 

indications of density differences in the subsur-

face due to the presence of different lithologies 

(Peroni et al., 2024).  

It is a method that allows, therefore, the localisation 

of faults and fractures, thanks to the variation 

of the subsurface materials’ density. It also al-
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lows differentiating variations in density within 

the same material, which allows to map more 

compact and less altered zones.

4.1.6	 Magnetometry 

Magnetometry is a geophysical method that 

consists of the measurement of local magnetic 

variations versus the global earth magnetic field. 

These variations are called “magnetic anomalies” 

and are caused by the magnetic properties of 

the underlying rocks (Peroni et al., 2024), by the 

presence (or absence) of magnetic substances. 

This method, therefore, is based on the differences 

in a specific property of rocks: the magnetic sus-

ceptibility, or degree to which they can be affected 

by the Earth’s magnetic field (Scivetti et al., 2021). 

Prospecting for mineral deposits and locating 

geological boundaries with magnetic contrast 

(such as a fault) are examples where magnetometry 

can be applied (Prouty et al., 2013). 

4.2	 Deposit
characterization

Reflection seismic methods (see Reflection seismic 

methods) are techniques widely used in the field 

of geotechnics and civil engineering since they 

allow obtaining structural data of the terrain such 

as: the definition of the network of faults and 

fractures, disposition of the different lithologies 

of the terrain, evaluation of Barton’s Q index by 

which the rock massif is catalogued (Barton et 

al., 1974) (Equation 2), etc. According to Peña 

Domínguez (2020), the dynamic elastic modulus, 

which provide fundamental information about 

the behaviour of the terrain in terms of rigidity 

and deformation, are closely related to the 

correct obtaining of the seismic velocities in the 

subsurface (Vs and Vp), obtained from the 

refraction seismic methods. 

Also, and according to Davis et al (2011), seismic 

methods can be considered for the following 

petrophysical applications: 

	· Obtaining the elastic modulus or Young’s 

modulus (E). According to González de Vallejo 

(2002), a hard rock with brittle behaviour 

has a higher Young’s modulus than a soft rock 

with ductile behaviour. 

	· Rippability analysis (Table 2). 

	· Soil density study (Equation 3) (Rodriguez, 

2001). 

	· Degree of fracturing of the rock. According to 

Helfrich (1971), there is a relationship between 

the P-wave velocity (Vp) and the fracturing in-

dex RQD (Rock Quality Designation) (Table 3). 

Resources efficiency by deposits characterisation to improve their rock quality and cut-off grade

Equation 2
Q value (Barton, 1991) by which the geomechanical classification of the terrain is 
determined based on the geotechnical quality of the rock. Values range from 0.001 
for very bad soils to 1000 for very good soils. Vp is the P-wave velocity (m/s).

Equation 3
Empirical relationship between rock density  (kg/m3) and wave velocity P (km/s).

Table 3
Relationship between P-wave velocity (m/s) and fracture rate RQD in igneous rocks. 
Modified from Helfrich (1971)

LEVEL OF FRACTURING

Rock without fractures

Rock with few fractures

Medium fractured rock

Rock with numerous fractures

Heavily fractured rock

P-WAVE VELOCITY 
(m/s)

>4.500

4.000-4.500

3.500-4.00

3.000-3.500

<3.000

RQD

>95%

95-75%

75-50%

50-25%

<25%
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An example of the use of seismic methods for 

rock mass characterization is a study conducted 

in Peru, which used refraction seismic to correlate 

seismic velocities with the geomechanical indices 

RQD (Rock Quality Design) and RMR (Rock 

Mass Rating). It was found that S-wave velocity 

values (Vs) provide a better correlation with 

rock mass quality than P-wave velocities (Vp) 

(Norabuena et al., 2014). 

For fault detection, it is more common to use 

geophysical profiles based on DC geoelectric 

methods (Rodriguez, 2001). Specifically, the 

most preferable technique is electrical tomogra-

phy (see Electrical resistivity tomography). 

GPR (see Ground Penetrating Radar) is a method 

that can be applied in the field of geotechnical 

engineering to study soil composition and sta-

bility. It can also be used in mineral exploration 

to characterise mineral deposits as it can not 

only identify mineralized zones but help in the 

optimization of extraction by providing data on 

the distribution of the ore, thus helping in mine 

planning and reducing costs (which directly 

affects the cut-off grade). 

On the other hand, by combining electromag-

netic data obtained by different electromagnetic 

methods (see Electromagnetic methods) with 

geological and geochemical information, mineral 

resource evaluations can be more accurate. This 

helps to estimate the size, grade and economic 

viability of potential mineral deposits. Electro-

magnetic methods can also be used in geotechni-

cal investigations to evaluate soil properties, 

moisture content and variations in subsurface 

conditions.  

An important application of radiometric methods 

(see Radiometric methods) is their ability to de-

termine the actual concentration of radioactive 

elements. In other words, it makes it possible to 

determine the grade of an element and, con-

sequently, of the mineral that contains it. An 

example of the application of radiometric 

methods is the carried out by CSIRO (Com-

monwealth Scientific and Industrial Research 

Organisation). This leading Australian scientific 

body has recently devised a high-energy X-ray 

analysis method that is capable of measuring 

ore samples, even in extremely small samples 

with very low ore levels (Quevenco, 2015). 

Gravimetric and magnetic methods provide 

only qualitative information on the mineral de-

posit. That is, they are methods that allow to 

determine the existence of one (or several) body 

(bodies) of mineral interest, but do not allow to 

determine its cut-off grade if they are not com-

bined with other methods.  

The success of the work carried out in the 

ROTATE project has been the use of different 

geophysical methods which have made it 

possible to determine directly and indirectly 

the presence of the target mineral and the 

geometry of the layers in the area. Also, in a 

mining operation it is essential to analyse the 

stability of the slopes so that parameters 

necessary for the exploitation project have also 

been obtained.

4.3	 Case studies 
4.3.1	 Silica sand gravel  
Silica sand, a compound resulting from the 

combination of silicon and oxygen (SiO
2
), is a 

material widely used in the ceramic, glass and 

abrasive industries, as well as a component of 

detergents, paints, mortars and concretes of 

high abrasion resistance (Moraño et al., 2011). 

	· Refractive seismic methods (see Refraction 

Resources efficiency by deposits characterisation to improve their rock quality and cut-off grade
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seismic methods): siliceous sand, due to its 

characteristic density of 2.65 kg/m3 (approx-

imately) is a material that can be differentiated 

by the refractive seismic (see Equation 3).  

	· Electrical resistivity tomography (see Elec-

trical resistivity tomography (ERT)): being 

a non-conductive material (in other words, 

highly resistive) it is highly recommended to 

use geoelectric methods such as electrical 

tomography to discern the siliceous sand 

from conductive materials such as clay very 

common in this type of deposits.  

	· Gravimetry (see Gravimetry): dense geological 

bodies of siliceous sand can cause variations 

in the terrestrial gravity field. 

	· Magnetometry (see Magnetometry): magneto-

metry can be used to delimit areas with absence 

of magnetic materials (such as siliceous sand) or 

the detection of oxide crusts.

 

4.3.2	 Celestine 
Celestine (SrSO4), a critical raw material that is 

exploited in the Montevive deposit in the province 

of Granada, is a mineral used in the manufacture of 

refractory materials, ceramics and glass (Ariza-

Rodríguez, 2024). As in the previous case, 

different geophysical methods can be used 

to take advantage of the distinctive physical 

properties of celestine.

	· Seismic methods (see Seismic methods): be-

cause of its high characteristic density of 3.95 

kg/m3 (approximately) celestine is a material 

that can be differentiated by seismic, since 

this density influences the speed of propagation 

of seismic waves.  

	· Electrical tomography (see Electrical resistivity 

tomography (ERT)): being a non-conductive 

material (in other words, very resistive) it is 

highly recommended the use of geoelectric 

methods such as electrical tomography to 

discern the celestine of conductive materials. 

	· Electromagnetic methods (see Electromag-

netic methods): the relationship between the 

primary magnetic field on the surface and the 

induced magnetic field in the subsoil allows to 

delimit the zones with absence of non-con-

ductive minerals such as celestine.  

	· Gravimetry (see Gravimetry): dense geological 

bodies of celestine can cause variations in the 

terrestrial gravity field.  

	· Magnetometry (see Magnetometry): mag-

netometry can be used to delimit areas with 

absence of magnetic materials (such as celestine).

05
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Water is a natural resource that is highly affected 

by the disruptions caused by climate change, and 

it is quickly becoming scarcer. At the same time, 

it plays a fundamental role in mining operations, 

serving functions such as mineral processing, 

dust suppression, cooling or slurry transport. 

Therefore, the responsible use of water is be-

coming a critical business issue which equally 

affects the growth and profitability on those 

companies. Moreover, as today the aggregates 

companies represent not only the necessary 

valorisation of the mineral resources but also 

the sustainable development of the territories, 

they must lead and boost the way of giving solutions 

to Climate Change Adaptation and Mitigation. 

Hence, aggregates companies must rethink and 

assess the opportunities that each phase of the 

project phase offers to reduce consumption, 

enhance efficiency, and protect surrounding 

ecosystems 

This chapter highlights key best practices, tech-

nical approaches, and cultural strategies that 

support responsible water management in mining, 

especially in Europe, where innovation and 

regulatory incentives are driving sustainability 

in extractive industries.

5.1	 Catchment based 
water planning

Modern mining water management starts not at 

the mine site, but at the level of the entire river 

basin or watershed. This integrated approach 

considers hydrological flows, seasonal variability, 

competing demands from agriculture or cities, 

and ecological requirements.

Key practices include:

	· Collaborating with water authorities and 

community stakeholders.

	· Mapping surface and groundwater resources 

across the region.

	· Modelling potential water availability under 

future climate scenarios.

	· Avoiding operations in highly stressed 

catchments.

This landscape-scale perspective is crucial to 

ensure that mine water usage remains within 

sustainable limits and doesn’t jeopardize the 

rights of other users.

5.2	 Community
engagement and
transparency
Projects might operate near rural or local 

communities that also rely on the same water 

sources. Failing to recognise this interdependence 

can lead to social conflict and legal challenges.

