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Abstract– In recent years, technology has allowed mining 

processes to be developed with fewer environmental impacts. A 

great concern is related to the use of water in extractive processes. 

In this opportunity, an evaluation of the recovery of tailings water 

using thermoplastic filters is presented. For the study, a gold ore 

processing plant located in a region with a water deficit was chosen. 

The investment in the filtering system amounts to US$778,460. The 

filtering system allows the recovery of 103,680 m3/y of water, which 

could be used to develop other industrial activities in the study area. 

With the recovered water, previously treated, it would be possible to 

plant cotton, olive trees and ornamental flowers (roses). 
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I.  INTRODUCTION 

In recent years, the mining industry has been 

implementing various strategies to develop its operations in a 

sustainable manner [1,2]. In fact, the possibility of using 

mining tailings as raw material for the construction industry 

has been evaluated [3-5], while in other mining operations 

efforts are being made to reduce water demand by reusing and 

recycling water within the various stages of the mining 

operation [6-8]. Normally, the effluents generated in various 

mining stages (drilling, concentration plant, tailings area, etc.) 

are reused [9-11]. However, the issue of recovering water 

contained in mining tailings to reuse it in other productive 

activities in areas close to mining exploration has been little 

explored. To recover water from conventional tailings, mining 

companies are opting for dry stacking tailings deposits 

technology. This technology allows tailings to be disposed of 

in a reduced space, since the recovered water reduces the 

volume needed to place the drained tailings [12-18]. 

To recover water from tailings, it is necessary to take into 

consideration the type of tailings with which one is going to 

work. Among the types of tailings, we have: 

• Conventional tailings (30-55% of solids in suspension) 

• Thickened tailings (50%-70% solids in suspension) 

• Tailings in paste (70%-85% solids in suspension) 

• Filtered tailings (>85% solids in suspension) 

There are different water recovery systems for mining 

tailings, such as tanks and filters, for different applications. To 

take advantage of the water resource, the recovered water is 

generally recirculated to the beneficiation plant for reuse 

during the mineral extraction process. Below we will mention 

the types of filters used to recover water from tailings: 

• Conventional filters (vacuum filtration with disc filters, 

belt filters, or press filters) 

• Modern high-performance vacuum disc filters 

• Thermoplastic filters 

 

Conventional filtration uses a system supplied by vacuum 

pumps to extract liquid from the tailings. The three main parts 

of the system are drum, disc and horizontal belt filters. Among 

the advantages of the conventional filtering process, we can 

mention that there is a constant reduction in costs because the 

manufacture of the filters and the feeding of the tailings is a 

continuous process. However, its main disadvantage is that the 

production speed depends on the filtration time, a cycle takes 

from 8 to 15 minutes depending on the pressure supplied to 

the filter [19-22]. 

Technological advances have improved filter design 

details, resulting in modern high-performance vacuum disc 

filters. This has improved filtering capacity, performance, 

operational safety and reliability, and maintenance and 

operating costs. 

On the other hand, in recent years, thermoplastic filters 

have emerged as an interesting application alternative. In fact, 

these types of filters have filtered more than 10 million tons 

since 2011 and have been successfully installed in several 

projects throughout America using outstanding and efficient 

techniques designed to meet the needs of different clients [23]. 

These filters are widely used in the metal processing industry. 

These include gold, copper, and specific results in the 

treatment of iron and polymetallic concentrates. 

In Peru, mining operations are mainly carried out in the 

high Andean zone, between 3000 and 5500 meters above sea 

level. Some other units are developed on the coast of Peru; 

and depending on the location, there may be limited access to 

water. On the other hand, in Peru, the recovery of water from 

tailings would improve the relationship between the mining 

company and the communities, given that 53.4% of the social 

conflicts that arose in the country were due to water disputes; 

and of these, 60.2% are related to the mining industry [24]. In 

this sense, a limited demand for water by mining companies 

would not only allow the development of operations in a 

sustainable manner but would also allow the development of 

other productive activities [25]. 

