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Abstract-- Currently, the Brazilian mining sector is recovering 

from a crisis due to the recent events that have raised doubts 

about the conditions of tailings dams and their structural 

efficiency. It is known that one of the great problems of the 

mining companies is the use of water resources in the ore 

transportation and storage of waste and one of the great expenses 

of their plants is the high consumption of electric energy to feed 

the engines. This paper aims to discuss and seek the possible ways 

to take advantage of the available water resources in the 

exploration regions. The objective is to show the guidelines for 

the establishment of hydroelectric power plants in mining plants. 

It will also be discussed the possibility of reducing the demand for 

electric power purchased from concessionaires and the sale of 

surplus electricity to other companies, which makes it attractive 

for mining companies to generate energy through the reject dam, 

since the water resources available in the region are used in the 

ore extraction and enrichment. 

 
Index Terms-- Mining, Tailings Dam, Power Generation, 

Hydraulic Energy, Sustainability. 

 

I.  NOMENCLATURE 

Pnom - Total installed capacity (MW) 

Pnom,b - Installed base capacity (MW) 

Pnom,p - Installed peak capacity (MW) 

Pref  - Reference power of the utilization (MW) 

EF - Firm energy (MW) 

fcapref  - Factor of reference capacity (-) 

pinst - Installed power (MW) 

hmáx - Maximum net fall height (m) 

hmed - Average net fall height (m) 

α - Coefficient that depends on the type of turbine desired 

qnom - Nominal turbine flow (m³/s) 

pinst Installed power (MW) 

hnom Nominal reference height of the turbines (m) 

η - Average efficiency of the turbine-generator set (-) 

 

II.  INTRODUCTION 

YDRAULIC potential in the world has been explored for 

millennia, its first use by the Greek people, who used 

water to move mills for the purpose of grinding wheat, sawing 

wood and making textiles [1]. However, according to [2] it 
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was only in the eighteenth century that studies were carried out 

to make more systematic and accurate the methodology of 

converting energy from hydraulic sources. Among the 

highlights of the area research is the work of the French 

engineer Bernard Forest de Bélidor in which he discussed the 

use of vertical axis turbines against horizontal axis turbines, 

characterizing the first studies to be implemented in 

hydroelectric power plants. From the 19th century onwards, 

the studies carried out led to the installation of small 

hydroelectric plants [1]. 

Also according to [1] in 1880/1881, hydraulic turbines were 

used to supply small establishments in Grand Rapids, 

Michigan and Niagara Falls, New York, with direct current 

being used for the supply. However, the first turbine to operate 

by alternating current was only installed in 1882 in Appleton, 

Wisconsin, characterizing the world's first hydroelectric plant 

emergence. 

A dam that separates the reservoir and the leakage channel, 

as demonstrated in Fig. 1, characterized the hydroelectric 

power plants. A maximum water height is set for the tank. As a 

safety feature to prevent the height limit, there is a small 

spillway installed adjacent to the side of the plant, which flows 

into the leakage channel. On the side of the dam facing the 

reservoir, an inlet valve does not allow solid waste to enter the 

duct leading the water to the turbines. As the water reaches the 

propellers of the turbines, the energy coming from their fall is 

transformed into kinetic energy in the turbine coupled to a 

generator, which produces electricity at low voltage. From that 

point, electricity is sent to a transformer, in which it is 

modified in electric energy in high voltage to be directed to the 

transmission network. After passing through the turbines, the 

water enters the exhaust pipe, where it will be directed to the 

leakage channel [2]. 

There is also another model according to which it is 

possible to operate a hydroelectric plant, where there is no 

dam to accumulate water (Fig. 2). What drives, therefore, the 

turbine is the natural flow velocity of the watercourse [3]. 
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Fig. 1.  Characterization of a hydroelectric plant [2]. 

 

 
Fig. 2.  Hydrokinetic turbine models [3]. 

 

Since the advent of the Industrial Revolution, energy has 

played an important role in the operation of industrial and 

others activities, as can be seen from Fig. 3. Currently, in view 

of the pressure to use clean energy conversion technologies 

and by the expansion of energy supply, it is necessary to 

develop processes that shows energy potential previously 

wasted. Such development is due to the trend of increasing 

energy consumption for the most diverse purposes. In this 

sense, the development of energy conversion processes in the 

urban environment is of paramount importance, since it 

decentralizes production and expands the supply of energy [4]. 

