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Abstract 
 

  The use of pipeline to transport tailings is a usual practice mineral processing plants all around the world. 

 These pipelines can be of short, medium or long distance and the preponderant factor for this, is the available 

area for the deposit of tailings. 

 The transportation of tailings through pipes demands a special treatment mailing where the product that is 

being transported has harmful characteristics to the environment. 

 It is the responsibility of the mining company to develop a project with quality and safety. 

 A project with this premise was developed by Votorantim Metais Zinzo (VMZ) that needed to transport its 

tailings to a new dam next to its processing plants of zinc, this pipeline have approximately 6 kilometers. 

 This project had as main characteristics the verifications of the existing facilities and approval from its use or 

not to transport to a new dam called Murici, indicating possible improvements in the system. These facilities were 

composed of an 8-inch pipe in carbon steel coated internally with polyurethane flanged every 6 meters, with 

approximately 5 kilometers that connect the Metallurgical Plant to the dam Córrego da Lavagem, being used two 

positive displacement pumps, piston-diaphragm. During this evaluation were noted some key points that were taken into 

consideration in the new project, such as: coating type, amount of flanges, suitable transport speed, among others. 

 Laboratory tests were performed with the tailings and the following characteristics were observed: Particle size 

with 99.4% passing 300 microns and 85.8% passing in 45 microns, solids concentration in weight ranging from 18 to 

25%, solids density of 2.59, viscosity of 7-30 cP, yield stress of 5-59 dyn/cm² and a pH of 7.00, this material is 

classified as class 1 by ABNT. 

 In the existing facilities were used only the pumping station and replaced by a 10-inch diameter coated 

internally with high density polyethylene (HDPE). 

 This article will show the progress of work since the adoption of the initial assumptions provided by VMZ up 

its operation with great success. 

 

1. Introduction 
 

 In the past Votorantim Metal Zinco (VMZ) at Três Marias, Minas Gerais, had a slurry line to transport tailings 

of the Metallurgical Plant to Dam by a tailings pipeline with approximately 5 kilometers of 8-inch carbon steel, welding 

helical 0.118 inch wall thickness, with an internal lining of polyurethane with 5 mm, flanged every 6 meters. This 

material was pumped by two positive displacement pumps, model Geho ZPM700. 

The main features of this system were: 

 Tailings from Metallurgical Plant; 

 Solids concentration by weight – 18 to 25%; 

 Solids density  – 2,59; 

 Flow rate – 176,20 m³/h; 

 Discharge pressure – 2.85 Mpa; 
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 Positive displacement pumps; 

 Pipeline flanged every 6 meters. 

 

 This system presents leakage in flanges and wears in polyurethane lining due to excessive tightening of flanges, 

committing the transport of tailings, as seen in Figure 1 and 2. 

 

 
Figure 1. Leakage 

 

 
Figure 2. Wear in the lining 

 

 A new project was required by Votorantim to be reassessed the system considering the following assumptions: 

 Zero leakage; 

 Reduction in the number of connection points (flanges); 

 Leak detection system for a tailings line and flanges; 

 Internal lining efficient and reliable; 

 Production increasing; 

 Utilization of existing pump station; 

  New disposal point at Murici Dam. 

 

2. Project Development 
 

 The project began in 2007, where there were made several visits to the site and was making it possible to 

evaluate the existing tailings pipeline, operating data and feedback from operators concerning as it would be a reliable 

tailings pipeline. The main points raised were: 

2.Turbulence 

3.Wear area 

4.Displacement force 

Area affected by the 

tightening of flanges 

the  

Join with torque in 

excess 
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 Laboratory tests on samples pumped; 

 Inappropriate type of connections, in some points used plates flanges; 

 The internal lining of polyurethane limiting the length of the tube in 6 meters, increasing the number of flanges; 

 Route elaborated without control of slopes; 

 Lack of a monitoring system for leaks and flanges. 

 

2.1. Laboratory Tests Results 

  

After the laboratory tests it was verified that the material was fine, with a high viscosity and yield stress. The main 

results are reported below. 