II. HELPFUL HINTS 

A. Case study 

To assess the feasibility of recovering water from mine 

tailings, a beneficiation plant located in the district of Chala, 
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province of Caravelí, department of Arequipa was chosen [26] 

(Fig. 1).  

 

 
Fig. 1 Location of gold and silver ore beneficiation plant (case study). 

 

The beneficiation plant processes around 300 TMS/d with 

an average grade of 0.6 Oz/Tc of Au and 6 Oz/Tc of Ag. The 

beneficiation plant includes crushing, grinding, cyanidation, 

recovery by Merrill Crowe with carbon in leach (CIL) and 

carbon in pulp (CIP), desorption, electrowinning, smelting and 

disposal of tailings and waste [27]. Once the metallurgical 

process is completed, a tailing with the following 

characteristics is obtained: 

• Tailing: Au-CN  

• Target production: 300 t/d 

• Source: Desorption plant/Cyanidation circuit 

• Percentage of final water: 60% 

• Destination: Tailing’s dam 

• % Solids: 40% 

• Additive: None 

• Temperature: 17oC 

 

B. Water demand and consumption in the area 

An estimated 50 families were found in the farming 

community in the Chala district [26]. In 2017, the number of 

inhabitants in the district was estimated at 9,240 with an 

average water consumption of 8.07 m3/year, when the 

minimum recommended water consumption is 36.5 m3/year. 

The Chala district has 20 conventional tailings deposits and a 

river with an average flow of 0.7 m3/s. 

Table I shows the total number of men and women 

registered from 2018 to 2022 in the province of Caravelí and 

13 constituent districts. There is an increase of 1494 people 

between 2018 and 2022 in the district of Chala, which 

represents a growth of 13.8% in the next five years [28]. 

 

TABLE I 
TOTAL POPULATION IN DISTRICTS OF THE PROVINCE OF CARAVELÍ 

District  2018 2019 2020 2021 2022 

Caraveli 4157 4198 4227 4284 4332 

Acari 4976 5081 5172 5283 5381 

Atico 5641 5809 5962 6127 6271 

Atiquipa 511 493 475 466 455 

Bella Union 3147 3065 2978 2935 2895 

Cahuacho 646 628 609 599 591 

Chala 9338 9862 10368 10605 10832 

Chaparra 3653 3639  3613   3567 3516 

Huanuhuanu 3080 3144     3199 3268    3327 

Jaqui 1592 1585 1576 1581 1585 

Lomas 1544 1548 1580 1603 1625 

Quicacha 1899 1903 1902 1905 1906 

Yauca  1976 2006 2029 2060 2087 

Total  42127 42961 43690 44283 44803 

 

The extension of the district and the number of 

inhabitants in 2022 are: 

• Inhabitants (2022): 10832 

• Extension: 278.38 Km2 

• Average water consumption: 8.07 m3/year (22.1 

liters/day) 

• Number of mineral processing plants: 12 

• Number of tailings deposits: 20 (12 operational + 8 

closed) 

 

Obtaining a population density of 38.9 people/Km2. 

Conventional tailings contain between 30% and 40% liquids. 

The 12 plants located in the Chala district use conventional 

systems (August 2020). The minimum recommended water 

consumption is 36.5 m3/year [29]. 

 

C. Population directly involved with mining in the province of 

Caravelí 

 

Table II shows that of the districts of the Caravelí 

province with populations involved in mining, Chala is in 4th 

position with 503 participants, after Bella Unión with 1,291 

people involved, Cháparra with 1,150 and Huanuhuanu with 

1,019. 
TABLE II 

POPULATION DIRECTLY INVOLVED IN MINING [30] 

District  Population employed in mining 

Bella Union 1291 (30.5 %) 

Chaparra 1150 (27.2%) 

Huanuhuanu 1019 (24.1 %) 

Chala 503 (11.9 %) 

Acari 212 (5.0 %) 

Jaqui 46 (1.1 %) 

Yauca  8 (0.2 %) 

Total  4229 

 

