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ABSTRACT 

 

The industry of mining and metal production has always been in conflict with environmental issues. A 

problem of major concern is the contamination of freshwater around sulphide-bearing mine waste 

deposits. In northern Sweden many mine wastes originate from sulphide ores and thus generate acid 

drainage (AMD). The object of this study, Rävlidmyran pit lake, is an abandoned sulphide mine owned 

and operated by Boliden Mineral AB between 1951 and 1991. The aim of this study is to getter a 

better understanding of the aquatic system at Rävlidmyran. This is done by calculating a metal 

balance for the pit lake, determining the trace metal transport into the recipient Lake Hornträsket 

and reviewing how the water quality changes in the surface streams draining the area.  

Rävlidmyran pit lake is a meromictic flow-through water body with no surface inlets or outlets. 

Downstream of the pit lake, a waste rock dump acts as an embankment. The pit lake partially drains 

via seepage through the embankment and the outflowing water shows the characteristics of acid 

mine drainage (i.e. low pH and high levels of trace metals).  

Field data (pH, conductivity and temperature) were sampled at Rävlidmyran on a weekly basis from 

four groundwater pipes, five surface stream stations and from the surface water of the pit lake. 

Water samples were analyzed for total concentrations of Al, As, Ba, Ca, Cd, Co, Cr, Cu, Fe, Hg, Mg, 

Mn, Na, Ni, Pb and Zn once a month. Additional sampling was performed for this thesis in September 

and October 2010, when field data was measured at six locations downstream of the pit lake and a 

profile was measured in the water column of the pit lake (at the deepest point).  

The metal balance is calculated assuming steady state regarding the pit lake water balance. Inflowing 

fluxes of water used in the mass balance are: deep groundwater, shallow groundwater and 

precipitation. Outflowing fluxes are: groundwater and seepage through the embankment. Metal 

concentrations for the inflowing and outflowing water fluxes are mainly taken from the sampling 

data provided by Boliden Mineral AB. For the inflowing deep groundwater no data exist, so 

concentrations have been estimated from the bottom water of the pit lake. The mass balance is 

calculated per month for a period of one year between November 2009 and October 2010. Data does 

not exist for the full year, so two cases of the metal mass balance have been calculated, one with 
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estimated maximum concentrations and one with estimated minimum concentrations. The metal 

transport to Lake Hornträsket is calculated by multiplying concentration data with measured water 

flow in the two surface streams draining the mine site.  

Results from the mass balance suggest that the pit lake continuously accumulates As, Ba, Cd, Co, Cu, 

Fe, Pb and Zn. For Mn and Ni there appears to be a net export from the pit lake. The largest 

uncertainties in the mass balance calculations are the metal concentrations for the inflowing deep 

groundwater. The importance of this parameter was judged by calculating a hypothetical deep 

groundwater concentration corresponding to a zero mass balance. The result from the zero-balance 

can be used as guideline values for concentrations of trace metals in the inflowing deep groundwater. 

It is recommended to install a deep groundwater well in the upstream area and compare measured 

deep groundwater concentrations with the calculated concentrations from the zero-balance. To 

further improve the mass balance sampling should continue until a one-year cycle is measured in all 

points. To install a permanent sampling station to measure concentrations and water flow for the 

seepage to the north is also considered to be a good approach for improving the credibility of the 

mass balance.   

From the vertical profiles of conductivity, temperature, pH and dissolved oxygen saturation measured 

in the pit lake in October 2010, a permanent stratification with a steep chemical gradient between 7 

and 8 meters depth can clearly be observed. The conductivity in the monimolimnion during 2010 was 

higher than for earlier profile measurements from 2001 to 2004. This observation supports the result 

from the mass balance, suggesting that metals are continuously accumulating in the pit lake. It is 

suggested that this observation is followed up by measuring new depth profiles at regular intervals.  

The largest annual metal fluxes into Lake Hornträsket are observed for Zn (1300 kg), Mn (930 kg) and 

Fe (380 kg). The impact Rävlidmyran has on Lake Hornträsket is difficult to judge from these figures. 

One possible approach for getting a better view is to compare the calculated metal transport from 

Rävlidmyran with the metal transport from the nearby Hornträskviken mine. Another way of 

assessing the influence from Rävlidmyran is to directly observe the measured concentrations in the 

two outlets and compare them with local background values.  The concentrations of Ba, Cd, Co, Fe, 

Mn, Ni and Zn are clearly elevated in the surface water streams that enter Lake Hornträsket. The only 

element that is measured to be higher in the reference point is As. It is possible that the station 

measuring local background values is influenced by mining activities and thus not representative as a 

reference point. To clarify this it is suggested that samples for metal analysis are collected further 

upstream from the reference point, and possibly also from other natural surface streams in the area. 

It should then be evaluated if the reference point needs to be relocated.  
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CHAPTER 1  

INTRODUCTION 
 

1.1 Background  

 

In Sweden the history of mining stretches back more than 1000 years. Today mining is an important 

source of income for the country and Sweden is one of the largest producers of metals in Europe.  

The industry of mining and metal production has always been in conflict with environmental issues. A 

problem of major concern that has been studied throughout the world the last decades is the 

contamination of freshwater environments around sulphide bearing mine waste deposits. In 

northern Sweden many mine wastes originate from sulphide ores and thus generate what is called 

acid mine drainage. The environmental impacts generally do not end when the mining activities do 

and therefore without the right precautions a closed mine will keep on affecting it’s surrounding for 

hundreds of years. Ore deposits are different in their geological composition and in addition each 

mine uses different techniques for extracting and separating the ore. This results in many different 

physical and chemical properties of the waste as well as different remains such as open pit lakes, 

waste rock storages and tailings ponds.  For these reasons it is important to investigate each mine 

separately and carefully evaluate the environmental situation and which remediation method that is 

most suitable.  

 

This report is written on behalf of Boliden Mineral AB, one of the largest mining actors in Sweden. 

Boliden has since the start in early 1930 successfully mined around thirty different deposits, most of 

them were located in northern Sweden and nearly all of them were sulphide bearing. One of their 

closed mines, Rävlidmyran, is the object of this study.  

1.2 Purpose and aim 

 

The purpose of the study is to: 

 Perform a metal mass balance calculation for the pit lake. 

 Calculate the metal transport to the recipient Lake Hornträsket.  

 Review how the water quality changes in the surface streams draining the area.    
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The overall aim of the thesis is to get a better understanding of the aquatic system at Rävlidmyran. 

The report is meant to provide Boliden with information that can be used in decision making 

processes further on.   
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CHAPTER 2   

SITE DESCRIPTION 
 

The site of this study will be described in two parts. One that deals with the general conditions in the 

area and one that focuses on the pit lake.    

2.1 General description of the area 

 

Geographic location  

Rävlidmyran is located 5 km northwest of Kristineberg in the municipality of Lycksele (Figure 2.1).  

The closed mine lies in the western part of the Skellefte ore district which is famous for its rich 

mineral resources. Close to Rävlidmyran there are a number of other mines such as Kristineberg, 

Hornträsket and Rävliden. North of the mining area lies Lake Hornträsket (divided into Sörsjön and 

Norrsjön) that acts as a recipient for both groundwater and surface water runoff coming from 

Rävlidmyran. Today the Rävlidmyran site consists of a large pit lake, a few smaller backfilled pits, an 

empty industrial site, a shaft a few hundred meters to the west and a large waste rock dump that 

partially dams the northern side of the pit lake.  

 

     Figure 2.1 Geographic location of Rävlidmyran (from Lantmäteriet, 2010).  
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Mining history  

Mining was first started in Rävlidmyran in 1951. The ore contained several separate ore lenses and 

the largest one, which formed the present pit lake, was called the Sture ore (Lu, 2004). Both 

underground mining and open pit mining were in use. In total 6 823 000 tons of ore with 3,9% Zn, 

1,0% Cu, 0,6% Pb, 51 g/t Ag and 0,8 g/t Au has been extracted from the area (Kathol and Weihed, 

2005). The Rävlidmyran mine was closed for mining activities in 1991.    

 

Climate  

The Rävlidmyran area has a typical cool continental climate with a relatively large temperature range 

between summer and winter (Wastenson et al., 2004). The average annual temperature in the region 

between 1961 and 2008 was 0,85°C (SMHI, 2010a). Rävlidmyran mine is located between the 

Caledonian mountain-range and the coastal region resulting in a relatively low amount of 

precipitation. The average annual precipitation between 1961 and 2008 was 583 mm (SMHI, 2010a). 

Most of the precipitation falls during the summer months June, July and August. The smallest portion 

normally falls during November, December, February and March (SMHI, 2010b). Approximately 40% 

of the precipitation falls as snow and the area is normally covered by snow from 15th of October until 

10th of May (Wastenson et al., 2004). The largest snow-depth during the year is around 75 cm on 

average.   

 

Geology  

The bedrock around Rävlidmyran consists of felsic metavolcanic rocks of the Skellefte Group, 

graphite- and pyrrhotite-bearing black shales and turbiditic sedimentary rocks, both of the Vargfors 

Group. The volcanic rocks of the Skellefte Group is the lowest stratigraphic unit in the district and it is 

overlain by the Vargfors Group (Kathol and Weihed, 2005). The Rävlidmyran deposit lies along the so 

called Rävliden ore horizon. The bedrock surrounding the deposit is hydrothermally altered, 

metamorphosed to upper greenschist facies and tectonically deformed with pronounced shearing 

(Årebäck et al., 2005). The ore is classified as a large volcanogenic massive sulfide (VMS) deposit of 

replacement type (Kathol and Weihed, 2005) that occurs in a limestone environment. It is pyrite-rich 

with lenses of chalcopyrite and pyrrhotite, veins of sphalerite and galena, and low concentrations of 

gold and silver (Lu, 2004). The deposit lies in the middle of a faulted zone and therefore has a number 

of different ore bodies: one large copper ore body, the Sture ore, and several smaller zinc-lead-

bearing lenses named A-, B-, C-,  D-, E-, F-, G-, H-, IKL- and M-ores.  

  

The soil type in the area that surrounds Rävlidmyran is dominated by sandy-silty glacial till south of 

the pit lake (Envix, 2009). Just north of the pit lake there is a waste-rock dump covered with a 0,5 m 

thick layer of glacial till (Boliden Mineral AB, 1992). Further north towards Lake Hornträsket peat is 

dominating. Previously performed investigations have shown that the natural concentrations of 

copper, zinc, cadmium, lead and arsenic in both soil and bedrock within the drainage area of 

Rävlidmyran are elevated (Lax, 2005). In several places the heavy metal content exceeds the 

guideline values for contaminated land given by the Swedish Environmental Protection Agency 

(GeoEnvix, 2005).   
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Hydrology 

As mentioned before, both groundwater and surface water run-off from Rävlidmyran enters Lake 

Hornträsket to the north. The total run-off area in Rävlidmyran with outlet in Lake Hornträsket is 

estimated to have a size of 941 500 m2 (Figure 2.2). The average yearly run-off is approximately 10 l/s 

(Bergab, 2008). In the area there is one small stream to the east of the pit lake that connects to a 

man-made ditch. The ditch is approximately 800 m long and it runs parallel to the waste-rock dump. 

Partially the ditch is overgrown and hard to distinguish as it is embedded in a mire landscape.  

Northwest of the pit lake the ditch connects with another stream that drains a pond located in 

between the pit lake and Lake Hornträsket (Figure 2.2).   

 

The pit lake has no permanent surface inlets or outlets. It drains via groundwater seepage through 

the waste-rock dump and partially via a low-lying point in the west. Water coming from the low-lying 

point runs down along the slope and gathers to a small stream in a man-made ditch before it enters 

the pond mentioned above. During the mining period, groundwater was diverted from the pit, and a 

fairly constant groundwater flow of 500 000 m3 per year was measured during that time (Lu, 2004).  

The ridge-lines in the run-off area follow the topography and are pretty much the same for both 

groundwater and surface water (Bergab, 2008). Average run-off is 300 mm/year (SMHI, 2010c) and 

the average evaporation is also 300 mm/year (SMHI, 2010d). The recharge of groundwater occurs 

mainly during the snow-melting period but also during a short period in the autumn when 

evaporation is low and precipitation falls as rain on unfrozen soil (Wikner et al., 2002). Groundwater 

levels are highest during spring and lowest during late winter.  

