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ABSTRACT 

Understanding the water quality in a mine operation is important as it is the main factor 
determining its suitability for industrial purposes or discharge into the environment without 
negative effects on it. In this work modelling and simulation of water balances for a sulphide 
mine (Kevitsa mining operation) and an iron mine (Svappavaara - LKAB) were carried out. The 
purpose of this work was to evaluate flows and the quality of the mine and process waters that 
circulate and recycle through different pathways before they are discharged to the environment. 
A second objective was to explore the simulated water balance sensitivity to the implementation 
of new water treatments with various assumed efficiencies. 

The simulated water balance involved a detailed data collection of solid materials (ore and 
waste) and water quality of various streams in the whole operations. As the water balance is an 
accounting of all water inputs and outputs, many variables were considered including seasonal 
variation, changes in production volume, recycling water percentage, ore composition, and 
waste storage facilities. 

SIM module of HSC Chemistry 7.1 software was used to model and simulate the volume flows 
and distribution of species in water streams by solving the set of mass balance equations and 
transformation reactions of solids interacting with liquid and gas phases. The approach allowed 
representing some aspects of the hydrochemical cycle of the mining operation and the 
evolvement of the water quality. Unlike to others water models, this model evaluates water 
flows and also simulate changes in solution composition as minerals dissolve, precipitate, 
oxidize or reduce by incorporating a reaction path modelling. Therefore, reactions that the raw 
material undergoes in contact with water, air, gases, reagents or other input components were 
defined.  

The predicted water quality will determine the mitigation measures to prevent pollution in the 
discharge or negative effect in treatment processes. Hence, two water treatment technologies 
targeting the main undesirable species in water (nickel and sulphate) were implemented and 
simulated and their efficiencies were assessed. 
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1 Introduction 

Water is extensively used in mining processes. However, excessive costs can result from poor 
understanding of water resource availability and quality and incomplete information relating to 
water-use to poor water management decisions. Significant financial and resource savings could 
be made by developing a dynamic analysis of daily, seasonal and annual variation in water 
availability and quality and knowing the supply potential and discharges to the environment. 
Moreover, the dynamic calculation of a site water balance associated with a varying water 
demand and quality fluctuation through different seasons, is often poorly address in 
investigation and rarely gets a good simulation. 

Most of the water balances begin with a basic water accounting of volumes flow and are 
developed in response to the question ‘how much water do we need?’. However, the variation in 
water quality due to reuse, recycle and source in the whole operation create issues on processing 
plant efficiency and/or may influence on the quality of water discharging from the mine site. 
Recycled water in general has lower quality than fresh water and the beneficiation of minerals is 
negatively affected when using it (Rao & Finch 1989; Schumann et al. 2002). Therefore, water 
strategies can’t be done based purely on consideration of water volume.  

Chemical reactions that occur in water and the chemical species found on it are strongly 
influenced by the environment in which water is found (Manahan 2010). As normally all 
process water ends in the tailing pond, it is primary here where potential harmful substances 
may occur, but also waste rock deposits and management of different water streams inside the 
mine (drainage water, rain and runoff water and various process waters) increase the 
concentration of species and lower the water quality. All these waters have different 
characteristics and some are easy to recycle and reuse, while others demand advanced treatment. 
Mixing all different waters and sending to a single main water treatment facility is an out-dated 
concept for water management, but identifying specific streams needing treatment require 
extensive sampling and monitoring. 

Decision support software can be applied for geochemical water balance and used to perform 
the simulation for a number of different water-use scenarios by representing those in a 
simplified way. The model and simulation can assist in characterising various parts of a water 
balance such as the make-up water sources and water storage facilities. Also, it can identify 
opportunities of water treatment and the off-site losses or discharges. 

Model and simulation in the Wascious project context 

In 2014, a consortium with participation of fourteen organizations from private and public 
sector, universities, institutes and private companies undertook the task to build the concept of 
low water footprint mining for process water, leaching waters and tailings following the good 
practices of the pulp and paper industries in Nordic countries, currently functioning with a 
minimal environmental impact.  

