
MASTER'S THESIS

Tapuli Mine Pre-Development
Dike Construction and Dewatering of the Starter Pit

Per Nyberg
Simon Kemppainen

Master of Science in Engineering Technology
Civil Engineering

Luleå University of Technology
Department of Civil, Environmental and Natural Resources Engineering



 

 

Avdelningen för Bergteknik 

Institutionen för Samhällsbyggnad 

Luleå tekniska universitet 

971 87 LULEÅ 

www.ltu.se/shb 

 

MASTER THESIS 

 

 

 

 

TAPULI MINE PRE-DEVELOPMENT 

DIKE CONSTRUCTION AND DEWATERING OF STARTER PIT  

 

 

 

 

 

 

 

Simon Kemppainen 

Per Nyberg 

 

Luleå 2011





 Sammanfattning   

 I 

Sammanfattning 

Den 20 december 2010 fick Northland Resources AB godkännandet att börja 

bryta malm i malmkroppen Tapuli, beläget i Kaunisvaara, norr om Pajala. 

Detta var starten på ett enormt projekt som kommer pågå i decennier och 

sysselsätta hundratals människor, både lokalbefolkning samt inflyttade. 

Dock är det inte så enkelt som att bara börja bryta malmen, då förberedande 

arbeten måste utföras för att komma åt denna värdefulla naturresurs. 

Malmkroppen Tapuli är belägen under en myrmark som består av ett 

genomsnittligt lager av torv på tre meter som överligger ett lager utav glaciär 

morän med en medeltjocklek på nio meter. Vattenkvoten på torven har ett 

genomsnitt på ca 700 % och bärigheten är så låg, att inga tyngre maskiner kan 

köra på myren.  

Detta examensarbete är en fallstudie som behandlar förberedande arbeten vid 

startgropen av Tapuli. Arbetet behandlar konstruktionen av uppdämningsvallen 

runt startgropen samt avvattningen av området innanför denna 

uppdämningsvall. En litteraturstudie har gjorts för att samla 

bakgrundsinformation över området. Även studiebesök och intervjuer har 

gjorts hos personer på företag som besitter erfarenheter inom liknande arbeten. 

Arbetet på plats i Kaunisvaara har dokumenterats och analyserats samt att en 

diskussion har förts där slutsatser och rekommendationer inför framtida arbete 

med liknande omständigheter framförts. 
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Summary 

On December 20
th

, 2010, Northland Resources AB was approved to begin 

mining iron in the ore body Tapuli, located in Kaunisvaara, north of Pajala. 

This was the start of a huge project that will last for decades and employ 

hundreds of people, both locals and settlers. 

However, it is not as simple as just to start mining the ore, pre-development 

work must be performed to access this valuable resource. The Tapuli ore body 

is located below a swampland consisting of a layer of peat with an average 

thickness of 3 m overlaying a layer of glacial till with an average thickness of 

nine meters. The water content of the peat has an average of about 700 % and 

the bearing capacity is so low, that no heavier machines can run on the peat. 

This master thesis is a case study dealing with pre-development work of the 

starter-pit in Tapuli. The work deals with the construction of the dike around 

the starter-pit and dewatering of the area inside the dike. A literature study has 

been done to gather background information of the area. Study visits and 

interviews have been carried out at companies with people who possess 

experience from similar work to get information about their thoughts. The 

work on site in Kaunisvaara have been documented and analyzed and a 

discussion has been done in which conclusions and recommendations for future 

work with similar circumstances have been presented. 
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1 INTRODUCTION 

Northland Resources is a European exploration and development company, 

operating in the north of Sweden and Finland. In Norrbottens province, north 

of Pajala, Northland Resources have two iron ore bodies. Near Sahavaara 

village there is one ore body named Sahavaara and north of Kaunisvaara 

village there is one ore body named Tapuli which also comprises the Palotieva 

deposit. These ore bodies constitute the Kaunisvaara iron concentrate project. 

 

Figure 1. Overview figure of the Kaunisvaara iron concentrate project. 

(Northland Resources AB) 
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On October 6
th

 2010, the definitive feasibility study for the Kaunisvaara iron 

concentrate project was posted by Northland Resources. The study confirmed 

that the project was technically feasible and economically robust. The Tapuli 

deposit is fully permitted and the pre-development work started in the middle 

of December, 2010. The Tapuli deposit is located below a swampland 

consisting of peat and glacial till, which makes the pre-development work very 

complex due to the high water content and low bearing capacity of the peat. 

The pre-development work includes dewatering of the swampland above the 

ore body, construction of dikes around the mining area and denudation of the 

area above the ore body.  

Tapuli was exploration drilled by the Swedish Geological Survey (SGU) 

between 1965 and 1969. A total of 6280 m were drilled in 26 holes. The 

majority of these holes had density determinations. SGU determined a rough 

resource estimate of 60 Mt of magnetite ore grading 30% iron. In 1971, the 

geophysical work was completed and SGU concluded that the central core of 

high grade ore may be continuous to a depth of approximately 2000 meters.  

Northland Resources have drilled the magnetite body systematically since 

2004, and used large diameter core which have provided sufficient material for 

metallurgical test work. Northland Resources geologists have re-logged and re-

sampled SGU’s historical cores stored in their archive. 

Tapuli is just one of four open pits that Northland Resources is developing in 

the north of Sweden and Finland. Sahavaara, Pellivuoma and Hannukainen 

(Finland) are three mines that will be developed in the future. Similar 

development work will probably be carried out for the other three open pits. 

Therefore this case study of the pre-development work in Tapuli is a very 

important part of Northland Resources future mining business. 

This is a start of an enormous project which might last for several decades. It 

puts a small town such as Pajala on the map and the project generates work for 

hundreds of people. 
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This report is written as a master thesis. It is a documentation of the pre-

development work that has been carried out in order to start the production in 

the starter pit in Tapuli. The master thesis will focus on the dike construction 

around the starter pit and the dewatering of the starter pit area. The dewatering 

part includes ice road production, ditch excavations and water pumping. The 

documentation and analyzes are limited to the work directly connected to the 

starter pit. No considerations will be taken to other pre-development work such 

as construction of milling facilities, the waste rock dump or other access roads 

that doesn’t affect the starter pit in any way.  
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2 OBJECTIVE AND AIM 

The objective of the master thesis is to document the operation method and 

problems related to the pre-development work of the mining area. Problems 

related to the dike design, construction approach of the dike, and dewatering of 

the starter pit will be the main subjects in this report. Other objectives are; to 

make fieldtrips and interviews in order to document and get knowledge of 

already existing dikes in similar areas as the one in Kaunisvaara. Visiting a 

peat manufacturer to get knowledge and advice about how to handle and 

dewater peat. Visiting mines in order to get knowledge of how to develop a 

new mining area as well as discussions about problems that might come up 

with this kind of projects will be carried out. 

The aim of the project is to produce a report and document the pre-

development work of the starter pit with focus on the dike construction and the 

dewatering of the starter pit. Suggestions on how to improve this kind of work 

is also an aim, which will make future developments in similar environments 

easier. 
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3 METHOD 

This master thesis has been done as a case study. A case study is one of several 

ways of doing scientific research. In general, case studies are the preferred 

strategy when “how” and “why” questions are being posed. In brief, the case 

study method allows investigators to retain the holistic and meaningful 

characteristics of real-life events. (Yin, 2003) 

This case study concerns the pre-development work of Tapuli mine. The case 

is an embedded case study with two units of analysis; the dike construction and 

the dewatering of the starter pit. 

Different projects have been visited, and people have been interviewed, to 

collect information about how dewatering and dike constructions can be 

carried out in an efficient way to prevent problems in the development work of 

the Tapuli mine.  

A literature study has been done to get basic background information of 

subjects concerned in the report such as ice roads, peat and glacial till. 

Documentation of the development work on site in Tapuli has been done to get 

information about the dike construction and the dewatering of the starter pit.  

This master thesis began in early January when the production of ice roads was 

carried out and before the start of the construction of the dike. During January, 
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February and March the work has been focused on documenting the ice road 

production, study visits and collecting information about different alternatives 

and perspectives of how to deal with work related issues that can occur on site 

in Tapuli.  

In April and May the work has been focused on documenting the work done on 

site regarding the dike construction, the excavation of the ditches and the 

dewatering of the starter pit area.   
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4 CASE STUDY 

4.1 Theory 

This chapter gives a basic understanding of the studied topic, and of ice roads, 

peat and glacial till.  

4.1.1 Tapuli dike feasibility study 

In this chapter, information on “Tapuli dyke feasibility study” (Golder 

Associates AB, 2010) is presented. It treats the theoretical approach of the pre-

development work. 

In order to fulfill a project of this magnitude, a feasibility study has to be 

developed. The feasibility study is an important step in a project, due to the 

fact that it investigates if the project is possible to perform. It is produced in a 

late stage in the development work of a project and the cost for a feasibility 

study can be high. 

A feasibility study contains background information about the working area 

and the project, field work that have been carried out in the area, design and 

construction suggestions and also cost estimations. The feasibility study is a 

good way to present the project for authorities and investors. 
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It is often produced by a consultant that collects information about the area 

before the project starts. In this case the consultant collects as much 

information about the swampland as possible in order to, theoretically, 

understand how it will behave when it is exposed to changes such as loading 

and lowering of the water table.  

In “Tapuli Dyke Feasibility Study”, a consultant firm have studied the area and 

developed a possible solution of how the design and construction of the dike 

could look like. This feasibility study is the one Northland Resources have 

proceeded from. 

The dikes were supposed to be built out of rock fill placed on geotextile and a 

biaxial geogrid that would work as a separating layer between the rock fill and 

the peat. There were three dikes; dike A, dike B and dike C which would reach 

around the starter pit according to Figure 2.  