 

 

 Figure 2.2 Overview of the hydrology in Rävlidmyran (modified from Bergab, 2008). 
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Figure 2.3 Cross section with elevations (m.a.s.l) from point A to B marked in Figure 2.2. 

 

Topography and vegetation  

The maximum elevation in the area, 421 meters above sea level, is located south-east of the pit lake. 

From here the area slopes down to the pit lake and further down to Lake Hornträsket which has an 

altitude of 362 meter. Figure 2.3 shows a cross section from the highest point down to Lake 

Hornträsket through the pit lake and the pond.  Rävlidmyran is to a large extent surrounded by 

woodland mainly consisting of pine trees and spruces. To the north of Rävlidmyran, in the area 

between the pit lake and Lake Hornträsket, there is a mire (Figure 2.4). No vegetation occurs on the 

waste rock dump and the slopes surrounding the pit lake. Upstream of the small pond north-west of 

the pit lake, vegetation is severely affected by acid mine drainage (Figure 2.5). 

  

  Figure 2.4 The mire north of the pit lake 
(picture taken 2010-09-27). 

  Figure 2.5 Vegetation upstream from the  pond     
(picture taken 2010-06-03). 
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2.2 Rävlidmyran pit lake  

 

Description 

In 1974 open pit mining of the Sture ore in Rävlidmyran ceased. The large pit was partially backfilled 

with waste-rock and then allowed to naturally fill up with water to form a pit lake (Lu, 2004). 

Rävlidmyran pit lake shows many features that are common in mining lakes such as low pH, high 

concentrations of metals and high sulphate content. The content of organic matter in the water 

column is low and the environment offers little nutrients to sustain life, the pit lake is therefore said 

to be oligotrophic (Lu, 2004). The pit lake is meromictic and thus characterized by a permanent 

stratification (Lu, 2004). The deepest stratum of water, the monimolimnion, has a high density and is 

depleted in oxygen. Rävlidmyran pit lake is a flow-through lake where groundwater flows into the 

lake on the southern side and out on the northern side. The volume of the pit lake changes slightly 

throughout the year. In Table 2.1 some important parameters for the pit lake are listed.  

Table 2.1 Pit lake parameters (from Lu, 2004 and Bergab, 2008).  

Volume: 527 000 m3 

Surface area: 48 400 m2 

Maximum depth: 28,9 m 

Average depth: 10,7 m 

Relative depth: 12 % 

Run-off area(1): 193 900 m2 

Average run-off: 2,1 l/s 

Total run-off area(2): 242 300 m2 

Total average run-off(2): 2,6 l/s 

(1) 
Figure 2.2.  

(2) 
Including the pit lake    

 

Previous studies and remediation actions    

All mining activities at Rävlidmyran stopped in 1991. A remediation plan was established 1992 and 

approved by the county administrative board in Västerbotten 1994 after minor adjustments. 

According to the remediation plan, the dump just north of the pit lake contains 500 000 – 600 000 m3 

of mainly excavation masses, i.e. till. In the western part of the dump Boliden states that 20 000 – 30 

000 m3 of waste-rock were deposited. The sulphur content of the waste-rock was estimated to 3-10 % 

(Boliden Mineral AB, 1992). Apart from covering the waste-rock dump with 0,5 m of till, no 

remediation actions with direct relation to the pit lake took place at that time.  

 

A water quality monitoring program is run by Boliden Mineral since 1992, where water samples are 

collected twice a year. Samples have been taken from drainage water downstream of the waste-rock 

dump and from surface water in the pit lake. During 2001-2002 an extended sampling program was 

performed in the pit lake by Luleå University of Technology (Lu, 2004). The aim was to study the 

aqueous geochemistry of two pit lakes in the Skellefte ore district.  
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In the spring of 2003 a research experiment was performed in the pit lake by Boliden Mineral and 

Luleå University of Technology (Lu, 2004). The pit lake was first treated with 400 tonnes of fine-

grained calcium hydroxide in order to raise the pH to 9. Then 300 tonnes of sewage sludge was 

pumped into the pit lake (Boliden Mineral AB, 2003). The purpose of the experiment was to create 

favorable conditions for sulphate reducing bacteria (SRB) that can biodegrade sulphate and 

precipitate metals in acid mine waters. The sewage sludge experiment did not give the desired effect, 

one possible explanation for this could be that too little organic material was added to the pit lake. 

More about the experiment and its results can be read in the doctoral thesis by Lu (2004). Apart from 

the study done by Lu (2004) several smaller investigations of the Rävlidmyran mine have been 

conducted.  Among those are a geochemical review by Frandsen (2007) and a hydrogeological study 

performed by Bergab (2008). A preliminary risk assessment survey (MIFO phase 1) was done in 

Rävlidmyran by the county administrative board in Västerbotten. The survey pointed out Rävlidmyran 

as a contaminated risk class 2 site (high risk) with As being the primary contaminant (Kristensson et 

al., 2009).     

 

Since 2006 the pit lake has been treated with calcium hydroxide on a yearly basis except for 2009 

(Table 2.2). Liming as a treatment against low pH waters has proven to be a very effective and rapid 

method. However, the positive effects of liming are not permanent and it is rather costly. Thus liming 

is not a long term solution.   

 Table 2.2 Summary of remediation actions in Rävlidmyran pit lake. 

Year Added substance 

2003 400 ton lime and 300 ton sewage sludge 

2006 30 ton technical lime, Ca(OH)2 

2007 65 ton technical lime, Ca(OH)2 

2008 25 ton technical lime, Ca(OH)2 

2010 15 ton technical lime, Ca(OH)2  

 

Boliden has gradually expanded their monitoring program since 2008, and now collect surface water 

samples from six locations around the pit lake. Three groundwater pipes were installed in 2008 and 

two more in 2010. Data collected by Boliden during 2010 are used to calculate metal mass balances 

in this thesis.    

 

During 2009 a number of erosion damages were discovered on the downstream side of the waste-

rock dump that acts as an embankment on the northern side of the pit lake. To prevent further 

erosion damages and possible failure of the embankment, the slope was reinforced with till at the 

bottom and the slope gradient was lowered. At the same time 12 000 m3 of digested sludge was 

spread out over the northern bank in order to stimulate the growth of vegetation. In the summer of 

2010 grass have been sowed in the area as an attempt to diminish the risk of erosion and also 

decrease the water flow through the bank.  
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CHAPTER 3  

GENERAL THEORY 
 

This chapter provides basic theory of how acid mine waters are formed and also gives a review of pit 

lakes and their characteristics.  

3.1 Formation of acid mine waters 
 

The production of acid mine drainage (AMD) from sulphide bearing mines is one of the largest 

environmental problems associated with the mining industry. The problem arises when sulphide 

minerals are exposed to the atmosphere and thus will weather through an oxidation process (Fröberg 

et al., 2004). The oxidation process leads to the production of acid waters, and acid waters in turn 

lead to increased rates of weathering. Therefore mine waters often contain elevated concentrations 

of many harmful heavy metals. Water with low pH also implies that metals such as Al, Fe, Zn, Cu, Co, 

Cd and Mn are more prone to stay in solution and thus can be transported over longer distances. If 

the environment naturally contains buffering minerals such as calcite, the problem with acid drainage 

water is reduced.  In Sweden it is very common that the granitic bedrock does not contain enough 

buffering minerals to neutralize the acid mine drainage produced. However, it is important to point 

out that weathering is a natural and constant process that gives rise to background levels of many 

elements in natural waters and soils. Obviously mineralized zones often show elevated 

concentrations of heavy metals even before a mine is established, and consequently there is a 

problem of how to distinguish natural geologic weathering from metal enrichment due to human 

activities.    

Pyrite is the sulphide mineral that gives the largest negative influence on the environment. This is 

partially because it is the most common mineral in association with sulphide bearing deposits, and 

partially because the chemical oxidation-reaction for pyrite is the most acidifying weathering process 

(Lottermoser, 2007). Reaction (3.1) shows how weathering of pyrite produces sulphate, releases 

dissolved ferrous iron and acidity in the form of protons (Younger et al., 2002).   

                                       
               

             
   (3.1) 
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The dissolved ferrous iron will be oxidized to ferric iron in the presence of oxygen, see reaction (3.2). 

Ferric iron will in turn precipitate into iron-hydroxides according to reaction (3.3) and thus release 

even more protons (Younger et al., 2002).  

           
                       

             
             (3.2) 

          
                                   

     (3.3) 

The solubility of ferric iron will increase as reactions (3.1) and (3.3) generate more and more acid to 

the water. When the pH has dropped to 3 and below, iron-hydroxides will no longer precipitate and 

all ferric iron ions will stay in solution (Appelo and Postma, 2005). Then the next problem arises 

because ferric iron ions are electron acceptors just like oxygen and thus will react with pyrite to 

produce more acidity and ferrous iron (Younger et al., 2002).  

                     
                       

               
             

  (3.4) 

The ferrous iron produced above can once again be oxidized into ferric iron according to reaction 

(3.2), supplying ferric iron needed to drive reaction (3.4). As long as there is sufficient dissolved 

oxygen present, the cycle represented by reaction (3.2) and (3.4) will keep on running. The oxidation 

reactions described above occur spontaneously but generally have slow kinetics. Bacteria which are 

able to utilize inorganic chemicals as an energy source act as catalysts and can increase the rate of 

oxidation by several orders of magnitude (Younger et al., 2002).  Such oxidizing bacteria are 

acidophilic chemolithotrophic micro-organisms and the most common species are Acidthiobacillus 

ferrooxidans and Leptospirillum ferrooxidans (Lottermoser, 2007).   

 

3.2 Pit lake characteristics 

 

In places where mining in open pits occur below the groundwater table, dewatering is required 

during operation. The closure of open pit mines leads to subsequent filling with both groundwater 

and surface water until an artificial pit lake is developed as a permanent feature at the site.  

Physically pit lakes differ from natural lakes in having noticeably higher relative depths. Relative 

depth is a parameter that can be used to compare lake shape, and is the percentage ratio between 

maximum depth of the lake and the mean diameter (Wetzel, 2001). Most natural lakes have a 

relative depth of less than 2%, whilst pit lakes regularly have relative depths between 10 and 40% 

(Castro and Moore, 2000). Lakes with a high relative depth are prone to develop a three-layer system 

in which the third, bottom layer, will remain stagnant and not be affected by seasonal overturn 

(Younger et al., 2002). Lakes behaving in this manner are termed meromictic. In meromictic lakes, the 

deepest and stable stratum of water is called monimolimnion, and the uppermost stratum which 

seasonally circulates is called mixolimnion (Wetzel, 2001). The monimolimnion is separated from the 

mixolimnion by a steep chemical density gradient called the chemocline (Figure 3.1).   
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The permanent stratification in many pit lakes is not only explained by large relative depths. A major 

difference between pit lakes and natural lakes is that the latter ones are generally recharged through 

surface water whilst for pit lakes groundwater inflow is more important (Bowell, 2002). Groundwater 

is rather saline compared to surface water, and thus a large inflow of groundwater will help to 

establish meromictic conditions in a lake since a salt concentration of 1 g/l increases the density of 

water with 0,0008 g/ml (Wetzel, 2001).  

 

Figure 3.1 Schematic image of a meromictic pit lake. 

 

Other common physical features for pit lakes are that they lack shallow water areas and shorelines, 

they have high surrounding walls and due to their short history most have very thin or non-existing 

sediment layers (Lu, 2004). Submerged rooted biological communities are thus not likely to develop 

in pit lakes and the overall biological activity in the water column is generally low.   

Pit lakes also differ significantly from natural lakes in their chemical composition as they frequently 

are acidic with high levels of sulphate and dissolved metals (Castro and Moore, 2000). Specific 

chemical characteristics for a pit lake depend on many factors and processes, the major ones include 

groundwater inflow, precipitation, evaporation, alkalinity of groundwater, composition of wall rocks, 

biological-, limnological- and geochemical processes (Castro and Moore, 2000; Bowell, 2002). When 

considering the geochemical processes that control pit lake chemistry it is useful to view them in 

terms of: (1) release processes, (2) concentration processes, and (3) attenuation processes (Bowell, 

2002). Release processes involve weathering reactions such as sulphide oxidation described in section 

3.1 above. Concentration processes are those that lead to the accumulation of elements, mainly by 

evapoconcentration of salt components in dry environments (Bowell, 2002). Processes that remove 

elements from the aquatic system, such as precipitation of mineral phases and adsorption onto 
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already existing mineral surfaces, are called attenuation processes.   