In this context the mineral processing group at Lulea Technological University (LTU) as 
member of Wascious had the objective of identification of water management and development 
and test new technologies for water treatment and for sustainable management of mining 
wastes. 

The specific work at LTU was to model and simulate the water balance for selected mining 
operations and to evaluate the functioning of technologies for water treatment and finally their 
optimization. 



This work has been developed through scenario modelling and simulation of the geochemical 
water balance for two different mining operations (Kevitsa and Svappavaara mines) and 
implementation of customized treatment methods using HSC-Chemistry 7.1 software with the 
potential to assist in a best water management. As a result, water balances were obtained for 
systems that involve multiple processes, recirculation, water volume flows, quality, solid phases 
and losses to the environment in the form of gases as occurs in a mining operation. 

2 Consideration for model and simulation of water balance 

2.1 Site visit and data collection 

The first step for the model and simulation of the water balance was the collection of 
information and site recognition in order to draw the general flowsheet and identify the water 
sources, main operating units and streams. The available data from mine site was used to test 
the functioning of the simulation software. This information is periodically collected and used 
by the companies as operational control (ore), quality control (ore and water analysis) and 
environment monitoring (quality of water assays). 

2.1.1 Ore mineralogy 

Information of mineralogy and/or element to mineral conversion of the ore was used as initial 
input of the raw material in order to defined reactions that this material undergoes in contact 
with water, gases and reagents (Table 1 and 2). 

Table 1: Ore composition fed to Kevitsa mineral processing plant 

Group Mineral Ideal formula % 
Sulphates Pentlandite-Ni Ni9S8 0.24 
  Pentlandite-Fe Fe4.5Ni4.5S8 0.03 
  Marcasite FeS2 0.01 
  Troilite FeS 0.58 
  Pyrrhotite hex FeS 0.09 
  Pyrrhotite monoclinic Fe7.3S8 0.61 
  Chalcopyrite CuFeS2 0.73 
  Cubanite CuFe2S3 0.65 
Silicates Biotite KMg2.5Fe0.5AlSi3O10(OH)1.75F0.25 0.66 
  Albite NaAlSi3O8 0.90 
  K-feldspar KSiO8 0.001 
  Diopside CaMgSi2O6 41.58 
  Quartz low SiO2 0.13 
  Anorthite-Na CaAl2Si2O8 1.84 
  Hypersthene MgFeSi2O6 0.51 
  Enstatite Mg2Si2O6 2.79 
  Olivine Mg1.6Fe0.4(SiO4) 6.02 
  Talc Mg3Si4O10(OH)2 0.84 
  Serpentine Mg3Si2O5(OH)4 3.70 
  Chlorite-Mg Mg5Al(Si3Al)O10(OH)8 0.16 
  Chlorite-Fe Fe5Al(Si3Al)O10(OH)8 3.49 
  Amphibole-Hornblende NaCa2Mg4Al3Si6O22(OH)2 31.91 
Oxides Magnetite Fe3O4 1.92 
Carbonates Dolomite CaMg(CO3)2 0.61 
  Calcite CaCO3 0.001 
Source: Average mineral composition May-Oct 2015 (Kevitsa)   

Table 2: Ore composition fed to Svappavaara mineral processing plant 

Group Mineral Ideal formula *Kiruna Gruvberget^ Leveåniemi Mertainen 
Oxides Magnetite Fe3O4 60.8   76.3 59 



