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ABSTRACT  

Efficient and effective treatment of mining related waste solutions is a global concern. This presentation 

will illustrate the principle fundamentals of direct contact heat transfer, namely Submerged Combustion, 

and how this energy efficient principle can be applied to the concentration of waste water liquid streams 

through evaporation. Conventional methods of liquid volume reduction practised in the oil and gas 

industry include trucking of liquids to waste water treatment facilities or deep well injection. Both these 

methods are less desirable as transportation increases carbon loading and deep well injection can 

potentially risk ground water contamination. In mining, the practises include water treatment and 

discharge to local waterways, reliance on natural evaporation, or a combination. 

Evaporative systems can be located in remote mining sites utilizing conventional energy sources 

including diesel fuel oil, propane, and natural gas (pipeline, CNG or LNG) as applicable. They can be 

operated 24/7 with minimal personnel supervision so is ideal for unmanned location on a mine site and 

post mine operation reclamation. 

Examples of operating systems for production water evaporation and brine concentration will be 

illustrated as examples that can be applied to mining and milling waste water. 

INTRODUCTION 

Solution and Solid disposal management at mine sites continues to be a challenge Lined holding ponds, 

adequately reinforced to prevent seepage and dam breaching has been the norm. In many locations, 

localized atmospheric conditions can offer ongoing natural evaporation of aqueous liquids thereby 

increasing the resultant solids content within the ponds. However, the risk still remains that potential 

lining failure or overfilling of waste water ponds can contaminate or compromise surficial waterways, 

ground water, or soil. 

Today we will explore several applications of Submerged Combustion Evaporation technology and how 

it can be applied to evaporate and promote concentration of liquid waste streams, recovery of water 

vapour and solids removal with minimal environmental impact.  
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METHODOLOGY 

What is it? 

Submerged combustion is the process of burning a fuel in a chamber that is submerged below the surface 

of a liquid or slurry and contacting the product gases of combustion directly with the liquid or slurry. See 

Figure 1. 

 

 

 

 

 

 

 

  

 

Figure 1. How it works 

 

THERMODYNAMICS OF SUBMERGED COMBUSTION 

 

 Heat transfer is by direct contact of combustion product gas bubbles with the liquid so it is efficient 

and there are no heat transfer surfaces to foul 

 Thermal equilibrium - the gases leave the bath at liquid temperature 

 The gases leave the liquid fully saturated with water vapour, see Table 1. 

 The theoretical maximum temperature for heating pure water at sea level is 86°C because, at that 

temperature, all of the energy goes into evaporating water into the stack gas. 

1. Air is forced into the combustion chamber  2. The liquid is purged from the combustion chamber  

3. Air is forced into the combustion chamber  4. The high temperature gases disperse through 

the solution, heating it to the desired temperature  
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PSYCHROMETRIC DATA 

Temperature 
°C 

Humidity Ratio 
kg water / kg 

Air 

Enthalpy of 
Saturated Air 
kJ / kg dry air 

0 0.0038 27 

5 0.0054 37 

10 0.0077 47 

15 0.011 60 

20 0.015 75 

25 0.020 94 

30 0.027 118 

35 0.037 147 

40 0.049 185 

45 0.065 232 

50 0.087 293 

55 0.115 372 

60 0.154 478 

65 0.206 621 

70 0.279 720 

75 0.386 1110 

80 0.553 1557 

85 0.838 2321 

90 1.420 3876 
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Table 1. Humidity Ratio and Enthalpy of Saturated Air 

Figure 2. Enthalpy of Saturated Air 
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How is SubCom™ Applied to Evaporation? 

Submerged combustion is a thermally efficient method of evaporating water. 

Exhaust gas leaves the system fully saturated with water vapour 

Except for incidental heat losses, all of the energy goes into evaporation 

Evaporation by submerged combustion can be applied to a wide range of salt solutions such as sodium 

chloride, sodium nitrate, calcium chloride, metal sulphates (e.g. copper, zinc), borates, potassium nitrate 

and magnesium chloride. The evaporation process can be taken to crystallization of salts or to concentrate 

the solution to produce saleable liquid products. 

CASE A. EXAMPLE OF A MINE WATER EVAPORATION PROCESS DESIGN BASIS: 

Fluid: Contaminated water  

Composition: 

Al 72 ppm 

As 0.004 ppm 

Cu 3.5 ppm 

Fe 7 ppm 

Mn 25-34 ppm 

pH 3-4 

SO4= 1200-1600 ppm 

Zn 22 ppm 

Cl- 8 ppm 

TSS 15 ppm 

Cd 0.2 ppm 

Fluid Density 1006 kg/m3  

Fluid Specific Heat 0.9977 kcal/kg 

Evaporation Rate 36 m3/h 

Inlet temperature 3° C 

Operating temperature 74.2° C 

Gross Heat Input Required 108 GJ/h (102 MM Btu/h)  

Evaporator Rated Design 126 GJ/h (120 MM Btu/h) 

Evaporator Rated Design Ultimate 42.6 GJ/h (40.4 MM Btu/h) 

Fuel #2 Diesel Fuel 

Calorific value of fuel 38,188 kJ/l (137,000 Btu/US gal) 

To meet the thermal requirements of evaporating 36 m3/h of water, a gross heat input of 108 GJ/h is needed. 

