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SUMMARY
“Face to Surface” is a project within the strategic innovation program “Mining and
Metals”, which is a collaboration between Vinnova, Formas and Energy Agency of
Sweden with additional funding from Boliden Mineral AB and LKAB. The project is
aimed to improve productivity and efficiency of mining activities through optimization of
the overall production chain. The current status report corresponds to the first task of the
project–Baseline Mapping.
The report presents the overall process chain of mining operation in Boliden Aitik copper
mine, Sweden. The production chain is initially described as a system of singular
processes. Each process is then described in more details, including inter-relations and
downstream effects of each process within the operation. The report provides a basis for
identification of potential fields of improvement in the process. The subsequent tasks of
the project will be conducted upon internal discussions based on the findings of this
report.
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GLOSSARY
Bench
A ledge in open pit that forms a single level of operation, from which ore or waste
material is excavated. The ore or waste material is removed in successive layers, each of
which is a bench. Several of these benches may be mined simultaneously at different
elevations and in different parts of the pit.

Bench Height
The height of the bench face, or the vertical distance in metres between the top and floor
of the bench. Benches therefore occur at regular intervals separated by a given bench
height. The normal bench height in use at Aitik is 15 meters, see Figure I.

Berm
Used interchangeably with ‘Catch-bench’. A predetermined width of bench left behind at
intervals on pit walls. These berms aid in the overall stability of the pit walls by reducing
the vertical angle of the walls. The berms also increase safety by catching material that
may be dislodged from higher up the wall, see Figure I.

Blast/Blast Round
A Blast is a pre-defined area of the bench that is treated as a single unit for many mining
purposes. Each blast is numbered and provides a means for personnel to refer to a specific
area.

Blast Hole
A vertical or nearly vertical hole drilled into the rock to allow explosives to be inserted.
Blast holes at Aitik range from 127 mm to 311 mm in diameter and are around 17.5
metres deep.

Blast Pattern
An arrangement of blast holes that covers the area of the blast. According to current
pattern in use at Aitik, the holes are arranged in rows with approx. 9 m between each hole
(referred to as the Spacing) and approx. 7 m between rows (referred to as the Burden).
The blast pattern may also be referred to as a drill pattern if it has not been charged or
blasted.
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Blasting
The act of initiating the explosives in a blast. This has the effect of shattering all of the
rock in a blast, which makes it possible for a shovel or loader to dig the rock and load it
into trucks.

Booster
A high explosive used in small quantities to initiate other explosives, e.g. emulsion. The
booster (or primer) is initiated with a detonator. Boosters in use at Aitik come in small
cylinders which can have detonators placed inside them before being loaded into the hole.

Bulk Explosive
Explosives are referred to as Bulk Explosives if they are delivered to site and treated as
bulk materials. That is, they fill a large volume, are used in large quantities that can
generally be handled by traditional materials handling methods, e.g. pumping.

Burden
See Blast Pattern

CAES
Computer Aided Earthmoving System (pronounced case). This is a computer system that
is fitted to the shovels, loaders and dozers on site which uses high precision GPS to show
the operator where their machine is, in relation to features around them. These features
include ore blocks and old workings.

Catch-Bench
See Berm.

Charging
The act of putting explosives, boosters and detonators into the blast holes.

Crest
A term used to describe the top outside edge of walls, berms, dumps and ramps, see
Figure I.
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Detonator
A device for producing detonation in a high-explosive charge, such as a booster. The
detonators in use at Aitik are of compression type (Shocktubes) from trademark
NONEL™.

De-watering
De-watering is the process of removing the groundwater from an area before mining.
Water causes problems in areas such as drilling, explosives and excavation and where
possible is removed before these activities can take place.

Diggability
A measure of the rate a blast can be dug by machines, mainly rope shovels. This depends
on fragmentation swell and inter-locking of fragments.

Drill Pattern
A blast pattern that has not been blasted. See also Blast pattern.

Emulsion
Water based prill mixture used for blasting wet holes. This is the main bulk explosive
used in Aitik for almost all purposes, including production blasts and pre-splitting.

Face
The working edge of a blast. This is where the loading equipment loads the muckpile into
the haul trucks, see Figure I.

Firing
See Blasting

Floor
The base of a bench upon which the machinery work. The floor is kept flat by the shovels
and dozers working at a constant level which the bench is being excavated. The floor of
one bench becomes the top of the next bench when drilling commences, see Figure I.

Fragmentation
The degree of breakage in a blast due to the released energy of explosives. The better
fragmented a blast is, the easier it is for the loading equipment to dig it.
VII

Geological structure
A general term that describes the arrangement of rock formations. Also refers to the folds,
joints, faults, foliation, schistosity, bedding planes and other planes of weakness in rock.

Grade
The classification of an ore according to the concentration of the economic mineral in it.
Usually indicated as grams per tonne.

Heave
The lifting of material due to blasting. During blasting the rock mass expands in volume;
most of the time the rock is constrained on at least three sides so the only way for the
material to expand is upwards.

Hole-Cleaning
The procedure of positioning a drill rig on an already existing hole and lowering the bit to
clear any obstacle; it is performed in cases that a hole collapses or is blocked by fallen
material.

Loading Emulsion
The act of placing explosives into the blast. This is done once the holes have been
charged. Specially designed trucks, called MMUs (Mobile Manufacturing Units) are used
to carry the bulk explosives to the blast, mix the ingredients, and pump them down the
blast holes. Other explosives can also be used to load holes such as pre-packaged
explosives.

Loading Equipment
Any equipment that is capable of loading material into trucks or other hauling equipment.
At Aitik the primary loading equipment are electric rope shovels and electric-drive
hydraulic face shovels, although front end loaders and excavators are also utilized.