The accumulation of dissolved elements in a solution will eventually lead to saturation with respect 

to some mineral species, and as a result secondary minerals will precipitate from the solution. Which 

secondary phase that will form is highly pH dependent. In low pH waters oxyhydroxides and 

sulphates are the most abundant precipitates, while in high pH waters other salts such as carbonates 

and hydroxides are dominating (Bowell, 2002). The most common solute in pit lakes is sulphate and 

its presence is limited by the solubility of gypsum. The concentrations of Al, Fe and Mn are controlled 

by well-defined solubility values for different secondary minerals, including jurbanite and alunite for 

Al, ferrihydrite for Fe and manganite, birnessite and rhodochrosite for Mn (Eary, 1999). Solubility 

controls for Cd, Cu, Pb and Zn are less distinct, and the concentration of As is limited only by 

adsorption (Eary, 1999). All metal ions may be adsorbed to mineral surfaces under both oxic and 

anoxic conditions, however the substrate to which they adsorb may vary. Pit lake chemistry, 

particularly the content of As and heavy metals, is highly influenced by adsorption onto precipitated 

hydrous ferric oxides such as schwertmannite, goethite and jarosite (Bowell, 2002). 

The chemical processes that occur in pit lakes are highly complex and very difficult to predict. Small 

changes in pH levels or redox conditions are critical and therefore it is common that the geochemical 

situation in pit lakes changes with time (Lu, 2004). Commonly pit lakes do not have good water 

quality and without substantial preventive or remedial work they will affect the environment 

negatively. However, there are a few cases where acid pit lakes have been neutralized naturally by 

the activity of sulphate reducing bacteria (Castro and Moore, 2000).  
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CHAPTER 4   
METHOD 

 

4.1 Sampling and analysis 

  

Sampling and measurements of pH, conductivity and temperature is done by Boliden personnel in 

Kristineberg. Since the end of April 2010 these parameters have been measured once a week in 

samples taken from two groundwater pipes (GWP 2 and GWP 3), five surface water points (33A, 33B, 

3301, 3305 and 3306) and from the surface of the pit lake (3300). In September 2010 two new 

groundwater pipes (GWP 1 and GWP 4) were installed upstream of the pit lake and since then they 

are also sampled once a week for pH, conductivity and temperature. In Figure 4.1 the location of all 

sampling points and groundwater pipes are shown. The water is sampled in plastic bottles and 

measurements are done in Kristineberg with a handheld conductivity and pH meter from WTW. The 

measurements are not done in situ and thus values of temperature have to be used with care, while 

conductivity and pH values are considered to be representative. All the stream sampling points have 

Thomson V-notches installed for flow measurements which also are done on a weekly basis.  

Once a month water samples were taken in 125 ml plastic bottles and sent directly to ALS 

Scandinavia AB in Luleå for metal analysis. From the newly installed groundwater pipes samples for 

metal analysis have been taken once a week during a period in September-October 2010. At ALS 

Scandinavia, the samples are analyzed for total (i.e. unfiltered) concentrations of Al, As, Ba, Ca, Cd, 

Co, Cr, Cu, Fe, Hg, K, Mg, Mn, Na, Ni, Pb and Zn. ALS Scandinavia uses modified versions of EPA 

method 200.7 ICP-AES (Atomic Emission Spectrometry) and EPA method 200.8 ICP-SFMS (Mass 

Spectrometry) for analyses, after the samples have been treated with HNO3 (suprapur). Data 

provided by Boliden Mineral AB for this thesis work can be found in Appendix I.   

At two occasions during the autumn 2010 extra sampling was performed at seven surface water 

points around the pit lake (Figure 4.1). Measurements of temperature, pH, conductivity, total 

dissolved solids (TDS), dissolved oxygen, redox potential and salinity were performed in situ with a 

Hydrolab MS5 water quality probe. At the same time a depth profile was measured at the deepest 

point of the pit lake. Measurements were done at every meter. Complete data and information about 

the additional sampling points from 2010-09-27 and 2010-10-08 can be found in Appendix II.   
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  Figure 4.1. Overview of ordinary sampling stations, extra sampling points and groundwater pipes. 

 

Information and coordinates for the groundwater pipes and the ordinary sampling points are given in 

Table 4.1 and 4.2. Coordinates and elevation data is estimated from Google Earth 6 

(www.google.com/earth/index.html) and the reference system used for coordinates is SWEREF 99.  

  Table 4.1 Groundwater pipes at Rävlidmyran. 

Name X Y Depth 
(m) 

GW level 
(m) 

Elevation 
(m.a.s.l) 

Description 

GWP 1 7221430 663353 14,0 -10,3 421 Inflow from south-east 
GWP 2 7221819 662903 3,9 -0,5 375 Outflow to  west 
GWP 3 7222039 663041 8,7 +0,5 368 Outflow to  north-west 
GWP 4 7221591 663028 17,2 -12,0 410 Inflow from south-west 

 
  Table 4.2 Ordinary sampling points at Rävlidmyran.  

Name X Y Elevation 
(m.a.s.l) 

Description 

33A 7221846 663603 382 Reference point 
33B 7221961 662654 367 Outflow from the pond 
3300 7221698 663343 390 Surface water in the pit lake 
3301 7221894 662842 368 Ditch leading to the pond  
3305 7222022 662331 362 North -western outlet to Lake Hornträsket  
3306 7222132 663323 365 Northern outlet to Lake Hornträsket 
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4.2 Mass balance calculations 

 

Water balance  

Calculations for the mass balance are done with an assumption of steady state; that is equal amounts 

of water enter and leave the pit lake. For a flow-through pit lake like Rävlidmyran the water balance 

equation in terms of fluxes (m3/h) can be written as: 

                                         (4.1) 

 Evaporation is of little importance for trace metal transportation and therefore it will not be included 

in the hydrological budget used for the mass balance. The inflowing groundwater will be separated 

and observed as two different fluxes; deep and shallow groundwater inflow. Precipitation that falls 

within the run-off area of the pit lake (Figure 2.2) infiltrates the soil layer and enters the pit lake as 

shallow groundwater. Water below the soil layer runs through the bed rock and enters the pit lake as 

deep groundwater. The 

definition of shallow and 

deep groundwater is 

illustrated in Figure 4.2. The 

thickness of the soil layer was 

estimated to 13-16 meters in 

the run-off area during 

drilling of GWP 1 and GWP 4. 

In the same area the water 

table lies 10-12 meters below 

the ground surface (Table 

4.1). This means that the part 

of the soil layer that is fully 

saturated with water (i.e. 

shallow groundwater) is 3-4 

meters thick.  

  

The groundwater outflow is not observed in the same way because of the large hydraulic gradient 

between the upstream and downstream side of the pit lake. The groundwater table downstream of 

the pit lake lies at the same level as the surface creating a wetland (Figure 2.4). In GWP 3, which is 

situated just beneath the embankment slope, the pressure from the flowing groundwater is so high 

that the water level in the pipe rises to 0,5 m above the ground level (Table 4.1). Because of the 

hydraulic gradient a part of the outflowing groundwater from the pit lake moves through the 

embankment and emerges as surface water on the downstream side, a flux referred to as seepage 

(Figure 4.2).  

With these modifications the water balance equation for Rävlidmyran can be rewritten as: 

                                                     (4.2) 

 

  Figure 4.2 Illustration of water fluxes in Rävlidmyran pit lake. 
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Inflowing fluxes and concentrations  

Fluxes of precipitation and shallow groundwater inflow are taken from the hydrogeological study 

done by Bergab (2008). The size of the inflowing deep groundwater flux is unknown and has been 

estimated for the mass balance. This was done using changes in the salt content of the water column 

during winter. When a lake is covered by ice there is no evaporation to concentrate the water column 

or any significant surface inflow to dilute it. Changes in salinity during winter thus are due to the 

inflow of higher salinity groundwater (Balistrieri et al., 2006). Data from Lu (2004) was used for this 

calculation that is further explained in Appendix III.    

 

Concentration values of trace metals in precipitation are taken from IVL Swedish Environmental 

Research Institute (2010a,b,c). Average values from station 102, Bredkälen, between 2000 and 2009 

are used in the mass balance. For the inflowing shallow groundwater there are two sources of 

concentration values, GWP 1 and GWP 4. Based on the run-off area of the pit lake (Figure 2.2) and 

the locations of GWP 1 and GWP 4 (Figure 4.1) an assumption was made that 70% of the total 

inflowing shallow groundwater flux would have concentration values like those in GWP 1, and the 

remaining 30% would have the same concentrations as in GWP 4. For the inflowing deep 

groundwater no concentration data exist. Instead, average dissolved concentrations from the bottom 

8 meters of the pit lake measured at 5 occasions during the summer of 2001 (Lu, 2004) are used in 

the mass balance. Data from 2001 were chosen because that was before any remediation that 

changes pit lake chemistry took place in Rävlidmyran. A summary of the inflowing water fluxes and 

their concentrations can be found in Table 4.3.     

Table 4.3 Inflowing water fluxes and concentration references used in the mass balance.  

Water inflow Concentration reference Flux (m3/h) Flux reference 

Shallow GW, west GWP 4 2,27 30% of 7,56 m3/h,  
from Bergab (2008) 

Shallow GW, east GWP 1 5,29 70% of 7,56 m3/h,  
from Bergab (2008) 

Deep GW Pit lake bottom water,  
from Lu (2004) 

8,02 Calculated (Appendix III) 

Precipitation Mean values,  
from IVL (2010a,b,c) 

1,80 From Bergab (2008) 

 

Outflowing fluxes and concentrations  

The water seepage is quite evenly spread out along the whole embankment. A man-made ditch 

parallel to the western part of the embankment collects the seepage water and diverts it into the 

pond. Here sampling station 3301 is located, providing information about both flux and trace metal 

concentrations. The seepage from the northern side of the embankment leaks straight into the mire 

and thus is not directly measured at any station. Therefore, the flux is assumed to be the same for 

the northern side as the one measured in station 3301. A single water sample was taken 2010-10-18 

from a drainage pipe on the northeastern embankment (extra sampling point X1, Figure 4.1). The 
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analysis showed that trace metal concentrations in this water were significantly lower than those 

measured at station 3301. Therefore, the values from the drainage pipe were chosen to represent 

the concentration levels for the seepage to the north.   

 

With the assumption of steady state, the water balance equation was used to determine the flux of 

outflowing groundwater. Both GWP 2 and GWP 3 can be used as references for concentration values. 

Based on the locations of the groundwater pipes it is estimated that 45% of the outflowing 

groundwater will have concentrations similar to the ones measured in GWP 2, and the remaining 55% 

will be represented by GWP 3. Table 4.4 gives a summary of the outflowing water fluxes and their 

concentrations. 

Table 4.4 Outflowing water fluxes and concentration references used in the mass balance.  

Water outflow Concentration reference Flux (m3/h) Flux reference 

Seepage west 3301 2,30 3301 

Seepage north Drainage pipe (X1) 2,30 Assumed to be the same as 3301 

GW west GWP 2 5,75 45% of 12,78 m3/h,  
from steady state assumption 

GW north GWP 3 7,03 55% of 12,78 m3/h,  
from steady state assumption 

 

 

Time period  and estimation of unknown concentrations   

The mass balance is calculated per month for a period of one year between November 2009 and 

October 2010. Total concentrations are used in the mass balance and the following trace metals are 

studied: As, Ba, Cd, Co, Cr, Cu, Fe, Hg, Mn, Ni, Pb and Zn. Reference point 3301, which gives the 

concentration in the western seepage water, is the only point that has been sampled continuously for 

the full year. Data with total concentrations from GWP 2 and GWP 3 exist from May 2010 and 

onwards. From GWP 1 and GWP 4 data only exist from September and October 2010. In order to 

make a mass balance for a complete year the unknown concentrations had to be estimated. This was 

solved by calculating two different cases, one with estimated maximum concentrations (Concmax) and 

one with estimated minimum concentrations (Concmin) according to: 

                                                       (4.3) 

                                                       (4.4) 

Concmax and Concmin are then used to calculate metal mass balances with maximum and minimum 

values. For the northern seepage only one measurement has been done and no average value or 

standard deviation can be calculated. Instead the measured value is assumed to be constant over the 

whole year. Concentrations of trace metals in the inflowing deep groundwater and the precipitation 

are also assumed not to vary with time.    
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4.3 Metal transport 

 

As mentioned before, surface water from Rävlidmyran mining area is transported to Lake Hornträsket 

via two small streams. Both streams have sampling stations located at their mouths, station 3305 in 

the western stream and station 3306 in the northeastern stream (Figure 4.1). Data from these two 

stations have been used to calculate the transport of metals to Lake Hornträsket on a monthly basis 

for a period of one year starting from November 2009. The mass transport is calculated by 

multiplying the total (particulate plus dissolved) metal concentration per month with the monthly 

average discharge.   