  Hematite Fe2O3 0 72     
  Ilmenite FeTiO3 0.9 

 
  1.8 

  Rutile TiO2 0.4 
 

    
Silicates Albite NaAlSi3O8 17.1   8.4 20.9 
  K-feldspar KAlSi3O8 3.8    4.6 
  Actinolite Ca2Mg5Si8O24H2 4.1 2.2 5   
  Biotite KFe3(AlSi3O10)(OH)2 4.5  5.5 11.7 
  Phlogopite KMg3(AlSi3O10)(OH)2 0.5      
  Quartz SiO2 1.1 10 2.5   
  Diopside CaMgSi2O6 1.9      
  Almandine Fe3Al2Si3O12 0.2      
  Andradite Ca3Fe2Si3O12   1.5     
  Titanite CaTiSiO5 0.3      
Other Apatite Ca5(PO4)3F 4 8.2 2.3 0.3 
  Calcite CaCO3 0.1 6.1   1.7 
  Gypsum CaSO4*2H2O 0.2      
  Pyrite FeS2 0.1      
  Chalcopyrite CuFeS2 0.1     0 
Source: Different source from LKAB, mineralogical analyses and *element to mineral conversion (Lund et al. 2013; Parian 
et al. 2015). ^Gruvberget ore composition represents the hematite ore type only 

2.1.2 Water information 

Data of water quality for environmental reporting and water supply planning was used as initial 
information. The water quality losses were seldom recorded in the operations and some streams 
for example, seepage of mine water from filtration were so dispersed that it is impossible to 
bring those to a single measuring point. 

Table 3 and Table 4 show the average of the main components in water in the selected processes 
dating from May to October 2015 for Kevitsa mine and from previous year 2014 for 
Svappavaara mine, respectively. Table 3 shows nine types of waters that are inputs to the 
system in Kevitsa mine and just two in Svappavaara mine (Table 4). 

Table 3: Main species in water inflow at Kevitsa operation 

  Units 
Raw 

water P1 P2 P3 P4a3 P5 P4b1 P7b 
Ground 
Water  

Temperature oC 20   8.57 8.5 8   4.26   8 
Conductivity mS/m 27.7   175.3 300 107.3   46.4 146 395 
Al ug/l   22.5 44             
Ba ug/l   29.5 40             
Ca ug/l 3123.9 40500 170000   120000   29000   24417 
Cl mg/l   24.3 34.6 110 147   18.8     
Co ug/l   2.2 130             
Cu ug/l 12.8 10.7 10.6 2.6 15.8   29.8   4 
Fe ug/l 592.8 319 635 140 120   273.3 22 7334 
K ug/l 598 16500 16000   11000   5300   3483 
Mg ug/l 1229.7 54500 220000   67000   17000     
Mn ug/l 5.4 51.5 2043 39 585   61.7     
Ni ug/l 7.8 104.4 2017 2000 230   175   45 
Na ug/l 1428.6 12500 20000   57000   8200   7417 
N2 ug/l   14014 19083 24000 6400 9600 1783.3 128 215 
NH4 ug/l   5017 1200   33.3   5.8 114 22333 
NO3 mg/l 1.4 8900 16883 19000 5767   1750     
NO2 ug/l   196 274 8.2 4.2     0.017   
P mg/l   10.1 13.52 2.95 33.5 9.3 12.7 10.3   
S mg/l 805.6 89000 360000             
Se ug/l   6.9 21             
Si ug/l 22                 
SO4 mg/l   232.9 735 1800 322.5 65 143.3   38 
Zn ug/l 7                 
P1: Pit water, P2: Waste Rock Dump, P3: Rain water pad, P4a3: Seepage TSFA, P4b1: seepage TSFB, P5: Condensation water, 
P7b: Sanitary treated water  



Table 4: Main species in water inflow at Svappavaara operation 

  Units Gruvberget 
open pit 

Leveäniemi 
open pit* 

Temperature °C 5.9 23.1 
pH  8.1 8.6 
Conductivity mS/m 32.1 44.7 
Alkalinity (HCO3) mg/l 76.2 82 
Suspended solids mg/l 111.7 24 
Al µg/l 9.6  
Ba µg/l 6.4  
C (TOC) mg/l 2.9  
Ca mg/l 37.3  
Cl mg/l 12.2  
Cr µg/l 0.03  
Co µg/l 0.16  
Cu µg/l 9.8 3.3 
F mg/l 0.2  
Fe2+ mg/l 0.0011 0.099 
K mg/l 3.4  
Mg mg/l 5.8  
Mn µg/l 64.8  
Mo µg/l 5.1  
N2_tot mg/l 4.9  
Na mg/l 9.8  
Ni µg/l 0.1  
NH4 mg/l 0.83  
NO3 mg/l 3.1  
PO4 µg/l 7  
Si mg/l 4.7  
SO4 mg/l 34.2  
Sr µg/l 51.3  
Zn µg/l 1.7  