In this way, the proposal of new methods of energy utilization 

is an important step in the evolution of electromechanical 

conversion processes. Aware of this, this work shows the 

guidelines for the hydraulic potential studies of mining plants 

for electricity generation using the water of a tailings dam. 

 

 
Fig. 3.  Global energy use by source 1965-2013 (in million tons of oil 

equivalent) [4]. 

III.  TECHNICAL WORK PREPARATION 

 

Mining comprises a set of activities aimed at researching, 

discovering, measuring, extracting, treating or benefiting and 

transforming mineral resources in order to bring economic and 

social benefits [5]. As an industry, mining differs from other 

productive sectors because it is the supplier of inputs that are 

the basis of their production chains, due to the particularities in 

the design of waste generation for each mineral typology and, 

mainly, the differentiated connotations and very specific 

characteristics. Different from solid waste generated in other 

segments. 

Still, in the early stages of mineral extraction, rudimentary 

techniques and tools were used that prevailed for a long time, 

and the same happened in the later stages of treatment and 

processing. Consequently, the generation of tailings and the 

impacts resulting from their disposition in the environment 

were considered despicable, resulting in discards directly in 

nature [5]. 

 

A.  Mining Waste 

There are two important types of mining waste, the so-

called solid wastes of extraction (sterile) and 

treatment/processing (tailings). These residues may be piles of 

poor, sterile ores, rocks, sediments, soils, shavings and sludge 

from marble and granite sawmills, effluent dewatering pulps, 

leftovers from the artisanal mining of precious and semi-

precious stones, in processing. Other wastes resulting from the 

operation of the mining plants are effluents from treatment 

plants, tires, batteries used in vehicles and machinery, as well 

as scraps and oil residues in general, which are disposed in 

suitable places and in suitable forms [5]. 

Thus, the development of technology appear that seek the 

proper disposal and reuse of wastes and resources used in the 

mineral sector, especially in Brazil, because this waste can be 

the useful ore for the future development of humanity, which 

brings challenges for mining companies around the world. 

It is worth mentioning that in Brazil there is a specific 
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legislation on tailings and mining dams. The law number 

12,305 of August 2, 2010, established the National Policy of 

Solid Wastes. The law number 12,334 of September 20, 2010, 

established the National Policy System on Dams Safety and 

created the National Information System on Dams Safety 

(SNISB) in order to regulate the mineral sector that use 

tailings dams in its plant. 

For the disposal of mining waste, some forms can be used, 

such as bulk disposal (where the waste is transported by 

trucks) or conveyor belts in the form of pulp (where the solids 

are mixed with water and transported by pipes using pumping 

systems or by gravity) [5]. 

 

B.  Disposal of Mining Waste 

The disposal of tailings in reservoirs created by dams is the 

most commonly used method (Fig. 4). Its constitution and 

structure can be natural soil or built with the own tailings, the 

first being classified as conventional dams and the second as 

retaining dams with tailings and natural soil like. It is worth 

mentioning that many wastes are transported to the disposal 

area with a high water content, from 10% to 25% of solids [5]. 

 

 
Fig. 4.  Disposal of tailings in reservoirs [5]. 

 

The large volume of tailings generated, conditioned to the 

layout costs, makes it attractive to use soil, sterile or even the 

waste itself in the construction of the own tailing dams, 

provided that certain premises are obeyed, such as the 

separation of the fine and coarse fraction. Geotechnical 

techniques are different among the fractions, the control of the 

separation processes, the use of efficient drainage systems, and 

compaction of the tailings due to the increase in density and 

resistance and, finally, the surface protection of the dam [5]. 

As a way of ensuring the efficiency of the dam, it is 

necessary that the reservoir formed to contain the material is 

watertight in order to prevent the infiltration of effluents 

harmful to the quality of the waters, for example solutions 

containing cyanides, heavy metals or with very acidic pH. In 

these cases, the geological-geotechnical investigation is of 

great importance, and there is a need to waterproof the soils in 

some cases. 

 

C.  Methods of Dam Construction 

For the construction of a tailings dam, is required a starting 

dam that will serve as a guide and initial structure. Afterwards 

the containment will undergo alterations throughout its useful 

life, and the dams may be constructed with compressed 

material coming from loan areas, or with the waste itself, 

through the upstream, downstream or centerline method. 