The rock fill in the dike was supposed to be well graded with a maximum 

particle size no greater than 60 % of the dike thickness, but not greater than 

600 mm. No material greater than 10 % passing 0,6 mm was the minimum 

limit. Oversize particles would be fragmented. On the crest of the dike, a 200 

mm road surface would have been constructed, consisting of crushed rock fill 

with a maximum particle size of 50 mm. To prevent the surface water from the 

outer side of the dike from flowing into the open pit area, a peat layer should 

be placed there and compacted with the bucket of an excavator.  
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Figure 2. Dike layout according to”Tapuli Dyke Feasibility Study” (Golder 

Associates AB, 2010). 

Dike A connects the quarry and the haul road to the glacial till island at 

Valikuusikko to the west. The dike is approximately 130 m long with a height 

of 0,8 m in average.  

Dike B is approximately 1410 m long and it is located north west of the starter 

pit. The average height of dike B is 1,1 m.  

Dike C connects the quarry in the south with the glacial till island in the north-

east and it is approximately 1135 m long. The average height of dike C is 0,9 

m. See Table 1 below for material quantities. For typical dike sections, see 

Figure 3. 
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Table 1. Material quantities for the dikes (Golder Associates AB, 2010). 

 Rock fill m³ Peat Facing m³ 
Geogrid 

m² 

Geotextile 

m² 

Road 

Surfacing m² 

Dike A 1 800 300 1 700 1 700 200 

Dike B 29 200 4 800 22 200 22 200 2 300 

Dike C 20 400 3 200 17 000 17 000 1 800 

 

 

Figure 3. Typical section of a dike (Golder Associates AB, 2010). 

The haul roads that connect the dikes were supposed to be founded on the 

glacial till, which means that the peat would be excavated in the haul road 

direction. The rock fill in the haul roads should be well graded and have a 

maximum particle size of 300 mm and the road surface should be 250 mm 

thick with maximum particle size of 50 mm. The profile is shown in Figure 4 

below. On the inside of the dike, a ditch should be excavated in order to collect 

the water that seeps through the dikes and haul roads.  
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Figure 4. Typical section of haul road constructed on glacial till (Golder 

Associates AB, 2010). 

 

4.1.2 Ice Roads 

The information and pictures found in this chapter is collected from Isvägar i 

skogsbruket (Andersson, Lundmark, & Persson, 2003). 

Ice roads enable transport and work in areas that during the summer time 

would be impossible to access with machines. In the past, ice roads were built 

as soon as the weather allowed. The knowledge about the watercourse, the 

effect of the weather, the properties of the ice and the skill of construction ice 

roads was mainly acquired by practical experience and was carried over from 

man to man. The existence of ice roads are not as big as in the past, which 

means that the old competence have decreased. The higher requirements on 

effectiveness result higher vehicle weights and deliveries in exact time. This 

results in that the requirements on the ice roads also are higher even though the 

nature and weather are the same as in the past. 

When constructing an ice road, it is very important to state each and 

everyone’s responsibility. In an ice road project there is a client, a constructor 

(who is responsible for surveillance and maintenance of the road) and the road 

users. An important qualification for a safe use of ice roads is that every actor 

knows his or her rights and takes their own responsibility. 
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To project, construct, control and maintain an ice road claims great knowledge 

and experiences about every condition that determine the result. Some 

important demands of knowledge for an ice road are; 

 The properties of the ice and its bearing capacity 

 What effect different factors in the nature, such as water depth, 

shallows, stones, streams, in- and out flows, capes, narrows, ice 

channels and wind wells have on the ice 

 How different weather conditions affect the ice 

 Different ice types and how you judge them 

 How to, step by step, construct an ice road 

 How to control and judge bearing capacity and allowed loads 

 What effect traffic intensity, speed, point load etc. have for the 

safety 

 How to control and maintain the road while it is in use. 

 When the road has to be closed 

 How the work with the ice road is carried out in a safe way 
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Figure 5. Weak zones on an ice (Andersson, Lundmark, & Persson, 2003). 

To evaluate the bearing capacity of the ice, one has to know the type, quality 

and thickness of the ice. The different ice types is core ice and slush ice. The 

different qualities are solid and rotten core ice respectively solid and porous 

slush ice. Rotten core ice does not have any bearing capacity at all. 
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Figure 6. Ice types. From the left; solid core ice, rotten core ice, solid slush ice 

and porous slush ice (Andersson, Lundmark, & Persson, 2003). 

To be able to evaluate type and quality of the ice, random drill samples are 

collected. If the ice consists of different layers, these can only be included in 

the calculations if it is satisfactory adhesion between the layers. The adhesion 

is sufficient if the layers can’t be separated easily with a knife. When the 

adhesion is sufficient, the whole thickness of the solid slush- and core ice and 

half the thickness of the porous slush ice can be included in the calculation of 

the bearing capacity of the ice. 
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Figure 7. Adhesion control of ice layers (Andersson, Lundmark, & Persson, 

2003). 

The bearing ice thickness should be measured in every place that could be 

hazardous and along the whole road section. The distance between the 

sampling points are estimated with respect to the quality of the ice and how 

thick and homogenous it is. How often the measurements of the thickness 

should be done depends on different factors such as weather, temperature 

differences, early or late winter, streaming conditions, etc. The Swedish road 

administration demands at least measurement twice a week during early winter 

when the ice is in the freezing phase, and one measurement every third day 

during late winter. 

If there are cracks where water penetrates, the bearing capacity is decreased 

radically. When these cracks exist, the allowed vehicle weight should be 

reduced to the half. Water on the ice, surface water, can depend on incomplete 
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freezing of the slush ice, wet cracks or melting of the ice. The sources to 

surface water must always be investigated before the bearing capacity is 

estimated. 

Calculation of the bearing thickness of the ice can be executed from the drilling 

journal. The bearing thickness of the ice, h is calculated from the formula 

h = K1 + S1 + 0,5S2  (1) 

Where 

K1 = Solid core ice 

S1 = Solid slush ice 

S2 = Porous slush ice 

The lowest value from the sampling is the one that is used to calculate the 

allowed vehicle weight on the ice. Wet cracks, surface water and free ice edge 

also have to be considered when calculating allowed vehicle weight. The 

allowed vehicle weight can be calculated from formula 2 below. 

T = (h/14)
2
  (2) 

Where 

T = Maximum allowed vehicle weight 

h = Minimum bearing thickness of the ice (cm) 
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Table 2. Bearing capacity in relation to ice thickness (Andersson, Lundmark, 

& Persson, 2003). 

Gross weight (tonnes)
Minimum bearing ice 

thickness, h (cm)

Minimum distance between 

vehicles (m)

5 32 50

10 45 50

15 55 50

20 63 50

25 70 50

30 77 50

35 83 50

40 90 50

50 100 100

60 110 100

70 120 100

80 125 100  

 

From March and onwards, it is necessary to pay extra attention on the 

condition of the ice. If, for example, the mean temperature for three succeeding 

days exceeds 0°C, the allowed vehicle weight decreases with 25 %. 

Constructing ice roads on a swampland have its advantages and disadvantages. 

The bearing capacity of ice roads is considerably stronger on a swampland 

compared to a sea. But in other aspects of bearing capacity, a swampland is 

more complex to construct ice roads on. There are different types of 

swampland. Lakes can exist in some areas and some part can have relatively 

high bearing capacity. To estimate the bearing capacity for a swampland, 

different types of swampland have been developed. The different types are wet 

swampland (Swedish; flark myr), string mix swampland (Swedish; 

strängblandmyr) and bog (Swedish; mosse). 
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- Wet swampland is an open swampland with very little vegetation, it contains 

a lot of water and one can’t walk on it. 

- String mix swampland is an open swampland with strings of vegetation. It is 

possible to walk on the strings, but the surrounding area is very soft and wet. 

- Bog is a swampland with a lot of vegetation on the peat or the mainland. It 

can be possible to walk everywhere on the bog. 

The following information is collected from interviews with Bengt-Göran 

Niska on OUTCAT AB. For wet swampland and string mix swampland, 

Swedish work environment authority’s rules for ice roads should be applied. 

For bog, a measurement of the thickness should be done as well as a judgment 

of the underlying layer’s properties, i.e. the water content, etc. Dry peat has 

higher bearing capacity than wet peat, but it demands more development work 

such as snow clearing, watering, reinforcement and freezing have to be carried 

out in order to load it with high tonnage. Wet peat has low bearing capacity but 

does not demand as much development work as dry peat. 

One can use reinforcement on bog. The drilling area should be cleaned from 

snow, then the reinforcement is placed directly on the bog and the area is 

watered to create a platform. 

Trampling (Swedish; packning) of snow is only preferred on swampland with a 

bed of dry peat or solid ground below the bog. Though, at a higher tonnage 

then 0,12 kg/cm², a frozen platform should be made. Trampling can, under 

some circumstances, be carried out on wet swampland and string mix 

swampland. However, the thickness of the compressed snow should not exceed 

10 cm. The trampling should be carried out during the first two months of the 

winter.  

When the drilling areas are being developed on swampland with low bearing 

capacity, the areas that are being trampled or snow cleared should be orderly 
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grown. An area that is four times bigger than the drilling equipment should be 

prepared.  

On humidity swampland, a 15 tonnes drilling equipment with ground pressure 

at 0,38 kg/cm² should have a platform with a thickness of 40 cm including the 

frozen bog below. 

On dry swampland, a 15 tonnes drilling equipment with ground pressure at 

0,38 kg/cm² should have a platform with at thickness of 20 cm including the 

frozen bog below. 

4.1.3 Peat 

This chapter gives basic information about peat. The ground fact is collected 

from (Swedish Peat Producers Association). The information about Von post 

scale is collected from (Farrell, 2007). 