NONEL™
Non-Electric detonator. This is the style of detonator currently in use at Aitik, which
consists of a detonator and a length of shocktube. The interior of the shocktube is coated
with an aluminium substance that is highly combustible. When the end of the tube is
ignited, generally by another shocktube, the aluminium ignites down the tube. Once it
reaches the detonator, the detonator explodes, triggering the booster and bulk explosive.
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Ore
Rock that has economic mineralisation.

Ore Body
An ore body is any zone of rock that is economic to mine and process, i.e. a zone of ore.

Pushback
Many open pits are dug in stages depending on various economic and engineering
considerations. Each of these stages is called a pushback. Once the first part of the pit is
dug, each pushback cuts the wall back in a certain direction. A pushback is composed of a
number of benches and there may be several pushbacks in operation at any one time.

Ramp
Inclined road constructed wide enough for haul trucks as well as light vehicles. A ramp
width of 40 m is used in Aitik.

Re-Drilling
Once a hole collapses after hole-cleaning, it is aborted and another hole is drilled at the
closest possible place. The procedure of drilling a substitute hole for a failed blast hole is
called ‘re-drilling’.

Rockmass
The sum total of the rock as it exists in place, taking into account the intact rock material,
groundwater, as well as joints, faults and other natural planes of weakness that can divide
the rock into interlocking blocks of varying sizes and shapes.

Shocktube
See NONEL™.

Spacing
See Blast Pattern

Specific Charge
A measure of the amount of explosives to fragment a unit volume of rock. Indicated as
mass of explosive utilized for breaking unit volume of rock, kg/m3.
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Stemming
Stemming is crushed waste similar to road base but slightly smaller. The stemming is
used to plug or stem blast holes once they have been charged and loaded. When a hole is
stemmed and the explosives are detonated, the explosive energy is forced into the
surrounding rock, rather than back out the top of the blast hole.

Sub-drill
The length of blast hole which extends beyond the next bench floor level. Subdrill is
included in the blast design to provide adequate broken rock subgrade for developing
working benches. The blast holes in Aitik are drilled 1.5 meters deeper than the floor
level, i.e. 1.5 m sub-drill.

Swell
See Heave.

Toe
A term used to describe the bottom outside edge of walls at berms and ramps.

Tying initiation cords
The act of connecting all the Nonel tubes from each of the blast holes together in a
sequence and then connecting a control line. The way a blast is tied is very important as it
will dictate the sequence that the holes will fire. This can have a large effect on
fragmentation and diggability.

Wall Angle
The angle the wall makes with the floor. There are two types of wall angle. The interberm wall angle is the angle of the wall between two consecutive berms. The overall wall
angle includes all berms and ramps and is an indication of how stable the overall rock
mass of the deposit is.

Waste dump
Waste disposal areas used to store below grade material.

Waste Rock
Rock that contains no or uneconomic amounts of mineralisation.
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Figure I: Partial schematics of an open pit.

XI

XII

1. INTRODUCTION

Recent competitiveness in metals market, together with technological advancements in
mining industry have given rise to demand for more productive, more efficient metal
mining operations. However, the complexity of the operation itself, combined with
uncertainties associated with unpredictable nature of earth, leads to a very complex
system of cause-and- effect. Optimization of such complex system requires a global
approach to combinations of individual activities within the process, rather than
optimizing single activities regardless of their downstream effects. Though firstly, in
order to optimize this system, one is obliged to gain a deep understanding of the entire
operation and identify the inter-relations of most influential factors
To achieve a better understanding of the mining operation, the “Face to Surface” project
was initiated in the end of 2013. The project is aimed to map the mining process and
provide solutions to optimize the overall productivity and energy efficiency of the
operation. The project is undertaken in two mines, of which one is Aitik, one of the
largest copper mines in Europe owned by Boliden Mineral AB. This report corresponds to
the first task of the project, called “Baseline Mapping” for Aitik mine1. The report
comprises of short description of the mine under study, followed by detailed description
of the mining operation and disturbances associated with each activity within the
operation.

1

See Appendix 1 for a summary of all the tasks included in Face to Surface project.

1
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2. AITIK MINE

Aitik open pit mine is situated about 20 km east of the city of Gällivare, a town about 60
km north of the Arctic Circle in northern Sweden. The mine is owned and operated by
Boliden Mineral AB with copper as main product and silver and gold as by-products.
The low-grade copper mineralization in Aitik was discovered in 1930s and has been
mined since 1968. It consists of disseminated veinlets of chalcopyrite with marginal
contents of silver and gold. Considering the low grade of the ore (ca. 0.22% copper),
Aitik is the most efficient open pit copper mine in the world. The annual production of
ore in 2013 reached more than 37 Mtonnes, yielding about 71 ktonnes of copper, 54
tonnes of silver and 2 tonnes of gold [1].
The Aitik deposit consists of metamorphosed plutonic, volcanic and sedimentary rocks.
The orebody strikes approximately N20ºW and dips about 45º to the west; it is
approximated as about 3 km long and 500 m wide and still open at depth. The orebody is
surrounded by shear zones, dividing it into a northern and a southern part. Based on the
tectonic boundaries and copper grades, the mining area is divided into three main zones,
foot-wall, hanging-wall and ore zone [2] [3].
Figure 1 shows the local geology in Aitik. The foot-wall, on the east, mainly consists of
biotite gneiss and diorite with no distinct contact with the ore zone. The hanging-wall, on
the west, consists of amphibolite gneiss with a distinct contact with the ore zone. The ore
zone itself consists of biotite gneiss, biotite schist and muscovite schist towards the
hanging-wall. Pegmatite dykes also occur within the ore zone [4].

Figure 1: Local geology at the Aitik mine and its close surroundings. Horizontal section at 100-200 m
depth, after Wanhainen 2005.

3

The open pit is currently 3 km long, 1.1 km wide and 450 m deep. Aitik has about 600
employees working in a continuous operation, engineers and operators working three
types of shift, namely Daytime, K2 and K3. Details about the shifts and working hours
can be found in Boliden’s internal documents.
Aitik, as one of Boliden’s mining areas, is managed by four main departments. The
overall organization in Aitik area is illustrated in Figure 2.