Good practices include:

	· Participatory water planning with local 

stakeholders.

	· Public disclosure of water use, recycling 

rates, and quality monitoring.

05Resource efficiency by
implementing good practices 
on water treatment and
management
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Resources efficiency by implementing good practices on water treatment and management

	· Establishing grievance mechanisms for 

water-related complaints.

	· Joint water committees for dispute resolution 

and information sharing.

Some companies have even co-developed com-

munity water infrastructure, such as shared 

treatment plants or storage tanks

5.3	 Good practices on 
water management on 
aggregates sites
It cannot be denied that the water consump-

tion of aggregates sites is an increasing concern. 

However, they also provide several opportunities 

to carry out a sustainable, efficient and envi-

ronmentally acceptable extraction of resources.

Ensure a proper and accurate knowledge 
of the geological and hydrogeological 
conditions of the extractions site:
Before any extractive activity is carried out, 

a detailed hydrogeological study of the area 

where the extraction will take place must be 

conducted. These studies should identify in-

teractions between surface and groundwater, 

water table levels, recharge points, and aquifer 

identification. This information helps establish 

an environmental baseline, identify contamina-

tion risks, and define buffer zones. Some of the 

data to be monitored will be the phreatic level, 

quantitative quality of the water, quantity, and 

quality of the recharge flows, amongst others. 

Understanding the hydrogeological context is 

critical to assessing potential impacts on water 

resources and designing appropriate mitigation 

measures. Without this baseline knowledge, 

mining operations risk irreversible damage to 

local hydrology and aquatic ecosystems.

Define and assess the hydrogeological 
regime around the site and its environs:
Establish a monitoring network for both surface 

and groundwaters. This network should be ideally 

located both down and upstream of the site and 

must be able to establish a baseline survey within 

the legal and environmental requirements.

Water balance model to be implemented on the 

site needs to be realistic, reliable and based on 

accurate measurements of the quantity and flow 

of water. There must be enough flowmeters or 

similar devices to verify the existing conditions.

Optimise the location and extent (plan 
area and depth) of the facilities, infra-
structure and workings to ensure that 
there is no significant impact on ground-
water or surface resources. 

Optimisation of facilities design: 

During the design of a facility, a key factor to 

consider is how to minimise its environmental 

impact. Sustainable engineering principles are 

applied to develop structures for water collection 

and treatment, ensuring efficient water manage-

ment and preventing contamination.

Design considerations include the layout of wa-

ter collection points, routing of water flows to 

avoid unnecessary mixing, and the incorporation 

of treatment technologies tailored to site-specific 

conditions

Phase by phase water balance model:
A fundamental tool for environmental planning 

is the implementation of a quantitative water 

balance model for the facility. This model should 

include water inputs, outputs, and temporary 

storage areas. Such detailed tracking enables 

the design of appropriate treatment systems 

and highlights areas for improvement.
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Each part of the extraction process should have 

its own water balance, facilitating identification 

and enhancement of potentially inefficient 

processes.

Design water management system, 
including dewatering flows, in an 
integrated way covering:
	· Flow balancing by sumps and pumping. 

	· Control of particulates by settlement in 

sumps and lagoons. 

	· Control of water chemistry. 

	· Oil and scum removal. 

	· Use of water in processing plant and treatment 

of effluent including vehicle washing water. 

	· Containment of spillage from storage and 

processing areas. 

	· Use of water in dust control. 

	· Use of appropriate water to counteract 

groundwater lowering, e.g. In nearby pools. 

	· Regular cleaning and maintenance of water 

system.

Control surface water run-off:
Water run-off can become contaminated 

through contact with exposed rock, chemicals, 

or machinery. Therefore, it should be diverted 

around or away from any vulnerable facility to 

on-site storage areas, such as sedimentation basins 

or retention basins.

Engineering measures include:

	· Diversion channels to separate clean and 

dirty water.

	· Sedimentation ponds to allow suspended solids 

to settle.

	· Oil-water separators and filter strips for runoff 

treatment.

	· Temporary detention basins to prevent peak 

flooding

Also, minimise obstruction of flood flows by 

inappropriate placing of mounds of overburden 

or waste and avoid storing overburden or solid 

inert waste for restoration purposes in the vicinity 

of watercourses

Provide an appropriate drainage system 
to minimise surface water run-off 
into the quarry works. 
This drainage system has to be designed accord-

ing with the scale of the site and with its specific 

conditions.

Leave adequate buffer zones around 
water courses and other sensitive areas. 

Leakage detection and real-time 
monitoring.
Unnoticed leaks in pipes, tanks, or drainage sys-

tems can lead to significant water loss over time. 

Installing monitoring systems helps detect inef-

ficiencies early.

Examples of smart tools:

	· Flow meters connected to central dashboards.

	· SCADA systems for automated process control.

	· Leak detection sensors and geophysical surveys.

	· Predictive analysis to forecast breakdowns.

Digital water management not only improves 

efficiency but also increases transparency for 

regulators and the public

Seeking for alternative water sources.
In water-scarce regions, extractive operations 

must minimise reliance on freshwater by sourcing 

water from non-conventional means.

Alternative sources include:

	· Captured rainwater from facility roofs and 

catchments.

	· Treated municipal wastewater from nearby 

towns.

	· Saline water from groundwater or seawater 

desalination.
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	· Industrial effluents from other sectors (e.g., en-

ergy plants).

Using reclaimed water for dust suppression or 

drilling can significantly reduce freshwater demand

Use of appropriate water recharge or 
other practical measures.
This will be especially critical where it is 

demonstrated that the quarrying activities have 

the potential to impact on surface water levels in 

nearby streams, rivers, or lakes.

Additionally, provide for recharge of aquifers 

and surface water regimes, where necessary.

Limiting and controlling erosion on site.
Erosion must be controlled to prevent drifting 

of the sediment that may cause water quality 

deterioration in the receiving water systems. 

This may be done by vegetating the surfaces of 

overburden and topsoil mounds, progressively 

restoring worked out areas or rapidly vegetating 

them, amongst others.

Different water types should be kept 
and managed separately to diminish 
unnecessary water quality deterioration 
and the amount of water that needs to 
be treated or retained.
To avoid contamination, the access of fresh water 

to the mine site should be kept at the minimum.

Water management systems should 
withstand extreme water flows and 
quality changes.
For example, the vulnerable facilities such as 

hazardous materials stores, power stations, fuel 

storages, and waste stores should be built above 

the level of extreme flood events.

Provide pollution control measures in 
relation to fuel and chemical storage.
There must be a spillage control equipment on 

site to contain accidental spillages as well as 

safety containers to all fuel and chemical storage 

tank areas.

Secure a regular cleaning and maintenance 
of the water management system.

Water conduction infrastructure.

Any infrastructure added to the facility for 

water conduction must be designed to handle 

maximum possible flow rates, be accessible for 

maintenance, prevent sediment buildup, and be 

clearly identified.

Clean water storage.
Designing clean water storage infrastructure 

requires considering structural and capacity 

requirements, along with proper protection 

against potential contamination. Stored water 

can be used for emergencies or secondary uses 

such as road cleaning and dust control.

5.4	 Workforce training 
and environmental culture

The success of any water strategy depends on 

people. 

First of all, there must available clear working 

procedures that must be implemented and 

followed. 

Moreover, engaging employees at all levels—

from operators to executives—is critical for last-

ing improvements in water use.

Resources efficiency by implementing good practices on water treatment and management
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Key actions:

	· Regular staff training on water-saving 

procedures.

	· Inclusion of water metrics in employee 

performance KPIs.

	· Recognition programs for innovative water-saving 

ideas.

	· Promoting a “stewardship” mindset across 

departments.

In leading operations, environmental culture is 

integrated into daily decision-making, making 

water responsibility a core value rather than an 

external compliance goal.

5.5	 Risk assessment and 
pollution control

It is necessary to define both preventive and 

mitigation/response measures through detailed 

identification of risks such as infrastructure failures, 

contamination, and other scenarios. This proactive 

approach reduces environmental impacts and 

operational disruptions.

5.6	 Integration with the 
Circular economy

Water use in mining is closely tied to material 

flows, energy use, and waste management. 

Embracing a circular economy model allows for 

systemic improvements.

Key principles include:

	· Designing processes for minimal water use 

from the outset.

	· Recovering not just water, but also metals 

from tailings and effluents.

	· Using renewable energy to power water 

treatment systems.

	· Linking water savings with carbon footprint 

reductions.

5.7	 European Case 
Studies

There are many successful case studies along 

the European continent that truly prove that im-

plementing the right measurements can be both 

sustainable and efficient.

For example, located in Andalucía, Spain, Sand-

fire MATSA’s “Water Living Lab” demonstrates 

how innovative treatment technologies and solar 

energy can enable near-complete water recy-

cling. It also includes public engagement and 

educational components for local communities.

But not only at present times it is possible to find 

some impressive examples. The historical  site of 

Upper Harz, Germany, shows a network of reser-

voirs and canals, developed in the 16th–19th 

centuries for mining operations, that remains 

as a model of early water efficiency. Today, it’s 

recognized as a UNESCO World Heritage site 

and continues to inspire modern hydro-engi-

neering solutions.

Finally, one of Europe’s largest zinc mines, Tara 

Mines has implemented a sophisticated water 

balance model, rainwater harvesting systems, 

and water treatment units to protect the nearby 

Boyne River ecosystem.

Resources efficiency by implementing good practices on water treatment and management
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06Resource efficiency by
process water recycling

The aggregates industry requires large quantities 

of water in the different parts of the process (ex-

traction, processing and transport of minerals), 

so the industry is moving to a water reuse, which 

is environmentally sustainable and efficient in 

terms of production. 

Nevertheless, water generated in the process 

and facilities has several risks associated with it 

such as:

	· Presence of contaminants: Although very 

unlikely, aggregates wastewater can contain 

high levels of contaminants, including heavy 

metals, chemicals and suspended solids, pos-

ing a risk to aquatic ecosystems and human 

health.

	· Erosion and sedimentation: Discharge from 

aggregates activities can contribute to soil 

erosion and sedimentation of water bodies, 

thus affecting water quality and aquatic habitats.