The initial stage of the upstream dam (Fig. 5a) consists of 

the construction of a starting dyke of clayey material or 

compacted rock fill where the tail is thrown upstream of the 

line of symmetry of the dam, forming the deposition beach. 

This beach will become the foundation and eventually provide 

construction material for the next rise. This process continues 

successively until the final quota foreseen in the project is 

reached [6]. In the downstream method (Fig. 5b), the initial 

stage also consists of the starting dam construction, however 

subsequent rises are performed downstream of the starting 

dam. The geotechnical behavior of the centerline method 

resembles dams upstream, which constitutes a variation. Thus, 

the dams raised by the centerline method (Fig. 5c) shows an 

intermediate arrangement between the two other methods 

mentioned [6]. 

 

 
(a)  Upstream method. 

 
(b)  Downstream method. 

 
(c)  Centerline method. 

Fig. 5.  Methods of dam construction [5]. 

 

 

D.  Proposed Use of Mine Water 

The use of mine water and tailings dams to generate 

electricity for the ore production and beneficiation units is 

primarily aimed at making the best use of available water 

resources in the Brazilian exploration regions [6].  The 

operation of a mining company or the mining activity is 

conditioned to the availability of the water resource, both 

surface and underground water resources are exploited. 

The use of water resources for mining is not only limited to 

the mining process, but also extends to the beneficiation and 

transport activities of the minerals, as well as to the closure of 

the mine. Since the mineral sector is a major user of natural 

resources, especially water, Brazilian environmental agencies 

oblige mining companies to plan the use of such resources 

with appropriate tools, designs and implementation of 

preventive and corrective measures, from the research phase to 

the post-closing phase of the plant [6]. 

The best use of the water resources of the mining plants can 

be done in two ways. In the first one, with the use of the 

kinetic energy of the water from the mines, pumped upstream 
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and guided to the dam. In a second one, the gravitational 

potential energy of the water that falls downstream of the dam 

and flows into the nearest river, returning to its normal bed [7]. 

The use of the kinetic energy of the water from the mines 

becomes important and profitable for the miners from the 

moment they have in their plants large volumes of water 

pumping of their mines, guaranteeing great energetic potential 

in the upstream bed. In order to capture all of the energy, we 

suggest a turbine design coupled with small generators that 

will convert the kinetic energy of the water into the riverbed 

for electric power with the potential to feed part of the mine 

machinery [7]. 

The use of the potential gravitational energy of the water 

from the tailings dam becomes important and profitable for the 

mining companies from the moment it leaves the dam and 

returns to the natural riverbed. In order to capture this energy, 

it is proposed to use the already existing water outlet structure 

and the installation of turbo generator sets at the exit near the 

riverbed, taking advantage of the fall of the dammed water [7]. 

The water potential energy is widely used in Brazil for the 

production of electric energy, so this technology is already 

well developed and can be easily installed. Already the use of 

the current upstream of the dam, all the kinetic energy from the 

water pumped from the mines is not yet in use, which provides 

an innovative project and a certain profitability for any mining 

company [7]. 

 

E.  Guidelines for Studies and Projects of Hydroelectric 

Power Plants 

For the development of hydroelectric power station projects, 

it is necessary to use some guidelines, such as hydroelectric 

potential estimation, hydroelectric inventory studies, economic 

feasibility study, basic project design and executive project 

[8]. 

 

i. Hydroelectric Potential Estimation 

In order to estimate the hydroelectric potential of a tailings 

dam, a preliminary analysis of the characteristics of the river 

bed basin where the mining company installed its plant is 

necessary, especially the topographic, hydrological, geological 

and environmental aspects. The energy generation can be 

through potential and kinetic energy using turbogenerators. 

For this analysis, it should be based exclusively on the data 

available by the company, and from them make an initial 

assessment of the potential, setting priorities, deadlines and 

costs of the project studies [8]. 

 

ii. Hydroelectric Inventory Studies 

The development of the hydroelectric inventory is initiated 

with the hydroelectric potential determination of the river 

basin and established the best fall division, through the 

identification of the uses that, as a whole, provide the 

maximum energy, the lowest cost and the minimum impact to 

the environment. This analysis should be based on secondary 

data, complemented with essential field information, and based 

on basic cartographic, hydrometeorological, energy, geological 

and geotechnical, environmental and other water use studies. 

Finally, this analysis should result in a set of uses, its main 

characteristics, cost-benefit and environmental indices [8]. 