Figure 2: Area management hierarchy in Aitik.

This project is mostly related to the Mine Production department, which consists of three
departments. The departments included in mine production, as well as current number of
employees, are shown in Figure 3.

4

Figure 3: Departments included in mine production.

The departments involved in the scope of this project are Drill and Blast, and Load and
Haul departments. In addition to those, crushing will be investigated in details; also
milling will be briefly included in the study. The scope and requirements of the project
are described in following chapters.

5
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3. OPERATION: FROM BLOCK MODEL TO THE MILL

The simplified procedure of metal extraction in Aitik is presented in Figure 4. The
process starts by drilling holes, followed by charging the holes with explosive and
blasting them. The fragmented rock is loaded into trucks and, based on ore content,
transported to either waste dumps or crushers. From the crushers, a belt conveyor
transports the crushed ore to two stockpiles from which the processing plant is fed. In the
processing plant, the ore goes through two stages of grinding, followed by flotation,
thickening and drying processes. The resulting concentrate is shipped to the Bolidenowned Rönnskär smelter outside Skellefteå.

Figure 4: The summary of the metal extraction operation in Aitik, image courtesy of Boliden Mineral AB.

The operation presented in Figure 4 shows the schematic of the overall operation;
however, it is not representative for the purpose of this project. A large portion of the
potentials for optimization in Aitik lie within the activities at the beginning of the
operation chain. Not only the details of drilling and blasting, but also planning strategies
for those activities play an important role in the overall efficiency of the entire operation.

7

Hence, one must define the boundaries of the operation under study and define the
procedures included prior to further investigations.
A simplified procedure chart of the “Face to Surface” project is presented in Figure 5. As
seen, the project is focused on the ‘mine-operation’ part of the entire process, i.e. from
short-term planning of the blasts to the crushed ore. The first constituent in Figure 5 is
long-term planning, which is based on the exploration, economy and feasibility studies.
This process lies outside the scope of this project; however, the output of the long-term
planning is the input for the first part of this study, i.e. short-term planning. The
processing of the crushed ore also lies outside the scope of Face to Surface project. So,
the focus of this report will be on procedures included in short-term planning, drill and
blast, loading, hauling and crushing.

Figure 5: A summary of the procedures included in Face to Surface project.

The current practice for each of the components of this chain will be described briefly.
The inter-relations and downstream effects of them will be discussed in chapters 4 and 5.

3.1. Planning2 and design
The planning process in Aitik includes three interactive components: geology, rock
mechanics and production planning. The main tasks of design and planning are conducted
by production planning department with necessary input from geology and rock
mechanics departments. The planning department also conducts regular follow-ups on
production and blast results.
The geology department in Aitik works with exploration along with continuous updating
of block model, water level monitoring, data collection for lithology, drill-cutting analysis
for copper content and reconciliation.
2

In this report, by ‘Planning’ is meant only middle- and short-term planning of production and blasts,
considering the long-term production plans as input.
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The geological process is delivered from Boliden in form of a planning block model
(locally called “BLPL”) with blocks of size 20 × 20 × 20 m. The blocks contain
information about grindability and content of Cu, Bi, Ag and Au. This block model is
later divided into a production block model (locally called “BLPR”), which is updated
with copper content information obtained from drill cutting analysis. The drill cutting
analysis is generally conducted for all drill holes in the ore zone. In waste zone, cuttings
from 8 holes are analysed for every 150 ktonnes of waste rock. Usually, presence of
Pegmatite is also noted in drill cutting analysis. The two mentioned block models are
updated differently; BLPL is usually updated annually, while BLPR is updated weekly or
for every new blast. The final input of geology department for planning is the updated
BLPR, which is then used to calculate tonnage and production rates.
The rock mechanics department in Aitik, working as part of Boliden Technology Group
(TG), has the responsibility of rock inspection and other rock mechanical studies to
compare the outcome of blasts with the plan. Slope stability and backbreak studies are
conducted on a regular basis and documented. This information is not only used for risk
reduction and safety issues, but also provides insight for necessary actions regarding plan
and design of blasts if stability problems arise.
Having the input from geological block model and rock mechanical considerations, the
production planning department carries out tasks of surveying, blast planning, design of
drill and blast, final modifications and, finally, production follow-up.

3.1.1. Surveying
Actual process of mine design begins in Boliden by constructing the optimized pit shell in
Whittle™, which is a software for financial optimisation of long-term mine planning. The
design for pushback benches is then drawn and delivered to mine surveyor in Aitik. These
drawings point out the mid-point of berms’ walls in form of polygons with 15 m intervals
(Figure 6). These polygons indicate the position of each berm’s wall in a horizontal plane;
the crest and toe of each berm, however, are drawn according to wall slope in that specific
area.
At this stage mine surveyor relates the optimal designs to the actual conditions in the
mine. The input parameters from rock mechanics department are also related to the
design; this input includes backbreaks and inter-ramp angles, which in turn define the presplit and berms’ design. Based on these parameters the crest and toe of the benches at
9

each level are designed and drawn according to the mid-point berm’s wall design from
optimized pit shell.
An example of this procedure is illustrated in Figure 6. The defined inter-ramp slope
angles in Figure 6 are 56, 53 and 48 degrees for southern gable, hanging-wall and footwall, respectively. Using the slope angles the crest and toe of each berm is drawn
accordingly. After the design procedure, the berms for the mentioned sections are
designed to be, respectively, 14.2 m, 16.6 m and 16 m wide. The variations in berms’
width is due to different slope angles in three sections.

Figure 6: Example of crest and toe design from southern pushback 1 with sample areas zoomed in. The
initial design only indicated the mid-point of berms’ walls; toe and crest for each berm are designed based
on the predefined wall slope in each area.