 
2.1.3 Flows, water and solid distribution 

Water flows recorded on a monthly basis according to continue operating necessities were 
acquired. Fresh water, mine water (ground water), inflows from leaching waste rock, seepage 
and precipitation are water inflows required to simulate middle streams and final discharge of 
water. No specific sampling, assaying or monitoring was done for the water balance purpose of 
this study.  

Average throughputs of ore, concentrate production and waste (tails) rates were the main inputs 
to the simulation software and obtained from operational data. 

The interactions between the system components were represented by empirical 
relationships or rules derived from the operating record and analysis of the information 
collected on the mine site. 

Seasonal variations have a significant impact on the water balance of the systems and those 
were considered on the data of precipitation and evaporation. For example, the tailings 
impoundments have substantial catchment areas that generate significant runoff volumes 
during the rainy season.  



2.1.4 Water treatment implementation 

Nickel (Kevitsa) and sulphate (Svappavaara) were identified as the main components in water 
requiring concern to fulfil future government criteria. Moreover, it was mentioned the necessity 
of a predictive water balance model to evaluate variations in water quality due to changes in 
water management or variations of processes. 

Two technologies were modelled and their effect in the whole water balance was simulated. 
They were Actiflo for nickel and electrocoagulation for sulphate removal. 

2.2 Assumptions 

Difficulties in applying standard geochemical modelling packages to mine water are mentioned 
by Saaltink et al. (2002); Younger & Robins (2002) and Bowell (2012). Those are well related 
with uncertainties and assumptions found in the process of development this work and here are 
mentioned: 

Mineral composition of the feed to the process plant was assumed to remain constant (average 
was considered). 

Water flow distribution was used according to the information provided by LKAB (various 
reports) and Kevitsa. In the latter GoldSim water balance for volume flows and Ramboll 
information records of water quality were used. 

The steady state simulation assumes that the process reaches stable situation, is steady and does 
not change with time (mineral, volume of water of characteristics in the system). The input data 
and conditions can be changed by the user but simulation searches a balance for the full plant. 
The simulation model attempts to operate the mine based on the specified production schedule 
and the availability of water from the tailing impoundment and other sources (e.g., river water). 

Limited information of some input streams introduces uncertainty to simulation results. Hence, 
errors could be introduced by limitation in data provided for the software. 

The tailing impoundment receives the bulk of the tailings from processing plant. It was assumed 
that in the tailing dam 100% of the solid is storage. The recycle rate of water is 97% in Kevitsa 
operation and 87% in Svappavaara mine. 

Releases of water from tailing dam are minimal and small release can be produced by seasonal 
conditions and after treatment (in Kevitsa). The water in processes units is 99% recovered and 
recycled and there are limits for withdrawing water from the rivers mainly during dry season. 

The major components in the model include general process units such as the ore processing 
plant, the water storage ponds and reservoirs, the open pit area and tailings impoundment and 
also water treatment plants in some of the simulations.  

Leakages, infiltrations, runoff and seepages are only partially controlled in the mine. 

There is lack of information on the nature and kinetic of several reactions source for the mine 
water pollutant species. Therefore, progress of reactions was not determined by kinetic tests but 
evaluated by finding the reaction rate in output streams. In here the Process Controls of the HSC 
Sim were used. Those are required for more detailed and accurate simulation and they have to 
be obtained in laboratory tests for solid materials (ore and tails) 

Treatment processes were implemented according to their estimated efficiencies (percentage). 
Organic matter was not included in the simulation. 



