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ABSTRACT

Northland Resources Ltd has scheduled the opening of an iron ore mine in Kaunisvaara in the
municipality of Pajala in Northern Sweden in 2013. As there are no railway connections to
harbours, the company plans to annually haul five million tonnes of mined ore concentrate by
trucks on public roads from Kaunisvaara to Svappavaara railway dock. Northland plans to reach
this full production tonnage by 2015. This huge haulage project means in practice that there will be
trucks driving at intervals of a few minutes 24 hours per day every day of the year resulting in
impacts on roads, bridges and people living in the vicinity of the Kaunisvaara i Svappavaara road.

The current road connection consists of relatively weak roads and bridges that need to be
strengthened before the haulage project starts. Northland Resources has expressed an economic
interest in using heavier truck options in the haulage project greater than the current permitted
maximum 60 tonne trucks. To examine this, The Swedish Transport Administration and Northland
commissioned a risk analysis and socio-economic analysis to study the impact of different haulage
options on the current road and bridge condition, as well as the improvement need to bring them
up to a level suitable for standard 60 tonne trucks.

In addition to the standard analysis, a further analysis was carried out to identify the extra
strengthening and other special arrangements needed if heavier trucks (72 tonnes, 90 tonnes, 136
tonnes, 146 tonnes and 153 tonnes) were to be used. An evaluation of noise impact and noise
protection measures was also made. Finally a socio-economic analysis was carried out into what
would be the most cost effective transportation solution for all the interested parties and for the
environment.

The ROADEX project was asked to participate in the project due to their experience in similar
projects in the Northern Periphery area.

The field data for the analysis was collected in winter, spring and summer 2011 using mobile laser
scanning techniques, GPR, HWD with time history data, thermal cameras, digital videos and
visual inspection, drilling, sampling and laboratory analyses. The knowledge of local maintenance
experiences was also utilized in the analysis. Socio-economic and noise analysis were made
based on field visits and map evaluations.

The results of the road impact analyses showed that 96 % of the road would have problems within
one year of haulage starting. New structures were designed for these areas to give 20 years of
service life. On the weakest sections a new third lane was recommended to be built alongside the
old weak road. This lane will also act as a passing place for other traffic. In addition, at least two
climbing lanes for steep hills were recommended together with a geometry improvement to one
identified section are recommended. Road drainage was to be improved to Class 1 before the
strengthening measure were carried out. The cost of the overall work was estimated to be 377 mill
SEK for haulage by 60 tonne trucks. If heavier truck options are used the extra strengthening
costs for the roads were estimated as 12.5 mill SEK. Unexpected costs and the cost of project
management are not included in these costs. In addition it was strongly recommended to widen
the road as the road shoulders of the current road are weak.

The results of the calculations on the different truck options showed that the major problem in

using heavier and longer trucks was the high vertical displacement produced in weak subgrade

soil sections during spring thaw periods and in the summer, and long road recovery times. These
problems could be reduced h owe ver wit h t h thirddapnesds It was found tleahall aof f 6
the heavier truck options fitted with dual tyres were friendlier to the asphalt pavement than a
standard 60 tonne truck.



The results of the bridge analyses showed that some bridges needed to be strengthened,
especially if the heavier haulage options were used. The cost of this work was estimated to vary
between 36 mill SEK and 69 mill SEK depending on what truck options was used.

The Swedish target values for noise levels in housing environments are:

A 30 dBA equivalent level indoors

A 45 dBA maximal level indoors at night (may be exceeded at most five times per night, 22-
06 o0ob6cl ock)

A 55 dBA equivalent level outdoors (at facade)

A 70 dBA maximal level at patio in connection with dwelling (may be exceeded at most five
times per hour, in daytime).

It is a requiremnent that these values are not exceeded on new construction, substantial
rehabilitation or reconstruction work. The rehabilitation of the Kaunisvaara-Svappavaara road will
most likely be regarded as a fsubstantial rehabilitationdand the target values enforced accordingly.

The noise analyses identified that there were approximately 170 houses located within the >70
dBA maximum area and the costs of their improvement was estimated at 32 million SEK.