Mine surveyor also takes into consideration the variations from designed contours after
each blast, i.e. a line called ‘drill-contour’ is drawn after blasting each level that defines
the resulting contour from previously blasted level. Drill-contour is drawn based on the
eventual drill and blast results with deviations from the plan; it is used to apply necessary
modifications to the designed drawings for the bench to be blasted next. The final design
of each bench is the input for blast planning.
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3.1.2. Blast planning
After the design per level is delivered, the benches are divided into smaller parts, i.e.
blasts, with an approximate tonnage of 800 ktonnes each. The division is made based on
the long-term plan before the budget work, in order to provide an instance of benches to
be implemented in the monthly plan. The blasts are divided by lines perpendicular to the
wall and named according to the current convention in Aitik: “Pushback name_Loading
level_Blast number”, e.g. N6_180_3, which corresponds to the 3rd blast on loading level
180 m in pushback N6. The given names are fixed for the blasts throughout the whole
process.
Generally, the exact sizes of blasts are decided by dividing the bench in two parts from
where the ramp comes down; so the bench can be divided according to the total tonnage
on each side to avoid large variations. For example, assume a 14700 ktonne bench is
divided into two parts at the ramp; if the total tonnage of the first part of the bench is
7500 ktonnes, that part will most likely be divided into 10 blasts of 750 ktonnes. The
other part of the bench has a total tonnage of 7200 ktonnes; if it is divided into 10 blasts,
the blasts will have a tonnage of 720 ktonnes each, which is rather small. If, on the other
hand, it is divided into 750 ktonne blasts, there will be 9 blasts with 750 ktonnes and one
blast with 450 ktonnes will be left in the end. So it is best to divide this part of bench into
9 blasts with 800 ktonnes tonnage to avoid small leftover benches and reach a consistent
tonnage in each blast.
The resulting blast division is used as a first draft for blast design. The design will later be
adapted to the deviations that occur during the process, e.g. if the blast contours need to
be modified due to previous blasts.
The bench division is also used for short-term planning, i.e. 5-weeks plan. However, the
details of blasts are not handled in this stage, but only schedule and sequence of blasts are
decided.

3.1.3. Design of drill and blast
Drill and blast design is conducted based on the input from previous stages, i.e. surveying
and blast division. The blast patterns are designed according to the following guidelines,
considering performance and limitations of the machinery, e.g. manoeuvring, size, etc.
Software tools from Prorok, Trimble™ and Bentley Microstation™ are used for this
purpose.
11

The basis for the design of drill and blast includes the previously designed blast rounds
(blast divisions, see 3.1.2) as well as bench designs and updated drill-contour from
surveying (see 3.1.1). The coordinates of the blast rounds are provided by surveyors,
which is used by Prorok software to design the depth of the drill holes.
A typical blast round has a free face to shoot against, possibly against a previously blasted
round. The free face extends from the wall to the edge of the blast towards the pit centre.
In order to reduce the backbreak, two rows of contour holes are placed along the wall.
The closest row to the wall, i.e. the first row, consists of 5” holes (127 mm in diameter)
with a spacing of 4 m. The holes are placed in reference to a design line that forms the
intended toe of the blast. A sub-drill depth of 1 m is used for these holes to ensure clean
breakage while avoiding extensive damage to the wall. The second row consists of 6”
holes (152 mm in diameter) that are placed on a design line 4.5 m outside the first row.
The spacing for the second row is 5 m with 1 m sub-drill. The first holes in 5” and 6”
rows are placed according to the first and second rows of the blast that produced the free
face, see Figure 7.
The first row of normal production holes (311 mm in diameter) is placed on a line 6 m
outside the 6” row. Figure 7 presents an example of the aforementioned holes and their
position compared to the wall.
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Figure 7: An example of contour holes and production holes positioning.

The toe of the blast in Figure 7, indicated by the blue line, is the measured toe from the
previous level, which was measured and updated by surveyors (see 3.1.1). A normal blast
consists of typically 250-350 production holes. In order to design the holes, one must
enter the intended spacing and burden into the design software. The software then adjusts
the specified area so that the design ends at the closest integer number of holes. As an
example, in a straight blast with 70 m in length, burden and spacing of 7 m and 9 m,
respectively, result in exactly 11 holes. While a 73 m long blast gives a 7.3 m burden with
the same number of holes. In order to facilitate blast design, the rows are compensated for
each other in bended blasts, i.e. blasts that include turns or have irregular shapes. In these
blasts the first and last rows are perpendicular to the wall and the rows in between are
adjusted and compensated for. Therefore the rows in between are not necessarily parallel
to the first and last row, see Figure 8. Similarly, the outermost hole is always on the given
crest line and the innermost hole is always 6 m away from the 6” holes. Such process
leads to a condition in which the spacing within each row needs to be adjusted to yield the
closest integer number of holes; the consequences and shortcomings of this process will
be discussed in chapter 5.
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Figure 8: Blast design for a blast with irregular shape.

The design of crest line is based on a constant distance from the drill-contour delivered by
surveyors. The backbreak is assumed to be 6 m and it is taken into consideration for the
crest design. There are, however, special places in blasts where one needs to protect the
underlying rock, e.g. close to berms. In these areas holes are drilled shorter, without subdrill. These holes are marked in the maps to be noticed (Figure 8). In some cases, 6” holes
are used instead of production holes for the same reason.
Aside from typical blasts, there are some exceptions which require different designs.
These exceptions include ramp blasts, ramp adjustment blasts and pre-split blasts.
There are two variations of ramp blasts; first the creation of a ramp slope, and second the
removal of the tip to reach the floor level. However, the principles of the two designs are
similar. 6” holes are drilled until 7-8 m deep and after that production holes (311 mm) are
drilled. No production hole is drilled shorter than 7-8 m. A ramp that is constructed as
access way to the lower level is usually designed as 60 m wide to allow for loading with
rope shovels (Figure 9). When the ramp is loaded and cleaned, a ramp adjustment blast is
conducted to shape the permanent ramp. The permanent ramp has a total width of 40 m
including the safety berm. In order to save the final crest of the permanent ramp, 6” holes
are drilled without any sub-drill.
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Figure 9: A ramp blast towards the hanging-wall, without pre-split. 311 mm production holes are indicated
in green.