Complexity is defined by the user, but development of the balance needs a skilled person and 
knowledge to handle of the simulator. 

2.3 Reaction equations 

Water quality simulation was carried out using the chemical reaction approach of HSC-Sim 
simulation software and considering the reactivity of the solid phases i.e. minerals. The 
simulation software requires that user defines the reaction equations and their progress rates 
(kinetic).  The chemical equilibrium evaluation is carried out by the simulation software in term 
of H (enthalpy), K (equilibrium constant) and temperature. Variation in concentrations may 
impact on processing plant efficiency and/or may impact on the quality of water discharging 
from the mine site. Therefore, the concentration of water constituents in the mine operation has 
to reach equilibrium. 

The set of chemical reactions was established upon a compressive review of literature. Table 5 
and Table 6 display some of the main reactions occurring in tailing ponds such as precipitation, 
dissolution and oxidation due to reactions of minerals with liquid and gases. Table 7 shows 
some of the accelerated reaction occurring due to the heat and oxygen in a pellet plant (iron 
mine). A very large equilibrium constant means the reaction goes to completion, with all 
reactants essentially converted into products. 

Table 5: Main reactions in the slow geochemical processes in Kevitsa tailings storage facility   
 Process and reaction stoichiometry ΔH K 

Pentlandite-Fe dissolution Fe4.5Ni4.5S8 + 10 H+ = 4.5 Ni2++ 4.5 Fe2+ + 8 HS- + H2(aq) 10.99 3.88E-006 

Chalcopyrite oxidation CuFeS2 + 4 O2(aq) = Cu2+ + Fe2+ + 2 SO4
2- -384.64 3.83E+243 

Diopside oxidation 2 CaMgSi2O6 + 3MgSiO3 + SiO2 + H2O = Ca2Mg5Si8O24H2 -23.98 7.38E+014 

Actinolite oxidation  1.5Ca2Mg5Si8O24H2 + 2.5KAlSi3O8 + 
3CO2(g) + H2O 

= 2.5KMg3(AlSi3O10)(OH)2 + 3CaCO3 + 
12SiO2 

-51.93 2.72E+009 

Albite precipitation and 
dissolution 

NaAlSi3O8 + H+ + 7 H2O = Al(OH)3 + Na+ + 3 H4SiO4(aq) -2.80 3.07E-001 

NaAlSi3O8 + 4 H2O + 4 H+ = Na++ Al3+ + 3 H4SiO4(aq) -27.36 7.95E+007 

Orthoclase pp and dissolution KAlSi3O8 + H+ + 7 H2O = Al(OH)3 + K+ + 3 H4SiO4(aq) 2.02 6.95E-003 

Calcite oxidation CaCO3 + H+ = Ca2+ + HCO3
- -6.81 1.01E+002 

 CaCO3 + 2 H+ = Ca2+ + CO2(g) + H2O -3.78 7.10E+009 

 CaCO3 + SO4(-2a) + H+ + 2 H2O = CaSO4*2H2O + HCO3
- -6.40 3.17E+006 

Chlorite-Fe dissolution Mg5Al2Si3O10(OH)8 + 16 H+ = 5 Mg2+ + 2 Al3+ + 3 H4SiO4(aq) + 6 H2O -144.75 3.34E+064 

Pyrrhotite monoclinic oxid. Fe7S8 + 6 Fe3+ = 4 FeS2 + 9 Fe2+ -121.75 1.30E+112 

Magnetite oxidation 4 Fe3O4 + O2(aq) = 6 Fe2O3 -118.36 8.00E+072 

 NiS + 2 O2(aq) = Ni2+ + SO4
2- -202.25 1.44E+128 

Olivine oxidation 2 Mg2SiO4 + 2 H2O + CO2(g) = Mg3Si2O5(OH)4 + MgCO3 -34.85 1.04E+012 