 Density of Solids - 2.59 t / m³; 

 Concentration of solids by weight - 18 to 23%; 

 pH Range - 4 to 7; 

 Temperature Range - 23 to 50 º C; 

 Corrosion rate - 1.80 mm / year; 

 Penetration Testing - Values closer to 20 grams (one movement); 

 Angle of repose and slide  - Plug Formation with 15%; 

 Particle size - according to Table 1; 

 Rheology - according to Table 2. 

 

Table 1. Particle Size Distribution 
 

Screen 

(tyler mesh) 

Screen 

(microns) 

Cumulate passing 

(%) 

50 300 99.4 

70 

100 

200 

270 

325 

212 

150 

75 

53 

45 

97.4 

95.3 

90.3 

87.6 

85.8 

   
 

Table 2. Rheology 
 

pH Concentrate 

(%) 

Reduced Viscosity  Yield Stress 

(dynes/cm²) 

6.90 19.15 7.60 5.71 

6.95 

6.99 

24.61 

27.05 

21.61 

30.33 

46.30 

59.21 

    
 

2.2. Route Evaluation 

 The studied route presented some challenges as the new pipe would be installed next to the existing one, with 

several inferences along the route. All piping would be aerial for easy viewing of possible leaks. Figures 3 and 4 show 

the interference with the existing pipe. The new studied route holds as a premise to keep the maximum slope of 15%. 
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     Figure 3. Interference on the route studied 

 

 
     Figure 4. Interference on the route studied 

 

2.3. Type of Internal Lining Selection   

 Three types of coatings were evaluated, with the goal to protect against high corrosion rate and reducing the 

number of flanges. Find below the types of coatings: 

 Polyurethane - Recommended for corrosion protection, but with limited maximum length of coated pipes. For 

the case studied, 6 kilometers pipeline, flanges would require about 2000, considering 6 meters spools; 

 Natural rubber - As the polyurethane coating of this type could be used as a good corrosion protection, but it 

would take about 1000 flanges, considering 12 meters spools; 

 High density polyethylene (HDPE) - It was the best option studied, commonly used in corrosion protection for 

pipelines, ease of field installation and the possibility of reducing flanges, since it was selected the correct type 

of application. Because of that it was selected for this type of application that consisted of the insertion of 

HDPE pipe inside the steel pipe by a head traction driven by a winch. It was possible to reduce the number of 

flanges at approximately 40 flanges, due to the possibility of using longer lengths of pipes. 

 

2.4. Minimum Velocity 

 The minimum safety velocity for a tailings pipeline operation is the minimum to maintain the pseudo-

homogenous flow to avoid unstable pumping. The minimum velocity is based on the deposition rate and transition 

velocity. The higher value between transition velocity and deposition velocity will be the minimum operating velocity 

for this material. With the results of laboratory tests and evaluating the data with the models used for calculations, it was 

verified that the transition speed is the predominant system. This velocity is 1.6 m/s. 
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2.5. Hydraulic System 

 The hydraulic calculation was based on the requirements of the operating range reported by Votorantim, the 

results of lab tests and also on the route selected for the tailings pipeline. This calculation, which is based on the results 

properly evaluated, lab tests, aimed at: 

 Select the proper material for pipe, including diameter and wall thickness; 

 Determining the pumping capacity required by the system, utilizing the existing pumps; 

 Establishing the tailings pipeline operating range. 

 

 The tailings system was designed to carry a minimum production of 43.7 dry tons of tailings per hour and a 

maximum of 71.4 dry tons of tailings per hour. 

 All calculations have shown that pressures were below the maximum capacity of the main pumps, 2.85 MPa. 

 For slurries, the head loss calculation was determined from the computer model owned by Ausenco (WASP-

1.1). 

 

2.6. Selected Pipe 

 The selected pipe was a 10-inch diameter carbon steel API 5L grade B, a wall thickness of 0.279 inches, and 

was determined in accordance with: 

• Fulfillment of flow conditions; 

• Maximum pressure from existing pumps; 

• Maintenance of transport velocity above the minimum speed all along the tailings pipeline; 

• Operate with a range of commercial pressure flanges. 