As seen in Figure 9, the first part of the slope consists of only 6” holes, which is due to
the fact that the depth is less than 8 m and no production hole should be drilled in that
area. Even for the 6” holes, all depths, including sub-drill, are longer than 2.2 m.
In the levels that a berm is going to be left, the berm does not start at the top of the ramp.
The berm is designed in a way that it begins where a 7-8 m wide area is achieved so that a
small loader can climb it and clean it. The 6” holes area then extends to where the berm
begins. The 40 m wide ramp is also designed from where the berm begins (Figure 10).
When partial pre-splitting is required in a ramp blast, the pre-split holes are drilled
vertically at the beginning. The holes are gradually inclined until 20º inclinations is
reached at the bottom of the ramp, where the full depth is reached.
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Figure 10: Example of a ramp blast with a berm in between.

Pre-split blasts, on the other hand, are performed for a complete pallet height, i.e. 30 m of
wall including the berm. The 30 m long holes are drilled down to the next shelf in one
step. The inclination of pre-split holes varies for different parts of the pit. In the foot-wall
and southern gable the holes are drilled with 20º inclination, while in some parts of
northern walls they are vertical. In the hanging-wall, however, no pre-splitting is used.
The spacing for pre-split rows is also reduced to 2 m. The reason behind these variations
is different wall stability considerations in different areas of the pit.
The benches that are on the same level as the collar of pre-split holes are usually drilled
with special specifications. As seen in Figure 11, the contour rows (5” and 6” rows) are
replaced by two rows of inclined 6” holes. The first row has a 16º inclination, placed 3 m
away from the pre-split row with spacing of 4 m. The second row is inclined by 10
degrees, placed 7.8 m away from the pre-split row with spacing of 5 m. The first row of
production holes is place 5.3 meters away from the last 6” row; the rest of the blast and
the underlying blasts are drilled normally.
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Figure 11: A blast with pre-split and special contour rows design.

A different variation of pre-split blast design is utilized for the northern walls on
pushback 6. The pre-split holes are drilled vertically with 1.8 m spacing instead of 2m.
Additionally, the first 6” row is placed 2.3 m away from the pre-split row and is drilled
vertically as well. The second 6” row is placed 6.3 m from the pre-split row. The first row
of production holes are placed at an additional 6 m distance from the last contour row.
If a hole close to the crest of a bench is to be drilled with inclination, the space to the
measured toe of the level below is also taken into consideration to avoid uneven toe and
cratering problems.
When the design of a blast is complete, it is digitally submitted to production drilling
department for further handling. Charging department also uses this design for charging
plans. At this stage a protocol is produced which includes all holes and their
corresponding coordinates and depths. It is worth noting that every production hole in this
protocol is 1 m deeper than the planned depth, this extra drilling is added to compensate
for the falling material that fill the hole to some extent after drilling. The extra depth is
applied in drilling planning but not mentioned in blast design made in CAD or in
charging applications.
Finally, the ramp adjustment blasts are conducted when a ramp has been loaded and
reached the intended level. The initial ramp is 60 m in width, while the permanent ramp
will be 40 m. At this stage the extra width of the ramp is blasted away similar to pre-split
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blasts in ramps. The holes are blasted against the permanent wall to save as much as the
crest as possible. The design for ramp adjustment blasts includes pre-split holes with
decreasing inclination, exactly similar to pre-split blasts in levels with berms, see Figure
12.

Figure 12: A sample of ramp adjustment blast design.

Figure 12 shows a sample of ramp adjustment blast design. The pre-split holes are drilled
with 1.8 m of spacing. The holes are vertical at the beginning, but they are gradually
inclined until 20º inclinations is reached at the bottom of the ramp, when the full depth is
reached.

3.1.4. Final modifications
Due to lack of a solid measurement of the exact position and profile of bench crest in
blast designs, some modifications are required during drilling process. The deviation of
bench crest can lead to several edge-holes being placed in the air according to the design.
In such cases the surveyors measure the exact position of the crest and reposition the
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holes in the most appropriate way. The holes are usually repositioned to the nearest point
on the edge. If a hole must be moved a long distance, so that it becomes too close to an
existing hole, the hole is removed from the design. On the other hand, if the distance
between the repositioned hole and neighbouring holes is too long, the design is locally
modified in a way that neighbouring holes are also repositioned to ensure a more or less
uniform distribution of explosive energy. In cases that 6” holes are used close to the edge
and the crest profile is uneven or the toe of the blast is further to the blast holes, the 6”
edge-holes are inclined to avoid toe problems and uneven floor. However, the inclination
is only applied to 6” holes and no production hole (311 mm) is inclined in any case.

3.1.5. Design of initiation pattern
When drill plans are finalized, they are handed to blasting manager for designs of
initiation pattern and charging plan. The design process is not standardized and is decided
according to position and shape of the blast rounds. The direction of initiation is decided
regardless of the rock mass fracture systems and is determined by proximity of the blast
to sensitive areas, e.g. in-pit crushers, or simply by considering the most convenient
loading platform. For the shooting direction, it is preferred that as little as the muckpile
falls down the pit, so the blasts are never designed to be blasted towards the edge.
Non-electric Nonel initiation system is used in all production blasts in Aitik. As up to
now, there is no standard procedure for the choice of delays and it is simply decided
based on the experience of the designer. Usually delays of 42, 67, 109 and 176
milliseconds are used for normal blasts. The delay pattern and timing depends on each
specific case, which leads to large variations in directions and initiation patterns among
blast rounds. This issue will be discussed in more details in Chapter 5, as the irregular
shapes of blast rounds and varying drill patterns cause severe challenges in design of
initiation pattern.