	· Ecological impact: Uncontrolled release of 

aggregates wastewater can harm aquatic life, 

alter ecosystems and cause long-term envi-

ronmental damage.

	· Human health concerns: Contaminated water 

can pose a risk to local communities if used 

for drinking or agricultural purposes, high-

lighting the importance of proper treatment 

of aggregates water.

Implementing specific measures such as appro-

priate treatment of aggregates water or developing 

technologies to recover water from other areas 

at site plays a crucial role in mitigating these 

risks and guarantee the safe discharge of wa-

ter into the environment. If properly managed, 

water treatment and recovery is essential to 

minimise the environmental impact of aggre-

gates activities and preserve both ecosystems 

and human health.

Additionally, treated mine wastewater can be 

reused for other purposes within aggregates 

operations, such as dust suppression, wastewa-

ter treatment, tailings disposal, process water 

and even irrigation.

6.1	 Site and Facilities
In an aggregates extraction site, there are several 

sources of water consumption, from which wa-

ter may be recycled and sent back to anywhere 

it could be required in the plant. Therefore, water 

that has not been generated in the ore washing 

process may also be taken into account when it 

comes to save water and increase the sustaina-

bility of the operation.

The following are the main methods for collecting 

and recycling water that does not come from the 

ore washing process:

6.1.1	 Rainwater harvesting and
utilization
There are different systems used in rainwater 

harvesting and storage. The main ones are de-

scribed below:

	· Gutters and Downspouts: Gutters installed 

along roofs or structures can collect rainwater. 
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The water flows down the downspouts to a 

storage system.

	· Rain Barrels or Rain Barrels: Rain barrels or 

storage tanks collect the water coming down 

the gutters. There are barrels specifically for 

rainwater collection, but you can also use 

recycled containers.

	· Subway Cisterns: Underground cisterns are 

large buried tanks that capture and store 

rainwater. This system is more durable and 

can store larger quantities of water.

	· Drip Irrigation Systems with Rainwater Storage: 

Using a drip irrigation system, you can 

connect your rainwater harvesting system to 

efficiently distribute water to your plants.

	· Aquifer Recharge Systems or Wells: Wells or 

aquifer recharge systems are more complex 

structures that allow rainwater to infiltrate 

into the ground and recharge subway aquifers.

	· Rain Gardens: Rain gardens are vegetated 

areas specially designed to capture and 

absorb rainwater. Instead of directing the 

water into a drain, it is channelled to plants 

that help filter and store the water.

	· Green roofs are a technique in which a water 

harvesting system is installed on roofs, allowing 

water to filter through layers of vegetation. 

Excess water can be stored or redirected to 

irrigation systems.

6.1.2	 Reuse of water for vehicle and 
equipment washing
In an aggregates plant, vehicles and heavy 

machinery are used, which, due to the condi-

tions of the installation, get dirty with dust, mud, 

etc. Because of this, they are washed to keep 

them safe and operational, but this consumes 

large amounts of water. Therefore, reusing water 

may lead to reduce fresh water consumption 

and also avoid the generation of contaminating 

wastewater and extra operating costs. 

The process of reusing wash water in this case 

works as follows. First, water is captured from 

washing the vehicles through systems such as 

channels and later on, the collected water is 

treated by physical, chemical and biological 

processes. The processed water is stored in 

tanks or reservoirs from where it is sent back 

to the vehicle wash or other water consumption 

points.

6.1.3	 Irrigation of roads for dust control
In a mine, due to vehicle traffic or in different 

phases of the process, dust is generated. Dust is 

a problem that can affect the health and safety 

of the workers, it pollutes the environment and 

damage the infrastructure of the facility.

By watering the roads, the soil is moistened, 

which reduces the generation of dust, since the 

fine particles are not lifted by the wind or the 

passage of vehicles when wet. The used water 

can be recycled and reused through the same 

process as in the washing of vehicles and heavy 

machinery.

6.1.4	 Reuse of greywater in facilities
Greywater is wastewater from activities such as 

showers, washing machines, dishwashers, sinks, 

etc. This water can be reused for certain activities 

that do not require potable water, reducing 

fresh water consumption, wastewater generation 

and facility operating costs.

6.1.5	 Recirculation in cooling systems
In an aggregates facility, there are different 

equipment that can generate heat during its 

operation, which must be cooled, for which wa-

ter cooling systems are used.

In these systems, the number of cycles that the 

water is used in the system before draining it 

Resources efficiency by process water recycling
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can be optimised, reducing, then, the quantity of 

fresh water required.

Additionally, this drained water may be treat-

ed and reused for some other purposes such as 

dust suppression or sinks.

6.1.6	 Wetting of dumps and dry tailings 
deposits
In the dumps (piles of sterile material) and dry 

tailings deposits (areas where waste from ore 

processing is deposited), there is material that is 

very fine and once it is dry it can be blown away 

by the wind, affecting the health and safety of 

workers, visibility, environmental contamination 

and damage to infrastructure.

For this purpose, wetting is carried out, which 

consists of:

A first surface irrigation with tanker trucks or 

sprinklers on the surface (recycled water can be 

used). Next, wetting agents or dust suppressants 

are used, which are mixed with the water or 

applied directly, helping to maintain humidity 

for longer. 

The water used can be recycled and reused 

through the same process as in the washing of 

vehicles and heavy machinery.

6.1.7	 Use of recycled water for civil 
works and construction at the mine site
During the life of a mine, numerous civil and 

construction works are carried out in the mine 

itself. These require water, which does not 

necessarily have to be fresh. For this purpose, 

water is reused in various construction-related 

activities such as irrigation for soil compaction, 

dust control at the construction site, washing of 

tools, equipment and formwork, mortar mixes, 

etc.

6.1.8	 Condensation of steam or ambient 
humidity 
Water can be extracted from the air in humid or 

foggy areas. Water vapor or humidity condenses 

when it encounters a cold surface, generating 

droplets that are collected and stored. 

On the other hand, with fog, a fog catcher 

is used, which is a fine plastic or metal mesh 

through which the fog passes. The microscopic 

droplets of the mist hit the mesh, condensing 

and coalescing into larger droplets. These drop-

lets fall into a chute, which is directed to tanks 

or reservoirs in which they are stored and from 

which they are sent to different points where 

water consumption is required.

6.1.9	 Desalination and seawater 
treatment
Water desalination is a water treatment process 

by which seawater or brackish water is converted 

into purified water that may be used for different 

usages.

In addition, desalination has key benefits in 

aggregates:

	· It allows operation in arid areas or areas 

without freshwater, where, because there is 

no access to surface or groundwater, the only 

option is to use desalinated water.

	· Reduction of water consumption from 

freshwater sources, thus minimising envi-

ronmental impact.

	· Constant availability of water, as there is no 

dependence on rainfall, rivers or aquifers that 

can be depleted, allowing for a stable water 

supply.

	· It allows to have a better quality of water for 

specific processes that require it, since 

desalinated water has a lower amount of 

biological and chemical contaminants than 

some surface or groundwater.

Resources efficiency by process water recycling
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There are different methods to minimise salinity 

levels in water:

	· Reverse osmosis: This is the most widespread 

and advanced desalination system in the 

world. It is more than 60% more widespread 

than other methods. This water treatment 

process is carried out thanks to the contribu-

tion of external energy in the form of pressure, 

which overcomes the natural osmotic pressure 

present in the solution.

	· Distillation: The process consists of heating 

the water until it evaporates and then 

condensing it to obtain fresh water. This de-

salination procedure is carried out in several 

stages, with the temperature and pressure 

decreasing at each stage until the desired re-

sult is achieved. In addition, the heat obtained 

from condensation is also used to re-distil the 

water.

	· Freezing: This desalination process consists of 

spraying seawater in a refrigerated chamber 

at low pressure. This causes ice crystals to 

form on the brine, which are then separated 

to obtain fresh water.

	· Hydrate formation: This desalination process 

is not used on a large scale because it is tech-

nologically very difficult. The process consists 

of adding hydrocarbons to the saline solution 

that form complex hydrates in crystalline 

form, which are subsequently separated to 

obtain desalinated water.

	· Lightning evaporation: In this process, water is 

introduced into a chamber below saturation 

pressure in the form of fine droplets. Part of 

these water droplets are immediately con-

verted into steam, which is then condensed 

to obtain desalinated water. The remaining 

water is introduced into another chamber at 

lower pressures than the first and the process 

is repeated until the desired yield is achieved.

	· Electrodialysis: The desalination process 

consists of the phenomenon whereby an 

electric current is passed through an ionic 

solution. Positive ions (cations) will migrate to 

the negative electrode (cathode), while nega-

tive ions (anions) will migrate to the positive 

electrode (anode). Two semi-impermeable 

membranes are placed between the two elec-

trodes, which selectively allow only Na+ or 

Cl- to pass through; the water contained in 

the centre of the electrolytic cell is progres-

sively desalinated, resulting in fresh water.

6.1.10	Use of water-efficient
technologies in offices and campsites

In the camps and offices on site, there is water 

consumption by workers in showers, sinks, toilets, 

kitchen, etc. Water-efficient technologies reduce 

the consumption of drinking water without 

affecting hygiene. Some of these technologies are:

	· Aerators and flow restrictors that are installed 

in faucets and toilets to raise the water pressure, 

reducing its flow.

	· Dual flush toilets, with a partial or complete 

flush.

	· Reuse of gray water in different points that 

require water consumption.

	· Automatic sensors in faucets, toilets, urinals, 

which prevent them from being opened 

accidentally.

	· Efficient heating systems that reduce energy 

consumption associated with the use of hot 

water.

	· Intelligent consumption monitors that detect 

leaks, excesses or inefficient consumption 

patterns.

6.1.11	Use of water in the form of a fine 
spray (mist or controlled atomisation)

The use of water in the form of a fine spray is 

more efficient than pouring large quantities of 

water. 

Resources efficiency by process water recycling



32
RESOURCE EFFICIENCY AND WATER MANAGEMENT        

Resources efficiency by process water recycling

Some of the advantages are:

	· The spray covers a larger area with less water.