1) Communities in the provinces of the department of 

Arequipa 

The total number of recognized and titled communities in 

the provinces of the department of Arequipa is shown in Table 
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III. The province of Caravelí has 100% recognized peasant 

communities. 
TABLE III 

NUMBER OF RECOGNIZED PEASANT COMMUNITIES 

Province 
Districts  

 

Total 

communities 

Recognized 

and titled  

Titled 

extension (ha) 

Arequipa 29 15 15 323,677.67 

Caravelí 13 9 9 148,991.99 

Castilla 14 17 17 348,405.66 

Caylloma 20 22 17 287,284.79 

Condesuyos 8 18 17 250,975.62 

La Union 1 23 20 56,438.81 

Total  85 104 95 1,415,774.54 

 

The number of families from the titled peasant 

communities in the department of Arequipa until 2009 is 

presented in Table IV. The peasant community of Chala Viejo, 

in the district of Chala, is made up of 50 families. 

 
TABLE IV 

FAMILIES BY PEASANT COMMUNITY IN THE PROVINCE OF CARAVELÍ 

Province Districts  Families 

Otapara Acari 135 

Atiquipa, Jaqui and Yauca Atiquipa 90 

Chala Viejo Chala 50 

Huanuhuanu Huanuhuanu 150 

Total   425 

 

2) Direct area of influence of the mining company of the 

case study 

The Chala Viejo peasant community is located within the 

area of direct influence in a radius of 13 km, as is the district 

of Chala in a radius of 8 km, as shown in Fig. 2. 

 

 
Fig. 2 Location of the benefit plant of the case study and the Chala Viejo 

peasant community [31]. 

 

3) Natural water resources in the Chala district 

The natural system of the area is made up of 4 main 

basins in the region: Acarí, Yauca, Chala and Cháparra whose 

river characteristics are detailed in Table V [32]. Groundwater 

from the aquifers of the Acari and Yauca valleys are also used. 

There are 461 classified wells, 409 are in Acari and 52 in 

Yauca with a total exploited volume of 2,408 Hm3. 

 
TABLE V 

WATER FLOW IN CHÁPARRA-ACARI 

River Distance (Km)  Flow rate (m2/s) 

Acará 194.7 17.5 

Yauca 172.2 14.3 

Cháparra 89.6 1.1 

Chala 73.2 0.7 

 

III. RESULTS 

A. Choice of filtering equipment. 

The operational capacity parameter for Au tailings is 

taken as a general standard for filtered products. In this case, 

the thermoplastic filters have a capacity to process tailings of 

180 kg/m2.h [33]. Table VI describes the operating 

characteristics of 04 models of thermoplastic filters as the 

effective filtering area of each disc (m2), the filter units, the 

number of ceramic discs per filter unit, which is constant, the 

total number of discs per equipment model, the total effective 

filtering area (m2) and the hourly productive capacity (t/h).  

 
TABLE VI 

TECHNICAL AND PRODUCTION CHARACTERISTICS OF THERMOPLASTIC 

FILTERS [33]. 

Model 
Disk filter 
area (m2) 

Filter 
Units 

Ceramic 
Disks 

Total 
disks 

Total 
area(m2) 

Capacity 
(t/h) 

YH-1 1 1 12 12 12 2.16 

YH-4 2 2 12 24 48 8.64 

YH-6 2 3 12 36 72 12.96 

YH-8 2 4 12 48 96 17.28 

 

The filtering equipment is sized according to the 

productive capacity of the processing plant. In the case of the 

processing plant in the case study, 2 units of model YH-4 

thermoplastic filters are suggested with a joint hourly capacity 

of 17.28 (t/h) to satisfy the production of 15.0 (t/h). 

The processing plant in the case study has a consumption 

of 600 m3 daily and 216,000 m3 annually, which represents an 

estimated 12.2% of the total annual consumption of processing 

plants (1,771,200 m3). 

 

B. Estimation of annual water recovery in Chala. 

It has been determined that the difference between solids 

in pulp between a conventional tailing and a filtered tailings 

ranges between 44% and 48%. The difference in water content 

in pulp is 48% for a tailing filtered at a target value of 12% 

moisture by weight (Table VII). 