3.1.6. Follow-up
When a blast design is completed it is delivered to production department. However, the
process continues by follow-ups regarding the drilling performance of the design. While
drilling, all available geometrical and mechanical information of each hole is reported to
Atlas-Copco RRA server by the drill rigs. From there, the data is read into the local
database (DWHG5) and interpreted with help of filters. From that point the hand-written
drill reports are utilized to correct the total depth of drilling. The hand-written reports,
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filled in by drilling operators, include blast number, hole number, date, shift and depth of
each hole. Even the interferences and interruptions caused by the rigs or by external
causes are noted in these reports. The data from rigs’ event logs are then compared to
operators’ reports and erroneous hole depths are corrected and stored digitally.
The noted drilled depth is the actual depth of the hole, including the 1 m extra drilling for
falling rock compensation. During drilling, many holes are clogged by fallen rocks; these
holes are cleaned by lowering the drill bit down the hole. Also some holes collapse and
are re-drilled or replaced by a new hole next to it. The cleaned and re-drilled holes are
also noted in the drill logs and stored for record. In addition to that, the model and serial
number of the drill bit used for each hole is noted; the bit change and breakdowns are
noted to follow-up the performance of the worn parts.

3.2. Drilling
Drilling department in Aitik consists of 25 operators working 5 shifts of type K3 and 33
servicemen working 3 shifts of type K2. Drilling is conducted by 5 rigs of type AtlasCopco Pit Viper 351 that drill production holes with rotary bits of 311 mm in diameter.
The drilling process includes different activities before drilling, while drilling and after
drilling.

3.2.1. Before Drilling
Drilling manager is in charge of drilling plan and prioritization of tasks. The priorities and
positions of the rigs are decided based on the deliveries of planning department, i.e. 3month and 5-week production plans. The positions of the rigs are extracted from data
obtained from WLAN. The manager also instructs the operators on sequence of drilling
and prepares hard copies of maps produced by planning department.
Before the drilling starts, the bench is inspected thoroughly. The inspection is done to
ensure that edge-holes are surveyed and modified, if necessary. The edge-holes should
also be checked to be marked properly because these holes are drilled remotely for safety
reasons. Moreover, the condition of the wall is inspected for holes close to the wall to
avoid any risk to operators and the rigs.
After the area is found appropriate for drilling, the drilling area should be safely separated
from the rest of the production area. The rest of the fleet and their traffic path should be
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taken in consideration to avoid any safety issues. In occasions that truck traffic is close to
the drill area, a protective wall must distinguish the drilling area from the truck traffic
area. The bright light and dust/mist caused by drill rigs should be also taken into
consideration as they may interfere with others working in the area. If any obstacles are
present in the area, e.g. aggregate pile, snow or pieces of machinery, the responsible
department should be contacted in advance to take care of the obstacle in order to prevent
any interruptions in the drilling process.
Finally, the finalized digital maps are uploaded to the rigs; these maps include GPS
coordinates of the holes in each blast round, together with all identification data such as
blast number, hole number, planned depth, etc.

3.2.2. While Drilling
The order in which the holes are drilled is decided with care, based on bench inspection
and designed pattern. Usually, 4 rows are left undrilled towards the round that’s going to
be blasted. The drilling operator decides on the sequence of drilling and plans for leaving
an access route for the rigs in between the drilled holes. This area is used as an access
route for the rigs in case any hole collapses or requires cleaning. In areas that are drilled
but not immediately charged, usually 2 rows are drilled while the third row is left
undrilled as access route. However, in areas where severe drilling problems are expected,
a wider path is left undrilled for easier and faster re-drilling and hole cleaning. One
important factor in the choice of drilling sequence is the position and length of the
electricity cables. Corresponding department is contacted well in advance to ensure
availability of electricity for the rigs.
When the sequence of drilling is decided, the rig is moved to the intended hole. The
operator sets up the hydraulic jacks and levels the rig to prepare for drilling. The levelling
is conducted manually by assistance of tools in the Rig Control System (RCS). The
positioning of the rig is done manually by help of a GPS system implemented in the RCS.
The operator is only allowed to start drilling if the GPS reception is good (green
indicator). In cases of poor reception (yellow or red indicator) the operator re-positions
the rig or reboots the RCS to achieve good reception. If the problem persists, drilling
process is postponed until satisfactory precision is achieved. In cases that delaying the
process is not an option, the hole is marked on the floor by surveyors, using external GPS
units.
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When the rig is positioned, the ID and intended depth of the hole is controlled one last
time in both digital and paper maps. The drilling can be conducted either in manual mode
or automatic mode. The manual mode allows the operator to control and balance all
parameters for drilling, i.e. feed force, rotation speed, flush flow, etc. The automatic
mode, on the other hand, takes control of these parameters and the operator only enters
the intended depth of the hole. However, the operator watches the progress of drilling
carefully and interrupts the process if any problem arises. The choice of manual or
automatic drilling is up to the operator and different operators have different preferences.
The edge-holes, i.e. holes close to the bench crest, require more attention. For safety
reasons, the positioning of the rig on these holes is conducted by use of a remote
controller to ensure appropriate visibility for the operator. As mentioned before, the
position of edge-holes are controlled and modified, if necessary, by surveyors. The drill
operator is not allowed to move the position of these holes more than the usual acceptable
deviation of approximately 1 m.
In cases that a hole collapses or is blocked, the operator moves the rig to the hole and
performs hole cleaning, which consists of moving the drill bit down the hole to re-open
the hole or clear any blockage. If, after cleaning, a hole collapses for a second time, the
operator is not allowed to clean again. The collapsed hole is aborted and another hole is
drilled at the closest possible position, this procedure is called “re-drilling” and is marked
in the paper maps. In extreme cases that even the re-drilled hole collapses the drilling
manager is contacted to arrange charging of the hole immediately after drilling; meaning
that the charging personnel are present at the site and charge the hole immediately after
drilling and explosive is loaded into the hole to avoid another hole collapse.
The RCS of the rigs shows the real time depth of the hole being drilled. However, when
the intended depth is reached the operator measures the hole manually to make sure the
depth is correct and also notes if there is water present in the hole. The decision on
whether the depth of the hole is close enough to the intended depth is up to the operator
and varies from operator to operator.
Finally, the operator installs a wooden stick (ID-stick; cane–‘Käpp’ in Swedish) marked
with the hole number. All information about drilling the hole is also noted in the drill
reports manually, including comments on water in the hole, hole collapse, re-drills etc.
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3.2.3. After drilling
The paper map in the rig is updated by operators of each shift with information about hole
cleanings, re-drills, access routes, forbidden areas, obstacles on the bench and sometimes
comments about the drill sequence planning. This map is used by operators from later
shifts to update the status of the bench being drilled. The operators from each shift also
hand in the shift drill report to the drilling manager for follow-up of the process. The wear
parts of the rig, drilled holes, cleaned or re-drilled holes and their corresponding depths
are included in the report. If a hole is drilled deeper than the intended depth the extra
depth is also mentioned. The cleaned holes’ depths, however, are not noted and are not
included in the total drilled depth for drill bit wear prognosis. Changing the bit is also
noted in the reports. The serial number and model of the drill bit is mentioned in the drill
report as well as in RCS. This information is later used to follow up performance of the
bits and other wear parts.