	· Water does not accumulate and is not lost 

through run-off.

	· Controlled evaporation by adjusting the 

droplet size and frequency of spraying, thus 

minimising wasteful evaporation.

	· Improved adhesion to fine dust, as small 

particles adhere better to small droplets.

However, there are several factors to consider 

in the operation of the system:

	· A proper design of the system, looking for 

nozzles, pressure and height to suit the type 

of road and climate.

	· The correct droplet size must be set, as very 

small droplets evaporate without touching 

the ground and very large droplets waste water 

and cause puddles.

	· The spray should have enough pressure to 

form fine droplets, but not be too low so that 

it falls as a mist without reaching the ground.

6.2	 Process
As mentioned along the document, the volume 

of wastewater generated in the aggregates 

treatment process is noteworthy, so that it re-

quires treatment. Depending on its physical and 

chemical properties, the treatment may vary.

Furthermore, it may happen the existence of 

wastewater not generated during the treatment 

process, but closely related to it or, indeed, 

aggregates sites, where seeking the valorisation 

of waste material and chasing a circular economy, 

treat the wastewater to obtain energy from 

organic matter, for instance.

 Also, the treated wastewater might be wanted 

for any particular purpose, such as biological 

restoration or streets washing, what requires a 

more specific treatment.

Some of the most usual treatments are as follows:

1.	 Collection and pretreatment.

2.	 Coagulation and sedimentation process.

3.	 Filtration.

4.	 Neutralization and pH adjustment.

5.	 Dissolved air flotation.

6.	 Biological treatment.

7.	 Ion exchange.

8.	 Water disinfection.

9.	 Discharge or reuse of the treated water.

6.2.1	 Collection and pretreatment
This is the first step in the water recycling and 

decontamination process. The water collection 

and pretreatment are crucial steps in minimising 

pollution and optimising water reuse in aggre-

gates processes.

Water collection is based on capture the waste-

water from different points in the aggregates 

plant and its transportation to the wastewater 

treatment area.

Water pretreatment is based on removing im-

purities and preparing the water for further 

treatment. The main objective of this process is 

the separation of physical and chemical contami-

nants that may interfere with the performance 

of the following process steps.

Preliminary treatment aims to remove large, 

suspended, and floating solids from the water. 

This process starts by passing the water through 

screens and sand separators.

Sand removal is mainly achieved through sedi-

mentation. Since suspended organic matter and 

sand differ in their characteristics and require 

different removal methods, organic solids are 

extracted in a separate step.
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In addition, floating substances like oil, grease, 

and soap are also eliminated during preliminary 

treatment by channeling the water through oil 

and grease separation tanks.

6.2.2	 Coagulation and flocculation 
sedimentation process
Coagulation and subsequent flocculation are 

chemical methods of water purification; whereby 

larger pollutant particles are removed by filtration 

or sedimentation. Coagulation and floccula-

tion processes are applied in suspensions and 

colloids, systems in which one substance is dis-

persed in another. 

Coagulation allows the precipitation of one of 

these compounds in the form of aggregates that 

form a continuous phase. This may be sediment, 

gel or paste. Flocculation, on the other hand, 

allows these aggregates, i.e. agglomerated solid 

particles, to combine into even larger structures, 

which can be easily removed from solution. Both 

processes are used in the treatment of wastewa-

ter, which is treated after preliminary mechanical 

cleaning.

6.2.2.1	 Coagulation

Coagulation occurs when two types of particles 

have opposite charge and there is mutual attrac-

tion. This is achieved by the addition of organic 

coagulants, which are low molecular weight 

polymers with cationic functional groups. 

Coagulation is defined as the process in which 

destabilisation of particles is achieved by the 

addition of polymers that reduce, neutralise or 

reverse the repulsion between particles. The 

use of a coagulant allows destabilising this process, 

achieving microflocculation and in conjunction 

with the flocculant allows improving the sedi-

mentation rate and the quality of water to be 

recovered. 

Coagulants can function through four dis-

tinct mechanisms, either independently or in 

combination:

1.	 Compression of the electrical double layer: This 

occurs when electrolytes are added to the 

system. A higher concentration of electrolytes 

neutralizes more surface charges on parti-

cles, reducing the thickness of the electrical 

double layer. As a result, the repulsive forces 

between particles decrease, allowing them to 

come closer together.

2.	 Electrostatic adsorption: This involves the neu-

tralization of the colloid’s surface charge. By 

reducing the surface potential, the colloid be-

comes destabilized. This mechanism commonly 

takes place when inorganic coagulants like 

alum or ferrous sulfate are used.

3.	 Adsorption and bridging: In this process, a 

polymeric coagulant adsorbs onto colloidal 

particles at multiple sites, effectively linking 

them together. This bridging forms larger 

aggregates or flocs. The coagulant may be a 

natural organic polymer or a synthetic one.

4.	 Sweep coagulation: When relatively high 

doses of coagulants—typically aluminium or 

iron salts—are added, they can precipitate as 

hydrated metal oxides due to limited solubility. 

As these precipitates form and settle, they 

entrap the colloidal particles, removing them 

from suspension along with the precipitate.

The addition of coagulants should be done at 

high dilutions, so that a greater coagulant-pulp 

interaction occurs. There are several families 

of organic coagulants, mainly based on amides. 

Effective agitation should be employed in order 

to improve the dispersion of the coagulant in the 

slurry to be treated. In addition, a considerable 

distance before the inlet to the thickener tank 

should be considered, so that the coagulant has 

a longer conditioning time with the pulp.

Resources efficiency by process water recycling
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Coagulants can be classified as organic and inor-

ganic coagulants:

	· Organic coagulants are high molecular weight 

cationic polymers. Their main advantage lies 

in their higher efficiency, which results in sig-

nificantly less sludge production compared to 

inorganic coagulants. Another key benefit is 

that they do not alter the pH of the treated 

water. Common examples of organic coagu-

lants include polyamines, polyDADMACs, 

dicyandiamide, and melamine-formaldehyde 

resins.

	· Inorganic coagulants are primarily composed 

of metal salts such as iron sulfate and aluminum 

sulfate. When added to water, they react with 

the water’s natural alkalinity and hydrate to 

form metal hydroxides. This reaction reduces 

both the alkalinity and pH of the water, often 

necessitating pH adjustment. 

These coagulants generate sludge due to the 

precipitation of metal hydroxides along with the 

coagulated colloidal matter. Additionally, they 

contribute to an increase in total dissolved solids 

(TDS). The specific type of metal hydroxide formed 

depends on factors such as the type of coagulant 

used, the water’s alkalinity, and its pH. Since the 

nature of the hydroxide formed significantly in-

fluences the effectiveness of coagulation, each 

coagulant has an optimal pH range in which it 

performs best. As the precipitate forms and 

settles, it captures colloidal particles, facilitating 

their removal from the water.

6.2.2.2	 Flocculation

Flocculation involves the use of long-chain 

organic polymers of high molecular weight to 

form molecular bridges between individual par-

ticles, with the aim of destabilising them and 

generating attraction, in order to achieve their 

agglomeration for sedimentation.

There are different types of flocculants:

	· Anionic flocculants: These are well-suited for 

aggregating particles in suspensions with 

a high concentration of solids. They are 

frequently utilized in processes like sludge 

thickening and dewatering.

	· Non-ionic flocculants: These primarily aid 

in separating solids from liquids, especially 

when the particles in the water have little 

to no net electrical charge or when a more 

chemically neutral flocculant is needed. 

Non-ionic types are commonly applied in 

wastewater treatment of aggregates to clump 

suspended particles together, making their 

removal by sedimentation or flotation more 

efficient.

	· Cationic flocculants: Wastewater from aggre-

gates often contains fine particles and various 

contaminants. Cationic flocculants help 

gather these particles into larger clusters 

(flocs), which settle faster and thus simplify 

their extraction from the water.

	· Synthetic flocculants: In mineral processing, 

waste is frequently produced as sludge. Syn-

thetic flocculants are employed to thicken 

this sludge, improving handling and disposal. 

They enhance particle sedimentation, enabling 

more effective water separation and reducing 

waste volume.

	· Natural flocculants: Though less commonly 

used in mineral processing, natural flocculants 

can be considered to boost mineral recovery, 

particularly in situations where minimising 

synthetic chemical use is desired.

When dosing flocculants in thickener tanks, 

it is important to add them gradually in multi-

ple stages. It is recommended to have at least 

three dosing points along the feed chute to en-

sure thorough mixing of the pulp and flocculant, 

which improves the capture of fine particles and 

results in faster sedimentation.
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These additives play a crucial role in tailings 

thickening. Proper use of coagulants and floccu-

lants encourages fine particles to combine into 

larger flocs, making it easier to separate solids 

from water. This leads to quicker sedimentation, 

more compact slurry, and clearer overflow water 

that can be recycled back into processes requiring 

water.

6.2.3	 Filtration
Filtration is the process of separating solids 

from liquids using filter media. The choice of 

filtration method depends on factors such as 

the type of material to be filtered, flow rate, and 

desired process efficiency.

Common filtration methods include gravity fil-

tration, vacuum filtration, pressure filtration, 

centrifugal filtration, and membrane filtration. 

Each method offers specific advantages and 

disadvantages and is selected based on the par-

ticular needs of the process.

Filtration plays a key role in water recovery 

in aggregates operations due to the following 

characteristics:

	· Improved Water Quality: By removing sus-

pended solids, turbidity, and some contaminants, 

filtration produces cleaner water that is suitable 

for reuse.

	· Reduced Fresh Water Consumption: Elimi-

nating contaminants facilitates water recycling, 

thereby lowering the demand for fresh water.

	· Minimized Environmental Impact: Filtration 

removes pollutants before water discharge, 

helping to meet environmental regulations 

and protect ecosystems.

	· Enhanced Process Efficiency: Cleaner and 

more stable fluids improve the overall effi-

ciency of treatment and industrial processes.

	· Cost Reduction: Effective filtration can eliminate 

the need for additional water treatment 

steps, reducing operational costs.