Metal hidroxide precipitation Mg2+ + 2 OH- = Mg(OH)2 0.57 1.43E+011 

 Mn2+ + 2 OH- = Mn(OH)2 -4.32 6.52E+012 

 Cu2+ + 2 OH- = Cu(OH)2 -13.21 3.82E+021 

 Ni2+ + 2 OH- = Ni(OH)2 -4.52 2.22E+015 

Table 6: Main reactions in the slow geochemical processes in Svappavaara tailing storage 
facility and pellet plant  

Process and reaction stoichiometry ΔH K 
Magnetite oxidation 4 Fe3O4 + O2(aq) = 6 Fe2O3 -115.56 5.93E+075 

Pyrite oxidation (oxygen 
path):  

FeS2 + 3.5 O2(aq) + H2O = Fe2+ + 2 SO4
2-+ 2 H+ -336.13 1.42E+216 

Pyrite oxid. (ferric iron path):  FeS2 + 14 Fe3+ + 8 H2O = 15 Fe2+ + 2 SO4
2-+ 16 H+ -10.53 4.14E+097 

Orthoclase oxidation KAlSi3O8 + H+ + 7 H2O = Al(OH)3 + K+ + 3 H4SiO4(aq) 2.02 6.95E-003 

 2 KAlSi3O8 + 2 H+ + 9 H2O = 2K+ + Al2Si2O7*2H2O(H) + 
4H4SiO4(aq) 

7.25 1.86E-004 

Albite oxidation NaAlSi3O8 + H+ + 7H2O = Al(OH)3 + Na(+a) + 3 H4SiO4(aq) -2.80 3.07E-001 



 2 NaAlSi3O8 + 2 H+ + 4 H2O = 2Na++ Al2Si4O10(OH)2 + 2H4SiO4(aq) -15.02 1.44E+010 

 NaAlSi3O8 + 4 H2O + 4 H+ = Na+ + Al3+ + 3 H4SiO4(a) -27.36 7.95E+007 

Diopside oxidation 2 CaMgSi2O6 + 3 MgSiO3 + SiO2 + H2O = Ca2Mg5Si8O24H2 -23.98 7.38E+014 

Actinolite oxidation  1.5Ca2Mg5Si8O24H2 + 2.5KAlSi3O8 + 3CO2(g) + 
H2O 

= 2.5KMg3(AlSi3O10)(OH)2 + 3CaCO3 + 
12SiO2 

-51.93 2.72E+009 

Ferrous iron oxidation:  Fe2+ + ¼ O2(aq) + H+  = Fe3
3+ +1/2 H2O -93.03 7.37E+033 

Metal hydroxide precipitation Al3+ + 3 OH- = Al(OH)3 -15.46 3.64E+033 

 Cu2+ + 2 OH- = Cu(OH)2 -13.21 3.82E+021 

 Fe2+ + 2 OH- = Fe(OH)2 -4.00 1.48E+014 

 Fe3+ + 3 OH- = Fe(OH)3 -21.67 3.45E+037 

 4 Fe(OH)2 + 2 H2O + O2(aq) = 4 Fe(OH)3 -110.36 2.35E+071 

 Ca2+ + 2 OH(-a) = Ca(OH)2 4.12 2.56E+005 

Calcite oxidation CaCO3 + 2 H(+a) = Ca2+ + CO2(g) + H2O -3.78 7.10E+009 

 CaCO3 + SO4(-2a) + H(+a) + 2 H2O = CaSO4*2H2O + HCO3
- -6.40 3.17E+006 

 Ca2+ + 2 HCO3
- = CaCO3 + CO2(g) + H2O 9.83 7.01E+005 

 CaCO3 + H+ = Ca2+ + HCO3
- -6.81 1.01E+002 

Chalcopyrite oxidation 
(oxygen path):  

CuFeS2 + 4.25 O2(a) + 2.5 H2O = Fe(OH)3 + 2SO4
2- + Cu2++ 2 H+ -389.55 4.10E+247 

Chalcopyrite oxidation (ferric 
iron path) 