 
TABLE VII 

DIFFERENCE BETWEEN THE PERCENTAGE OF WATER IN PULP BETWEEN A 

CONVENTIONAL TAILINGS AND A FILTERED TAILINGS [34] 

 % solids in pulp  % water in pulp 

Conventional tailings 40% 60% 

Leaked tailings 84% -88% 12% 
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The mineral processing plant of the case study processes 

an average of 300 t/d and 109,500 t/y for a perfect year, 

consuming 216,000 m3 of water annually. The theoretical 

volume of water to be saved by having filtered tailings, with 

an average reduction of 48% is:  

- 300 Tons of tailings processed daily (t/d) 

- 109,500 tons of tailings processed annually (dt/y) 

- 103,680 Theoretical volume of recovered water (m3/y) 

 

A recovery of 48% of water consumption in the Chala 

plants is estimated at a total of 850,175 m3/y, while the 

district's consumption is only 74,566 m3/y. 

 

Local consumption is estimated in the rural community of 

Chala Viejo considering 50 families with an average of 4 

members per family and an estimated consumption around 

8.07 m3 [26,28]. The estimate of local water consumption for 

the town of Chala Viejo and the percentage of consumption in 

Chala Viejo over the theoretical volume of water recovered in 

the mineral processing plant of the case study is less than 5% 

as described below: 

- Estimated annual consumption of Chala Viejo: 1600 

m3 

- Consumption in Chala Viejo / Theoretical volume of 

water recovered in the mineral processing plant of the 

case study (m3/y): 2% 

 

The estimated total annual consumption for all plants in 

the Chala district is 1,771,200 m3/y and the theoretical volume 

of water to be recovered by providing filtered tailings with 

humidity of 12% would be 850,176 m3/y. 

On the other hand, the annual water consumption in the 

district of Chala amounts to 74,566 m3/y, estimated according 

to the number of inhabitants of the district and their average 

consumption. The ratio between consumption in Chala and the 

theoretical volume of water recovered in the Chala plants 

(m3/y) is less than 8.8%. 

 

C. Decrease in tailings volume and water demand 

Among the environmental aspects to consider, one of the 

most important is the reduction in tailings volumes that must 

be disposed of safely, to avoid spills, generation of fugitive 

dust and acid mine drainage, among others. As these are 

tailings with water contents of only 12%, the disposal area is 

reduced to a quarter as shown in Table VIII [34]. 

 
TABLE VIII 

DIFFERENCE BETWEEN THE PERCENTAGE OF WATER IN PULP BETWEEN A 

CONVENTIONAL TAILINGS AND A FILTERED TAILINGS [34]. 

item Conventional tailings Leaked tailings 

Tonnage (T) 300 300 

Disposition area (m2) 20,000 5,000 

Underflow density (%)  40 84 - 88 

 

On the other hand, if we calculate the volume of tailings 

that is discharged to the tailings pond and considering an 

average density of 1.3 g/l and an operating time of 14 months 

of production with a footprint of 20,000 m2, we would be 

talking about a volume of 94,030 m3 of tailings that we would 

need to dispose of safely per year. 

Fig. 3 shows a theoretical comparison between the 

volumes required to deposit tailings of the three types: 

conventional, filtered and filtered flattened with a compactor. 

A flattened filtered tailing requires half the space to be 

disposed of than a conventional tailing. The natural swelling 

factor of 12% remaining humidity is disregarded [27,34]. 

 

 

 
Fig. 3 Estimated volume required over 14 months of production for a 

conventional tailing with 40% solids content compared to the volume 
provision for a filtered tailing with 88% solids content [31]. 

 

The water recovered from the tailings prior to disposal 

could be recirculated to the mineral processing plant circuit, 

Irrigation of dry areas and revegetation or used in another 

economic activity that benefits nearby communities. We will 

carry out a roughly feasibility study of the last scenario. 