6.2.3.1	 Gravity filtration

Gravity filtration is one of the simplest filtration 

methods, relying solely on gravity to separate 

solids from liquids. In this process, the liquid is 

poured onto a filter medium—such as cloth, fil-

ter paper, or a sand layer—and gravity causes 

the liquid to pass through while retaining the 

solids.

This method is typically used for solutions with 

low concentrations of solids. Common appli-

cations include separating solid particles from 

liquids, purifying oils, and removing impurities 

from chemical solutions.

In aggregates operations, the use of gravity fil-

tration is very limited, mainly applied in simple 

processes or as a pre-decanting step.

6.2.3.2	 Vacuum filtration

Vacuum filtration involves placing a filter medium 

inside a funnel connected to a vacuum system. 

When the liquid is poured onto the filter, the 

vacuum creates negative pressure that pulls the 

liquid through the filter medium, trapping solid 

particles on the surface. This technique is par-

ticularly effective for filtering viscous liquids or 

liquids with fine suspended solids, as it speeds 

up the filtration process and improves efficiency 

compared to simple gravity filtration.

There are different types of vacuum filtration 

equipment:

	· Rotary drum filter. 

	· Disc filter.

	· Ceramic disc filter.

	· Vacuum belt filter.

6.2.3.3	 Pressure filtration

Pressure filtration is a technique used to separate 

suspended solids, such as precipitates, from a 

liquid by forcing the liquid through a porous filter 

medium under applied pressure. This pressure 
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helps the liquid pass easily through the filter 

while retaining the solid particles, allowing for 

efficient separation even when solids are finely 

dispersed.

There are different types of pressure filtration 

equipment:

	· Filter press.

	· Vertical plate filter press.

	· Membrane filter press.

	· Tower press filter.

	· Pressurised drum filter.

	· Pressure leaf filter.

	· Pressurised belt filter.

6.2.3.4	 Centrifugal filtration

Centrifugal filtration is a separation process in 

which centrifugal force is used to separate the 

components of a liquid solution. This process 

is based on the principle that solid particles of 

higher density settle faster than particles of 

lower density when subjected to a centrifugal 

force.

The centrifuge filtration process begins with the 

introduction of the liquid solution into a special 

tube or vessel called a rotor. The rotor rotates at 

high speed, generating a centrifugal force that 

causes the solid particles to settle to the bottom 

of the tube or vessel. The supernatant liquid is 

separated from the settled solid particles and 

collected in a separate container.

The main application of the centrifugal filtration 

are:

	· Dehydration of mineral concentrates (copper, 

zinc, lead, etc.).

	· Tailings thickening and separation.

	· Drying of crystals or intermediate products.

	· Waste sludge treatment prior to disposal.

Some of the advantages of centrifugal filtration 

in terms of water recycling are:

	· The centrifugal filtration allows a fast and 

effective separation, obtaining a liquid with 

low turbidity and solids content, which facili-

tates its recirculation to the process.

	· The centrifuges operate continuously, which 

allows a constant water recuperation.

	· Some centrifuges operate without the use of 

chemical reagents.

	· Less water is lost when extracting water from 

the solid material and more water is allowed 

to recirculate.

There are 3 types of centrifuges used in filtration:

	· Peeler centrifuge.

	· Decanter centrifuge.

	· Vertical centrifuge.

6.2.3.5	 Membrane filtration

Membrane filtration is a physical separation 

method that separates molecules of different 

sizes and characteristics. The driving force is the 

pressure difference between the two sides of a 

special membrane. Membrane technology re-

duces overall production costs while improving 

product quality.

Membrane filtration involves passing a fluid 

through a membrane system that divides it into 

two separate streams: the permeate and the re-

tentate. The membrane acts as a physical barrier 

with specific properties that permit only certain 

substances within the fluid to pass through.

There are four commonly recognized types of 

membranes, classified based on the size of par-

ticles they filter out from the incoming liquid. 

Ranked by pore size from smallest to largest, 

these are: reverse osmosis, nanofiltration, ultra-

filtration, and microfiltration membranes.
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6.2.4	 Neutralization and pH adjustment
pH neutralization systems are designed to balance 

excess alkalinity or acidity in wastewater by 

accurately adding an acid (to counteract a base) 

or a base (to counteract an acid) with the aim of 

bringing the pH into a neutral range, typically 

between 6.0 and 8.0. These systems are either 

modular or mounted on platforms and automatically 

treat hazardous industrial wastewater, making it 

safe for discharge into lakes, rivers, streams, or 

municipal wastewater treatment plants (POTWs).

Alkaline substances like lime slurry or caustic 

soda are commonly used to neutralize acidic 

wastewater. On the other hand, acids such as 

hydrochloric acid or sulfuric acid are used to 

neutralize alkaline wastewater. It’s important 

to note that neutralization doesn’t always mean 

adjusting the pH to exactly 7. Sometimes the pH 

is set to specific levels to precipitate heavy metal 

hydroxides. A common drawback of these neu-

tralization processes is an increase in the salt 

content of the treated water.

The neutralization process involves multiple 

steps and equipment that can vary based on the 

type and volume of wastewater:

	· Homogenization of wastewater: If needed, 

large solids are removed using mechanical filters 

and sedimentation tanks. The wastewater 

is then stored temporarily in large tanks and 

mixed to achieve a uniform composition.

	· Mixing and dosing: Acids or bases are carefully 

added with dosing pumps. Ensuring even dis-

tribution of these chemicals throughout the 

wastewater is critical. Static mixers, neutralization 

pipelines, or mechanical agitators are typically 

used to accomplish this..

	· pH measurement and control: The pH level 

is continuously measured using probes that 

transmit data to a real-time control system. 

This system adjusts the dosing pumps to 

maintain precise pH control.

	· Reaction container: Neutralization occurs in 

specialized reaction vessels equipped with 

agitators and aerators, or within neutralization 

pipelines. Sufficient reaction time is essential 

to complete the neutralization.

	· Final inspection: Before the treated water 

is discharged into public sewers or natural 

bodies of water, a final quality check of pH 

and other parameters is performed to ensure 

compliance with regulatory standards.

6.2.4.1	 Neutralization with CO
2
 

Using carbon dioxide (CO
2
) to neutralize alkaline 

wastewater is a cost-effective and safe method. 

Unlike strong acids, CO
2
 provides a gentler neu-

tralization curve, allowing for more precise pH 

control and preventing the wastewater from 

becoming overly acidic. Additionally, the intro-

duction of CO
2
 enhances the buffering capacity 

of the water, resulting in a more stable pH.

When CO
2
 reacts with components in the waste-

water, it forms carbonates and bicarbonates, 

which are environmentally friendlier compared 

to salts produced by strong acids.

Neutralization and pH adjustment play a crucial 

role in managing water in aggregate processing 

for several reasons:

	· It helps remove heavy metals through precipi-

tation and boosts the effectiveness of other 

processes that depend on specific pH levels.

	· It ensures compliance with regulatory limits 

on pH and metal concentrations for water 

discharge.

	· Adjusting pH can control the growth of unwanted 

microorganisms in recirculation systems.

	· It prevents mineral scaling caused by excessively 

high pH and avoids equipment corrosion from 

very low pH.

	· It protects workers by minimizing exposure 

to solutions with extremely high or low pH, 

which can be hazardous.

Resources efficiency by process water recycling



38
RESOURCE EFFICIENCY AND WATER MANAGEMENT        

6.2.5	 Dissolved air flotation (DAF)
Dissolved air flotation (DAF) systems are spe-

cialized equipment designed for the separation 

of suspended solids, grease, and oils to clarify 

wastewater in both industrial and municipal 

contexts. Additionally, they are employed in 

the pretreatment of surface and marine waters 

to facilitate subsequent treatment and reuse. 

The DAF process effectively removes solids, 

fats, oils, and greases, generating a highly con-

centrated sludge, while significantly reducing 

Chemical Oxygen Demand (COD) and Biological 

Oxygen Demand (BOD).

The wastewater is first treated in an upstream 

coagulation-flocculation system, where coagulants, 

polyelectrolytes, and pH adjustment chemicals 

are dosed to promote the formation of flocs. The 

treated water is then directed to the DAF unit.

DAF units are specifically engineered to treat 

wastewater containing non-floating solids that 

require a substantial surface area for flotation 

and separation. Air flotation is essential, espe-

cially when the particle density is influenced by 

a combination of emulsions, oils, and solids.

A portion of the clarified water is recirculated 

via a pump to a pressurization and saturation 

system, where it is pressurized to approximately 

6 bar and saturated with air. Under these condi-

tions, air dissolves into the water. Upon entering 

the DAF unit, the pressure drop causes the for-

mation of microbubbles ranging from 30 to 50 

microns in diameter. These microbubbles attach 

to suspended particles lacking sufficient buoyancy, 

aiding their rise to the water surface.

The water and bubble mixture is uniformly dis-

tributed within the DAF inlet compartment 

under laminar flow conditions. The floated par-

ticles are collected at the surface and removed 

via skimmers, directing them to a dewatering 

system located at the top of the unit. Sedimenta-

ble solids settle to the bottom compartment and 

are extracted through a sludge removal system.

Finally, the clarified water exits the DAF unit 

through an adjustable overflow system. A 

portion of this clarified water is continuously 

recirculated to maintain the air saturation pro-

cess, ensuring efficient operation.

6.2.6	 Biological treatment
Primary treatment in wastewater processes is 

unable to eliminate all colloidal, dissolved, and 

fine organic materials. Consequently, biological 

treatment is necessary to remove these residual 

components. Biological treatment depends on 

microorganisms that consume organic contami-

nants present in the water.

This treatment employs various microorganisms—

including bacteria, algae, fungi, protozoa, and 

nematodes—that metabolize organic matter 

into inorganic compounds, effectively reducing 

the Biochemical Oxygen Demand (BOD).

Key features of biological treatment in aggregate 

processing include:

	· Significant reduction of Biological Oxygen 

Demand (BOD) and Chemical Oxygen Demand 

(COD), thereby lowering the organic load of 

the wastewater.

	· Removal of heavy metals and sulfates, miti-

gating water toxicity through the activity of 

diverse microorganisms.

	· Degradation of toxic compounds such as 

thiocyanates and cyanides via specialised 

bioreactors, enabling both water reuse and 

safe discharge.