 

Both creeks also have sampling stations further upstream from Lake Hornträsket, two in the western 

stream (33B and 3301) and one in the northeastern stream (33A). Data from these stations have 

been used in the same way to calculate the mass transport of trace metals. This was done in order to 

see how the water quality changes through the drainage area between Rävlidmyran and Lake 

Hornträsket. For station 33A and 33B data only exist from May 2010. For the earlier months data 

values have been calculated with ratios. Station 33A is calculated against station 3306 according to 

the example in Equation 4.5. Station 33B is calculated against station 3301 as in the example in 

Equation 4.6.  

       

         
       

                                          
       

                     (4.5) 

       

         
       

                                          
       

                     (4.6) 

In the examples above February month, which is lacking data from station 33A and 33B, is calculated 

against October month, for which data exist from all four stations. Each month with unknown 

concentration values are then calculated against all months with measured values. For example 

February is calculated not only against October, but also against September, August, July and June. 

This gives five estimated concentration values for February, and thus the average value was used. The 

same principle is used to calculate concentration values for the other months lacking measured data 

from station 33A and 33B.  
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CHAPTER 5   

RESULTS AND DISCUSSION 
 

5.1 Mass balance for the Rävlidmyran pit lake 

 
The results from the mass balance calculation for Rävlidmyran pit lake are presented in kg per month 

for Ba, Cd, Co, Cu, Fe, Mn, Ni, Pb and Zn. For As, Cr and Hg the results are given in g per month. Table 

5.1 shows the result with estimated maximum values (Equation 4.3) and Table 5.2 the result with 

minimum estimated values (Equation 4.4). A positive value implies that more mass is added to the pit 

lake than what is withdrawn (i.e. the pit lake acts as a trap for trace metals). Negative values indicates 

that more mass than what is added leaves the pit lake, which means that the pit lake itself 

contributes to higher concentrations in the outflowing water.  

Due to the lack of long term series of data in many of the reference points, the most reliable results 

can be expected for September and October 2010. From Table 5.1 and Table 5.2 it can be seen that 

all elements except Mn and Ni consistently have positive values in September and October 2010.  

Most elements also show very small variations between the two months, while Cr, Fe and Hg differ 

significantly. The only element that varies from a positive value in October to a negative value in 

September is Mn. This variation is due to large concentration differences in GWP 1, GWP 3 and GWP 

4. Also GWP 2 shows a large concentration difference, the value in October is over 1000 times larger 

than the one in September and the earlier months. The October value is therefore disregarded as it is 

thought to be an error of measurement.   

The mass balance calculated with estimated maximum values (Table 5.1) shows similar results for the 

full year, as for September and October 2010. The balance for Mn and Ni is negative, and on average 

29,4 kg of Mn and 0,47 kg of Ni flows out from the pit lake per month. In May 2010 there is also a 

negative transport of Hg which to a large extent depends on an unusually high concentration value 

measured in the western seepage water (station 3301). With estimated minimum values the mass 

balance shows slightly different results (Table 5.2). In addition to Mn and Ni also Cr and Hg show 

negative values seen over the one-year period. Metal fluxes of As and Ba are negative in July 2010. 

For  As  this  depends on  elevated  concentrations in  the  outflowing   groundwater measured in
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Table 5.1 Metal mass balance for the pit lake, results with estimated MAXIMUM* values.  

 As (g) Ba (kg) Cd (kg) Co (kg) Cr (g) Cu (kg) Fe (kg) Hg (g) Mn (kg) Ni (kg) Pb (kg) Zn (kg) 

November-09 36,1 0,15 0,65 0,74 51,7 8,81 434,4 0,13 -33,55 -0,47 0,22 373,2 

December-09 36,1 0,15 0,64 0,70 52,2 7,27 425,6 0,13 -35,50 -0,49 0,22 368,9 

January-10 36,1 0,16 0,64 0,70 52,1 6,94 423,3 0,13 -36,68 -0,50 0,22 367,9 

February-10 36,1 0,16 0,64 0,69 52,0 6,61 421,0 0,13 -44,85 -0,50 0,22 366,8 

March-10 35,3 0,15 0,64 0,68 51,4 7,69 421,3 0,13 -38,19 -0,53 0,22 368,1 

April-10 36,1 0,15 0,65 0,74 52,5 8,98 429,1 0,09 -34,63 -0,44 0,22 375,2 

May-10 34,8 0,16 0,67 0,80 54,1 10,74 424,1 -0,91 -31,27 -0,27 0,22 384,3 

June-10 57,7 0,23 0,61 0,68 60,4 5,55 597,7 0,14 -26,52 -0,43 0,22 369,9 

July-10 25,8 0,14 0,62 0,68 59,2 5,64 390,9 0,18 -30,88 -0,48 0,22 370,1 

August-10 59,2 0,19 0,65 0,73 74,4 10,30 372,3 0,12 -26,59 -0,51 0,24 373,2 

September-10 47,6 0,17 0,64 0,72 24,9 8,04 508,6 0,03 -27,27 -0,50 0,21 369,3 

October-10 48,8 0,14 0,65 0,73 43,5 10,44 432,9 0,19 6,45 -0,51 0,23 377,2 

             

Average per month: 40,8 0,16 0,64 0,71 52,4 8,08 440,1 0,04 -29,37 -0,47 0,22 372,0 

Total per year: 490,0 1,96 7,71 8,58 628,3 97,01 5281,4 0,52 -352,48 -5,64 2,64 4464,1 

*Maximum concentration values are calculated according to Equation 4.3. 

 

 

 

 



 
 

 

 

 

Table 5.2 Metal mass balance for the pit lake, results with estimated MINIMUM* values.  

 As (g) Ba (kg) Cd (kg) Co (kg) Cr (g) Cu (kg) Fe (kg) Hg (g) Mn (kg) Ni (kg) Pb (kg) Zn (kg) 

November-09 40,1 0,09 0,65 0,74 -5,50 8,87 575,6 -0,004 -4,11 -0,38 0,19 377,9 

December-09 40,1 0,09 0,64 0,70 -5,09 7,33 566,9 -0,004 -6,06 -0,41 0,19 373,6 

January-10 40,1 0,09 0,64 0,70 -5,19 7,00 564,5 -0,004 -7,24 -0,42 0,19 372,6 

February-10 40,1 0,10 0,65 0,69 -5,29 6,66 562,2 -0,004 -8,42 -0,42 0,19 371,5 

March-10 39,3 0,09 0,65 0,68 -5,80 7,74 562,6 -0,004 -8,75 -0,45 0,19 372,8 

April-10 40,1 0,09 0,66 0,74 -4,71 9,03 570,3 -0,045 -5,19 -0,35 0,20 379,9 

May-10 30,5 0,04 0,67 0,77 -17,88 10,69 558,7 -1,114 -6,42 -0,34 0,18 383,7 

June-10 25,9 0,05 0,61 0,63 -21,09 5,39 566,1 -0,061 -27,70 -0,52 0,16 368,9 

July-10 -6,0 -0,03 0,62 0,63 -22,23 5,48 359,3 -0,015 -32,06 -0,56 0,16 369,1 

August-10 27,4 0,02 0,65 0,68 -7,09 10,14 340,6 -0,078 -27,77 -0,59 0,19 372,2 

September-10 47,6 0,17 0,64 0,72 24,91 8,04 508,6 0,032 -27,27 -0,50 0,21 369,3 

October-10 48,8 0,14 0,65 0,73 43,53 10,44 432,9 0,190 6,45 -0,51 0,23 377,2 

             

Average per month: 34,5 0,08 0,64 0,70 -2,62 8,1 514,0 -0,09 -12,9 -0,45 0,19 374,1 

Total per year: 414,3 0,94 7,73 8,42 -31,42 96,8 6168,4 -1,11 -154,5 -5,45 2,29 4488,8 

*Minimum concentration values are calculated according to Equation 4.4. 
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both GWP 2 and GWP 3. The elevated concentration of As downstream of the pit lake is likely to be a 

direct result of the 15 tonnes of technical lime that was spread out in Rävlidmyran in June 2010. For 

Ba it is difficult to say what the single negative value depends on.   

Both versions of the mass balance calculation show that As, Ba, Cd, Co, Cu, Fe, Pb and Zn have a 

positive balance seen over the full year. Consequently these elements appear to accumulate in the 

Rävlidmyran pit lake. The largest accumulation is observed for Fe and Zn. The high concentrations of 

these metals measured upstream of the pit lake are not unexpected, considering the presence of ore-

minerals like pyrite (FeS2), chalcopyrite (CuFeS2), pyrrhotite (FeS), sphalerite (ZnS) and galena (PbS). 

  

 

5.2 Mass balance uncertainties  

  

There are uncertainties in the assumptions and calculations that have been done for this mass 

balance. One obvious uncertainty is the lack of long term data in all the groundwater pipes and for 

the seepage water to the north. The water fluxes in the hydrological budget for the pit lake might 

also be uncertain, and the assumption that the pit lake is at steady state is not entirely accurate since 

the water level fluctuates over the year. The largest uncertainty is however related to the 

concentration values for the inflowing deep groundwater. These concentrations have been estimated 

to be the same as the dissolved concentrations in the bottom water of the pit lake. It is possible that 

the concentrations in the inflowing deep groundwater deviate from the values used in the present 

mass balance calculation. This would change the values reported in Table 5.1 and 5.2.  

The importance of the inflowing deep groundwater can be judged by calculating a zero mass balance. 

The zero mass balance applies reversed calculations to determine at which concentrations for the 

deep groundwater the pit lake is at steady state (i.e. equal amounts of each element enters and 

leaves the pit lake). These concentration values are subsequently easy to use for control. The zero 

mass balance only includes September and October 2010 since data from all the reference points do 

not exist for the other months.  Table 5.3 shows the result for the zero mass balance together with 

the deep groundwater concentrations used in the actual mass balance calculation.   

For Ba, Cd, Co , Cu, Fe, Hg, Mn, Ni, Pb and Zn the zero-balance concentrations in Table 5.3 can be 

used as guideline values if a deep groundwater well is installed in the upstream area. If measured 

concentrations exceed the calculated zero-balance concentrations then the pit lake accumulates 

metals, and if measured concentrations are lower the pit lake instead releases metals. The calculated 

concentrations are considered to be very high. For comparison, the reference value for Cd in 

unaffected groundwater is 0,1 µg/l and for Zn it is 100 µg/l (Swedish EPA, 1999b). For As and Cr there 

is no concentration in the deep groundwater that gives a zero mass balance. This means that As and 

Cr constantly are added to the pit lake in larger amounts than what is withdrawn, even without the 

contribution from deep groundwater.    
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Table 5.3 Concentrations in µg/l for the inflowing deep groundwater. 

 Zero-balance 
concentrations 

Mass balance 
concentrations 

As - 2,4 
Ba 4 33 
Cd 35 139 
Co 80 199 
Cr - 0,2 
Cu 2 170 3 620 
Fe 40 400 123 700 
Hg 0,001 0,016 
Mn 20 900 17 200 
Ni 240 177 
Pb 11 46 
Zn 17 470 78 400 

 

5.3 Vertical pit lake profiles 

 

The results from the depth profile that was measured 2010-10-08 in Rävlidmyran pit lake are 

illustrated in Figure 5.1 (data reported in Appendix II). The figure shows diagrams of conductivity, 

temperature, pH and dissolved oxygen saturation plotted against depth in meters. Together with the 

profile from 2010 (the thick black line) three other profiles are also plotted. These profiles are from 

data collected by Lu (2004) and represent different stages in the history of the pit lake.  The profile 

from 2001 (blue line) was measured before any remediation actions took place.  The red line shows 

the profile in 2003 a few weeks after extensive treatment with lime.  The green line represents the 

profile measured 2004 and shows the situation in the lake one year after treatment. All four profiles 

are measured at the deepest point in the pit lake (estimated from the bathymetric map in Appendix 

IV).  