The forming of peat 

Peat is a material that exists in the nature and consists of dead plants that has 

moulded during moist conditions, i.e. at low or no oxygen feed. The peat lies 

out and covers underlying mineral soil. When the peat thickness exceeds 30 cm 

the conception “swampland” is used. Swamplands are created when ground 

areas have been moulded or seas are overgrown. 

The creation of the swampland is an ongoing process that started after the 

retreat of the glacial ice. 

The most common creation of swamplands is through moulding. At high 

standing ground water level, impermeable soils etc. the moisture loving plants 

take over.  Due to the high water, hypoxia arises and the moulding of the dead 

plants inhibit. An accumulation of plant remnant happens in layers of 

increasing thickness. 
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Overgrowing of lakes also leads to creation of swampland. The process is 

natural, but is in many cases quickened by the human activity through lowering 

of the ground water level or inflow of nutrient salts from surrounding 

agriculture lands. 

Definitions 

- Peat land: Those parts of the peat covered land where the peat layer is 

thicker than 30 cm. 

- Swampland: Peat covered land with none or slight forest production. It 

is often divided into bogs and swamps. 

- Bog: Ombrotrophic swampland - Swampland where the water infusion 

mainly happens through infiltration of rainwater. Few nutrients are 

contributed. 

- Swamp: Minerotrophic swampland – the water infusion happens from 

direct rainfall, over sieving from the mainland and beetling ground 

water. The inflowing water contains nutrients and minerals from the 

surrounding mainland. 

Presence 

Sweden have approximately 10 million hectare of land covered with peat, 

which is 25 % of the land area. The peat land, i.e. bogs and swamps with peat 

layers thicker than 30 cm, amount to 6,4 million hectares. There are 9500 peat 

lands which each and everyone are larger than 50 hectare. These constitute a 

total of 1,7 million hectare and are found practically all over the country, even 

if they are more common in Småland, Bergslagen and in the north midland. 

The volume of Swedish peat is estimated to 100 billion cubic meters with a dry 

volume weight of 100 kg/m³. Typical depths of peat lands are 1,5 – 2 meters, 

but depths down to 10 meter also occur. Through its exceptional quality and 

size the peat lands imprint the Swedish landscape and compose one of our 

most valuable nature elements. 
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The structure of the peat 

The peat creating wetland plants varies in a considerably degree, among others 

depending on which way and in what period the peat layers have been formed. 

The aggradation of the peat in Sweden started for about 10 000 years ago and 

is still an ongoing process. By pollen analysis and studies of the peat layers, 

one can see that white bogs (Sphagnum) and sedge species (Carex) have 

dominated the formation of the swamplands, the first in the south of Sweden 

and the last in the north of Sweden. Among many others peat creating species 

it is noticed that scour rush (Equisetum), reeds (Phragmites) and tuffet fluff 

(Eriophorum) usually have been found in a mixture with tree remnants of 

birch, alder and pine. 

The swamplands increase in height take place in the surface, this is also where 

the disintegrations start since plants die and are replaced by new plants. The 

net grown of Swedish swamp lands have been estimated to an average of 0,5 

mm annually. Other estimations show an increase of just over 30 g/m² 

annually. 

The chemical aggradation does not vary so much from different swamplands. 

The carbon content is just above 50 %, oxygen content up to 30%, hydrogen 

content up to 6% and nitrogen content to about 2-3%. Tests from all over the 

country shows that the typical content of ash is 4,3% of the dry substance. 

Analysis of these ashes shows that following substances dominates; CaO – 

22%, MgO – 3%, P2O5 – 2%, Na2O – 0,3%. Metals such as cupper and zink 

exist in the ashes, but in very small amounts. 
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The Von Post scale 

The Von Post scale was invented by the Swedish geologist Lennart von Post. It 

is a ten-scale system that describes the degree of humification of peat were H1 

describes a low degree of humification and H10 a high degree of humification. 

A low degree of humification indicates almost no decomposition of the peat 

and contains a high content of free water. H10 indicates that the peat is very 

well decomposed and it is very hard to separate the peat from the water as it 

forms a claying mass. 

A peat test is performed by squeezing a peat sample by hand, in a low degree 

of decomposition a lot of clean water will disappear and almost no peat. In a 

high degree of decomposition the water will be colored by the peat or even 

disappear from the hand as clay. 

 

Figure 8. To the left; Peat of H1 on von post scale. To the right; Peat of H8 on 

von post scale (Wikipedia, 2011) 
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Table 3. The Von Post scale (Farrell, 2007) 

Symbol Description 

H1 

Completely undecomposed peat which, when squeezed, releases 

almost clear water. Plant remains easily identifiable. No 

amorphous material present. 

H2 

Almost entirely undecomposed peat which, when squeezed, 

releases clear or yellowish water. Plant remains still easily 

identifiable. No amorphous material present. 

H3 

Very slightly decomposed peat which, when squeezed, releases 

muddy brown water, but from which no peat passes between the 

fingers. Plant remains still identifiable. No amorphous material 

present. 

H4 

Slightly decomposed peat which, when squeezed, releases very 

muddy dark water. No peat passes between the fingers, but the 

plant remains are slightly pasty and have lost some of their 

identifiable features.  

H5 

Moderately decomposed peat which, when squeezed, releases very 

“muddy” water with a very small amount of amorphous granular 

peat escaping between the fingers. The structure of the plant 

remains is quite indistinct although it is still possible to recognize 

certain features. The residue is very pasty. 

H6 

Moderately highly decomposed peat with a very indistict plant 

structure. When squeezed, about one-third of the peat escapes 

between the fingers. The residue is very pasty but shows the plant 

structure more distinctly than before squeezing. 



 

32 

H7 

Highly decomposed peat. Contains a lot of amorphous material 

with very faintly recognizable plant structure. When squeezed, 

about one-half of the peat escapes between the fingers. The water, 

if any is released, is very dark and almost pasty. 

H8 

Very highly decomposed peat with a large quantity of amorphous 

material and very indistinct plant structure. When squeezed, about 

two-thirds of the peat escapes between the fingers. A small 

quantity of pasty water may be released. The plant material 

remaining in the hand consists of residues such as roots and fibres 

that resist decomposition. 

H9 

Practically fully decomposed peat in which there is hardly any 

recognizable plant structure. When squeezed it is a fairly uniform 

paste. 

H10 
Completely decomposed peat with no discernible plant structure. 

When squeezed, all the wet peat escapes between the fingers. 

 

4.1.4 Glacial till 

The following information can be found in the course compendium 

“Environmental Geotechnics” (Mácsik, Pousette, & Jacobsson, 2008). 

General information  

The most dominant sediment in Sweden is the glacial till which underlies the 

greater part of the soils in the country. Glacial till refers to any glacially 

deposited, non- or poorly sorted unconsolidated fragments ranging from clay to 

boulders that can be found in glaciated regions. As glacial till is deposited by the 

glacial, they create landforms that can be defined by the manner of their 

deposition. These are known as moraines. 
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The temperature of the ice determines the nature of the glacial till and has a 

significant effect on the till properties. Ice temperatures remaining under zero 

degrees in glaciers is said to have an erosional and transportational effect on 

the till, this kind of glaciers is called polar and deposits formed under polar 

glaciations tends to be well sorted. If the temperature of the glaciers tends to 

stay at the melting point the glacier is said to be temperate and is of 

transportational and depositional nature. Material deposited in these kinds of 

glaciers tends to be unsorted with a high quantity of till spread out over big 

areas. Temperate glaciers could be found in Scandinavia during the last ice 

age. 

It is possible to divide the glacial till found in Sweden into two parts, ablation 

and basal till. Ablation till has been carried on or near the surface of the glacier 

and was deposited when the glacier receded. Ablation till is often very easy to 

excavate. Basal till has been carried under the ice mass and deposited while the 

ice has been moving. Basal till has often a high density (up to 2.2 t/m
3
) and is 

very compact. Till that has been transported only a short distance tends to be 

angular and form wedges which can be hard to excavate.   

There is a distinct relationship between the frequency of boulders, the 

composition of textures, distance of transport (grinding processes), and 

lithological composition. In places where the ice has ground down the till, it is 

very common to find fine materials and the grade of boulders at the surface is 

low. On the other hand, in places where the grinding process has been low, it is 

more common to have boulders near the surface and less fine materials. But 

this relationship is quite complicated due to the different grinding properties of 

different materials. For example, easily crushed rock ground down quickly, 

even if there is a significant presence of rocks and boulders of different origins 

at the surface. Materials that are easily crushed down can be schists and 

carbonates for example. Rocks with a high grinding resistance produces coarse 

fractioned till, such materials can be quartzite and shale gneiss. Coarse granite 
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and veined gneiss have a tendency to form very large boulders which form 

stony till as a result.  

Composition of the gravel and fine fractions 

It is possible to classify moraines depending on how the masses in the 

moraines have been deposited, for example as gravelly, sandy, silty or clayey. 

The dominant fracture is named last in the classification and all the identified 

fractions must be included in the name. Today there is a simplified 

classification scheme because it is impractical to use all fractions found in the 

moraine. In this scheme, only the dominant texture classes are used. Common 

names for moraines named after the simplified classification scheme can be 

gravelly-sandy, sandy-silty, or silt moraine. When the clay content is 5-20 % 

the moraine is said to be “clayey”, and if there is more than 20 % of clay 

content, the moraine is called just “clay”.  

The boulder content in a specific moraine can be very hard to measure or 

estimate. Large variations of boulders occurring at depth in moraines are very 

common. Although it is hard to estimate the content of boulders it is done at 

the surface as surface cover estimation. This estimation is divided in to three 

classifications: low boulder content, medium boulder content and rich boulder 

content. As an addition to the regular name of the moraine, it is possible to add 

the boulder content to the name and the moraine can be classified as “boulder 

rich sandy moraine” or “boulder poor, clayey moraine”. But remember that the 

boulder content is not used to describe the till, just the surface cover of the 

moraine. 