	· Facilitation of treated water reuse in processes 

like flotation and leaching, subject to specific 

quality standards.
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	· Enhancement of downstream treatment 

processes, such as membrane filtration and 

reverse osmosis, by reducing contaminants 

and prolonging equipment lifespan.

Biological treatment methods can be catego-

rized into aerobic, anaerobic, and pond-based 

processes. These are further classified by the 

biomass configuration as either suspended bio-

mass systems or fixed biomass systems.

The most common biological treatments are as 

follows:

6.2.6.1	 Activated sludge

The activated sludge system is a biological 

wastewater treatment method that utilizes 

microorganisms—primarily facultative hetero-

trophic bacteria—that thrive in the wastewater 

environment. These microorganisms consume 

dissolved organic matter, transforming it into 

simpler substances such as new microbial bio-

mass, carbon dioxide, and water. This process 

serves as a secondary treatment stage in waste-

water treatment plants (WWTPs) and is widely 

employed in both municipal and industrial appli-

cations due to its effectiveness.

6.2.6.2	 Trickling filters

Trickling filters (TFs) are employed to elimi-

nate organic matter from wastewater through 

an aerobic treatment process. In this system, 

microorganisms grow attached to a support 

medium, where they break down organic pollut-

ants as the wastewater flows over the surface. 

Trickling filters are part of a broader category 

of attached-growth treatment technologies, 

which also include rotating biological contactors 

and packed bed reactors (bio-towers). These 

attached-growth systems differ from sus-

pended-growth processes, where microorganisms 

are maintained in the liquid phase rather than on 

a surface.

6.2.6.3	 Constructed wetlands

Constructed wetlands, also known as artificial 

wetlands, are treatment systems designed to 

manage domestic and sanitary wastewater. Re-

cently, their use has broadened to include the 

treatment of various industrial effluents. These 

installations perform processes similar to those 

in conventional liquid effluent treatment plants.

Constructed wetlands are engineered systems 

that enhance the natural purification functions 

of ecosystems. They consist of specific plants 

capable of metabolizing and breaking down 

organic pollutants present in the wastewater 

they are exposed to, thereby improving water 

quality.

There are three main types:

	· Wetlands with free water surfaces (FWS) 

	· Subsurface horizontal flow wetlands (SHFW)

	· Subsurface vertical flow wetlands (SVFW)

6.2.6.4	 Membrane bioreactors (MBR)

Membrane bioreactors (MBRs) are aerobic acti-

vated sludge treatment systems that integrate 

biological degradation with membrane filtration 

for solid-liquid separation. The membranes used 

in these systems are typically either hollow fiber 

or flat sheet membranes.

An MBR system consists of a bioreactor cou-

pled with multiple membrane modules. These 

filtration modules can be installed either in-

side (internal MBR) or outside (external MBR) 

the bioreactor. Notably, external MBR systems 

consume approximately ten times more energy 

than internal systems.

Despite the higher energy demands, external 

MBRs offer several advantages, including the 

ability to clean membranes in place (in situ), easier 

access to the membrane modules, flexibility to 

adjust the number of modules, and improved 
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control over aeration within the bioreactor to 

maximize oxygen transfer efficiency.

6.2.6.5	 Anaerobic reactors 

Anaerobic biological reactors offer significant 

potential in wastewater treatment by enabling 

the valorization of organic matter and promoting 

maximum efficiency and sustainability in indus-

trial water management.

These systems are based on anaerobic technolo-

gy and include two main types of equipment: 

anaerobic reactors and anaerobic digesters. 

Anaerobic reactors are primarily designed for 

wastewater treatment, whereas anaerobic di-

gesters are used for the treatment of wastes 

such as sludge. Both types of equipment har-

ness the energy potential of organic waste by 

producing biogas. In the case of digesters, the 

process also yields digestate, a nutrient-rich by-

product that can be utilized as fertilizer due to 

the anaerobic digestion process.

Common anaerobic reactors employed in aggre-

gate wastewater treatment include Upflow 

Anaerobic Sludge Blanket (UASB), Expanded 

Granular Sludge Blanket (EGSB), Continuous 

Stirred Tank Reactor (CSTR), Anaerobic Mem-

brane Bioreactor (AnMBR), fixed bed reactors, 

hybrid reactors, and anaerobic lagoons.

6.2.6.6	 Cyanide bioreactors

Cyanide bioreactors are biological treatment 

systems designed to remove or degrade cyanide 

compounds from aggregates wastewater. The 

cyanide bioreactors use microorganisms (mainly 

bacteria and fungi) that can metabolise cyanide, 

transforming it into less toxic substances.

The principal functions of cyanide bioreactors 

are:

	· Cyanide degradation: They biologically break 

down free cyanide (CN-) and complexed 

cyanide compounds found in aggregates 

effluents

	· Wastewater detoxifying: By converting cyanide 

into non-toxic end products like ammonia 

(NH
3
), carbon dioxide (CO

2
), and nitrogen 

compounds (nitrates or nitrogen gas).

	· Reduce Environmental Impact: Ensure treated 

water meets environmental regulations 

before discharge or reuse.

The cyanide bioreactors used in aggregates 

wastewater treatment are as follows: 

	· Activated sludge reactor

	· Fixed bed reactor

	· Membrane bioreactor

	· Sequencing batch reactor

	· Modified anaerobic reactor

	· Biofilm/column reactor

6.2.6.7	 Gas-phase biofilters

Biofiltration refers to biological processes 

employed to control or treat a wide variety of 

organic and inorganic contaminants. In these 

systems, microorganisms are responsible for 

the complete degradation of pollutants present 

in air or wastewater streams.

Biofilters represent the simplest and oldest form 

of bioreactors used for the treatment of waste-

water and the removal of undesirable gases. 

Historically, biofiltration technology has been 

widely applied in various industrial settings, 

particularly for eliminating odors generated by 

wastewater treatment facilities.

The main types of gas-phase biofilters utilized in 

aggregates wastewater treatment include:

	· Compost biofilters

	· Peat or fiber biofilters

	· Synthetic media biofilters

	· Fixed bed biofilters
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6.2.6.8	 Bioremediation systems

In wastewater bioremediation, living microor-

ganisms play a crucial role in purifying contami-

nated water. Organisms such as fungi, algae, and 

bacteria are employed to break down pollutants, 

thereby restoring a degree of water purity. This 

approach leverages natural biological degrada-

tion processes to treat wastewater effectively.

The selection of specific microorganisms de-

pends on the type of water and the nature of 

the contaminants present. Each microorganism 

has the capacity to metabolize and transform 

toxic chemicals into less harmful or harmless 

substances, safeguarding human health, animal 

welfare, and the environment.

The main bioremediation systems applied in ag-

gregates wastewater treatment include:

	· Bioreactors

	· In situ bioremediation

	· Phytoremediation

	· Bioaugmentation

	· Biostimulation

	· Fungal bioremediation

	· Passive bioremediation (e.g., constructed 

wetlands)

6.2.6.9	 Sulfate-reducing bioreactors (SRB)

Sulfate-reducing bioreactors, utilizing sulfate-re-

ducing bacteria (SRB), present a cost-effective 

and efficient alternative to conventional heavy 

metal wastewater treatment methods. Tradi-

tional continuous systems using suspended cells 

often require long residence times (tR), a limita-

tion addressed through cell immobilisation 

techniques.

One effective design is the downflow fluidized 

bed reactor (DFBR), which enables the sepa-

ration of metal sulfides from the biomass. This 

prevents biomass occlusion and facilitates the 

recovery of valuable metals. Additionally, the 

DFBR configuration is well-suited for treating 

wastewater containing inhibitors such as heavy 

metals, acidic pH, and hydrogen sulfide (H
2
S) 

produced by sulfate-reducing bacteria.

The principal sulfate-reducing bioreactors em-

ployed in aggregates wastewater treatment in-

clude:

	· Upflow Anaerobic Sludge Blanket (UASB)

	· Packed Bed Bioreactor (PBBR)

	· Fluidised Bed Reactor (FBR)

	· Compost-Based Bioreactor

	· Hybrid Systems

	· Subsurface Flow Wetlands with Sulfate-Re-

ducing Bacteria

6.2.7	 Ion exchange
Ion exchange is a well-established method widely 

used in various industrial applications to enhance 

water quality. Although primarily applied for 

water demineralization, it is also effective for 

dealkalinization, deionization, and disinfection.

The process involves exchanging ions in water 

with ions of similar charge from a solid material 

known as an ion exchange resin. This chemical 

reaction can remove a broad range of contaminants, 

including heavy metals and organic compounds, 

thereby improving water purity and making it 

suitable for human consumption, industrial, and 

agricultural uses.

A key application of ion exchange is water softening, 

which targets the removal of hardness-causing 

ions such as calcium and magnesium. When 

hard water passes through a negatively charged 

resin, calcium and magnesium ions are released 

from the water and captured by the resin in exchange 

for sodium ions.

This ion exchange mechanism relies on straight-

forward chemical principles: calcium and magnesium 

ions bind to the resin’s exchange sites, while so-
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dium ions are displaced into the water. The re-

sult is softened water, better suited for various 

domestic and industrial applications.

6.2.7.1	 Ion exchange applications

First, in seawater desalination, ion exchange is 

employed to remove salt ions, transforming 

seawater into potable water. This process is 

essential in areas with limited freshwater re-

sources that depend heavily on seawater for 

drinking and agricultural needs.

In the industrial sector, ion exchange plays a vi-

tal role in wastewater treatment by removing 

pollutants and contaminants before discharge. 

This helps prevent environmental pollution of 

soil and water bodies, thereby protecting eco-

systems and public health.

Additionally, ion exchange is widely used in do-

mestic water purification, particularly in regions 

with hard water containing high mineral and 

contaminant levels. This treatment improves 

water quality, making it safe for consumption, 

cooking, and other household applications.

6.2.8	 Water disinfection
Water disinfection involves the removal, inactiva-

tion, or elimination of pathogenic microorganisms 

from water. This process stops the reproduction 

and growth of harmful microorganisms. If these 

microorganisms remain, the water becomes un-

safe to drink and can cause diseases. Therefore, 

drinking water must be free of such pathogens.