Finally a traffic economic analysis was carried out using information from all of the above. This
showed clearly that it was more profitable overall to transport the ore with heavier trucks,
compared to transporting it with 60 ton trucks. The socio-economic costs varied from 1,330 million
SEK when using standard 60 ton trucks, down to 1,088 million SEK with 153 ton double link option.
The net theoretical annual operator gain for the heavier truck options varied from 86 million SEK
when using a 72 ton truck, up to 191 million SEK when using a 153 ton truck option. The
differences between the costs and benefits for different double link options (136 ton, 146 ton and
153 ton) were not big. Unexpected costs and the cost of project management are not included in
any of the above costings.
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1. INTRODUCTION

Northland Resources Ltd has decided to open an iron ore mine in Kaunisvaara in Pajala
municipality in Northern Sweden in 2012-2013. Starting in January 2013, the company plans to
annually transport five million tonnes of the mined ore concentrate on trucks to a new terminal in
Svappavaara from where it will be hauled by train to Narvik harbour in Norway. Five million tonnes
per year will be hauled when Northland reaches full production, currently planned for 2015.

The transportation route commences on Road 99 to Pajala, then road 395 to Vittangi and further
on to Road 45 to Svappavaara, and finally the E10 to the Svappavaara railway dock intersection.
The total length of the public road involved in the ore transportation, owned and managed by the
Swedish Transportation Administration, (Trafikverket), is roughly 157 km. These are mainly typical
low traffic volume roads in Northern Sweden that have problems with frost action and permanent
deformation. Along the route there are 10 bridges. Some of these bridges are old with relatively
weak structures.

Trafikverket therefore needed to have a risk analysis of the available lifetimes of the existing roads
and bridges if and when the heavy haulage began. The risk assessment method chosen was the
risk analysis technique which had proven to work well in the EU ROADEX project. In addition, new
and emerging road survey technologies, such as laser scanning, were utilized for the first time in
the project.

Due to the enormous amount of ore concentrate to be hauled to Svappavaara, Northland is
naturally interested in optimizing the transportation costs. In practice, this means assessing the
possible exemptions available to allow for the use of heavier and longer trucks than the standard
maximum 60 tonne trucks. The Swedish Transport Administration, on the other hand, is very
aware that the roads and some of the bridges on the route are too weak even for haulage with
standard 60 tonne trucks, such that the road needs strengthening anyway, even before haulage
starts. It was therefore also practical to analyze and evaluate the impact of heavier vehicles on the
road.

In order to carry out the analysis, a range of different total weight options for the trucks was
proposed: 72 tonnes, 90 tonnes, 126 tonnes and 170 tonnes with axle weights varying from 8
tonnes to 12 tonnes. The length of the longest option was 37 m. After preliminary evaluations, the
trucks options were changed to be 60 tonnes, 72 tonnes, 90 tonnes, 136 tonnes, 145.5 tonnes
and 153 tonnes.

This report summarizes the survey and research done during the project in 2011. The report
provides information about road structures in three dimensions (3D), and their current structural
and functional condition. It also presents the results from the remaining lifetime calculations for the
road after the haulage starts. In addition the report presents new design structures and cost
estimates for the road strengthening that should be completed before transportation starts. Finally,
the report presents socio-economic impact analysis results for the different heavy haulage options
together with information on the socio-economic transportation options. These will be based on
the contents of this report, a similar report on the bridges along the route, and reports on noise
impacts.
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Figure 1. Pajalai Svappavaara road and its subsections.



2. SURVEY AND ANALYSIS TECHNIQUES

2.1. ROAD CONDITION SURVEYS, RISK ANALYSES AND
STRENGTHENING DESIGN

The road data in the project was collected using the latest survey technologies in order to provide
as good a diagnosis as possible. These surveys included mobile laser scanner mapping for point
cloud data, technical road maps and frost heave measurements, ground penetrating radar (GPR)
surveys for structural analysis, heavy weight deflectometer surveys (HWD) for bearing capacity
analysis, digital video data collection and pavement distress analysis, drainage analysis, sampling
and laboratory analysis for material quality evaluation, profilometer data analysis for road
performance history, and accelometer and GPR bouncing analysis for road roughness evaluation.

The mobile laser scanning technique using the GeoVap quantum 3D mobile laser scanner
technique was used for first time in the world to analyse continuous frost heave along the whole
road section (Figure 2.1). In addition the road construction history and maintenance experience
was recorded through a site visit and interview with the local maintenance expert.
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Figure 2.1. GeoVap Quantum 3D mobile laser scanner vehicle on the Pajala road in April 2011
(left) and an example of point cloud frost heave model made in this project (right).