3.3. Blasting
The blasting procedure includes four main activities. Firstly the holes are charged with
boosters and Nonel™ detonators, secondly they are loaded with emulsion, then they are
stemmed by crushed aggregates and finally the Nonel™ cords are tied together and made
ready for blast. The similar procedure is followed for all holes with few exceptions for
contour holes and pre-split holes.

3.3.1. Charging
The charging department consists of three shifts of four persons and a manager who is
also in charge of communication with Forcit–the provider of emulsion explosive in Aitik.
After a hole is drilled and is ready for charging, the chargers start by controlling the depth
manually. The planned depths of the holes are provided to chargers from planning
department. However, no precision measurement is conducted. Instead, the depth of the
hole is estimated by tape markings on the Nonel cords, which are at about 15.3 m. The
operators are in charge of deciding whether a hole has an acceptable depth or is
over/under drilled.
If a hole is not as deep as it should be, the chargers flag it with orange color and note the
hole in paper maps. The flagged holes are then delivered to drill operators for hole
cleaning or re-drilling.
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In cases that the hole is deeper than the intended depth, the chargers decide whether it
needs refilling or not. The refilling is conducted for holes that are much deeper than the
planned depth. These holes are marked with black tape on the ID-stick as well as in paper
maps. These holes are supposed to be refilled to reach the planned depth.
The typical charging procedure for production holes consists of two boosters placed
approximately 1.5-2 m from the bottom of the hole. As mentioned, the depth is
approximated by the length of the Nonel cord connected to boosters. Only one booster at
the bottom is used for contour holes (5” and 6”). The reason for two boosters in
production holes is to ensure a properly timed initiation and full detonation of the
emulsion explosive.
The charging process continues parallel to drilling, meaning that chargers travel to
different benches and charge the holes that are ready, instead of one bench at a time.
The holes that have been charged are never re-drilled, cleaned or manipulated by any
means. The charged holes are flagged on their ID-sticks as well as in a hand-held
computer to be filled with emulsion explosive in the next stage.

3.3.2. Loading emulsion
Forcit AB is the provider of emulsion explosive in Aitik. The non-explosive ingredients
of the emulsion explosive are transported to the bench by specially designed trucks
(MMUs–Mobile Manufacturing Units). The trucks are equipped with special gears that

mix the ingredients by specific ratios and manufacture the emulsion immediately before
loading the hole.
The operators are provided with maps and a list of the holes to be filled in paper and
digital forms. The list includes the ID of the hole and the total mass of the emulsion
explosive to be loaded in it. However, due to frequent deviations in hole depth, the
operators are entitled to fill the holes up to a point that 5.5 m is left empty on top of the
hole for stemming. This is mostly due to the fact that some holes can be drilled slightly
deeper than planned, so if the planned amount of emulsion is loaded into them, a
comparatively larger portion of the hole will be left un-charged and stemmed. Leaving
5.5 m of uncharged length at the top of every hole provides a more or less consistent
stemming depth; it also compensates for deviations in hole depth to some extent.
The operators identify the charged holes in the map and control them by the flagged color
of the ID-stick. The truck is positioned next to the hole and one operator prepares for
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loading the emulsion. Before the hose is inserted, the operator checks the boosters and
Nonel cords manually to make sure that they have not been damaged and are not stuck at
a corner. The hose is then inserted to the hole and emulsion is pumped into the hole by
use of computerized onboard system of the truck. The operator should pay attention to the
depth of the hole and leave 5.5 m on top for stemming. Due to occasional truck
malfunctions, however, some holes may be fully filled with emulsion, even leading to
spill in some cases. These occasions are logged and reported to chargers for proper
measures to be taken.
The operators note the total mass of emulsion loaded into each hole in a paper form and
mark the ID-stick. It should also be mentioned that the holes should not be filled with
stemming immediately. The emulsion should rest for a minimum of 1.5 hours so the
expansion of the emulsion completes.

3.3.3. Stemming
When the holes are charged and loaded with emulsion, and rested for some hours, they
can be stemmed by crushed aggregates. The process is simply conducted by a loader
filling the holes with aggregates.