Disinfection is carried out using chemical and/

or physical agents. Besides eliminating mi-

croorganisms, these disinfectants also remove 

organic contaminants that serve as nutrients 

or habitats for microbial growth. An effective 

disinfectant not only destroys microorganisms 

but also provides a residual effect—remaining 

active in the water after treatment to prevent 

microbial regrowth within the distribution sys-

tem and avoid recontamination.

There are different types of wastewater disin-

fection:

6.2.8.1	 Chlorination

Wastewater chlorination is a chemical treatment 

process involving the controlled addition of 

chlorine in various forms, including gas, liquid, 

or chlorinated compounds. Chlorine is a highly 

effective disinfectant commonly used in treating 

drinking water, swimming pools, wastewater, 

and similar applications. The primary goal of 

chlorination is to eliminate or deactivate patho-

genic microorganisms—such as bacteria, viruses, 

and parasites—that may be present in the water 

and pose health risks if consumed.

6.2.8.2	 Ozonation

Ozonated water is a purification method that 

involves dissolving ozone gas into water. Ozone 

acts as a disinfectant effective against bacteria, 

viruses, and parasites, and also assists in mi-

cro-flocculation and the reduction of suspended 

solids. It is particularly notable for its strong 

oxidizing properties compared to other water 

treatment agents.

6.2.8.3	 Ultraviolet radiation

UV light plays a crucial role in deactivating mi-

croorganisms. When exposed to UV radiation, 

the nucleic acids within these microorganisms 

are damaged. This direct impact on their DNA 

prevents them from carrying out vital biological 

functions, rendering them inactive and unable 

to reproduce.

6.2.8.4	 Membrane filtration

Membrane filtration, as described earlier, is a 

method used for disinfecting wastewater. It 
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works by passing water through a membrane filter 

that removes bacteria, microorganisms, particles, 

and natural organic matter. The effectiveness of 

the filtration depends on the pore size of the 

membrane, which determines the size of con-

taminants that can be captured.

6.2.8.5	 Copper-silver ionization

Water treatment using copper and silver 

ionization seeks to disinfect water naturally, 

avoiding the use of chemical agents and thereby 

minimizing potential harm to human health 

and the environment. 

6.2.9	 Discharge or reuse of the treated 
water
Wastewater treated through the previously 

described processes must undergo thorough 

testing before being discharged into rivers, 

lakes, or other bodies of water. This ensures 

compliance with regulations set by the relevant 

authorities to prevent harm to the local flora and 

fauna and to minimize environmental impact.

Key parameters monitored include pH, suspended 

solids, cyanide levels, sulfates, heavy metals, 

among others.

In the aggregates industry, water reuse is practiced 

to reduce fresh water consumption. Treated wa-

ter can be recycled at any stage of the process, 

provided it meets the quality requirements 

necessary for that specific use. Implementing 

water reuse helps decrease the extraction of 

groundwater and surface water, while also 

lowering operational costs.
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Although compared to water consumed for the 

production of other common goods, the values 

for aggregates are quite reasonable, due to the 

nature of the process, the availability of water 

becomes essential, not only for the treatment 

process, but also for the use of personnel or 

maintenance amongst others.

 The water used in the aggregates extraction 

sites may come from different sources:

	· Withdrawal of groundwater by drilling.

	· Withdrawal of surface water.

	· Public/private water supply.

	· Recycling water from the process in a 

closed-circuit.

During the aggregate processing, four types of 

water streams are identified, regardless of their 

original source:

	· Input water, which contains dissolved minerals 

or particles.

	· Washing water, with a high content in fine 

particles and variation in turbidity and pH 

variations.

	· Settled water, with a low turbidity and may 

contain flocculants.

	· Discharge water, containing a high level of 

solids. Moreover, it must meet some legal 

requirements.

7.1	 Types of water 
pollution in aggregates 
sites

As discussed along the document, prevention, 

mitigation, and response protocols are essential 

for potential water contamination. Thus, identi-

fying types of water pollution is crucial.

Chemical Pollution:
Water contamination from the use of chemicals 

in facilities is one of the most common forms and 

can severely impact water quality. For example, 

the use of flocculants and coagulants during 

sedimentation stages can lead to organic con-

tamination and pH alterations.

Natural chemical pollution occurs when expos-

ing certain minerals releases elements such as 

zinc, lead, or sulfates. Treatment options include 

pH control and neutralization systems, filters to 

collect organic compounds, and scheduled wa-

ter quality monitoring.

Physical Pollution:
Physical pollution affects water quality and 

functionality, typically due to high turbidity 

caused by suspended sediments. Treatment 

approaches, as mentioned, include vegetated 

options that help retain suspended particles and 

prevent erosion, amongst others.

Pollution from auxiliary activities
Indirect pollution sources include may include 

dust control or vehicle cleaning without 
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proper solid or grease separation systems or 

a poor waste management in common areas of 

camps leading to contaminated runoff, for exam-

ple. In this case, mitigation measures involve 

installing grease traps and settling tanks in 

designated vehicle washing areas and enforcing 

good waste management practices.

7.2	 Sampling wastewater
The raw materials used for aggregates production 

do not contain any hazardous substances and 

are classified as inert by the European legislation 

(Directive 2006/21/CE) in most cases. Further-

more, all permits for aggregates sites are based 

on a technical permit subject to an Environmental 

Impact Assessment. All this result in a very low 

risk of water being contaminated by hazardous 

substances.

To reduce water consumption, process water is 

typically recirculated, by obtaining it either by 

sedimentation in settling ponds, filter presses, 

or thickener tanks to separate solids from the 

water.

If the water is not recirculated and instead dis-

charged, a Discharge License is required. This 

license specifies whether the discharge is per-

mitted, where it can occur, which parameters 

must be monitored, the limit values, and how to 

control flow and effluent volume. Specific limit 

values depend on the nature of the effluent and 

the receiving surface waters.

To assess the quality of water, sampling must be 

conducted. Sampling may be:

	· Grab sampling: A single sample taken at a 

specific moment

	· Composite sampling: A combination of grab 

samples taken at intervals

The frequency of sampling must be appropriate, 

depending on the process and regulatory re-

quirements.

Sampling purposes vary depending on the aim 

of the recycled water. If it is recirculated water 

that will be sent back to the process, it will 

be analysed to evaluate its suitability to the 

process as well as to assess the process efficiency. On 

the other hand, if the water is to be discharged, 

it will be analysed to ensure legal compliance 

and detect issues in treatment systems.

Sampling points in an aggregate plant typically 

include:

	· Freshwater intake

	· Output after aggregate washing

	· Before and after the settling pond

	· Output from the treatment system

	· Final discharge point (if applicable)

Once samples are obtained, the parameters to 

be measured (physical, chemical, and biologi-

cal) are determined to assess water quality. The 

most common ones include:

	· Temperature

	· pH

	· Turbidity

	· Total Suspended Solids (TSS)

	· Chemical and Biological Oxygen Demand 

(COD/BOD)

	· Free residual chlorine

	· Presence of microorganisms

In very few cases other substances like ammonium, 

metals and conductivity are measured.

Although highly dependent on the local legisla-

tion, the following tables show a general good 

chemical status of recirculated and discharged 

water.
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Water quality assurance methods

Depending on the destination, discharges are 

classified as:

	· Surface waters: Direct discharge into rivers, 

lakes, streams, reservoirs, canals or the sea.

	· Soil/subsoil: Direct infiltration into the ground.

	· Sewer network: Discharge into municipal networks 

for treatment at wastewater treatment plant

	· Sea or coastal

	· Indirect discharge: Through third-party 

handlers.

Periodic technical reports must be produced 

comparing water quality values obtained from 

accredited laboratories with limits established 

by European regulations.

A sediment collection system must be included, 

with scheduled maintenance to prevent over-

flow and accumulation of fine particles, which 

may cause turbidity levels to exceed legal limits.

Table 4
Water recirculated quality 

parameter. Source: own 
elaboration based on
European regulations

Parameter

pH

TSS

BOD

COD

Heavy metals

Hydrocarbons

Recommended
value

6.5 - 9.0

< 100 - 150 mg/l
Optimal < 60 mg/l

< 25 mg/l

< 125 mg/l

<= 0.1 - 1 mg/l

<= 5 mg/l

Environmental or tecnical reason

Avoid corrosion of equipment and
protect materials

Protect pumps, avoid wear, ensure
washing quality

Avoid salt accumulation and electrical 
problems

Prevent contamination of aggregates or 
surrounding environment

Indicates low organic load, prevents 
microbial growth

General control of organic contaminants

Applicable EU
Regulation

Directive 2000/60/EC

2.500-4.500

3.000-5.500

2.000-4.500

3.500-5.000

4.000-5.000

Conductivity <= 2500 µS/cm Contamination prevention if contact
with oils or machinery 3.500-5.000

WATER RECIRCULATED QUALITY PARAMETERS

Type of
discharge

Applicable EU
regulation pH

WATER DISCHARGE QUALITY PARAMETERS

BOD COD Metals Hydrocarbons Temperature Nitrates Oils Total 
nitrogen

Total
phosphorus

TSS

Surface 
water

WFD 2000/60/EC;
Dir. 2006/11/EC;

91/271/EEC
6.0 - 9.0

≤ 25
mg/L

≤ 125 
mg/L

Zn, Cu, 
Pb:

≤ 0.1 - 2 
mg/L

≤ 5 mg/L ≤30 0C
≤ 35 - 60 

mg/L

To soil/
subsoil

Dir. 2006/118/EC;
WFD 2000/60/EC

6.5 - 8.5

Heavy 
metals:
≤ 0.1 - 1 

mg/L

≤ 5 mg/L
≤ 50 
mg/L

Sewer
network

Dir. 91/271/EEC +
National/local 

regulations
6.0 - 9.5

Specific 
limits 

by local 
network

≤ 35 0C
≤ 10 
mg/L

≤200-400 
mg/L

To sea 
(outfall)

Dir. 2008/56/EC;
WFD 2000/60/EC

≤ 125 
mg/L

≤ 0.1 - 2 
mg/L

No increase   
> 3 0C

≤ 15 
mg/L

≤ 2 mg/L

Indirect 
(tank

discharge)

Reg. (EC) 
1013/2006;

Dir. 2008/98/EC

Same as 
direct

discharge

Same as 
direct

discharge

Same as 
direct

discharge

Same as 
direct

discharge

Same as direct
discharge

Same as 
direct

discharge

Same as 
direct

discharge

Table 5
Water discharge quality 
parameters. Source: own 
elaboration based on
European regulations
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Water quality assurance methods

7.3 Piezometers network

An important method to ensure quarry opera-

tions remain safe and efficient is the regular 

monitoring of surrounding water bodies. This 

involves checking their water levels, flow patterns, 

and quality. Piezometers are the main instru-

ments used for this purpose.