The permanent stratification with a steep chemical gradient can clearly be observed from the data 

collected in October 2010. The conductivity rises from 1812 µS/cm to 2610 µS/cm, and the dissolved 

oxygen decreases from 92,8% to 3,6% between 7 and 8 meters depth. Below the chemocline the 

water in the monimolimnion has a constant temperature around 6,15 °C. The pH is rather stable 

through the whole water column and ranges between 5,75 and 6,60. The conductivity in the 

monimolimnion during 2010 is higher than for earlier profile measurements. This might support the 

result from the mass balance, suggesting that metals are continuously accumulating in the pit lake. 

The increase in conductivity between 2001 and 2010 recalculated to salinity (Appendix III) indicates 

an increase in mass by 12 400 kg per year. The result from the mass balance suggests an increase 

between 10 600 – 10 900 kg per year.  



Page | 24 
 

  

  

 
Figure 5.1 Conductivity, temperature, pH and dissolved oxygen saturation plotted against depth.  
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5.4 Metal transport 

 

Metal flux to Lake Hornträsket   

The metal flux to Lake Hornträsket is calculated from measurements at monitoring stations 3305 and 

3306 (Figure 4.1). Monthly averages and the total flux per year for each trace element and station are 

presented in Table 5.4. The total contribution of metals to Lake Hornträsket is presented in the same 

table. The largest total fluxes per year are of Zn, Mn and Fe. For the trace elements classified as 

extremely hazardous by the Swedish Environmental Protection Agency (2002) (i.e. Cd, As, Pb, Cr and 

Hg) the total contribution from Rävlidmyran drainage area is 2010 g of Cd, 490 g of As, 440 g of Pb, 

140 g of Cr and 5 g of Hg. The transport of Hg, Pb, Co, Ba, Ni and Cu is largest in the western stream 

and the transport of Cr, As, Cd, Fe, Mn and Zn is larger in the northeastern stream.  

In metal mass balance calculations performed for Lake Hornträsket, the flux of Zn from Rävlidmyran 

was first estimated to 300 kg/year by GeoEnvix (2005) and later on to 850 kg/year by Frandsen 

(2007). Here the total flux of Zn to Lake Hornträsket has been calculated to 1300 kg/year, and thus is 

significantly larger than what earlier reports have suggested. The calculated flux of Cu (80 kg/year) is 

rather similar to earlier estimations of 70 kg/year (GeoEnvix, 2005) and 140 kg/year (Frandsen, 2007). 

Table 5.4 Metal fluxes to Lake Hornträsket calculated between November 2009 and October 2010.  

 Station 3305 

(Western stream) 

Station 3306 

(Northeastern stream) 

Total metal flux 

(Both streams) 
 Monthly average Per year Monthly average Per year Monthly average Per year 

As (g) 12 147 29 345 41 492 

Ba (kg) 0,3 3,7 0,2 2,6 0,5 6,2 

Cd (g) 74 885 9 1127 83 2012 

Co (kg) 0,3 3,1 0,2 2,1 0,5 5,2 

Cr (g) 5 66 6 78 12 144 

Cu (kg) 5 63 2 18 7 81 

Fe (kg) 12 143 19 235 31 378 

Hg (g) 0,2 3,0 0,1 1,8 0,3 4,7 

Mn (kg) 20 236 58 694 77 930 

Ni (kg) 0,4 5,0 0,4 4,5 0,8 9,5 

Pb (g) 21 257 15 178 36 435 

Zn (kg) 43 521 65 777 108 1299 

 

The metal fluxes presented above are considered to be accurate. In Table 5.5, the minimum and 

maximum concentrations measured at stations 3305 and 3306 between November 2009 and October 

2010 are put in relation to reference values for smaller streams in northern Sweden (Swedish EPA, 

1999a). In the surveillance program for Rävlidmyran, monitoring station 33A is placed to measure 

local background values for a surface stream unaffected by anthropogenic pollution.  The average 

values from station 33A are also presented in Table 5.5.  
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Table 5.5 Reference values (µg/l) and measured minimum and maximum concentrations (µg/l) during one 
year starting from November 2009 in the western- and northeastern outlets to Lake Hornträsket. 

 

Reference values 
Northern Sweden 

Background values 
Rävlidmyran 

Station 3305 
Western stream 

Station 3306 
Northeastern stream 

 
(Swedish EPA, 1999a) (Station 33A) Min Max Min Max 

n* - 6 12 12 12 12 

As  0,06 4,1 0,5 1,6 0,5 3,8 

Ba - 8,4 20,9 36,5 11,4 20,8 

Cd 0,003 0,2 4,3 21,0 2,4 15,6 

Co 0,03 0,3 14,0 68,7 4,2 27,0 

Cr 0,1 0,4 0,4 0,4 0,4 1,0 

Cu 0,3 11 254 1830 55 242 

Fe - 1 067 371 2 970 754 2 060 

Hg 0,002 0,01 0,01 0,04 0,01 0,04 

Mn - 63 1 070 4 510 1 120 7 240 

Ni 0,3 1,0 25,3 101,0 10,6 43,6 

Pb 0,04 0,6 0,3 6,8 0,6 2,0 

Zn 0,9 101 2 510 10 900 1 420 9 190 
* n = number of samples  

 

From Table 5.5 it can clearly be seen that the local background values for all the elements are to a 

large extent higher than the reference values given by the Swedish Environmental Protection Agency. 

The difference is largest for Zn, but also As, Cd and Cu show much elevated local background levels. 

Both the minimum and maximum concentrations of Ba, Cd, Co, Fe, Mn, Ni and Zn at stations 3305 

and 3306 exceed the local background values. Noticeable are the high concentrations of Cd, Co, Cu, 

Ni and Zn in the outlet of the western stream.  Concentrations of Fe and Pb vary in both streams; at 

times they are lower than the background value and sometimes higher. Levels of Cr and Hg at 

stations 3305 and 3306 lie close to or slightly higher than the local reference. What really is 

noticeable is the occurrence of As. The local background value measured at station 33A is eight times 

higher than the minimum in both the outlets, more than twice as high as the maximum in the 

western outlet, and slightly higher than the maximum in the northeastern outlet. In the preliminary 

risk assessment survey As was judged to be the primary contaminant in Rävlidmyran. Thus the high 

background level of As in the area is worth mentioning.   

Water quality in surface streams   

The water quality in the western stream is graphically illustrated in Figure 5.2, Figure 5.3 and Figure 

5.4 for station 3301, 33B and 3305 respectively. For the northeastern stream Figure 5.5 and Figure 

5.6 show water parameters from station 33A and 3306. All the figures are structured in the same 

way. The left column shows plots of concentrations (µg/l) and pH, with the concentration axis on the 

left and the pH scale on the right axis. The right column shows plots of calculated metal transport 

(kg/month) together with measured water flows (m3/h). The metal transport is shown on the left axis  
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and the water fluxes on the right. The elements with the largest concentrations and the largest metal 

fluxes (i.e. Fe, Zn, Mn and Cu) are consistently presented in the top diagrams. The diagrams in the 

middle show Ni, Co and Cd, and the bottom diagrams present Pb, Cr, Hg and As.  

In the western stream the water quality changes considerably from the ditch upstream of the pond to 

the outlet in Lake Hornträsket. The biggest change occurs between station 3301 and 33B (i.e. the 

inlet to and the outlet from the pond). The concentrations of all the elements drop remarkably 

because the pond acts as an effective trap for trace metals. At station 33B the pH value is around 0,8 

units higher and the conductivity is about half as high as at station 3301. There is a small increase in 

the water flux between the stations, but it is only marginal. Both the inlet and the outlet are located 

on the western side of the pond (Figure 4.1), but data from the extra sampling point X2 shows that 

the water in the eastern part of the pond also has a pH value as low as 4,3. From station 33B down to 

the outlet in Lake Hornträsket the distance is approximately 380 meters. Along this distance new 

water enters the stream at two locations. At the junction where sampling point X4 is located (Figure 

4.1) water enters from the ditch to the northeast. The trace metal concentrations for this water are 

unknown, but the pH is as low as 3,7 (measured at point X3). Just before the outlet a small stream 

with pH 5,8 and conductivity 83 µS/cm merges from the west (point X6). Despite the influence of 

newly added water the element concentrations do not differ much between station 33B and 3305, 

although for some elements there is a small increase. At the outlet station 3305 (Figure 5.4) a clear 

increase in most element concentrations can be seen in March 2010. This is probably explained by 

the unusually low water flow (0,8 m3/h). The water flow at station 3305 differs from the upstream 

stations since it is much larger and shows a different annual variation. For station 3305 a large 

increase can be seen during spring flood in May 2010. At the upstream stations (33B and 3301) the 

snow melt can be seen already in April, with a second peak in July.   

The water quality in the northeastern stream is shown by data from station 33A and 3306 (Figure 

4.1). As mentioned before station 33A should represent background values of trace elements within 

the area. Station 3306 is located along the same stream but further downstream towards Lake 

Hornträsket. Between the stations the stream collects water from the seepage through the 

embankment and from the mire area. Concentrations of Zn, Mn, Ni, Co and Cd are much higher at 

station 3306 than at 33A (Figure 5.5 and Figure 5.6). The Cu concentration also increases 

downstream, but much less so. For Cr, Hg and Pb the concentrations are similar at both stations. The 

only element that decreases downstream is As, as discussed in the part “Metal flux to Lake 

Hornträsket”. The pH in the northeastern stream generally is 1-2 units higher than in the western 

stream. Upstream (station 33A) the pH is 6,4 (average value) and downstream (station 3306) it still is 

as high as 6,1. The water flux is higher at station 3306 but the two stations show similar annual 

variations with a spring flood peak in May.  
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Station 3301 

Concentration (µg/l)and pH  Transport (kg/month) and flow (m3/h) 

  

  

  

 
Figure 5.2 Diagrams illustrating trace metal concentrations and transport in the western stream. 
Diagrams in the left column: concentrations on left axis, pH on right axis.  
Diagrams in the right column: transport on left axis, water flow on right axis.   
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Station 33B 

Concentration (µg/l) and pH Transport (kg/month) and flow (m3/h) 

  

  

  

 
Figure 5.3 Diagrams illustrating trace metal concentrations and transport in the western stream. 
Diagrams in the left column: concentrations on left axis, pH on right axis.  
Diagrams in the right column: transport on left axis, water flow on right axis.   
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Station 3305 

Concentration (µg/l) and pH Transport (kg/month) and flow (m3/h) 

  

  

  

 
Figure 5.4 Diagrams illustrating trace metal concentrations and transport in the western stream.  
Diagrams in the left column: concentrations on left axis, pH on right axis.  
Diagrams in the right column: transport on left axis, water flow on right axis.   
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Station 33A 

Concentration (µg/l) and pH Transport (kg/month) and flow (m3/h) 

  

  

  

 
Figure 5.5 Diagrams illustrating trace metal concentrations and transport in the northeastern stream.  
Diagrams in the left column: concentrations on left axis, pH on right axis.  
Diagrams in the right column: transport on left axis, water flow on right axis.   
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Station 3306 

Concentration (µg/l) and pH Transport (kg/month) and flow (m3/h) 

  

  

  

 
Figure 5.6 Diagrams illustrating trace metal concentrations and transport in the northeastern stream. 
Diagrams in the left column: concentrations on left axis, pH on right axis.  
Diagrams in the right column: transport on left axis, water flow on right axis.    
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5.5 General considerations 

 

The local background values from station 33A are much higher than the reference values for small 

streams in northern Sweden given by the Swedish Environmental Protection Agency. Considering the 

location of station 33A it is possible that the local background values are affected by mining and thus 

not representative as background values. Therefore it is recommended to evaluate if station 33A 

should be relocated. This can be done by collecting water samples further upstream from station 

33A, and also upstream from station X6 to compare metal concentrations.  
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CHAPTER 6  

CONCLUSIONS 
 

The results from the mass balance suggests that As, Ba, Cd, Co, Cr, Cu, Fe, Pb and Zn continuously 

accumulate in Rävlidmyran pit lake. Mn and Ni, on the other hand, appear to be exported from the 

lake (i.e. more mass leaves the pit lake than what enters). No conclusions can be drawn regarding the 

results for Hg. Since concentrations in the inflowing deep groundwater are the largest uncertainties 

in the mass balance it is recommended to install an additional groundwater well upstream of the pit 

lake reaching down to the level of the lake bottom. Groundwater concentrations from this well can 

then be compared with the calculated concentrations from the zero-balance. To further improve the 

credibility of the mass balance the following approaches are suggested: (1) to install a permanent 

sampling station at point X1 to measure concentrations and water flow for the seepage to the north, 

(2) continue to sample data for metal analysis on a monthly basis until a one-year cycle is measured 

in all points, and (3) install a fixed water level indicator on the southern shore to measure how the 

water level in Rävlidmyran pit lake fluctuates over the year (to be able to calculate a mass balance 

without the steady state assumption).  