This is based on feeding 37 m3/h of water at 3°C to the evaporator. A process simulation of the evaporation 

process on a solution with this composition indicates that a reduction of 37 m3/h to 1 m3/h will result in a 

concentrated solution with TDS levels still well above the saturation level of the dissolved components, so 

no solids will be precipitated. This results in greater than 97% volume reduction. Evaporation can be taken 

further to precipitate the dissolved solids if desired. 
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Figure 3. Case A. Typical Waste Water Concept Evaporator  

CASE B. PRODUCTION WATER EVAPORATION PROCESS DESIGN CONCEPT 

This is an example of a production water evaporator, (Figure 4) with a gross heating capacity of 2 MM 

Btu/h. Our process simulation calculations indicate that this amount of heat input will evaporate 3.5 USgpm 

(19 m3/d) of water at 10°C in the feed stream. This is based on evaporation to the saturation point for sodium 

chloride. A volume reduction of greater than 98.7% is predicted based on water inlet concentration of 15000 

ppm TDS.  

The system has features to handle and remove precipitated salts from the heating tank if necessary or if it 

is desired to operate in this mode.  

The proposed design is based on the following criteria: 

Fluid: 15000 ppm TDS 

Flow: 0.66 m3/hr 

Inlet temperature 10°C 

Outlet temperature 92°C 

Gross Heat Input 2 MM Btu/hr  

Volume reduction 98.7% 

Thermal efficiency 100%  

Burner turndown 3:1 

Fuel     Natural Gas 

Figure 4. Case B. Remote site production 
water evaporator 



Page 6 of 9 
 

CASE C. HANDLING PRECIPITATED SOLIDS, see Figure 5, 6. 

 SubCom evaporators are designed to contend with solids formed during evaporation 

 In the case study, TDS is predominantly NaCl 

 As water evaporates, the concentration of dissolved solids increases, see Table 2. 

 When the saturation point is reached, solids precipitate from solution 

 Solids accumulate in the bulk liquid (now a slurry) 

 Precipitated solids are collected in the bottom of the conical tank, see Figure 7. 

 Slurry is pumped out and solids can be separated in an external device, see Figure 8, 9. 

 Supernatant liquid is returned to the evaporator tank 

 

Figure 5. Brine concentrator 

Table 2. Brine concentrator design process conditions
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Figure 6. Brine evaporator                                                          Figure 7. Slurry pumped with diaphragm pump 

                                                          

Figure 8. Solid-Liquid Separation                   Figure 9. Recovered Salt 

RESULTS AND DISCUSSIONS 

Based on data collected from various project sites, it can stated that the application of Submerged 
Combustion for evaporating waste liquid streams is a viable and practical solution for mine waste water 
treatment. However to ensure that evaporation is a feasible solution to volume reduction and dissolved 
solids recovery, several key issues need to be addressed including: 

1. What are the constituents in the waste water? 

2. What is the most practical degree of volume reduction that can be expected? 

3. Can the precipitated solids effectively be collected and separated in solid-liquid separation unit 

operation? 

4. What is the expected quality of the vapours exhausting from the evaporator? 

5. What upstream pre-treatment methods might be required? 

6. What vapour treatment might be required? Demister Pads, Wet scrubber, Condenser? 
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7. Can the water vapour be recovered for reuse elsewhere in the process? See Figure 12. 

8. Can the incoming colder wastewater be used to condense the discharge water vapour for recovery 

using an indirect heat exchanger? 

9. Does the unit need to operate in an unmanned location? 

10. What types of fuels are available at the site? #2 Fuel Oil, LPG, Natural Gas, LNG 

As each waste water stream is unique, the most practical solution is to consider a pilot scale evaporator 

that can be designed and operated to gather data on the behaviour of the actual waste water as a basis for 

full scale design. Pilot scale units typically have short delivery schedule which is desirable when a fast track 

remediation solution is dictated, see Figure 10, 11. 

 
Figure 10. Example of a pilot evaporator in a sea container      Figure 11. Example pilot with vapor condenser 

Figure 12. Evaporator water recovery with Indirect Condenser 
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CONCLUSION 

As responsible stewards of the planet, the resource based industries need to ensure we minimize the 

environmental impact associated in all aspects of mineral operations. Management of waste water by 

means of volume reduction techniques, of which evaporation is a proven method, will contribute towards 

this goal. In terms of efficiency, almost 100% of the energy goes into evaporation. Water vapour can be 

condensed for reuse thereby reducing pressures on fresh water usage, and recovery of the latent heat in 

the exhaust vapours can be used for process heat, thereby offsetting energy used for process heating. 

A pilot evaporation system will provide credible data to enable full scale system design to handle resultant 

precipitated solids. This will result in a more manageable waste stream with low moisture content which 

reduces the risk of contaminant release into the environment. The reduction of liquid volumes held in 

tailings ponds will reduce the risk of hydraulically induced damn failures, and the risk of overflowing the 

dam retaining walls. 

 

 

 