Water movement in moraines  

The importance of having knowledge and understanding the properties of 

moraines is big for investigators. The knowledge of water movement in 

moraines is such a property. Moraines can consist of a great mix of different 

materials and fractions, not only poorly sorted glacial till which leads to very 

good or very poor permeability. Some moraines consists of homogeneous 
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masses but it is more common that layers, lenses and great embankments of 

sorted material contained within are broken up and mixed in with sediments of 

different origins and ages. 

Embankments are often found in crag and tail landforms where glacial till, 

layers of relatively soft rock, or a combination of both can be found in the tails. 

The same can be said about river valley deposits in Norrland and Skåne. The 

great mix of materials in the deposits and the complexity of the nature is a big 

reason why the permeability properties are different between homogeneous and 

inhomogeneous materials. 

The inconsistency of glacial deposits makes it hard to assume that an 

apparently compact glacial deposit doesn´t have any permeable strata under the 

surface. To get knowledge of the water movement, it is important to 

understand the nature of moraines. When excavating a well for example, it is 

important to know the possible routes of ground water flow. Layers of sorted 

material such as sand and gravel can be found in compact ground moraines, 

these layers can be extensive in size and enable water to flow. In some cases, 

water can flow in between two different till deposit layers or in loose 

sediments that can be found between glacial till deposits and bedrock. 

Above the coastal line in Sweden it is common to find moraine landscapes 

made up of small hummocks which are coarser in texture than those found in 

drumlin spines. This landscape is characterized structurally by abundant lenses 

of sorted sand and gravel but they are not connected to each other which 

reduce the infiltration capacity of the landscape in relation to other areas. 

Surface runoff is greater in this landscape than in those dominated by larger 

moraine hills and ground moraines, because of the lower possibility of 

infiltration. The surface runoff flows into depressions where water logging 

occurs and wetlands are formed. In these types of moraine landscapes, 

groundwater resources are very limited. Glacial, glaciofluvial and clay 

materials are often found crushed together along the ridges of terminal 

moraines. This is especially obvious in the formation of large end moraines. A 
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great amount of glaciofluvial material is deposited and can result in good water 

storage in the formation, although this is not always the case. 
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4.2 Empirics 

This chapter considers the information given from the study visits. Peter 

Marthin, Väinö Liukku, Anita Alajuotsijärvi, Markku Arffman and Rainer 

Holmberg has been sharing their experiences regarding similar projects. All 

information given in this chapter is collected from interviews with above 

mentioned persons. 

 

Three study visits has been carried out to improve the knowledge of how to 

handle the denudation of the starter pit, the dike construction and the 

dewatering of the starter pit. The Boliden owned mine in Aitik, outside the city 

of Gällivare was visited to get information about the development of their new 

mining area called Salmijärvi. Salmijärvi is a mining area which is laying in a 

former lake and forest area and is presently working as a fully operating open 

pit mine. The project has undertaken all the necessary steps needed to develop 

an open pit mine. 

A gold mine outside Kittilä, Finland, has also been visited to get information 

about mine development. This mine, owned by Agnico Eagle, is located in a 

similar landscape as the Aitik mine and has been working as a fully operating 

mine since the year of 2009. The last study visit was at the peat producer SCA 

in Saltmyran, outside the village of Arvidsjaur. SCA has a lot of knowledge of 

how to handle peat and how the peat is behaving in different environments. 

A number of different questions have been discussed during the study visits to 

include as much of the mine development issues as possible. A list of questions 

has been done to review the discussions at the study visits, these questions can 

only be seen as guidelines to keep a good discussion, see the list below. 
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Dewatering:  

 How have the work been performed, and when in time are the efforts 

done in respect to; Ice roads? Ditching? Other possible denudation? 

Pumping pits? Dike constructions? 

 Pumping capacity? 

 Information about water inflow in different stages? 

 Were there any problems with the dewatering? 

 Did you reach your desired water content? 

 Sedimentation? 

 Aquifer layer? 

 

Dike Construction:  

 How is the dike constructed? (Choice of material? Fraction? Design? 

Reinforcement?) 

 When in time is the dike built in relation to the other activities? 

Summer? Winter? 

 Where, in relation to the dewatered area, is the dike built? Highlands? 

Lowlands? 

 Is it at all a similar swampland as the one in Tapuli that has been 

dewatered? Glacial till? Peat? Water content? Small seas? 

 Does the dike satisfy its desired function? 

 What kind of equipment and machines has been used? 

 What went wrong? Which are the snags? How has it been fixed? 

 What lesson is there to learn in respect to the problems? What should 

you have done different? 

 

Peat:  

 What have been done with the excavated peat? 

 Is there anything special one should have in mind when one is handling 

peat? 

 Equipment and machines 

 Problems and snags? 
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4.2.1 Kittilä 

On the mine site in Kittilä, Anita Alajuotsijärvi and Markku Arffman were 

interviewed. They have both a lot of experience with the development work in 

Agnico Eagles open pit gold mine. 

The development of Kittilä goldmine began in the spring of 2006. The area 

consisted of light forest, swampland and a small lake. The first step in the 

development of the mine was to empty the lake from water. Further on a snow 

cat was used to remove the top soil above the moraine layer. The top soil layer 

consisted of peat with a thickness of up to one meter and the underlying 

moraine had a thickness between one to six meters. The area around the mine 

was considered as a dry area and no dikes had to be used to prevent water from 

flowing into the open pit area. Instead of dikes, ditches protected the mining 

area from incoming water such as rain and springtime melting water. In the 

lowest point of the lake, a pump was installed to pump the water away, the 

pump had no problems pumping the water from the lake and the plastic pump 

lines had a diameter of 300 mm. The water from the lake was lead to a 

swampland where it was filtrated naturally on its way down to adjacent rivers. 

After the removal of the top soil, Agnico Eagle discovered some water bearing 

cracks in the moraine layer which became a small problem during the 

development, but the water flow was quite low and didn´t affect the work in a 

negative way. 

Agnico Eagle does not have any dikes as there are in Tapuli, but they have a 

tailing pond for the waste water from the mine. The difference between a 

tailing pond and the kind of dikes that can be found in Tapuli is big. A tailing 

pond is often very big with high walls that can store a lot of water. It also has 

some kind of sedimentation equipment and filters for water cleaning. The dikes 

in Tapuli are working as barriers that will reduce the water inflow into the 

mining area, it is not totally waterproof. Ditches on the inside of the dikes will 

lead the incoming water away so no water can go into the open pit. 
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The tailing pond in Kittilä is working as predicted; waterproof and stable. It 

was built up in different stages with a core made of crushed rock in the fraction 

700 mm. From the core and outward, it was built up with crushed rock in the 

fractions 0-200 mm, 0-50 mm, geotextile, moraine and a top layer consisting of 

erosion protection material. The tailing pond is 15 meters high and can be 

extended up to a height of 25 meters totally. The tailing pond was constructed 

during the summer to prevent snow and ice related problems, which can lead to 

empty spaces and create weak areas in the pond. 

The pond is located beneath a forest slope with relatively low incline. In this 

way, it is enough to build a dike up to the edge of the forest slope and not all 

way around which would create a circular tailing pond. Beneath the tailing 

pond, there are swamplands, pump stations and different control stations for 

controlling surface water level, groundwater etc. 

4.2.2 Aitik – Salmijärvi 

The aim with the study visit was to find out how the development work with 

the new mine site in Salmijärvi had been working regarding dewatering, 

denudation and dike constructions. Peter Marthin and Väinö Liukku described 

how their work had been going on and which snags that had come up during 

the development work of Salmijärvi. 

Peter and Väinö repeatedly noted the importance of considering the 

surrounding nature. It is very important to consider nearby lakes, streams, 

vegetation and animal life. These are often very sensitive to changes such as 

water flow and pH values. Consideration should also be taken to ancient 

remains and nature reserves if these exist in the surrounding area. In order to 

not disturb the production; permissions necessary should be applied for in good 

advance before the development starts. Great responsibility and consideration 

to the environment should be taken to give a good impression to the 

authorities. 
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The work in Salmijärvi started in the late autumn by emptying the lakes 

affecting the mine site. The central idea was to empty the area on water to such 

a range that the lakes was frozen solid. Ditches were excavated below high 

areas in order to shade the mine site from melting water and to redirect water 

flow from the lakes so it didn’t flow in to the mining area. An outflow from a 

lake can be redirected, but it is very important to consider the natural water 

flow in order to not affect the vegetation and animal life. In Aitik, the water 

was led to other lakes and streams through swamplands where the water could 

flow naturally by seeping through the swampland and later on, find a natural 

way down to the nearby lakes or streams. The in- and out flows in the lakes 

can change, therefore it is important to measure the water flow and water level 

continuously to make sure that the surrounding environment are not affected. 

To avoid changes in surrounding nature when pumping of water from the mine 

site are carried out, mud traps and energy brakes should be installed. This 

prevents particles to travel with the pumped water and therefore there will be 

no turbidity which affects existing vegetation and animal life in the lakes. A 

mud trap could be a pit made of crushed rock (50-150 mm) as well as a geo 

textile where particles are separated. These pits have to be maintained and 

repaired continuously so that the pits don’t silt. The energy traps works as a 

stairway made of crushed rock in which the water are filtered through from 

high points to low points. The energy traps prevents the water from getting too 

high flow velocity and they collect particles in the water. In the end of the 

energy trap there can be a pit which main task is to collect the water and make 

it seep through the soil instead of flowing on the surface. In that way it will not 

be any turbidity when the water arrives to its new destination. 
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Figure 9. Energy trap (Kemppainen, Nyberg, 2011). 