From the vertical profiles of conductivity, temperature, pH and dissolved oxygen saturation measured 

in October 2010 it can clearly be seen that Rävlidmyran pit lake is permanently stratified with a stable 

water column below 8-10 meters depth. The conductivity in the monimolimnion was higher in 2010 

than for profiles measured in 2001-2004. This observation might support the theory that metals are 

continuously accumulating in the pit lake. To follow up on this it is recommended to measure new 

depth profiles at regular intervals.  

The element transport into Lake Hornträsket on an annual basis is largest for Zn (1300 kg), Mn (930 

kg) and Fe (380 kg). For the more hazardous elements, the transport from Rävlidmyran to Lake 

Hornträsket is 2010 g of Cd, 490 g of As, 440 g of Pb, 140 g of Cr and 5 g of Hg. To get a better 

understanding of the impact Rävlidmyran has on Lake Hornträsket, it is recommended to compare 

the calculated metal transport from Rävlidmyran with the metal transport from the nearby 

Hornträskviken mine. 

When concentrations measured from the two outlets to Lake Hornträsket (stations 3305 and 3306) 

are compared with local background values measured at station 33A, it can be seen that the 

concentrations of Ba, Cd, Co, Fe, Mn, Ni and Zn are clearly elevated. The only element that is 
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measured to be higher in the reference point than in the two outlets is As. The local background 

values are considered to be very high and it is possible that they are affected by mining and thus not 

representative as background values. A recommendation is to collect a number of samples for metal 

analysis further upstream from station 33A, and perhaps also upstream from station X6, to evaluate if 

the reference point needs to be relocated.   
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APPENDIX I 

Sampling data Boliden Mineral AB   
 

       Table A. Water flow (m3/h) measured from November 2009 until October 2010 in Rävlidmyran.      

  3301 33B 3305 33A 3306 

2009-11-18 2,8 - 43,0 - 33,0 

2009-12-03 1,6 - 13,7 - 8,9 

2010-01-26 1,6 - 2,8 - 6,4 

2010-02-16 1,1 - - - 4,4 

2010-03-17 0,8 - 0,8 - 4,4 

2010-04-13 2,1 - 10,4 - 10,4 

2010-05-04 2,8 - 30,1 - 7,6 

2010-05-12 6,4 - 112,0 - 33,0 

2010-05-21 2,1 - 125,1 - 154,1 

2010-05-27 2,1 - 43,0 - 50,5 

2010-06-03 2,8 4,4 8,9 - 15,6 

2010-06-16 3,5 3,5 5,3 30,1 13,7 

2010-06-23 2,1 2,1 6,4 58,8 15,6 

2010-06-30 2,8 2,8 7,6 36,2 15,6 

2010-07-15 2,8 3,5 10,4 19,8 13,7 

2010-07-20 2,1 5,3 15,6 36,2 24,6 

2010-07-26 5,3 8,9 43,0 88,2 50,5 

2010-08-03 2,1 4,4 12,0 22,1 17,6 

2010-08-11 2,8 4,4 8,9 27,2 22,1 

2010-08-26 2,8 3,5 10,4 30,1 22,1 

2010-09-02 2,8 2,8 6,4 17,6 15,6 

2010-09-08 2,1 2,8 4,4 7,6 8,9 

2010-09-15 2,8 2,8 6,4 15,6 13,7 

2010-09-22 2,8 5,3 13,7 24,6 15,6 

2010-09-27 2,8 4,4 11,9 15,6 11,90 

2010-10-06 2,5 2,8 5,3 8,9 8,90 

2010-10-12 2,1 2,5 6,4 8,1 8,90 

2010-10-18 2,1 4,0 17,6 30,1 18,90 

 



 
 

Table B. Field parameters and metal analysis from all groundwater pipes and sampling points in Rävlidmyran.   

  Cond. pH As Ba Cd Co Cr Cu Fe Hg Mn Ni Pb Zn 
  (µS/cm)   µg/l µg/l µg/l µg/l µg/l µg/l µg/l µg/l µg/l µg/l µg/l µg/l 
               

GWP 1               

2010-09-07 - 7,34 11,9 40,5 0,237 1,47 5,14 11,7 2290 0,01 65 6,09 4,75 131 

2010-09-15 - 7,74 9,98 31,7 0,101 0,891 2,89 15,8 1070 0,01 36 4,34 2,57 112 

2010-09-21 - 8,08 11,2 51,5 0,134 2,26 10,9 17,5 4130 0,029 71 9,32 6,63 127 

2010-09-27 330 7,80 11,1 41,4 0,076 2,1 7,66 15,5 2860 0,02 50 9,82 4,23 51,8 

2010-10-06 420 7,73 - - - - - - - - - - - - 

2010-10-08 308 7,84 - - - - - - - - - - - - 

2010-10-12 - 8,18 18,7 72 0,247 10 24,3 51,9 9200 0,08 104 22,9 17,2 280 

2010-10-18 - 7,67 12,4 53,5 0,025 3,79 14,9 21,8 5110 0,037 71 12,2 8,5 123 

               

GWP 2               

2010-04-28 709 5,85 - - - - - - - - - - - - 

2010-05-04 669 5,91 4,01 32,4 3,02 26,8 6,01 52,7 2950 0,027 2850 248 9,54 3190 

2010-05-12 695 5,91 - - - - - - - - - - - - 

2010-05-21 740 5,84 - - - - - - - - - - - - 

2010-05-27 - 6,98 - - - - - - - - - - - - 

2010-06-03 697 5,81 - - - - - - - - - - - - 

2010-06-08 690 5,79 - - - - - - - - - - - - 

2010-06-16 812 5,8 2,74 20,7 3,88 34 4,62 33 1820 0,021 2880 253 6,4 3210 

2010-06-23 753 6,04 - - - - - - - - - - - - 

2010-06-30 817 5,79 - - - - - - - - - - - - 

2010-07-08 968 5,75 4,02 32,7 4,01 32,6 5,74 59,2 2980 0,01 3260000 265 7,84 3860 

2010-07-15 - 5,79 - - - - - - - - - - - - 

2010-07-20 - 5,86 - - - - - - - - - - - - 

2010-07-26 - 6,06 - - - - - - - - - - - - 



 
 

  Cond. pH As Ba Cd Co Cr Cu Fe Hg Mn Ni Pb Zn 
  (µS/cm)   µg/l µg/l µg/l µg/l µg/l µg/l µg/l µg/l µg/l µg/l µg/l µg/l 

 

              

2010-08-03 - 5,92 - - - - - - - - - - - - 

2010-08-11 - 5,89 2,9 25,9 4,07 32,9 3,52 40,5 2070 0,01 3460 287 5,84 4640 

2010-08-19 - 6,12 - - - - - - - - - - - - 

2010-08-26 - 5,89 - - - - - - - - - - - - 

2010-09-02 - 6,14 - - - - - - - - - - - - 

2010-09-08 - 6,03 1,33 17,6 3,85 29,1 1,3 30,1 836 0,01 3340 279 3,36 4280 

2010-09-15 - 5,97 - - - - - - - - - - - - 

2010-09-22 - 5,77 - - - - - - - - - - - - 

2010-09-27 1116 5,33 - - - - - - - - - - - - 

2010-10-06 1038 5,73 - - - - - - - - - - - - 

2010-10-08 1098 5,3 - - - - - - - - - - - - 

2010-10-12 - 5,81 - - - - - - - - - - - - 

2010-10-18 - 5,74 2,72 37,4 4,56 35,6 5,38 35 2440 0,01 3460000 293 6,84 4480 

               

GWP 3               

2010-05-21 1034 6,91 - - - - - - - - - - - - 

2010-05-27 1229 5,83 - - - - - - - - - - - - 

2010-06-03 1309 6,97 - - - - - - - - - - - - 

2010-06-08 1264 6,94 - - - - - - - - - - - - 

2010-06-16 1475 6,96 2,73 28,8 0,203 5,11 2,2 15,5 13000 0,01 15500 5,11 4,11 159 

2010-06-23 1330 7,08 - - - - - - - - - - - - 

2010-06-30 1470 6,97 - - - - - - - - - - - - 

2010-07-08 1624 7,1 7,98 35 0,16 3,75 1,55 35,1 46700 0,01 16300 5,45 2,95 77,8 

2010-07-15 - 7 - - - - - - - - - - - - 

2010-07-20 - 7,06 - - - - - - - - - - - - 

2010-07-26 - 6,86 - - - - - - - - - - - - 

2010-08-03 - 6,87 - - - - - - - - - - - - 



 
 

  Cond. pH As Ba Cd Co Cr Cu Fe Hg Mn Ni Pb Zn 
  (µS/cm)   µg/l µg/l µg/l µg/l µg/l µg/l µg/l µg/l µg/l µg/l µg/l µg/l 
               

2010-08-11 - 6,94 1,85 29,8 0,025 2,01 0,45 6,11 51000 0,01 15400 2,14 0,969 45,1 

2010-08-19 - 6,86 - - - - - - - - - - - - 

2010-08-26 - 6,89 - - - - - - - - - - - - 

2010-09-02 - 7,07 - - - - - - - - - - - - 

2010-09-08 - 6,95 1,07 22,7 0,062 1,41 1,12 9,27 23500 0,01 15100 2,69 1,62 116 

2010-09-15 - 6,91 - - - - - - - - - - - - 

2010-09-22 - 6,86 - - - - - - - - - - - - 

2010-09-27 1700 6,37 - - - - - - - - - - - - 

2010-10-06 1263 6,97 - - - - - - - - - - - - 

2010-10-08 1831 6,41 - - - - - - - - - - - - 

2010-10-12 - 6,91 - - - - - - - - - - - - 

2010-10-18 - 6,78 2,76 23,7 0,025 0,932 2,87 17,3 43400 0,01 9910 3,98 3,71 131 

               

GWP 4               

2010-09-08 - 6,85 8,05 72,8 0,585 14,9 20 27,2 9090 0,01 958 60,4 13,6 376 

2010-09-15 - 6,83 1,04 17,8 0,481 11 1,76 15,3 822 0,01 775 44 2,61 205 

2010-09-22 - 6,74 3,94 35,1 0,79 9,25 6,17 47,5 3000 0,01 639 48,8 8,12 396 

2010-09-27 940 6,24 1,15 20,5 0,364 2,01 2 8,71 684 0,01 244 39,5 1,69 62,6 

2010-10-06 1088 6,36 - - - - - - - - - - - - 

2010-10-08 1009 5,98 - - - - - - - - - - - - 

2010-10-12 - 6,70 1,14 18,6 0,326 1,49 1,4 17,9 593 0,01 248 32,4 3,22 176 

2010-10-18 - 6,37 3,78 30,2 0,47 2,25 7,26 22,8 2300 0,01 297 36,8 7,43 224 

               

3301               

2009-11-18 1118 3,34 0,5 11,2 56,3 129 2,08 6650 15500 0,01 6620 186 22 21000 

2009-12-03 1316 3,25 0,5 10,5 64,2 149 1,83 7580 20800 0,01 7800 204 20,8 23600 

2010-01-26 1211 3,25 - - - - - - - - - - - - 



 
 