The collected data was processed and analysed mainly by RoadDoctor Pro software. This
software enables the combining of GPR, HWD, IR, rutting and other data together with videos and
maps. The Road Doctor Pro software was used to calculate Swedish Bearing Capacity Indexes
and layer modulii of the road in combination with Elmod back calculation software. The ROADEX
Odemark dimensioning analysis, also built-in, was used for initial bearing capacity calculations,
and Swedish PMS-objekt software was used in the design of strengthening measures. Bisar®
software, based on linear elastic theory, was used for the strengthening design for extra heavy
loads and for the evaluation and comparison of the different truck options.

Road Doctor Pro software was also used to classify the road into five classes based on the risk for
road failures once the heavy haulage starts. The classes and their criteria were as follows:

9 Class 1: Strong road section, no risk major for immediate failures. Pavement fatigue will
follow normal road lifetime prediction models.

1 Class 2: Relatively strong road. Road damage will appear quickly only in extreme loading
conditions or due to poor drainage maintenance etc.



1 Class 3: Adequate road section. The risk will mainly appear during a particularly bad spring
thaw weakening period.

1 Class 4: Weak road section. High risk for road failures especially during the spring thaw
weakening period. Strengthening strongly recommended.

1 Class 5: Extremely weak road section. Severe damages can be predicted immediately after
heavy haulage starts i should be strengthened immediately

2.2. BRIDGES

Bridge analyses were based on the bridge database information held by Trafikverket. Bearing
capacity investigations included the calculation of the strength and fatigue of bridges for a range of
heavy vehicles with variable length, axle distance, total weight, axle loads and load passages.

2.3. NOISE ANALYSIS

The goal of the noise analysis was to identify the noise impact of the iron ore truck transportation
on people living close by the transportation route. A further goal was to estimate the types and
costs of noise reduction measures needed to reduce the noise to the allowed levels.

It was not possible however to come to a final judgment on noise impact during the course of the
analyses as the type of the truck had not yet been defined and as a result its noise properties were
not known. What can be said is that the extent of the noise problem will be equally great
regardless of the type of vehicle to be used. The noise disturbance characteristic will be different if
there are fewer heavy vehicles compared to more frequent 60 tonne truck passes. The complexity
of the issues surrounding noise is judged not to be decisive for the choice of vehicle.

The Swedish maximum values for noise levels in housing environments that are not be exceeded
at new construction, or substantial rehabilitation, or reconstruction of a road are:

A 30 dBA equivalent level indoors

A 45 dBA maximal level indoors at night (may be exceeded at maximum five times per night,
(2206 o06cl ock)

A 55 dBA equivalent level outdoors (at facade)

A 70 dBA maximal level at patio in connection with dwelling (may be exceeded at maximum
five times per hour, in daytime).

The action values for the measures, i.e. the noise levels where noise reduction measures have to
be implemented are:

A 65 dBA equivalent level, outdoors (at facade)
A 55 dBA maximal level indoors at night (may be exceeded at maximum five times per night,
22-0 6 0 0 dHisooughly the(same value as 80 dBA maximal level outdoors)

The rehabilitation of the Kuunisvaara-Svappavaara road will most likely be regarded as a
fsubstantial rehabilitationoin which case the maximum noise values above be enforced.

As the type of trucks and their noise properties were not known at the time of the analysis the
noise impact calculations were made using the Nordic Calculation Model, without adjustment for
vehicle type, and only t h enaxilum noise levels 0  woalcukated. The actual requirements for
the noise properties of the trucks to be used can be defined later when the final selection of truck
has been made.

Houses suffering from noise impact were defined using a GIS based calculation model (Metria)
and Google Earth maps. Following this an estimate of the appropriate noise reduction measures
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was made and the costs calculated. Two types of houses were located and classified: 1) houses
with noise levels >70 dBA maximum and 2) houses with noise levels >80 dBA maximum.

2.4. COST BENEFIT AND SOCIO-ECONOMIC ANALYSIS

The goal for the cost benefit and socio-economic analysis was to calculate the traffic operating
effects and carry out an aggregated assessment, including road improvement costs, to identify the
optimal vehicle configuration. This meant making comparative calculations of the different transport
options, rather than a more complex, comprehensive socio-economic calculation of mining
transports.