 

D. Development of secondary economic activities 

By doing prior research, three agricultural products were 

chosen that require little water and that can be placed in the 

national and international market: the olive tree, the cotton and 

the roses. For this analysis we take as a basis the volume of 

recovered water of 103,680 m3/y (284 m3/d) obtained after the 

filtration process. With this volume of water, an approximate 

estimate of the possible hectares to be revegetated can be 

made.  

It is important to mention that before using the recovered 

water, it must be treated to eliminate or recover residual 

cyanide [35]. There are several methods for degrading CN- 

present in aqueous solutions. In this case, we will choose the 

destruction of CN with hydrogen peroxide (equation 1). 

 

 
 

According to equation 1, it is observed that for each mole 

of NaCN 1 mole of H2O2 is required. The estimated costs of 

cyanide destruction using this alternative are presented in 

Table IX. 
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TABLE IX 

ESTIMATED INVESTMENT IN CYANIDE DESTRUCTION 

Volume of recovered 
water (m3/y) 

CN- concentration in 
recovered water (mg/L) 

CN-content in 
recovered water (g) 

103,680 50 5184 

Amount of H2O2 needed 
to destroy CN (kg)*f 

 Price of H2O2 
(USD/Kg) 

       Total required 
(USD) 

3957.90 2.32 9182.32 

f = Safety factor (10%) 

 

For the cultivation of any plant, it is necessary to 

consider: 

- number of days watered (d) 

- reference evapotranspiration (ETo) 

- volume of water per plant (G) 

- crop coefficient (Kc) 

- irrigation efficiency (Ef) 

- horizontal spacing between plants (hs)  

- lateral spacing (ls)  

 

Then the volume of water needed can be calculated using 

the following equation [36]: 

 

 
 

1) The olive tree 

The cultivation of the olive tree is the most important in 

the province of Caravelí, Arequipa region. This region has an 

area of 2,894 hectares and an average annual production of 

13,086 tons of olives [37]. 

Taking equation (2) as a reference, 0.25 m3/plant per day 

would be needed to grow the olive tree [38]: 

 

 
 

Theoretically, with 284 m3/d, 1,136 olive trees would be 

irrigated, equivalent to 5.68 hectares, each tree occupying 50 

m2 (10m x 5m) and 200 trees per hectare. A revegetation of 

2,073 hectares per year is estimated [31]. 

 

2) The Cotton 

Cotton is also found within Caravelí's productive 

specialties [38]: 

 

 
 

In this case, theoretically with 284 m3/d, 3,787 cotton 

plants would be irrigated, equivalent to 0.3 hectares, each 

plant occupying 0.8 m2 (0.8m x 1m) and 12,500 plants per 

hectare. A revegetation of 108 hectares per year is estimated 

[31]. 

 

 

3) The roses. 

A final hypothetical case is also estimated to present the 

vegetation capacity for an ornamental crop, in this case the 

Rose, a crop which could generate commerce in the study area 

[39]: 

 

 
 

Finally, for the ornamental rose with 284 m3/d, 2,581 

roses would be irrigated, equivalent to 0.155 hectares, each 

plant occupying 0.6 m2 (0.6m x 1m) and 16,670 plants per 

hectare. A revegetation of 56.5 hectares per year is estimated 

[31].  

 

Tables X and XI present a summary of the three types of 

crops considered in the possible revegetated areas. Income is 

considered based on the minimum and maximum yield of each 

crop and a 2024 reference price. The olive tree would have the 

highest income potential considering that it is the main 

commercial crop in the study area. However, it is necessary to 

mention that each crop requires special treatments and 

involves a diverse investment environment, depending on the 

cultivation and harvest time. 

 
TABLE X 

SUMMARY OF YIELD AND ESTIMATED THEORETICAL VALUE OF 

INCOME OF OLIVE AND COTTON 

Product  Ha Tn/Ha 
Production 

(Tn) 
Price 

(USD)c) 
Income 
(USD) 

Olive 2073 
10a) 20,730a)  

1.6 
33,168,000 

12b) 24,876b) 39,801,600 

Cotton 108 
0.66a) 71.28a) 

2.02 
143,985.60 

1.33b) 143.64b) 290,152.80 
a)minimum production; b)maximum production; c)price per kilo.  
 