By performing water tests in ditches, one can find out if they are sealed and 

also that the water flows in the right direction. In Aitik they carried out their 

water test by emptying one of their water trucks in a ditch and waited for 48 

hours, and then they could see if the ditch was sealed and if the water was 

flowing in the expected direction. When working with ditching, pumping and 

filtration are being handled, it is important to let the process take its natural 

time and not quicken the process. 

At the planning stage of the dewatering and ditching, consideration should be 

taken to the conclusive size of the mine area to avoid unnecessary work in the 

future. By studying maps and walk around in the area one can get a good 

overview how the water in the area flow naturally and also see which new 

directions it could be changed to. Other water sources such as melting water 

streams can also be identified in this way. When the area is mapped and all 

water sources are known, the ditching can start. 

In the bottom of some lakes in Salmijärvi there was a lot of mud, which silted 

the pumps and aggravated the work extensively. The mud was also tearing 

down the pumps as they pumped it, which lead to unwanted stops in 
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production due to maintenance. This problem was solved by dumping crushed 

rock into the lake and form a “filter ring” that prevented the mud from getting 

into the pump. Also the pump was held at the surface of the lake so it didn’t 

have any contact with the bottom mud. They used both metal and plastic pump 

lines in Salmijärvi. When mud was pumped through the pump lines, they 

sometimes clogged. In the winter they also had a heating system so the pipes 

did not freeze when the dewatering flow was low. 

The dewatering in Salmijärvi was executed by leading the water from lake A to 

lake D. From lake D, the water is pumped to lake B and from there lead 

through a mud trap before it then seeps through a swampland down to the sea 

Sakkajärvi. 

 

Figure 10. Overview figure of Salmijärvi mining site (Google, 2011) 

The denudation started at the pumping pit by the lowest point of the lake. The 

lake bottom contained a lot of mud with very high water content. This made 

the mud very difficult to handle because it poured out like gruel. Because of 

these complications a new plan had to be developed. The new plan was to start 

the denudation in a higher point of the lake where it wasn’t as much mud as in 

the lowest part. From the high point they worked their way down to the low 



 

44 

point, and when they arrived there, they could mix the mud with the clay below 

the mud, and in that way the mud became easier to handle. Totally 12 million 

m³ were excavated and put on deposit next to the mining area. 

There have not been built dikes in Aitik in the same extent as in Tapuli. Only 

one small dike has been built in Salmijärvi in order to redirect the out flow 

from lake C to a small stream on the other side of the lake. This dike consists 

of packed till from the mine site and a geo textile as a material separating layer. 

The dike satisfies the requirements, no water seep through it. It was built in the 

autumn before the permafrost and snow had arrived. This is an advantage due 

to the fact that a dike construction can have defects if it is built during the 

winter. Empty spaces can form in the dike that takes shape when the snow 

inside the dike melts. In Aitik they always try to build their dikes during the 

snow free period of the year. Some dikes have been built during the winter, and 

the leakage tests show that it is not as effective as a dike constructed during the 

summer season. No aquifers have been noticed in Aitik, but both Peter and 

Väinö noted that aquifers could lead to complicated problems if one is not 

prepared for it. 

4.2.3 Saltmyran 

Outside the town Arvidsjaur, there is a small area called Saltmyran, where 

SCA have a peat source. SCA manufacture peat for bio energy use in the shape 

of pellets. The production started back in 1982 and today the peat source 

contains 500 hectares of swampland. During the study visit the site manager, 

Rainer Holmberg, was interviewed. Rainer has worked on the peat source for 

almost 30 years. 

The production of peat for fuel use is a process that takes long time and great 

solicitude to achieve a good quality of the peat. There are different machines 

that are developed for peat manufacturing. There are those who frizzle 

(Swedish; fräser) the peat and those who cut thin layers of the peat. The thin 

layers that are frizzled or cut are left on top of the peat where it is naturally 

dried by the sun and the wind. The peat are “turned” a couple of times before it 
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is collected into strings to make it easier for the machines to collect. On 

Saltmyran they also produce sod peat, which means that they frizzle peat 

which passes through a machine that makes “sausages” of the peat, this peat 

are then left to dry on the swampland before it is collected and deposited. It is 

very important to cover the piles with sod peat to prevent the oxygen feed. The 

swamplands in Saltmyran are divided into different fields with ditches with 20 

meters spacing. The ditches are up to 1,5 meters deep and dewaters the 

approximately 2 meter thick swampland partly. The ditching are carried out 

with a ditch screw, see Figure 11 below. 

 

Figure 11. Ditch screw used in Saltmyran (Kemppainen, Nyberg, 2011). 

Questions regarding dewatering of swamplands were discussed, particularly 

dewatering opportunities and settlement. The ditches around the swamplands 

in Saltmyran has submerged the water level and also held back surrounding 

water from flowing in to the production area. When ditches are excavated, the 
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peat has a capacity of drying on the surface, which keeps the water from 

flowing through the peat. This can be compared to a dishcloth. A moist 

dishcloth has an excellent absorption capacity while a dry dishcloth has a very 

poor absorption capacity. 

When dewatering ditches are excavated along roads, consideration should be 

taken to the fact that uneven settlements can occur if the ditches are not 

excavated on both sides simultaneously. Dewatering ditches is an approved 

method in these kinds of projects. Even though the area closest to the ditch 

looks dewatered, the water level between the ditches can be almost unaffected 

by the ditching. The water level takes a curvilinear shape with the peak right 

between the ditches. This has with the capillarity and absorption capacity of 

the peat to do. An illustrating figure is shown below. 

 

Figure 12. Principle sketch of water level after ditching (Kemppainen, Nyberg, 

2011) 

If denudation of the peat is carried out in minus degrees, the peat can freeze in 

the shovels of the excavators and in the lorry platforms. This is an inconvenient 

problem because the volume of the shovels and lorry platforms will decrease 

and the peat is very hard to remove. To avoid problems like this, the 

excavation should be carried out when the temperature is above zero degrees 

alternatively to have heating systems in the machines. Excavators are to prefer 
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when peat denudation work is done because wheel loaders easily lose their grip 

when there is a lot of wet peat and clay on the ground. 

The deposit of the peat should not be any problem due to the fact that the peat 

in Tapuli won’t be dried before it is deposited. In some cases when peat is 

dried before it is deposited, and then new, moist peat is put in the same deposit, 

the moist can seep down to the dry part where a chemical reaction takes place. 

The chemical reaction increases the temperature and if oxygen comes in 

contact with the peat, it can burst into fire. Therefore it is important to cover 

dried peat. This phenomenon occurs more often when there is pure peat 

without any till or clay included. 

If a fire would start it could be difficult to put the fire out by watering it, this 

depends on the fact that once the peat is dry, it is very water repellent, like a 

dishcloth. The water that is hosed on the peat just rinse off on the surface. To 

solve problems like this, Saltmyran use a water solution with dishwater 

detergent to eliminate the surface tension which make the water seeping down 

to the center of the peat pile where the chemical reaction often take place. 

4.2.4 Conclusions 

The reason for visiting these three sites was to collect information that could be 

useful in the documentation of the pre-development work in Tapuli. Both 

Kittilä and Salmijärvi have developed new open pit mine sites and the idea was 

to find out what problems they had met.  

The circumstances in Kittilä and Salmijärvi differed a lot from those in Tapuli. 

But still, useful information could be collected from these sites. A valuable 

perspective on the production planning was collected from Salmijärvi and 

Kittilä. Although, the visit in Kittilä did not meet the expectations because no 

dike similar to the one in Tapuli was constructed and barely no dewatering had 

been carried out.  
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Even though the circumstances differed between Salmijärvi and Tapuli, Peter 

and Väinö was very experienced and could share valuable thoughts and 

information.  

The way SCA excavate their peat is not even close to the way the peat is 

excavated in Tapuli. Rainer could still share some valuable tips about the 

handling of the peat and how peat behaves. 

To summarize the study visits, one can think that they differed too much to 

compare with the pre-development of Tapuli. But the people that were 

interviewed could share a lot of experiences and thoughts that were applicable 

to the pre-development work in Tapuli. 

As a conclusion: no similar project with circumstances like those in Tapuli 

have been carried out in Sweden before.  



 Tapuli Mine 

 

 49 

5  TAPULI MINE  

This chapter is the documentation of the pre-development work in Tapuli. The 

information given is from the production. Photos are taken by the authors or 

by Fredrik Hjälmsson. (Hjälmsson, 2011) 

5.1 Introduction 

The Tapuli deposit is located below a great swampland consisting of a layer of 

peat overlaying a layer of soil. The peat thickness varies between one to five 

meters and has an average thickness of three meters. In the lower parts of the 

peat layer, it reaches H7 – H9 on the Von Post scale, while it in the upper parts 

are not as well moulded and reaches H3 – H4 on the scale. The water content 

ranges from 282% to 1268% with an average value of 686%. Therefore it is a 

very wet swampland with low bearing capacity. Grain size analysis of the soil 

indicates that the predominant soil type is a silty sandy glacial till. In some 

areas coarse grained sands are present but in a limited extent. The thickness of 

the glacial till reaches from three to 16 meters with an average thickness of 

nine meters. (Golder Associates AB, 2010) 

In order to dewater the swampland, dewatering ditches has been excavated 

across the whole area. These ditches transport the water to a pump pit in the 

north end of the mining area. This step is very complex to perform during the 

summer due to the low bearing capacity of the peat. The winter climate in 
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northern Sweden is favorable since it is not unusual that the temperatures are 

below minus 20
o
 Celsius for long periods. Therefore a total length of 11 km of 

ice roads has been build on the Tapuli mining area, which enables excavators 

to enter the swampland and excavate ditches along the ice roads that leads 

water from the swampland, as well as rain- and melting water to the pump pit. 

An overview figure of the ice roads is shown below. 