The economic effects of the heavy traffic were calculated using EVA 2.58 software. This program
calculates the effects of traffic and evaluates them in monetary terms. It is well suited to manage
analyses of separate rehabilitation measures on the road network, but it can also be used for
analyses of special cases, as was the case for this commission. The program was mainly used for
calculating the traffic operating effects of the different truck combinations.

The models included in EVA are:

1 Travel time model calculating travel time consumption

1 Vehicle consumption model, calculating
A Vehicle costs
A Fuel consumption
A Exhaust emissions (NOX; VOC; CO,, SO, and particles)

9 Traffic safety model, projecting
A Number of accidents
A Number of fatalities and injuries
A Number of animal accidents

M1 The rqutine— and planned maintenance model, calculates
A Costs for normal routine- and planned maintenance measures
A Travel time additions due to slippery roads

EVA utilizes data from the National Road Data Bank (NVDB) but also requires input from field
studies such as descriptions of crossings, visibility class, properties of adjacent areas, separation
between vehicles and unprotected road users etc.

The average daily traffic (ADT) is an important input in EVA and was calculated for the different
truck configurations. The prerequisites were that 5 million tonnes of mining product were to be
transported annually from Kaunisvaara to Svappavaara. Each respective truck configuration
carries different loads which result in differing ADT figures (traffic in both directions) as shown in
Table 2.1. These ADT figures were added to the existing traffic flows on the Kaunisvaara-
Svappavaara road sections.

Table 2.1. ADT resulting from different truck configurations, assuming 5 million tonnes haulage per
year

Konfigurationer
Konf. 60 Konf. 72 Konf. 90 Konf 136 | Konf. 146 | Konf. 153
Lastvikt 37 48 63 109 119 126
ADT * 740 571 435 251 230 217

* givet utskeppning 5 miljoner ton och transporter arets alla dagar (inklusive helger)

The input parameters for the calculations are described in detail in the work report fOptimization of
configurations [

truck

f oby Jowko ®&isa. g

transports
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3. THE EXISTING ROAD AND CONDITION

3.1. STRUCTURAL AND FUNCTIONAL CONDITION OF THE ROAD

The structural history of the Kaunisvaara to Svappavaara road varies along its length. Parts of the
road comprise old gravel road sections that have been widened and strengthened, and parts of the
road have been constructed in the 1970°s and later. Road strengthening and repair of local frost
heave damages has also been carried out on some sections. Analyses of condition trends show
that both rutting and roughness of the road have become worse over the last five years.

The bituminous pavement along the whole of the Kaunisvaara-Pajala-Svappavaara road is quite
thin and thickness varies from a few centimetres to twenty centimetres. The general pavement
thickness is 35145 mm. Longer thicker pavement sections could be seen only in Section 4
(Junosuando-Masugnsbyn) where it exceeded 200 mm thick in places. Pavement strain values
were calculated from FWD data using Swedish bearing capacity formulas. The smallest (best)
strain values were measured in the more recently built road Section 6 (Vittangi - Svappavaara),
and the highest, and worst, strain values were measured in Sections 1 (Kaunisvaara - Pajala), and
and Section 2 (Pajala - Anttis). Even though strain values were high, pavement distress analyses
showed that more than 90 % of the pavement was in reasonable condition with no visual damages.
The biggest problems identified were longitudinal cracks and shoulder deformation.

Because of the varying construction and rehabilitation history of the road, the thickness of the
unbound base course layers has great variation. The thinnest measured base course thickness
was only a few centimetres and the thickest were more than half a metre thick. The base course is
especially thick in sections where there are old steel nets. The total thickness of the pavement
structure also had great variations, but generally the thickness comprised from 50 cm to 80 cm.

Laboratory analysis results revealed that a main problem with the road is the poor quality of the
unbound base course material. Practically all of the base course samples had high fines content
and adsorbed too much water and thus the base courses are likely to have permanent deformation
problems during the spring thaw weakening period. The poor quality of the base course materials
was also verified from the Surface Curvature Index values of the FWD data which showed that the
SCI was generally higher than 250 um, a value that can be observed as an alarm value for paved
roads. A further problem is that, during the sampling, it was detected that in some sections there
were remnants of old coal tar just below the pavement. The good news was that the steel net
structures built in frost problem places is functioning quite well and that there is no significant
damage in these sections.