TABLE XI 
SUMMARY OF YIELD AND ESTIMATED THEORETICAL VALUE OF 

INCOME OF ROSES 

Ha Plants/Ha 
Dozen per 

plant 
Dozen per Ha Price 

(USD) 
Income  
(USD) 

56.5 16,670 

2.5a) 2,354,637.50 
2.63c) 

6,192,696.63 

5.0b) 4,709,275.00 12,385,393.25 

2.5a) 2,354,637.50 
1.32d) 

3,108,121.50 

5.0b) 4,709,275.00 6,216,243.00 

2.5a) 2,354,637.50 
0.53e) 

1,247,957.88 

5.0b) 4,709,275.00 2,495,915.76 
a)minimum production; b)maximum production; c)price per dozen top 

quality; e)price per dozen second quality; f)price per dozen third quality [40]. 

 

Considering the investment required to destroy cyanide in 

reclaimed water (9182.32 USD), we can affirm that the 

production of olives, roses, and cotton is feasible due to their 

positive income balance. 

 

E. Thermoplastic filter system implementation cost estimate 

The implementation of a system with thermoplastic filters 

starts with the filtering equipment. The Capex contribution for 
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the equipment is US$ 426,052, which includes 2 filtering 

units, insurance and installation. 

The filtration capacity is stimulated with higher density 

sludge, so a 40 x 12-foot thickening tank is chosen. The flow 

thickened to 55% suspended solids will be filtered from your 

flocculation. An estimated expense of US$ 154,202 includes 

installation, supports and auxiliary mechanisms. A nitric acid 

tank is also included for the care and cleaning of the machines 

[34]. An estimate of the total investment needed is 

summarized in Table XII. 

 
TABLE XII 

INVESTMENT CAPEX FOR THERMOPLASTIC FILTER SYSTEM 

Description Investment (USD) 

Detail engineering  38,940 

EIA  38,940 

Site preparation  53,737 

Filtering systems  426,052 

Thickener tank  154,202 

Nitric acid tank  5,192 

Belt system  61,395 

Total Capex (USD)  778,459 

 

In addition to the investment amount, it is necessary to 

calculate its operating and maintenance expenses. The Opex of 

the filtering systems varies for the first year considering that 

the maintenance and service for the filtering equipment for the 

first 12 months are granted as a guarantee for their purchase, 

calculating at US$ 15,947.37/month and 191,370.80/year [34]. 

A total estimate of the necessary requirements is summarized 

in Table XIII. 

 
TABLE XIII 

OPEX ESTIMATION OF THERMOPLASTIC FILTRATION SYSTEM 

Description Monthly cost (USD) 

Maintenance of Filtering Machines  5,138.17 

Energy consumption  1,135.15 

Supplier maintenance  1,384.17 

Hauling and compaction  11,600.00 

flocculant  958.50 

Supervision  869.75 

Total Opex (USD) 21,085.74 

 

IV. CONCLUSIONS 

With the evaluation carried out we can affirm that it is 

possible to use thermoplastic filters to recover tailings water 

from a mining process.  

The economic evaluation shows that, in the span of 6 

years, the implementation of the tailings filtering system with 

thermoplastic filters is viable given that the CAPEX is US$ 

778,460. 

It was determined that the system with thermoplastic 

filters allows a recovery of approximately 48% of water from 

a conventional tailing, which represents a recovery of 103,680 

m3/year.  

It was determined that the volume of recovered water 

could be used to revegetate 56.7 ha with rose bushes, 108 ha 

with cotton plants or 2073 ha with olive trees. It would mean 

average annual income of US$ 5,274,388; US$ 217,069 and 

US$ 36,484,800 respectively. However, it will be necessary to 

carry out a detailed economic analysis to evaluate costs related 

to investment and operation issues. 
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