 

Figure 13. Overview of ice roads on the starter pit of Tapuli (Northland 

Resources AB) 

When the water has been lead to the pumping pit, it is pumped from there to a 

sedimentation basin where the peat particles and organic material sediment. 

The water then is lead to a distribution ditch which slow down the flow 
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velocity and prevent the water from turbid the bottom and collect new 

particles. After the distribution ditch the water is lead through a comb ditch 

which divides the distribution ditch into several small streams. When it is 

divided it flows through a swampland north of the mining area and further on 

from there, into an existing stream. 

 

Figure 14. The sedimentation basin (Kemppainen, Nyberg, 2011) 

 

Figure 15. Principal sketch of distribution ditch (Kemppainen, Nyberg, 2011) 
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Figure 16. The distribution ditch (Kemppainen, Nyberg, 2011). 

Dikes that surrounds the mining area was built to prevent the pumped water as 

well as the surface water from the surrounding swampland to flow in to the 

area. The dike around the starter pit is built out of blasted rock from the nearby 

quarry Naavetamaa. The top soil and the fragmented rockloose rock were 

removed to enable the bedrock which was used to construct the dike as well as 

other construction roads needed for the pre-development. Naavetamaa quarry 

is approximately 200 m long, 150 m wide and with a depth of 10 m. The rock 

type is limestone with some granite schist and the rock quality varies a little in 

the area. The granite schist is avoided to use in the dike if it is possible because 

of its bad construction properties. The quarry is located south-east of the 

mining area and it is less than 1 km between them. A new haul road has been 

built in order to transport the blasted rock from Naavetamaa down to the 

mining area. 

The rock is transported from Naavetamaa to Tapuli by dumpers. Due to the 

heavy weight of the dumpers, it is not possible for them to drive on the ice 
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roads; therefore the dikes will work as roads where the dumpers can drive. The 

road on the dikes have turn-around bays with 100 m spacing so the dumpers 

don’t have to go in reverse for so long distances, which is a risky work 

moment. The crest of the dike is supposed to be minimum 8 m and inclination 

of the dike wall slopes should be 2H:1V. 

When the dike started to take shape, the dewatering began. This work was 

performed in the spring when the temperature had increased. As the desired 

water content in the soil is reached, the area is denuded.  
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5.2 Ice Roads 

Documentation 

The ice road production started 21
st
 of December, in the middle of the winter 

when the temperature had sunk down to around minus 20 degrees Celsius. The 

first step was to remove the top layer of snow from the swampland where the 

ice roads should be constructed. The intermediate distance between the ice 

roads are 50 m. This was done with a 1.5 tonnes heavy snow cat, see Figure 17 

below, which both pushed snow away with a plow and compressed snow and 

peat together with its caterpillar bands. After doing this a few times at the same 

place, the icy peat got strong enough to drive on and the extension of the ice 

road continued in the planned directions, see Figure 13 above for an overview 

of the ice road plan.  

 

Figure 17. The snow cat used to construct the ice roads (Kemppainen, Nyberg, 

2011). 
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The snow cat could work on several ice roads as the area expanded. After each 

time the snow cat had compressed the snow and peat, there was a freezing time 

of about one week. The cold climate was a helping hand and especially during 

the time when the temperature dropped down to as low as minus 37 degrees 

Celsius. When the snow cat couldn´t compress the mix of snow and peat any 

more, water was pumped onto the ice roads to increase the thickness of the 

roads. The water used were pumped up from the swampland where it was 

possible, otherwise it was transported to the site in water tanks. A 4 ton heavy 

farm tractor was then used to keep the ice roads clean from snow. This 

contributed to get a good ice quality in the roads. It also helped the ice roads 

improve its own thickness because it was growing in thickness downwards 

naturally due to the cold weather. In areas where there was swamp with 

relatively low water content (bog), the peat was packed in order to empty it on 

air. Then water was flushed on the bog before it was left to freeze to its desired 

thickness. Figure 18 shows the difference between peat with high water content 

and this kind of bog.  
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Figure 18. To the left; peat with high water content, clear ice which grows 

good without any packing. To the right; bog after packing and 

watering (Kemppainen, Nyberg, 2011). 

The required ice thickness for driving and working on the ice where 600 mm 

for good quality solid core ice. This requirement was reached quite early, and 

before the ditch excavation started, there was an ice thickness of 750 mm or 

more in all the drill samples taken from the ice roads. These samples were 

taken 2 meters from the edge of the roadway, once every week, according to 

the requirements. The reason why the samples were taken 2 meters from the 

edge of the road because this is the place where tire pressure where calculated 

to be the highest. See Appendix A and B for drilling- and pumping protocols. 

The profile of the ice roads was triangular with the highest bearing capacity in 

the middle of the road and the lowest bearing capacity in the edges of the 

roadway.  
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Figure 19. Ice road in February (Kemppainen, Nyberg, 2011) 

The cold winter was favorable to the ice production but there has always 

existed a plan B if the temperature wouldn´t be as cold as it was. As long as the 

temperature is under the freezing point, you can always flush water on the road 

and let it freeze. A basic rule or advice is to start constructing the ice roads 

early and let the climate do its job on the ice. If the job is done to fast the ice 

quality will be poorer and ice related problems can occur in the future.  

There have been some weak zones in the ice road construction. For example, 

water wells have made the water on the surface moving resulting in weak ices. 

This has been fixed by destroying the ice several times and then letting it all 

freeze again to improve the thickness of the ice. Other problems have been peat 

related. At some places, the peat has been to warm due to moldering processes 

resulting in difficulties getting good bearing capacity in the roads, the peat 

have not been freezing because of the heat extraction. These has been fixed by 

adding some extra work time to the road construction and let the road cool 

down and freeze for a little bit longer than usual.  
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Conclusions 

The ice road project was successful according to the contractor. Of course the 

weather was making the project progress faster and smoother due to the very 

low temperatures. In December and January the temperature dropped down to 

almost minus 40 degrees Celsius. The plan of using a snow cat to compress the 

snow and peat was also working fine because it is both lighter and has a 

smaller ground pressure due to the large caterpillar bands compared to the 

wheels on a tractor. If possible, it is good to start working on the ice roads 

early to give time for the ice roads to freeze properly. 

5.3 Dike Construction 

Documentation 

There are three dikes that have been built, see Figure 20. Dike A which is 

marked with red, dike B which is marked with green and dike C with blue. 
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Figure 20. The three different dikes and the working direction (Northland 

Resources AB). 

The work with the dikes started the 3
rd

 of March 2011. As mentioned before, 

the dumpers loaded with blasted rock from Naavetamaa were too heavy to 

drive on the ice roads. Therefore the construction of the dike started at the 

point closest to the quarry and worked their way away from it, see Figure 20. 

The dike was built on two fronts, one going in the clockwise direction and the 
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other in the anti-clockwise direction. They started to take aim at the small 

island on the swampland, called stapelholmen, with dike A. The total length of 

the dikes is approximately 1800 m and the length of the haul road is 

approximately 1200 m. The theoretical rock consumption for the dikes were 

65 000 m³. The actual consumption extended that amount a bit, how much it 

exceeded is unclear. The dumpers used were Volvo A40 which weighs 40 

tonnes, and the bulldozers were the models CAT D8R. A figure of the new 

design is shown below. 

 

Figure 21. The new design of the dike (Northland Resources AB). 

The first step in the dike construction is for an excavator to break the ice layer 

where the dumpers will dump the rock. Then the dumpers dump their load on 

the broken ice. When the dumpers have dumped the rock on the swamp, a 

bulldozer level off the pile and push it down into the peat, forcing the rock 

down to the glacial till. This creates a heaving of the peat beside the dikes. 

 

Figure 22. Bulldozer forcing the rock down to the glacial till (Hjälmsson, 

2011). 
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After the Bulldozer has pushed the rock down, the cycle starts over again 

further ahead on the dike. Because there are turn-around bays with a spacing of 

100 m, the dumpers can easily turn around without driving in reverse for too 

long distances, and therefore eliminating risky work. 

 

Figure 23. The CAT D8R waiting to level the pile the Volvo A40 dumps at the 

dike (Hjälmsson, 2011). 

In some areas unexpected problems arose. In the first part of dike A, the peat 

was very soft and warm and had low water content. In this area, the bulldozer 

kept pushing rock down into the peat but barely anything happened, the rocks 

kept sinking down in to the peat. Therefore the contractor did not perform any 

work in this part during the dark time of the day, due to the risk of accidents. 

Instead they were working on dike C during the night. Finally the peat did not 

swallow any more rock, and they could carry on against the island. 
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At one point, dike A was built too close to an ice road. This didn’t seem to be 

any problem when the weather was cold. But when the spring came and the 

snow and ice started to melt, the ice road created a cavern in the dike, and 

water flowed through it into the mining area. 

 

Figure 24. Ice road extending below the dike (Hjälmsson, 2011) 

 

Figure 25. Leak created from cavern due to ice road (Kemppainen, Nyberg, 

2011) 
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There have been fast settlements in one area on dike B. It is in an area where 

the peat layer was thick and probably there was a water source in that area. The 

dike settled 110 cm in two days in that area. This didn’t become a major 

problem due to the fact that they had it under control and did not drive there 

until the settlement stopped. 

Neither the contractor nor Northland Resources has performed any controls 

such as seeping controls or stability controls, except for ocular controls. As 

long as the swampland inside the dike settle and water is pumped away from 

the pump pit, it is assumed that everything is working properly. 

When the dike and haul roads are taking shape, glacial till and peat are dumped 

on the outside of the dike. An excavator come after and levels it out and packs 

it against the dike. This step is necessary to prevent the surface water from the 

surrounding swampland. 

 

Figure 26. Excavator levels and packs the peat/glacial till on the outer side of 

the dike (Kemppainen, Nyberg, 2011). 
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Conclusions 

The work with the dike was successful. The contractor noted that the work 

went better than expected. Still there were some problems that probably could 

be avoided. 