 

2.7. Internal Lining 

 The HDPE (high density polyethylene) internal lining was selected based on corrosion, granulometry 

characteristics and according to available market technologies. The internal lining minimum wall thickness was also 

evaluated by the supplier who would apply the internal lining in field, in order to maintain the integrity of HDPE pipes 

during the procedures. 

 Internal lining wall thickness – 0.472 inches. 

 

2.8. Leak Detection System 

 The tailings pipeline was equipped with 03 (three) leakage detection systems as showed below: 

 A couple of flow meters, one in the discharge pumps and another in the tailings arrival before the climb to the 

dam crest; 

 Leakage detectors for each flange along tailings pipeline, according to Figure 5; 

 4 (four) pressure monitoring stations along tailings pipeline. 

 

 
    Figure 5. Flange Leak Detection 

 

 Depending on leakage position and size, the operator has the information needed to prepare the system for a 

shutdown to fix the problem.  
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 The automation system was designed to incorporate a Leakage Detection System based on specialist software. 

It was considered that the leak detection system should cover the largest possible amount of leaks, being composed of a 

monitoring unit, equipment for collection and transmission of data and field instruments, cited above. All 

communication between the instruments and the system is connected by fiber optic cables installed along the pipeline. 

 

2.9. Mainline Construction 

 For the tailings line API 5L Grade B pipe was selected for a tailings pipeline. The pipe characteristics were: 

10-inches diameter, 0.279-inches wall thickness, HDPE internal lining (12 mm thickness), weldneck flanges class 300# 

and 6.00 kilometers length. 

 The tailings line is aerial and was parallel to a reclaim water line constructed over concrete blocks. They 

followed strict specific procedures of construction and assembly such as: welding, nondestructive tests, internal lining, 

hydrostatic testing, among others. 

 The greatest challenge during construction phase was the internal insertion which was performed by the HDPE 

supplier. 

 HDPE pipes and others equipment were disposed in appropriated quantities along the right of way. 

 All welded line was checked and tested hydrostaticaly before the coating installation. 

 Before insertion, the HDPE were fused together along sections by the method of thermal fusion of the top 

according to the manufacturer's recommendations and ASTM Standards.  

 The HDPE insertion happened using a traction head which was linked to the HDPE pipe end. The other pipe 

extremity was tied to a winch. The HDPE was inserted at a constant rate. The winch force was continuously monitored 

to ensure that the HDPE not reach their elastic limit.  

 All the activity was closely examine by certified inspectors of pipelines. 

 The traction strength was removed when the HDPE was inside the steel pipe. After the pipe stabilization, 

HDPE flanges connections were installed in both ends.   

 A pneumatic test was performed to certify absence of leaks between joints. It was done in each spread after the 

HDPE insertion. 

 Ausenco was involved in this Project from the conceptual phase until the support and supervision of the various 

phases of construction and assembly, including basic engineering and detailed engineering. Figures below show 

construction and assembly phases: 

 
    Figure 6. Material Receipt 
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    Figure 7. Installation of Concrete Blocks 

 

 
    Figure 8. Assembly Lines in Concrete Blocks 

 

 

3. Current System Summary 
 The system is in operation since January 2010, discharging in Murici new dam. A technical visit took place in 

December 2012. It was found that some concerning points of the previous system no longer exists, as described below: 

 Fulfillment of flow conditions, with a defined operating range is possible for operators to act dynamically; 

 The new internal lining and the use of specifics flanges for this system eliminated the connections leakages; 

 The re-start is possible even if the pipeline stops full of tailings. 

 The old system operation, which was a constant preoccupation, becomes secure, easy to control and with high 

availability. The pipeline operators proved to be totally satisfied and free of worry with the new facilities. In the Figures 

below it is possible check out the new facilities. 
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    Figure 9. Mainline Pumps 

 

 
    Figure 10. Flow meters – Discharge of pumps 

 

 
    Figure 11. Pipeline along at Right of Way 
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    Figure 12. Discharge at the Dam by Spigots 

 

 
   Figure 13. Isolating valves – In the Murici Dam 

 

 
   Figure 14. Internal lining without any problem of turbulence 
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