CuFeS2(s) +16Fe3+ +8H2O =  17Fe2++ Cu2+ + 2SO4
2-+ 16H+ -12.52 1.30E+108 

Andradite  oxidation Ca3Fe2Si3O12 + 3 CO2(g) = 3 SiO2 + 3 CaCO3 + Fe2O3 -54.51 2.34E+015 

Table 7: Main reactions in the fast geochemical processes at Svappavaara pellet plant  

Process and reaction stoichiometry ΔH K 
Magnetite oxidation (oxygen 
path) 4 Fe3O4 + O2(g) = 6 Fe2O3 -122.90 1.08E+012 
Magnetite oxidation (hydrogen 
path) Fe3O4 + 8 H+ = Fe2+ + 2 Fe3+ + 4 H2O -52.40 7.63E+010 

Pyrrhotite hex. oxidation FeS + 2 O2(g) = FeSO4 -197.42 8.68E+025 

  4 FeS + 7 O2(g) = 2 Fe2O3 + 4 SO2(g) -585.40 3.20E+102 

Ilmenite oxidation 4 FeTiO3 + O2(g) = 4 TiO2 + 2 Fe2O3 -27.10 2.19E+109 

Biotite (annite) oxidation KFe3(AlSi3O10)(OH)2 + Fe3Al2Si3O12 + O2(g) = 
KAl2(AlSi3O10)(OH)2 + 2 Fe3O4 + 3 
SiO2 -113.94 7.36E+017 

Pyrite oxidation 4 FeS2 + 11 O2(g) = 2 Fe2O3 + 8 SO2(g) -787.40 5.97E+161 

  2 FeS2 + 7.5 O2(g) = Fe2O3 + 4 SO3(g) -487.62 2.92E+082 

Actinolite oxidation  1.5Ca2Mg5Si8O24H2 + 2.5KAlSi3O8 + 3CO2(g) +H2O = 
2.5KMg3(AlSi3O10)(OH)2 + 3CaCO3 + 
12SiO2 -10.13 1.60E+006 

  Ca2Mg5Si8O24H2 = 
2 CaMgSi2O6 + 3 MgSiO3 + SiO2 + 
H2O 119.73 3.48E+040 

Also, the support database from PHREEQ was used to identify the most important geochemical 
processes across the mine site. 

3 Model and simulation of a water balance 

3.1 Conceptual model and simulation software selection 

First, the general flowsheet of the operation was drawn. Then the level of the details in the 
simulation was agreed based on the discussions with the staff of selected mines. This led to 
development of a simplified conceptual geochemical model.  

The conceptual model (Figure 1) consists on the system components and description of the 
interaction between components. It describes the water flows entering into the process system, 
flowing through the process units, leaving the system to the environment and recycling from 
internal and external water sources. It also represents the system behaviour describing the 
reaction approach used by the selected simulation software. In general, it represents a simplified 
perception of the system accounting a justified assumption as it was conceptualised by Bear and 
Verruijit (1987). 



SIM simulator, that is part of HSC-chemistry 7.1 software, was selected for this work as it has 
capabilities to manage the simulation of various process units and simulate the whole operation 
at one. Its graphical interface allows easily seeing different species in different streams and 
recognising the points where specific limits are exceeded and treatment is needed 

 
Figure 1. Conceptual model for water balance simulation 

3.2 Simulation 

The flowsheets in both operations include main storage facilities, process plants, water 
treatment plants, waste rock dams, pit dewatering and water storage impoundment. The 
boundary conditions for the model include the precipitation and evaporation rates (defined as 
wet and dry season). 

Figure 2 and Figure 4 illustrate the water balance for the sulphate and the iron mine operation 
respectively. The value of the simulated water quality is a function of the input stream 
properties (raw water and/or mine water) and the reactions taken place in unit operations and 
distribution of the components between their output streams. 