The fast settlement in the beginning of dike A could probably be eliminated if 

one had better knowledge of the peat in that area, and therefore be prepared for 

a soft and thick peat layer; in that case it would not have been a surprise. 

The other problem with the leakage in the dike where it was built above an ice 

road could also be eliminated, if the direction of the dike was further away 

from the ice roads. Now work has to be carried out to fix the leak in the dike, 

although it is not so much, it is still unnecessary work. The location of the dike 

also created some problems with the ditching; this will be treated in detail in 

the dewatering chapter. 

The inclination of the slopes on the dike walls was difficult to achieve 

according to the layout. This probably depends on the fact that when the rock 

is pushed down into the peat, the peat will create a pressure on the dike, which 

prevents the rock to form a natural angle of repose. 

5.4 Dewatering 

Documentation 

The excavation of the ditches around the ice roads started the 15
th

 of March. 

The temperature where still below the freezing point, but since water was 

flowing all the time, the water table in the ditch and in the pump pit where 

moving up and down all the time which prevented the water from freezing. 

Before the ditching could begin, the contractor had to saw the ice line between 

the ice road and the ditch to prevent the ice road to be damaged from the 

excavation. This was done with a hydraulic chainsaw mounted on a tractor as 

well as with a handheld chainsaw used in smaller areas.  
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The ditches were only excavated on the left side of the ice roads, and the 

deposited masses from the excavation were partly left on the right side of the 

ice road and partly outside the right edge of the ice road, see Figure 27. 

 

Figure 27. Principal sketch of excavated ditch with deposited masses partly on 

ice road and partly outside the edge (Kemppainen, Nyberg, 2011). 

The thought behind this was that the ice road should carry some of the load 

from the excavated masses as well as the masses would work as a 

counterweight to the excavator to prevent the ice road from rotating. If all the 

masses should be deposited outside the right side of the ice road, there should 

be a risk of decreased water flow from the swampland into the ditch because of 

the load of masses which could depress the swampland and strangle the water 

flow.  
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Figure 28. The red line is the base line, and the pump pit is located inside the 

red circle (Northland Resources AB). 

The pump pit and the baseline were the two things first excavated, see Figure 

28. There were no special thoughts behind the design of the pump pit more 

than it should be deep and wide enough to fit the calculated water inflow. After 

this, the contractor excavated all the other ditches going across the swampland, 

a total of 11 km of ditches where excavated with a depth of 3 m. Because of 

the cold weather, the contractor had to work 24 hours a day to keep the water 

flowing all the time and prevent it from freezing. The total time for excavating 

the ditches was approximately one month. See Figure 29 to get an overview of 

the ditch design. 
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Figure 29. Successful dewatered ditch (Kemppainen, Nyberg, 2011) 

When excavating the ditches, there could be problems with water flowing into 

the excavation area. At the surface, the peat could be firm and easy to handle 

but at deeper levels, it became looser and more clayey than in the top, just as 

the peat investigations in the feasibility study has showed. The contractor made 

up a “20 minute”-rule which meant that the excavator only could excavate at 

one spot for maximum 20 minutes. This rule was made up to prevent 

production stops due to the big water inflow which made it hard to excavate 

peat at deeper levels. The excavated peat had different temperature and water 

content in different areas. For example dry, wet and very wet peat has been 

found in different areas. The temperature has also been changing between 

warm and cold depending on the depth and location of the peat.  

Settlements have of course occurred during the excavations. No immediate 

settlements occurred but slow due to the lowering of the water table. For 

example, the surface of the swampland sunk down faster than the ice roads 
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which resulted in that ice roads came closer to the ditch, the reason for this 

might be that when the water in the surrounding area of the ditch disappeared, 

it dried up and shrunk down a little bit. Another settlement might be related to 

the excavation of the ditch. The ice roads had a capability to rotate and incline 

inward to the ditch. Reasons for this might be the heavy loads that have been 

occupying the road or that the area next to and below the ditch has sunk down 

more than the area further away which created an uneven settlement which 

made the ice road to rotate. No filling up of the ditches has occurred due to 

stability problems in the ditch walls.  

Between the 15
th

 of March and the 3
rd

 of May, the reference point on the 

swampland had sunk totally 101 cm. When the swampland ground surface 

sunk, parallel cracks appeared along with the ditch directions due to the low 

bearing capacity of the peat and the lowering of the water table, see Figure 30.  

 

Figure 30. Settlement in near the ditch create parallel cracks (Kemppainen, 

Nyberg, 2011). 
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When the dike was built up, it pushed peat outward because of the heavy load 

from the crushed rock in the dike. This force was too strong for the ditches in 

the nearby area as the force made the ditch walls collapse. To avoid this 

problem, the contractor left small pillars between the ditches which gave some 

extra support to the ditches. The plan from the beginning where to connect all 

the ditches with each other and make a long ditch going around the starter pit 

area, see Figure 31 below. 

 

Figure 31. Pillars between ditches (Kemppainen, Nyberg, 2011) 

A distribution ditch has been excavated to distribute the water from the 

sedimentation basin to a comb ditch which distributes the pumped water to a 

nearby lying swampland where the water can filtrate on its way down to the 

Muonio River. Water samples are then taken at two places, at Mellajoki and 

Aareajoki, to control the water quality and water level.  

As the excavation of the ditches started on the 15
th

 of March along with the 

pumping of water. The pump itself was bought from The Netherlands and was 

a special pump made for pumping particles up to 20 mm without stocking up 
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the machinery or the pump lines. The pump itself was standing on firm ground 

close to the pump pit. Then a pump line where going from the machine house 

into the water in the pit, just as a vacuum cleaner hose. 

 

Figure 32. The pump station (Kemppainen, Nyberg, 2011). 

The pump was normally pumping water away with a water flow differing 

between 150- 400 m
3
/h from the pump pit. At periods with low water inflow, 

the outgoing water from the pump could be as low as 30- 40 m
3
/h. A control 

device on the pump line showed how much water was going out from the 

pump, see Figure 33. 
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Figure 33. Control device on the pump line (Kemppainen, Nyberg, 2011). 

Because of the cold weather, the pump had to be controlled often primarily to 

prevent it from getting freeze related damages. To prevent the pump from 

freezing, it was run every hour to get the water in the pump and in the pump 

lines to flow. In this way, they could keep the whole system in a good 

condition. Running the pump didn´t just prevent the water in it to freeze. It also 

moved the water table in the pump pit and in the sedimentation basin and also 

kept them in a good condition. Due to the frequent controls of the pump, no 

stocking of mud, or freezing of water occurred in the machinery or in the pump 

lines. 

Conclusions 

It is hard to evaluate the result from the dewatering of the peat. The swamp 

subsides and water is pumped from the pump pit, which indicates that the peat 

is getting dewatered. The dewatering grade is difficult to predict because of the 
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good water carrying properties of the peat. This can be evaluated after the 

denudation. 

An idea would be to excavate the ditches as deep as possible in order to reach a 

deep dewatering depth. The excavated depth for the ditches in Tapuli was 3 m. 

How much would a ditch with a depth of 4 m lower the water content in the 

peat? 

From experiences collected at study visits, the best way to dewater the peat is 

to excavate the pump pit in the lowest part of the area. In Tapuli, the pump pit 

is in the outer part of the swamp area where the peat layer is not deepest. 

Would a change of the location of the pump pit help the dewatering process? 
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6 DISCUSSION 

The work done in Tapuli will serve as a pilot project for all the other mining 

projects in similar environments. It is therefore important to document and 

preserve all the knowledge and experiences learnt from this first project. For 

example, the experiences don´t just have to be used in other feasibility studies 

for open pit developments, they can also serve as background information to 

the development of waste rock dumps or tailing ponds. 

When developing a new mining area it is important to make plans, both short 

term and long term plans. The long term plans should for example include the 

development of water treatment facilities. How to handle waste water is a great 

problem that has to be solved because it will affect the nearby environment and 

animal life for a long time. The development of the starter pit is just one part of 

the whole mine project in the Kaunisvaara area, but still very important. This 

first part will show how the environment is being affected, in a small extent. It 

is important to plan the water treatment facilities (such as sedimentation basins, 

comb ditches etc.) in a good way and put them at the right places, because this 

can lead to longer usage, better working facilities and money savings. 

The practical performance of the dike differed a lot from the theoretical 

performance proposed in “Tapuli Dyke feasibility study”. The direction of the 

dike changed in a way that only the starter pit was surrounded. The geotextile 

and geogrid was removed and the plans of excavating the peat in order to 
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construct the haul roads directly on the glacial till were dismissed. In the 

feasibility study, it was also proposed that the rock in the dike should be 

crushed to different fragmentations and a road surface should be constructed on 

the crest. As the project has been ongoing, new solutions for the dike have 

been developed in order to construct the most efficient and economical dike for 

circumstances like those in Tapuli. The reason for all these changes has to do 

with timing, economy and to solve problems in the easiest way. Comparing the 

design of the dike in the feasibility study with the one that is built, a lot of 

changes is made. Some advantages with the new design are discussed below. 

The term “timing” has to do with the fact that the approval from the authorities 

did not come until late December. The work with the dike had been more 

favorable if they could have started with the construction in the summer when 

it is sunshine 24 hours a day. They would not have had to “scratch” the ice 

layer on the top of the swamp with an excavator bucket. In the summer, the 

peat is visible so the machine drivers can see if it is wet or dry peat they are 

handling. 

A mining company that is developing a new mine, like Northland Resources 

AB, does not earn any money until the ore comes out from the mill. Every step 

in the pre-development work cost money for Northland Resources in this stage. 

Therefore Northland Resources want to construct the most economical 

solutions, and not exceed their budget, when the pre-development work is 

carried out. 