Piezometers assess groundwater conditions by 

measuring the height to which water naturally 

rises in a column. They also enable the extrac-

tion of water samples for further analysis. These 

measurements provide essential information 

about water accumulation within the site and 

help detect changes that may pose operational 

risks.

When installed throughout the site, piezometers 

provide the data needed to build underground 

flow maps. These help engineers locate and 

address potential issues early, before they 

become serious.

If needed, control points can be set up in key 

areas to manage how the quarry influences 

nearby groundwater.

7.4	 Auditing, certification 
and reporting

International standards and third-party assess-

ments are valuable tools for verifying and 

improving water performance. These tools 

foster accountability and stakeholder trust.

Widely used frameworks:

	· ICMM’s Water Stewardship Position Statement

	· GRI 303: Water and Effluents reporting 

standard

	· The Alliance for Water Stewardship (AWS) 

certification

	· CDP Water Security surveys

Annual water audits, performance benchmarks, 

and voluntary disclosures help drive progress 

and ensure that mining companies stay on track 

with their sustainability goals. 

Fig. 4
Set of piezometers. Source: own elaboration
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Resource efficiency by deposits charac-
terisation to improve their rock quality 
and cut-off grade.

This paper seeks to identify the most suitable 

geophysical methods for the characterization of 

deposits, namely the optimization of rock quality 

and its cut-off law. Following the analysis of the 

different geophysical methods, the following 

conclusions can be drawn: 

	· Gravimetry and magnetometry cannot 

provide information about the cut-off law of 

a rock or its quality, unless at such a level of 

detail that it can be used to make decisions 

about the exploitation/extraction of a re-

source, but indirectly, as seen in one of the 

pilots studied.  

	· Seismic methods can be used for rock charac-

terization since, by obtaining seismic wave 

velocity values, they allow discontinuities and 

fractures in the rock to be determined and, 

consequently, the rock classified according to 

the RQD parameter. 

	· Most geoelectric methods are useful for charac-

terising rock (ERT, SEV). The only geoelectric 

methods that can be used to determine the 

cut-off law are the methods are the radiometric 

and induced potential methods. 

	· Figure 5, corresponding to PERC Reporting 

Standard 2021 (PERC, 2021), sets out the 

framework necessary for classifying tonnage, 

grade or quality estimates to reflect different 

levels of geological confidence. Ultimately, 

the confidence levels in mineral resources 

(inferred, indicated, measured) and miner-

al reserves (probable and proved) of the 

Modifying Factors (factors affecting mining) 

are used to convert Mineral Resources into 

Mineral Reserves. 

While geophysical methods are a very useful 

tool in characterizing rock quality, it is necessary 

to cross-validate the interpretations and com-

bine different methods for a better understand-

ing of this rock.  

Operating costs must also be considered. The 

methodology employed in the magnetotelluric 

method, for example, is economically attractive 

compared to expensive seismic survey methods. 

08Conclusions

Fig. 5
Overall relationship between the Results of 
Exploration, Mineral Resources and Mineral 
Reserves, including Modifying Factors. Image 
taken from PERC (2021).
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Conclusions

Resource efficiency by implementing 
good practices on water treatment and 
management.

Water is becoming a scarcer and more climate-sen-

sitive resource, even though mining activities 

from mineral processing to dust control and site 

cooling still rely on it. Rather than only a envi-

ronmental concern, responsible water use has 

become a strategic one that immediately affects 

company continuity and profitability.

Effective water management currently sur-

passes the boundaries of a quarry. It demands a 

catchment-based approach that considers the 

entire water cycle, including the needs of local 

communities, farming, and adjacent ecosystems. 

organising at this level assures long-run sustaina-

bility and regulatory compliance.

It is essential to create strong links with closeby 

communities, especially Indigenous and rural 

people. Clear reporting, teamwork planning, and 

frank communication promote trust and avert 

disputes. To benefit both consumers and the 

corporation, some companies have even co-de-

veloped water infrastructure.

Before any excavation begins, one has to understand 

the hydrogeological and geological setting of the 

area. Extensive research helps operators to forecast 

potential consequences, identify dangers to local 

water resources, and develop tailored mitigation 

plans.

Avoiding pollution and reducing water con-

sumption depend on great site and building 

design. This encompasses everything from 

building infrastructure to include recycling 

systems appropriate for the certain site condi-

tions and water treatment.

In drought-struck regions, examining other 

sources of water is absolutely crucial. Treated 

municipal sewage, saline water from desalina-

tion operations, even rainwater collection can 

significantly reduce the load on freshwater 

resources.

Real-time monitoring of water flows, early 

identification of inefficiencies, and greater 

transparency for both public and regulators are 

made possible among other fresh digital tools by 

smart sensors, SCADA systems, and leak detec-

tion technologies.

Preserving downstream water quality calls for 

strict control of surface runoff and erosion. This 

covers site methods like progressive restoration 

and disturbed area planting as well as physical 

constructions including sedimentation ponds, 

diversion canals, and drainage systems.

People are one element for success, not just 

systems and design. Driving consistent and 

responsible water use requires employee 

training, established procedures, and a solid en-

vironmental culture throughout the organization.

Early identification of possible failures and con-

tamination risks allows for strong preventative 

and reaction actions, hence reducing the opera-

tional and environmental effects of unanticipated 

events.

More broad resource management is rather 

connected with water consumption. Employing 

circular economy concepts like water reuse, 

valuable material reclamation from effluents, 

and renewable power-fueled treatment systems 

can produce ecological as well as operational 

advantages.
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Conclusions

Actual case studies from all over Europe show 

the viability of effective and sustainable water 

management in mining. Programs like the Wa-

ter Living Lab in Spain, Tara Mines in Ireland, 

and even ancient water systems in Germany 

demonstrate how smart planning, innovation, 

and collaboration might provide long-lasting 

solutions.

Resource efficiency by process water 
recycling.

Water consumption is a very important aspect 

in mines, but there are many ways to reduce it 

without affecting the work. There are methods 

to collect water from points such as washing 

vehicles and heavy machinery, dust control on 

roads and highways, etc., and recycle it for other 

tasks instead of wasting it. It is also possible to 

take advantage of alternative sources to collect 

rainwater or even moisture from the air, which 

is very practical in areas where water is scarce.

In places close to the sea, desalination becomes 

a good option to ensure water supply, even if it 

requires a more complex system.

Offices and campsites also consume a lot of wa-

ter, but this can be reduced by using different 

technologies such as dual-flush toilets, sensor 

faucets or reusing gray water. In addition, using 

spray systems instead of large quantities of wa-

ter helps to reduce water waste, in addition to 

the system’s own advantages.

In short, combining all these practices makes for 

more responsible water use, lowers costs, and 

makes the operation more sustainable, without 

relying so heavily on freshwater sources.

-In the processing of minerals, large quantities 

of wastewater are produced in the mining sec-

tor, thus it is imperative to create systems meant 

to treat these waters. The physical and chemical 

characteristics of the effluent will determine 

which therapy to select. 

One should see wastewater treatment as a 

method of using this resource over again. Reusing 

water lessens environmental stress on local 

ecosystems by reducing the need to obtain it 

from outside sources. Each stage seeks to 

enhance water quality for its next use—indus-

trial, agricultural, or even domestic—ranging 

from removing suspended solids to final disin-

fection procedures, depending on the degree of 

treatment. 

Among the primary technologies applied are: 

Coagulation, flocculation, dissolved air flota-

tion, and filtration processes—all of which aid 

to provide clear water with low contaminant 

loads—are appropriate for recycling in interior 

activities without compromising the quality of 

the ultimate product. 

Effective for eliminating organic matter, heavy 

metals, and other undesirable pollutants, biologi-

cal therapies and ion exchange systems enable 

treated water to be recycled in applications that 

need better quality standards. 

Whether chemical (like chlorine and ozone) or 

physical (like UV light), disinfection processes 

guarantee the removal of pathogens and render 

the water fit for agricultural or urban utility 

applications. 

Important for preserving equipment and 

infrastructure integrity and for making sure 

treated water satisfies the necessary parameters 

for next operations, pH adjustment and chemi-

cal corrections help to guarantee this. 
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Conclusions

Today, many plants use a circular water economy 

strategy to not only lower trash volumes but also 

to re-use treated water inside the same manu-

facturing cycle. This reduces the extraction of 

natural resources, lowers operational costs, and 

facilitates compliance with more demanding en-

vironmental rules. 

Eventually, a well-planned wastewater treatment 

and recycling system turns a possibly dangerous 

waste into a useful, recyclable resource by im-

proving environmental performance and also 

becomes a major instrument to increase the sus-

tainability and efficiency of mining operations.

Water quality assurance methods

Water is essential in aggregate operations—not 

just for processing materials, but also for daily 

operational needs. Its constant availability must 

be ensured.

Despite low overall consumption, water quali-

ty must be closely managed due to exposure to 

solids, chemicals, and various process stages. 

Pollution risks come from chemical use, physical 

particles, and auxiliary site activities. Preven-

tion is more effective than correction, and good 

practices make a clear difference.

Sampling is a key part of water quality control. 

It helps verify if water is suitable for reuse or 

meets legal standards when discharged. 

Monitoring tools like piezometers are crucial 

for tracking groundwater behavior and preventing 

long-term risks to the environment and operations.

Adopting audits, certifications, and reporting 

frameworks strengthens water management, 

supports transparency, and aligns operations 

with sustainability goals.
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