Subgrade soils along the route varied from river sands and gravel to glacial moraine, silt and peat.
Bedrock was present close to the road surface in a few locations only. The weakest subgrade soils
could be found in road Section 1 (Kaunisvaara - Pajala), and Section 2 (Pajala - Anttis), where
subgrade moduli in almost 20 % of the road section was less than 20 MPa. In these sections the
calculated Odemark bearing capacity, based on FWD and GPR data, was less than 100 MPa,
values that are normally found on forest roads. The good news was that there are no major
geotechnical risks on the road.

The road cross section analysis, based on laser scanning and GPR data, showed that the road
has both Mode 1 (related to upper part of road structures) and Mode 2 rutting problems (related to
weak subgrade). The cross section data analysis also showed that the road shoulders are
particularly weak and that there is permanent deformation taking place in the outer wheelpaths.

According to the data from the mobile laser scanner, the highest frost heave values are found in
road Section 1 (Kaunisvaara i Pajala), where frost heave was mainly more than 120 mm and in
some sections even more than 200 mm. In other road sections the frost heave is less with
measured values varying from 40 mm to 120 mm. The smallest frost heave values were
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unsurprisingly measured in the recently built road Section 6 (Vittangi T Svappavaara), where the
majority of frost heave was less than 40 mm. Small frost heave values were also measured close
to the river banks, where the subgrade is sand.

The current drainage condition of the Kaunisvaara-Svappavaara road is surprisingly good
compared to similar roads in Northern Sweden and the results of the drainage analysis showed
that Class 1 drainage condition could be seen in 60-90 % of the length of the road sections. In this
analysis, Section 1 (Kaunisvaara i Pajala) was clearly the worst compared to any other section.
The location of culverts with frost heave problems was also analysed and listed. The frost heave
analysis showed that there were many frost heave issues that could be a result of poor drainage
and clogged culverts below private road exits. A special drainage problem on the road is flooding
close to the Torne river where a number of critical locations have had severe flooding problems in
the past, resulting in the road being closed in places for several days over the last 20 years. It is
obvious that these will appear again in the future.

As a part of the functional condition analysis of the road, a road geometry analysis was carried out
to identify potentially problematic sections with steep hills and tight curves. Based on this analysis,
it is proposed that climbing lanes should be built at two locations: Section 1 (Kaunisvaara i Pajala)
from point 8900m to 10200m, and in Section 4 (Junosuando i Masugnsbyn) from point 86990m to
89090m. The horizontal geometry of the route was in general quite good and only one curve with a
radius less than 200 m was detected. This was located in road Section 1 (Kaunisvaara i Pajala)
between 17760 m and 18160 m. Based on experience from the local maintenance expert it is also
proposed that the road horizontal geometry should be improved in Section 5 (Masugnsbyn i
Vittangi) from point 118350m to 119750m for traffic safety reasons.

Section 3_58229

Distance [m]
0

1878

1876

-187.4

1872

1870

=N 1868

1878

1876
Old road structures

1874

187.2
Embankment / Subgrade

187.0

18,8 -~ L1868

Figure 3.1. Example of a laser scanner and GPR cross section with severe mode 2 rutting
problems in the right lane inner curve, Section 3, 58+620 m.
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3.2. BRIDGES

The Kaunisvaara i Svappavaara road has 10 bridges in total, of which two are located on Road
99, six on Road 395, one on road E10, and one on Road E45. Table 3.1 gives a summary

information of these bridges.

Table 3.1 Bridges on Kaunisvaara i Sava

pavaara road.