By laying out geotextile and geogrid along the direction of the dike will 

increase the cost for the construction. The materials cost extra money and the 

construction time would have been longer. Excavating the peat down to the 

glacial till where the haul roads are constructed, increase the construction time 

and therefore the cost. The proposed direction of the dike in the feasibility 

study also was longer and would therefore demand more rock fill and a greater 

area to dewater which will take more time and therefore cost more. 
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All of the changes from the theoretical design in the feasibility study to the 

practical design have, in one way or another decreased the cost. If it is the 

absolute best way to do is hard to say. But as long as the dike fulfill its 

purpose, it is good enough. 

No controls have been carried out on the dike during, or after the construction 

work. If controls had been done some problems could have been avoided. In 

dike B, where great settlements occurred, the peat layer was very thick. If 

controls had been done on the peat, this problem could have been eliminated. 

Also on dike A, where the peat “swallowed” a lot of rock, controls or some 

study could have been done to avoid the problems that were faced. The price 

for the dike has increased because no controls were carried out. If the 

contractor knew the thickness of the peat, more accurate amounts of rock could 

have been dumped on the swamp and therefore avoid an over dimensioned 

dike. 

There was only one leak in the dike, which is written about earlier. This leak 

could have been avoided if the dike had been constructed a little bit further 

away from the ice road. 

The swampland has been emptied from water, but one question remains 

unanswered. How much water have left the swampland and what is the actual 

water content in the peat? This is a question that for sure can be answered after 

the denudation has begun. This discussion can though deal with the theoretical 

aspects of this problem. 

One aspect of the dewatering is the ditches and the ditch layout in the starter 

pit area. According to the contractors, the excavation of the ditches was done 

just as planned and there were only smaller production stops during the work 

phase. A design related issue is to excavate the ditches with the right 

intermediate distance between the ditches to get the most efficient dewatering 

with the least economical funds. In this “starter pit project” the distance 

between two parallel ditches has been 50 meters. At the time when this 

discussion is being written, the dewatering has been going on for almost three 
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months. The swampland has settled more than one meter which can be an 

effect of the lowered water content. The problem here is that the water table is 

increasing in an arc shape with the highest point just in between two ditches. 

This phenomenon is related to the capillary suction value of the peat. Peat with 

a low grade on the Von Post scale has a low capillary suction value and can´t 

keep water in itself very well as peat with a high grade on the Von Post scale 

can. Deep down in the swampland the peat is better developed and contains 

smaller particles than near the surface. These small particles contribute to 

higher capillary suction values. If the ditches would be located closer to each 

other, the arc of water would probably decrease in height and the dewatering 

should be better. This problem should be investigated more in detail but the 

backside of this problem can be higher costs due to more ditch excavations so 

it is a quite tricky equation to solve. The intermediate distance between the 

ditches is only one of two things that have a connection to the dewatering; also 

the excavation depth is of importance. In this project the contractor excavated 

ditches with a depth of three meters. The good thing about this is that the 

ditches have almost the right inclination all over the area. The bad side is that 

there is areas with a peat thickness of five meters and this layer will probably 

be filled with water since the ditches are only three meters deep. The areas 

affected by this problem might be hard to find, but in the future one might 

think about excavating deeper ditches if big problems occur during the 

denudation.  

The layout of the ditches in the area and the location of the pump are also of 

great importance if a good dewatering level is desired. In this first “starter pit 

project” the pump pit was located in the north side of the starter pit area, this 

location was chosen because it is a short distance to the sedimentation basin 

and the water handling facilities as well as it is laying next to the main land 

where it is not as wet as on the swampland. In the future one should probably 

investigate in more detail how the swampland is shaped. Then it will be easier 

to locate low areas where water is stored in hollows. If the glacial till 

underneath the peat is almost flat, a theory is to locate the pump pit in the 

central parts of the area and connect ditches to it. This can lead to shorter ditch 
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distances and a better water flow due to smaller distances from the outermost 

part of the ditches to the pump pit. Another possibility is to make several pump 

pits. This might be more adapted to areas with a lot of low and high spots in 

the moraine where the water is being prevented to flow in the right directions. 

It can also be a more effective way to dewater the area. The negative side of 

this might be increased freezing risk in the machinery and pump lines during 

the winter and a higher cost due to more work and pump costs. 

The ice road production has been a very successful project, mostly because of 

the cold winter but also because of good planning and experienced people 

working with it. Sweden has a history of using ice roads in the winter as 

infrastructure and if one is being careful and following the suggestions from 

authorities when building ice roads, it can be an easy task to solve.  The main 

thing that could have been a possible problem (disregarded from too warm 

weather) is the time-limit of the project. If one can start building the ice roads 

in the early winter, say in late October when the weather is turning below the 

freezing point, the possibility to get really strong ice roads is big. Depending 

on the peat thickness, it can be possible to get a frozen solid in all the peat 

which will increase the durability of the ice road. Also the early start of the ice 

road construction will lead to smaller “artificial ice” costs due to the lowered 

amounts of water that has to be pumped upon the ice road or transported to site 

and then flushed on the ice. 

Future work includes for example the denudation of the starter pit. This is a 

quite tricky part, and it is very hard to predict the result of the denudation. It 

will for sure be quite wet down in the lower layers of the peat and one might 

find low points in the moraine with water deposits and clayey peat which can 

be hard to remove. A first thought about the denudation is to use excavators 

instead of tractors to load trucks with peat. The bottom of the peat layer will 

probably be very clayey and excavators will have better grip due to the 

caterpillar bands than tractors. As the excavators are working and the pit is 

expanding, the area where the trucks are standing has to be mixed with gravel 

or crushed rock to increase the grip of the truck wheels. The denudation should 



 

78 

begin in an area with high elevation because it will probably be easier to 

remove the top soil there due to the possible water deposits in the low areas. 

An option before the denudation begins is to try to drive out on the swampland 

with a small and light excavator to see if it is possible to drive on the 

swampland. The excavator can extend ditches and try to excavate new ditches. 

This can be done even though the denudation has started, but in areas further 

away, to increase the dewatering from the peat if it is still very wet. 
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7 CONCLUSIONS AND RECOMMENDATIONS 

The ice roads and the dewatering part are strongly connected to each other 

because of the ditches that are lying next to the ice roads. This project is very 

complex due to the thickness of the peat and the high water content in it, and 

therefore it is not possible to excavate ditches somewhere else than next to a 

ice road. In future areas where open pits are being developed, it might be a 

better strength in the peat and it might be possible to drive on it without 

building ice roads. The main thing that has to be considered in ice road 

constructions is the possibility to start constructing them as early as possible. 

An early start could make the ice roads grow in thickness naturally and less 

work effort has to be done to get them ready in time. This can also save money 

due to smaller cost in creating artificial ice. 

It is still too early to make any good conclusions from the dewatering. It is 

though easy to see that the ditches and the pump have met its expectations 

because the swamplands surface has sunk down to a lower level which 

indicates that also the water level has decreased. When the denudation starts it 

will become obvious if the dewatering has been good enough or if more effort 

has to be done to get a better dewatering in the future. However, there are some 

relevant questions to keep in mind when planning the dewatering if a good 

result is wanted. For example; how is the area inclining? Are there any low 

points which can work as water deposits? Is there any inflow/outflow of water 
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in the area? In this “starter pit project” the excavation of ditches was only done 

on the left side of the ice roads and a possibility to get a better dewatering 

effect is to excavate ditches on both sides of the ice road. The ice road itself is 

working as a counterweight because it is supposed to float on the water filled 

peat and not sink down into the swampland. Therefore it might be possible to 

put all the excavated masses on the ice road instead of putting it partly on the 

ice road and partly outside the right side of the ice road. 

Some recommendation on pump and ditch layout is that it might be a good deal 

to put the pump in the lowest part of the area and then excavate ditches with a 

great depth (down to the bottom of the peat if possible) to decrease the possible 

water content in the peat next to the glacial till. It might also be necessary to 

use more than one pump and pump pit if the area is big and try to place them in 

the central parts of the dewatered area to decrease the distance for the water to 

flow. Another recommendation is to think in long terms to prevent future 

reconstructions of sedimentation ditches and water cleaning facilities when 

other areas are being dewatered. 

The dike has, as mentioned several times before, changed in design as the 

project has proceeded in time. These changes are very important to document 

for the future. Since the dike today seems to fulfill its purpose, it could be a 

good way to build the dike like this in the future. Probably the design could be 

even more developed if all of its defects are analyzed. 

Recommendations for the construction of the dike are to have full control of 

the peat in front of the working direction, such as peat depth and water content. 

If these data are known, there will probably not be any surprises when the dike 

is being built. With a good control of the peat ahead, there will be a minimum 

of rock fill used and therefore a low cost. If possible, the work with the dike 

should start in the summer. That would eliminate many work safety risks and 

expose the swamp ahead of the dike. 
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8 CONTINUED WORK 

There is a lot of different work related to the pre-development that can be done 

in the future. The subject closest to the dewatering and dike construction is the 

denudation. The denudation is very dependent on the results from the 

dewatering and dike construction. Documentation and analyzes of the 

denudation is necessary to get valuable knowledge and experience which can 

be used when developing for example Pellivuoma, Sahavaara and 

Hannukainen. 

When the denudation is done, there are some possibilities to look at the dike 

construction in order to develop a more efficient and economical dike in the 

future. 

Dewatering of the peat is also a subject that can be more explored. For 

example, tests can be performed to measure how much water the peat can 

retain. In this way it is possible to develop a good plan for ice road production 

and ditch excavation to get the maximum dewatering of the peat. 

When the denudation of the ore body is finished, mine related problems arise. 

For example logistic problems, slope stability, slope design, production 

planning and production optimization. 
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10.1 Appendix A - Ice drilling protocols 
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10.2 Appendix B - Pump protocols 
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