A graphical interface of the simulation shows different scenarios and represents the amounts, 
flows and concentration of species in each phase. For example Figures 2 and 4 show the water 
amount (flow) in t/h in the whole system and Figures 3 and 5 show major and minor species 
concentration in mg/l. 

Figure 2 shows the water balance of Kevitsa sulphide mine, the input water come from the near 
river Kitinen, waste rock dam, pit dewatering, seepage, sanitary treated water, rain water and 
condensation water. This operation uses 97% of recycled water from those internal and external 
sources. 
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Figure 2: Water balance simulation for Kevitsa sulphide mine 

 
Figure 3. Simulation of species concentration in water 



In the case of Svappavara iron mine (Figure 4) almost 100% of input water comes from mine 
water (Gruvberget and Leveåniemi) with sporadic seasonal intakes of fresh water form Nores 
Dam. This operation has 87% of recirculation of water from internal (thickeners) and external 
sources (three water impoundment). 

 
Figure 4. Water balance simulation for Svappavara iron mine 

 
Figure 5. Simulation of species concentration in water  

 



The model was validated using data from assays of middle streams and discharged water (not 
used as input not in finding the reaction rates) and comparing with the concentration of species 
calculated by the software within confidence limits. Variability is due to the assumptions 
mentioned in section 2.2, reliable data collection and the fact that the concentration of some 
species is cumulative and others undergo transformation. An online quality water balance does 
not exist but it could be implemented in the future. 

4 Flexibility of the model to assess water treatment technologies 

Following the validation the model, the simulation software was used to investigate 
implementation of water treatments. The simulation indicates that the configuration of the 
flowsheet can easily be modified supporting the implementation of other operational units such 
as a water treatment units.  

Two different water treatment technologies were virtually installed according to the owner 
necessity to treat a specific water component. First, an Actiflo technology was implemented in 
the flowsheet of Kevitsa mine targeting to reduce nickel concentration to less than 0.3 mg/l. 
This technology claims to reach 92.5% of efficiency (currently on research, Sund 2015) and this 
value was used in treating the water from the Waste Rock Dump (stream with the highest nickel 
concentration) as it is shown in Figure 6. After Actiflo implementation, the nickel concentration 
decrease from 2.4 mg/L to 0.19 mg/l and when equilibrium was reached the nickel 
concentration decrease in the whole operation. 

 
Figure 6. Implementation of water treatment for nickel removal 

The second water treatment technology simulated was electro-coagulation that is being 
investigated by Mamelkina (2015). The concentration of sulphate in water in the Lake water P2 



stream was 523 mg/l before the simulation of the treatment. After installing virtually the electro-
coagulation treatment in the simulation system and setting the efficiency of sulphate removal to 
30% the sulphate concentration decrease to 240 mg/l when the equilibrium was reached and 
therefore sulphate concentration decrease in the whole operation as illustrated in Figure 7. 

 
Figure 7. Implementation of water treatment for sulphate removal 

5 Concluding remarks 

The model and simulation of the water balance for a sulphide mine and an iron mine developed 
in HSC-SIM evaluate the quality of water of middle streams, recycled into the process and 
discharged to the environment. 

The developed models have prediction capabilities but because of simplifications and 
assumptions also other tools should be used in evaluation of the results. The simulation shown 
to be suitable and versatile tool performing well in different scenarios and environment 
conditions as sulphide and iron mines have different layouts, operation units, raw materials, 
water inflows and distributions. 

The flexibility of the simulation carried out allows the evaluation of alternative water 
infrastructure for water treatment and water supply options that meet the requirements for 
discharge or future mine expansions. 

This model and simulation present opportunities to improve water management, water use and 
control on water release to the environment. It can be used to assess the feasibility of expanding 
water use, implement new operating units, recognise out of limit concentrations and implement 
new water treatments. 

 



There is potential to progressively refine the model as relevant data of mineralogy, geochemical, 
hydrological became available and/or changes in present conditions such as continual 
operational changes during the active phase of the mine life occur. 
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