Bridge type Bridge Construction | Span[m] Width[m] | Bearing capacity A/B [ton]
year

Arch bridge 25-139-1 1956 5,3 8 17/24, 17/33

Arch bridge 25-411-1 - 53+5,3 8 40/40, 40/75

Slab frame bridge 25-399-1 1969 12,5 7 20/25, 20/33,3

Slab frame bridge 25-403-1 1949 4,4 59 17/30, 17/40

Slab frame bridge 25-404-1 1949 7,4 5,9 17/27, 17/36

Slab frame bridge 25-409-1 1968 12,5 7,9 20/25, 20/33,3

Slab frame bridge 25-445-1 1961 15,5 7 20/23, 20/30,6

Continuous steel 25-402-1 1964 33,3+2x34+33,4 | 7 14/19, 14/30,6 Classed by

beam bridge template

Culvert 25-406-1 1972 3 7 12/20, 16/24 Generally classed

Continuous 25-1261-1 | 1964 36,4+62+36,4 7 14/24, 14/32 Classed by template

concrete girder
bridge

The condition of almost all of the bridges is currently good. No damages were recorded that would
have an effect on bearing capacity. The only bridge with known problems is the Liukattijoki bridge,
25-411-1 (Figure 3.2). This bridge has already experienced movements in its arch elements, and
increased heavy vehicle passes could have a negative impact on this bridge.

Figure 3.2. Bridge over Liukattijoki 4 km NW Svappavaara on Road E10
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3.3. HUMAN SETTLEMENT

There are numerous houses and villages near the Kaunisvaara i Pajala i Svappavaara road
which have to be considered when evaluating the impact of transport on local human settlement.
The main issues in this will be noise and vibration caused by heavy trucks. The most important
settlements, and their location from the beginning of the project, are listed below:

- Kaunisvaara village (1800-2420m),

- Vaararinta village (3870-4300m),

- Sahavaara village (4800-5250m),

- Autio village (21000-21340m),

- Erkheikki village (21900-22720m),

- Juhonpieti village (23850-24200m),

- Pajala airport (27700-28100m),

- Anttis village (42550-44200m),

- Lovikka village (54400-55500m,55950-56600m, 57100-58000m),
- Huhtanen village (59100-60450m),

- Torneforss village (65900-66120m, 67000-67180m, 67400-67600m),
- Junosuando village (67900-68100m, 68600-71600m),

- Kero village (80700-81000m),

- Masugnsbyn village (89300-92250m),

- Merasjarvi village (103050-103800m),

- Vittangi village (120150-124450m) and

- Svappavaara village (151300-151600m, 152750-153000m).

Figure 3.3. Heavy haulage will most likely cause some noise and vibration problems for local
houses. Vittangi is the largest settlement on the transportation route. A point cloud model (as
shown) will help with the evaluation of risks.
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4. HEAVIER ORE TRANSPORTATION OPTIONS

More than 30 truck options were analyzed and evaluated in the impact analysis process in order to
find the technically most optimal truck configuration from the perspective of preserving the road
structure. The truck concepts possible were evaluated based on their axle loads, number of axles,
distances between axle groups, net loads, etc. Stresses, strains and displacements in different
directions at selected points inside the pavement structure and subgrade were obtained by means
of a BISAR® analysis. In this analysis the most interesting result was the vertical displacement on
top of the subgrade.

A dual tyre configuration was selected for use in the evaluations. Experience from the ROADEX
project, and a number of other earlier analyses, has shown that the stresses and strains in the top
part of the road structure are likely to rise too high if super single tyres are used. This decision was
made in cooperation with Trafikverket. The possibility of using tyre pressure control systems (CTI,
TPCS) in the trucks was also evaluated, but these calculations quickly showed that CTI would not
help in the project, at least from the road structure point of view, because thick bound layers will be
used.

The major discussions in the work group concerned axle weights. During the evaluation process it
became clear that the most beneficial axle load for the road was between 8 and 9 tonnes. If the
axle load is increased higher than this, the subgrade displacement, as well as the loading effect on
the road pavement assessed according to the dourth power ruled starts to grow rapidly.

For the final evaluation the standard 60 tonne truck option was naturally the first choice. The 72
tonne (Boliden) and 90 tonne (En trave till) options were also chosen, as they were more or less
ready alternatives for the standard truck and have been used in Sweden already. The 136 tonne
"Double link" truck option was chosen, because it was calculated to be best option according to the
dourth power rulebevaluation. The 145.5 tonne and 153 tonne "Double link" options were chosen in
order to evaluate the effect of higher axle loads (8.5 tonnes and 9 tonnes) compared to the 136
tonnes option (8 tonnes). The truck options in the final analysis are described in figure 4.1.

Figure 4.1 Final truck options used in the evaluation. The difference between double link options is
only the axle weight.