  Cond. pH As Ba Cd Co Cr Cu Fe Hg Mn Ni Pb Zn 
  (µS/cm)   µg/l µg/l µg/l µg/l µg/l µg/l µg/l µg/l µg/l µg/l µg/l µg/l 

 

              

2010-02-16 1326 3,38 0,5 8,25 59,8 156 1,95 7980 23600 0,01 9220 210 21,1 24900 

2010-03-17 1233 3,4 1 10,6 59,6 166 2,26 7330 23400 0,01 9420 227 20,6 24100 

2010-04-13 1155 3,85 0,5 11 54 129 1,6 6550 18700 0,035 7270 169 17,5 19800 

2010-04-28 1829 6,53 - - - - - - - - - - - - 

2010-05-04 1091 4,58 1,19 13,5 46,4 115 1,16 5490 21800 0,631 6840 173 19,3 17800 

2010-05-12 745 6,05 - - - - - - - - - - - - 

2010-05-21 891 3,89 - - - - - - - - - - - - 

2010-05-27 1205 3,54 - - - - - - - - - - - - 

2010-06-03 1484 3,33 - - - - - - - - - - - - 

2010-06-08 1540 3,37 - - - - - - - - - - - - 

2010-06-16 1539 3,36 0,5 15,3 79,9 165 1,99 8710 38800 0,01 8520 259 26,8 26400 

2010-06-23 1515 3,39 - - - - - - - - - - - - 

2010-06-30 1758 3,47 - - - - - - - - - - - - 

2010-07-08 - 3,53 0,5 16,9 77,1 174 1,86 8530 57800 0,01 8020 254 25,3 24900 

2010-07-15 - 3,58 - - - - - - - - - - - - 

2010-07-20 - 3,62 - - - - - - - - - - - - 

2010-07-26 - 5,06 - - - - - - - - - - - - 

2010-08-03 - 3,57 - - - - - - - - - - - - 

2010-08-11 - 4,77 1,87 19,9 58,7 148 1,63 5850 58200 0,048 7420 229 23,1 21200 

2010-08-19 - 4,29 - - - - - - - - - - - - 

2010-08-26 - 4,19 - - - - - - - - - - - - 

2010-09-02 - 3,97 - - - - - - - - - - - - 

2010-09-08 - 3,77 1,44 14,8 64,4 150 1,18 7170 50300 0,01 8790 212 22,5 23900 

2010-09-15 - 3,74 - - - - - - - - - - - - 

2010-09-22 - 4,34 - - - - - - - - - - - - 

2010-09-27 - 3,72 - - - - - - - - - - - - 

2010-10-06 - 3,74 - - - - - - - - - - - - 



 
 

  Cond. pH As Ba Cd Co Cr Cu Fe Hg Mn Ni Pb Zn 
  (µS/cm)   µg/l µg/l µg/l µg/l µg/l µg/l µg/l µg/l µg/l µg/l µg/l µg/l 

               

2010-10-08 2266 3,18 - - - - - - - - - - - - 

2010-10-12 - 3,73 - - - - - - - - - - - - 

2010-10-18 - 4,33 1,40 15,3 55,7 131 1,08 5730 39800 0,01 7540 191 16,6 18700 

               

33B               

2010-05-04 908 6,23 - - - - - - - - - - - - 

2010-05-12 210 4,71 - - - - - - - - - - - - 

2010-05-21 185 6,26 - - - - - - - - - - - - 

2010-05-27 395 6,45 - - - - - - - - - - - - 

2010-06-03 571 6,14 - - - - - - - - - - - - 

2010-06-08 650 5,42 - - - - - - - - - - - - 

2010-06-16 803 5,02 1,25 25 15,5 49,6 0,45 1070 264 0,01 2870 76,6 2,67 6200 

2010-06-23 755 4,82 - - - - - - - - - - - - 

2010-06-30 946 4,67 - - - - - - - - - - - - 

2010-07-08 1004 4,73 1,05 29,2 15,1 51 0,45 1290 863 0,01 2980 74,7 3,29 6550 

2010-07-15 - 4,41 - - - - - - - - - - - - 

2010-07-20 - 4,39 - - - - - - - - - - - - 

2010-07-26 - 4,34 - - - - - - - - - - - - 

2010-08-03 - 4,36 - - - - - - - - - - - - 

2010-08-11 - 4,28 1,38 30,2 10,9 42,2 0,45 954 1070 0,01 2780 67,6 3,48 4880 

2010-08-19 - 4,22 - - - - - - - - - - - - 

2010-08-26 - 4,25 - - - - - - - - - - - - 

2010-09-02 - 4,42 - - - - - - - - - - - - 

2010-09-08 - 4,42 1,3 30,1 14,2 45,9 0,45 1200 415 0,01 3330 71,1 4,53 5660 

2010-09-15 - 4,37 - - - - - - - - - - - - 

2010-09-22 - 4,47 - - - - - - - - - - - - 

2010-09-27 1292 3,81 - - - - - - - - - - - - 



 
 

  Cond. pH As Ba Cd Co Cr Cu Fe Hg Mn Ni Pb Zn 
  (µS/cm)   µg/l µg/l µg/l µg/l µg/l µg/l µg/l µg/l µg/l µg/l µg/l µg/l 

               

2010-10-06 1266 4,84 - - - - - - - - - - - - 

2010-10-08 1364 4,01 - - - - - - - - - - - - 

2010-10-12 - 4,42 - - - - - - - - - - - - 

2010-10-18 - 4,72 0,5 30,3 21 52,8 0,45 1510 407 0,01 3520 79,1 4,94 6530 

               

3305               

2009-11-18 430 4,93 0,5 20,9 6,49 21,3 0,45 566 406 0,01 1470 35,1 2,73 3620 

2009-12-03 415 5,12 0,5 23 4,48 14 0,45 368 391 0,01 1070 25,3 1,41 2630 

2010-01-26 644 4,79 0,5 28 12,8 40,3 0,45 1180 741 0,01 2630 62,1 3,11 6760 

2010-02-16 - - - - - - - - - - - - - - 

2010-03-17 855 4,17 0,5 30,8 21 68,7 0,45 1830 2970 0,01 4510 101 6,77 10900 

2010-04-13 613 5,13 0,5 29 7,46 27,4 0,45 595 1560 0,01 1810 39,5 2,27 5300 

2010-04-28 500 5,83 - - - - - - - - - - - - 

2010-05-04 463 5,9 1,63 21 4,85 17,9 0,45 259 1510 0,037 1620 29,3 1,34 3290 

2010-05-12 356 6,42 - - - - - - - - - - - - 

2010-05-21 129 5,87 - - - - - - - - - - - - 

2010-05-27 224 5,98 - - - - - - - - - - - - 

2010-06-03 306 5,7 - - - - - - - - - - - - 

2010-06-08 346 5,65 - - - - - - - - - - - - 

2010-06-16 566 5,36 0,5 36,3 6,71 21,4 0,45 254 371 0,01 1480 38,3 0,3 3360 

2010-06-23 489 5,28 - - - - - - - - - - - - 

2010-06-30 610 5,09 - - - - - - - - - - - - 

2010-07-08 684 4,91 1,03 36,5 7,14 23,9 0,45 509 598 0,01 1590 38,8 1,57 3550 

2010-07-15 - 4,88 - - - - - - - - - - - - 

2010-07-20 - 4,82 - - - - - - - - - - - - 

2010-07-26 - 5,13 - - - - - - - - - - - - 

2010-08-03 - 4,71 - - - - - - - - - - - - 



 
 

  Cond. pH As Ba Cd Co Cr Cu Fe Hg Mn Ni Pb Zn 
  (µS/cm)   µg/l µg/l µg/l µg/l µg/l µg/l µg/l µg/l µg/l µg/l µg/l µg/l 

 

              

2010-08-11 - 4,68 1,05 30,8 4,32 20,8 0,45 397 1120 0,01 1500 35,9 1,6 2510 

2010-08-19 - 4,42 - - - - - - - - - - - - 

2010-08-26 - 4,84 - - - - - - - - - - - - 

2010-09-02 - 5,01 - - - - - - - - - - - - 

2010-09-08 - 4,83 0,5 33,5 6,25 25,3 0,45 502 570 0,01 2040 38,6 1,26 3350 

2010-09-15 - 4,81 - - - - - - - - - - - - 

2010-09-22 - 5,13 - - - - - - - - - - - - 

2010-09-27 819 4,74 - - - - - - - - - - - - 

2010-10-06 891 5,45 - - - - - - - - - - - - 

2010-10-08 921 4,76 - - - - - - - - - - - - 

2010-10-12 - 5,04 - - - - - - - - - - - - 

2010-10-18 - 5,53 0,5 28,3 8,22 25,2 0,45 528 646 0,01 1740 42,3 1,33 3860 

               

33A               

2010-05-04 27,1 6,09 3,74 10,4 0,134 0,5 0,45 9,12 921 0,01 72 1,39 0,728 129 

2010-05-12 27 5,29 - - - - - - - - - - - - 

2010-05-21 63 4,45 - - - - - - - - - - - - 

2010-05-27 26 5,38 - - - - - - - - - - - - 

2010-06-03 36 6,01 - - - - - - - - - - - - 

2010-06-08 28 6,32 - - - - - - - - - - - - 

2010-06-16 29,7 6,82 2,99 5,83 0,108 0,1 0,45 10,1 686 0,01 10 0,3 0,3 80,5 

2010-06-23 27 6,43 - - - - - - - - - - - - 

2010-06-30 30 6,74 - - - - - - - - - - - - 

2010-07-08 39 6,30 4,73 9,03 0,331 0,2 0,45 21,3 1130 0,01 27 1,56 0,808 157 

2010-07-15 - 6,73 - - - - - - - - - - - - 

2010-07-20 - 6,55 - - - - - - - - - - - - 

2010-07-26 - 5,95 - - - - - - - - - - - - 



 
 

  Cond. pH As Ba Cd Co Cr Cu Fe Hg Mn Ni Pb Zn 
  (µS/cm)   µg/l µg/l µg/l µg/l µg/l µg/l µg/l µg/l µg/l µg/l µg/l µg/l 

 

              

2010-08-03 - 6,44 - - - - - - - - - - - - 

2010-08-11 - 6,37 5,79 11,8 0,248 0,589 0,45 16,1 1770 0,01 99 1,38 1,07 147 

2010-08-19 - 6,75 - - - - - - - - - - - - 

2010-08-26 - 6,43 - - - - - - - - - - - - 

2010-09-02 - 6,32 - - - - - - - - - - - - 

2010-09-08 - 6,79 4,53 6,31 0,025 0,1 0,45 4,64 1130 0,01 42 0,3 0,3 46,4 

2010-09-15 - 6,89 - - - - - - - - - - - - 

2010-09-22 - 6,40 - - - - - - - - - - - - 

2010-09-27 37,6 6,00 - - - - - - - - - - - - 

2010-10-06 48,6 7,56 - - - - - - - - - - - - 

2010-10-08 38,2 6,26 - - - - - - - - - - - - 

2010-10-12 - 6,74 - - - - - - - - - - - - 

2010-10-18 - 6,50 3,06 6,72 0,082 0,366 0,45 4,37 767 0,01 126 0,3 0,3 51,9 

               

3306               

2009-11-18 746 6,37 2,36 11,4 2,37 4,22 0,45 54,8 1150 0,01 1120 10,6 1,36 1420 

2009-12-03 736 6,1 1,25 18,7 12,2 19,5 0,45 192 2030 0,042 5580 33,3 2 7840 

2010-01-26 693 5,97 0,5 14,7 11,4 22,7 0,45 166 754 0,01 6010 40,6 0,912 8160 

2010-02-16 762 6,01 0,5 18,2 10,8 23,1 0,45 158 848 0,01 6400 39,9 0,978 8440 

2010-03-17 832 6,13 0,5 18,8 11,2 27 0,45 189 1700 0,01 7240 43,6 1,27 9190 

2010-04-13 586 6,71 1,12 12,3 3,88 10,8 0,45 56,4 1380 0,01 3430 20,1 0,789 3310 

2010-04-28 994 7,07 - - - - - - - - - - - - 

2010-05-04 850 7 2,94 16,8 6,61 15,3 0,45 101 1510 0,01 4770 38,6 1,27 5220 

2010-05-12 458 7,35 - - - - - - - - - - - - 

2010-05-21 92 5,26 - - - - - - - - - - - - 

2010-05-27 223 5,92 - - - - - - - - - - - - 

2010-06-03 565 5,89 - - - - - - - - - - - - 



 
 