 

iii. Economic Feasibility Study 

After all the estimation of the hydric potential of the dam 

and the study of the hydroelectric inventory, it is necessary to 

define the global design of the plant area utilization. This kind 

of study aims to the technical, economic and environmental 

optimization in order to determine its benefits and associated 

costs. The costs relate to the plant conception, its size, local 

and regional infrastructure necessary for its implementation, 

reservoir, influence area, other uses of water and 

corresponding socio-environmental actions [8]. 

 

iv. Basic Project Design 

After the feasibility study, the project detail is developed in 

order to define the safety of the structures through the 

development of the technical characteristics of the project, the 

technical specifications of the foundation and 

electromechanical equipment, as well as the socio-

environmental projects. All of this aiming at the reuse of 

existing structures in the mining company, such as the dam, 

current pipelines for the ore transportation and water [8]. 

 

v. Executive Project 

After approval of the basic project design, it is necessary to 

process and elaborate the detailed drawings of the foundations 

involved for the reuse of water and the construction of the 

small hydroelectric dams. In addition, the executive project 

demands the electromechanical equipment required for the 

work execution, the machinery assembly, and the 

implementation of social and environmental projects, which is 

a requirement of the Brazilian government [8]. 

 

vi. Dimensioning Parameters 

Once the tailings dam and its construction characteristics 

have been specified, the parameters of energy design must be 

defined. The main parameters are the maximum and minimum 

levels of storage, installed power and reference and design 

drop heights of the turbines [9]. 

The maximum and minimum storage levels refer to the level 

of the reservoir water mirror, where the higher the maximum 

level, the greater the dam production and, consequently, the 

larger the dam size. The minimum level determines the 

minimum operating volume of the reservoir and the difference 

between the two levels is called the useful volume for energy 

production [9]. 

Installed power is an important parameter for the design of 

hydroelectric power plants of any size. Through it is 

established the upper limit for the power amount that can be 

generated defining the specifications of the engines involved in 

the process of electric power generation. For this, the total 

installed capacity is used [9]. 

The total capacity of one plant installed in tailings dams can 

be calculated by adding up the capacities installed in the 

upstream and downstream sectors of the dam. Equation (1) 

shows how to determine the installed capacity in each of the 

sectors (1) [9]. 
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pnom,bnom,nom PPP                 (1) 

 

Where Pnom (MW) is the total installed capacity of the 

sector, Pnom,b is the installed base capacity, defined as the 

minimum capacity required for the turbines to be run without 

any flows flowing through the critical period of the system. 

Finally, Pnom,p is treated as the installed peak capacity. 

For the dimensioning of a hydroelectric power station, it is 

necessary to carry out the survey of its installed power. The 

determination of the power must be made considering the 

reference capacity for all the uses through (2) [9]. 

 

ref

ref
fcap

EF
P                   (2) 

 

Where Pref is the reference power of the utilization (MW), 

EF is the utilized energy (MW) and fcapref is the factor of 

reference capacity. 

Once the reference capacity has been obtained, the 

calculation of the installed power is done. Which can be 

calculated as (3) [9]. 
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Where Pinst is the installed power (MW), hmax is the 

maximum net fall height (m), hmed is the average net fall height 

(m) and α is the coefficient that depends on the type of turbine 

in the hydroelectric power plant is adopted 1.2 for Kaplan 

turbines and 1.5 for Francis or Pelton turbines). 

Based on the installed power analysis, the nominal flow 

(qnom) is calculated as (4) [9]. 

 






nom

inst
nom

h

P
q

61081.9
            (4) 

 

Where qnom is the nominal turbine flow (m³/s), Pinst is 

installed power (MW), hnom is the nominal reference height of 

the turbines (m) and η is the average efficiency of the turbine-

generator set. 

Thus, it is possible to notice, the efficiency of the whole 

project is related to the efficiency of the turbines used. It is 

necessary to know which waterfall is defined for the project. 

The design fall is defined as the fall in which the turbine 

presents the maximum efficiency and can be calculated as (5) 

[9]. 

 


 


Energy

)EnergyfallLiquid(
Efficiency         (5) 

 

Thus, through the calculated efficiency, it is possible to size 

and analyze the viability of the implementation of a 

hydroelectric plant in tailings dams. In addition, observing the 

Brazilian market for the extraction and enrichment of ore and 

the current world energy scenario, the exploitation of water 

resources in the exploration regions is extremely relevant. 

Therefore, this article aims to present guidelines for the study. 
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