  Cond. pH As Ba Cd Co Cr Cu Fe Hg Mn Ni Pb Zn 
  (µS/cm)   µg/l µg/l µg/l µg/l µg/l µg/l µg/l µg/l µg/l µg/l µg/l µg/l 

 

              

2010-06-08 625 5,83 - - - - - - - - - - - - 

2010-06-16 653 5,82 1,79 19,2 15,6 18,7 0,45 242 2060 0,01 6000 36 1,49 8470 

2010-06-23 450 5,89 - - - - - - - - - - - - 

2010-06-30 596 5,96 - - - - - - - - - - - - 

2010-07-08 702 6 2,63 20,8 9,59 15 0,45 148 1920 0,01 5630 28,5 0,914 5930 

2010-07-15 - 5,9 - - - - - - - - - - - - 

2010-07-20 - 5,84 - - - - - - - - - - - - 

2010-07-26 - 5,78 - - - - - - - - - - - - 

2010-08-03 - 5,79 - - - - - - - - - - - - 

2010-08-11 - 5,95 3,78 15,1 4,71 8,69 1,01 97,7 1690 0,01 3470 16,3 0,881 3060 

2010-08-19 - 5,77 - - - - - - - - - - - - 

2010-08-26 - 5,97 - - - - - - - - - - - - 

2010-09-02 - 6,12 - - - - - - - - - - - - 

2010-09-08 - 5,96 0,5 20,8 8,98 16,6 0,45 138 1320 0,01 6710 32,3 0,633 6540 

2010-09-15 - 6,18 - - - - - - - - - - - - 

2010-09-22 - 5,87 - - - - - - - - - - - - 

2010-09-27 765 5,41 - - - - - - - - - - - - 

2010-10-06 921 6,06 - - - - - - - - - - - - 

2010-10-08 980 5,43 - - - - - - - - - - - - 

2010-10-12 - 5,74 - - - - - - - - - - - - 

2010-10-18 - 5,96 1,48 13,8 5,89 11,5 0,45 76,4 1020 0,01 4130 21,5 0,726 3780 

               

3300               

2010-04-13 - 5,71 - - - - - - - - - - - - 

2010-04-28 1379 6,28 - - - - - - - - - - - - 

2010-05-04 949 6,38 1 14,7 15,8 17,3 0,45 17,9 113 0,01 1880 27 3,59 6380 

2010-05-12 282 6,49 - - - - - - - - - - - - 



 
 

  Cond. pH As Ba Cd Co Cr Cu Fe Hg Mn Ni Pb Zn 
  (µS/cm)   µg/l µg/l µg/l µg/l µg/l µg/l µg/l µg/l µg/l µg/l µg/l µg/l 

 

              

2010-05-27 615 6,58 - - - - - - - - - - - - 

2010-06-03 875 10,62 - - - - - - - - - - - - 

2010-06-08 1052 9,42 - - - - - - - - - - - - 

2010-06-16 1116 9,16 0,5 19 1,09 4,63 0,45 3,63 10 0,01 340 8,44 0,3 138 

2010-06-23 1122 8,72 - - - - - - - - - - - - 

2010-06-30 1322 8,07 - - - - - - - - - - - - 

2010-07-08 1491 7,81 0,5 21,3 5,93 8,69 0,45 4,17 173 0,01 711 13 1,11 1630 

2010-07-15 - 7,82 - - - - - - - - - - - - 

2010-07-20 - 7,54 - - - - - - - - - - - - 

2010-07-26 - 7,49 - - - - - - - - - - - - 

2010-08-03 - 7,67 - - - - - - - - - - - - 

2010-08-11 - 7,2 0,5 20,4 4,87 7,15 0,45 4,15 63 0,01 622 11,4 0,3 1440 

2010-08-19 - 7,42 - - - - - - - - - - - - 

2010-08-26 - 7,09 - - - - - - - - - - - - 

2010-09-02 - 6,99 - - - - - - - - - - - - 

2010-09-08 - 7,55 0,5 20,7 11,1 12,6 0,45 3,62 70 0,01 1300 18 0,3 4420 

2010-09-15 - 7,41 - - - - - - - - - - - - 

2010-09-22 - 7,43 - - - - - - - - - - - - 

2010-09-27 1760 6,57 - - - - - - - - - - - - 

2010-10-06 1663 6,8 - - - - - - - - - - - - 

2010-10-08 1811 6,43 - - - - - - - - - - - - 

2010-10-12 - 6,59 - - - - - - - - - - - - 

2010-10-18 - 6,39 0,5 21 24 25,3 0,45 5,55 3280 0,01 2620 33,1 0,3 8470 
               

X1               

2010-10-18 1608 4,77 0,5 17,8 26,9 44,9 0,45 562 9400 0,0254 13900 65,3 13,6 15900 

 
              



 
 

 

 

 

 



Page | 53  
 

 

 
APPENDIX II 

Additional sampling data   
 

Geographical information and a short description of the locations where additional sampling was 

performed 2010-09-27 and 2010-10-08 can be found in Table C. 

Table C. Additional sampling points in Rävlidmyran. 

Location X Y Elevation 
(m.a.s.l) 

Description 

X1 7221983 663449 368 Seepage from the northeastern embankment 
X2 7222041 662890 367 Surface water in the ponds eastern side 
X3 7222124 662759 367 Ditch north of the pond 
X4 7221946 662580 367 Junction point 
X5 7221980 662390 364 Upstream sampling station 3305 
X6 7221945 662359 365 Stream from west (former sampling station 3303) 
X7 7221818 662479 373 Water gathered from Rävlidmyran II area 

Depth 
profile 

7221720 
 

663134 390 Deepest point in the pit lake 

 

In situ measured values of temperature, pH, conductivity, TDS, dissolved oxygen, redox potential and 

salinity from sampling points X1-X7 are given in Table D. Sampling points X2, X3, X5 and X6 were 

measured on two occasions and here an average value is presented.  

Table D. Field data from 2010-09-27 and 2010-10-08. 

Location Temp 
˚C 

pH Cond 
µS/cm 

TDS 

g/l 
Diss O2 

mg/l 
Redox 

mv 
Salinity 

‰ 

X1 6,54 4,59 1608 1,029 6,70 345 0,85 
X2 6,25 4,29 1338 0,857 9,90 431 0,71 
X3 4,92 3,67 365 0,247 9,90 483 0,17 
X4 6,46 3,97 1192 0,759 9,36 480 0,63 
X5 5,85 4,46 994 0,636 10,20 412 0,52 
X6 4,78 5,76 83 0,053 8,83 294 0,03 
X7 7,31 6,16 1720 1,100 10,11 314 0,91 
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The profile in the pit lake was measured at the deepest point estimated from the bathymetric map in 

Appendix IV. Data of temperature, pH, conductivity, TDS, dissolved oxygen saturation, redox 

potential and salinity for every meter of the pit lake are shown in Table E.  

Table E. Depth profile data from 2010-10-08. 

Depth Temp 
˚C 

pH Cond 
µS/cm 

TDS 

g/l 
Diss O2 

% 
Redox 

mv 
Salinity 

‰ 

0 7,53 6,43 1811 1,158 96,7 290 0,97 
1 7,44 6,34 1811 1,159 95,1 288 0,96 
2 7,38 6,45 1811 1,159 94,7 276 0,96 
3 7,36 6,60 1813 1,159 94,5 273 0,97 
4 7,36 6,56 1812 1,600 94,1 269 0,96 
5 7,35 6,54 1809 1,600 93,8 267 0,97 
6 7,33 6,51 1815 1,600 92,7 262 0,96 
7 7,29 6,50 1812 1,157 92,8 259 0,96 
8 7,17 5,75 2610 1,667 3,6 174 0,97 
9 7,00 5,78 2790 1,786 2,6 164 0,41 

10 6,57 5,77 2850 1,523 2,2 158 0,50 
11 6,25 5,76 2854 1,827 2,0 157 1,53 
12 6,17 5,75 2862 1,828 0,9 164 1,54 
13 6,12 5,75 2864 1,834 0,9 155 1,54 
14 6,12 5,78 2870 1,838 0,8 146 1,54 
15 6,11 5,82 2908 1,860 0,8 139 1,55 
16 6,13 5,85 2940 1,888 1,7 133 1,57 
17 6,14 5,86 2960 1,894 1,6 131 1,59 
18 6,15 5,87 2975 1,901 1,6 129 1,60 
19 6,16 5,89 2992 1,912 1,6 126 1,61 
20 6,18 5,91 3009 1,924 1,6 123 1,61 
21 6,19 5,94 3019 1,931 1,6 120 1,62 
22 6,19 5,95 3030 1,939 1,6 117 1,63 
23 6,20 5,97 3030 1,940 1,6 115 1,64 
24 6,21 5,99 3042 1,947 1,5 112 1,64 
25 6,22 6,03 3060 1,959 1,5 107 1,65 
26 6,22 6,11 3073 1,968 1,5 101 1,66 
27 6,22 6,32 3084 1,973 1,5 75 1,67 
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APPENDIX III 

Deep groundwater flux 
 

Changes in salinity in the deeper part of the water column of Rävlidmyran pit lake during winter is 

likely to depend on the inflow of highly saline groundwater. Since 2003 the pit lake has been treated 

almost on an annual basis with different additives that affect the geochemistry of the water column. 

Therefore the winter season 2001-2002, which represents natural unaffected conditions for the pit 

lake, is chosen for estimating the deep groundwater flux. Conductivity data obtained by Lu (2004) 

from 31 October 2001 and 18 March 2002 were used for the calculations. 

First, conductivity data has to be converted into values of salinity. This is done by looking at the 

correlation between total dissolved solids (TDS) and conductivity (Balistrieri et al., 2006). A scatter 

plot of TDS (g/L) versus conductivity (μS/cm) gives a regression line with an R2 value of 0,73, and with 

the slope 0,0008.  

 

Figure A. TDS versus conductivity in Rävlidmyran pit lake during 2001-2002 (data from Lu, 2004). 
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The value of the slope is the relationship between salinity (g/l) and conductivity (μS/cm) according to 

equation A (Balistrieri et al., 2006).  

                                   (A) 

Salinity, before and after the winter season, is then plotted against depth in Rävlidmyran pit lake in 

Figure B. From the plot the average increase in salinity during winter, for the deepest 23 meters of 

the water column is calculated to 0,188 g/l. The deepest 23 meters are used because they are 

influenced by inflowing deep groundwater. The increase in salt content can be calculated by 

multiplying the average increase in salinity with the volume of the same part of the water column 

(the volume has been estimated to 383 560 m3 from the bathymetric map in Appendix IV). The 

increase in salt content can then be divided by the number of days during winter in order to get the 

rate of increase in salt content. For Rävlidmyran pit lake this rate is 523,7 kg of salt per day.  

 

  Figure B. Salinity versus depth in Rävlidmyran pit lake (data from Lu, 2004). 

In order to determine the deep groundwater inflow the salt composition of the deep groundwater 

must also be known. Since there are no measurements done on the deep groundwater the salt 

composition has to be estimated. This can be done if a mixing line is present in the bottom water 

data of the pit lake (Balistrieri et al., 2006). A plot of the relationship between salinity and 
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temperature for bottom water samples (<8 m above the bottom) shows that there is a mixing line 

with the higher end member (higher temperature and salinity) being the composition of deep 

groundwater. If the deep groundwater end member has a temperature of 5,8˚ (average value), then 

the salt concentration is estimated to 2,72 g/l (Figure C).  

 

Figure C. Salinity versus temperature in bottom water samples (data from Lu, 2004).  

When the rate of increase in salt content together with the salt concentration is known, the flux of 

inflowing deep groundwater can be calculated by multiplying the two. The inflow of deep 

groundwater to Rävlidmyran pit lake has been determined to 8,0 m3/h.   
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APPENDIX IV 

Bathymetric map 
 

Figure D shows a bathymetric map of the pit lake at Rävlidmyran. The white cross marks the deepest 

point where the additional sampling data was taken.   

 

   Figure D. Bathymetric map of Rävlidmyran pit lake (from Lu, 2004). 

 

 

 

 



 

 