3.3.4. Tying initiation cords
The final step before blasting is to tie the initiation cords of all holes. The chargers
connect the cords according to initiation plan provided in the design. The process is
preferably conducted in daylight and requires extra attention.
The process starts by inspecting the blast thoroughly. It should be controlled that all holes
are drilled, charged, loaded with emulsion and stemmed properly. It should also be
checked for any material left on the blast.
The charging manager prepares and distributes the initiation plan to the chargers. The
plan consists of a map of the blast. The map includes all holes with their corresponding
ID, the holes are connected by specified delay elements, which are marked by colors. The
Nonel cords are connected carefully to the delay elements; the connections are then
checked to avoid any mistakes. Another final check is also conducted before the blast.
In cases that any hole is not drilled according to the plan, the initiation plan can be
modified locally. If a larger number of holes needs modification the manager is contacted
for suitable decision.
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Finally, the bench is controlled for one last time and blasted according to the planned time
by a certified blaster.
After the blast the noxious gases are measured. When the area is safe a group of chargers
inspect the bench to make sure there is not any undetonated explosive in the area. This
task is conducted daily during the charging process as well.

3.3.5. Pre-split charging
The pre-split holes are measured and charged with booster exactly as the production
holes. However, these holes are blocked after charging to prevent them from being loaded
with emulsion by mistake.
If a pre-split hole is marked as short, i.e. not deep enough, the neighbouring holes are left
uncharged. This is due to regulations that forbid drilling closer than 3 m to charged holes.
A tractor with a special roll is used to feed the holes with PETN-initiated packaged
explosive (locally called as “Sausages”) on top of the booster. If the booster has been
installed before, the hole should be checked for damaged booster or blockage. A length of
2 m on top of the holes is left uncharged and no stemming is filled into them.
The initiation cords for the booster and PETN cords are connected separately. PETN
cords are usually connected to main initiation cord directly, while the booster cord is tied
a wooden stick and laid on the floor at the collar of the hole, and then connected to the
initiation cord. When ready, procedures similar to normal blasts are followed for blasting
pre-split holes.

3.4. Loading and Transport
Loading and transport in Aitik consists of about 42 operators working 5 shifts of type K3.
The fleet includes 31 caterpillar trucks, 3 rope shovels of type P&H 4100s, one Bucyrus
495 BII, and two Komatsu PC 5500 electric drive hydraulic shovels. Two Caterpillar 994
wheel loaders are also used for mobility. The bucket sizes for the shovels vary, from 17
m3 to 43 m3. The fleet are all equipped with Minestar Management System and are
steered by one dispatcher during each shift. The auxiliary fleet consists of two Caterpillar
D10 dozers, one Komatsu dozer, three Caterpillar 16H graders, one Caterpillar 24H
grader and five Caterpillar 980G wheel loaders, mostly used for clean-ups around
excavators.
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3.4.1. Loading
Each shift of loading consists of three operators, of which one operates a shovel, one
operates an assisting wheel loader and one is on standby. The three operators change
position during the shift to avoid exhaustion or health issues. The main task of loading is
done by the shovels, especially rope shovels. The wheel loader assists the shovel to move
large boulders and prepare the muckpile for loading.
The general procedure for loading simply includes approaching the muckpile and loading
buckets into trucks. However, the loading task is one of the most operator dependent
activities in the entire process. The direction of loading, position of the shovel, loading
strategy and the amount of force put into thrusting and hoisting the bucket are some of the
factors that are decided by the operator based on the experience and knowledge about the
rockmass. Each operator uses an individual loading method, which makes it challenging
to define a single standard procedure for the details. These details will be discussed and
studied later in Boliden documents of Standard Operating Procedure (SOP), under the
loading section3.

3.4.2. Trucking and Dispatch
Truck drivers, in general, do not play any influential role in loading tactics and production
rates. The dispatchers, however, are at the centre of loading and trucking task. The
shovels are positioned at muckpiles by production manager according to intended
production rates, ore content, crushers’ capacity, etc. The guidance of trucks to and from
these shovels is conducted by the dispatch.
Although the entire mine is equipped with MineStar fleet management system, the
dispatching capabilities of this system are not utilized for managing and leading the fleet
traffic. This is due to difficulties caused by real-time production issues, e.g. unexpected
traffic problems, blockage in roads, truck failures, etc. The dispatchers, on the other hand,
schedule and handle the traffic in a more human-centered manner, meaning that they
assign tasks to truck drivers based on their knowledge of the drivers’ experience,
capabilities and personal preferences.
The loading operators, i.e. shovels, can see the categorized content of the muckpile in
front of them by means of the on-board computer connected to the corresponding

3

SOP documentation for loading and transportation in Aitik is conducted internally in Boliden Mineral AB
and will be reported internally in 2015.
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database of the mine (Computer Aided Earthmoving System, CAES). Three categories
are indicated in CAES, namely, ore, waste and environmental waste (‘Miljöberg’, which
is dupmed in different places). CAES also controls the floor level during loading and
guides the operator to achieve the intended level during the process. The operators can
also visually distinguish different types of material by experience. Yet when the material
is loaded on the trucks, it is the dispatcher who should guide the truck driver to the
destination. The dispatcher decides the number of trucks to be assigned to each shovel
and assigns a route to each truck. The assigned route for each truck should be the most
efficient one, i.e. shortest/fastest; it should also avoid heavy traffic on specific roads and
deliver each truck load to its specific destination, which is either one of crushers or waste
dumps.
The standard working procedure of the dispatchers varies between shifts, due to the fact
that each dispatcher is familiar with the shift operators they manage. Therefore a
standardized way of dispatching the fleet is not defined yet. However, the great impact of
traffic efficiency in overall production costs and energy consumption requires a thorough
study of this task in future. It is recommended to initiate a new section in Boliden’s
internal project SOP’s to document the general guidelines for dispatching and traffic
management.

3.5. Crushing
The main task of primary crushing is currently done at three crushing stations in Aitik.
Two in-pit crushers at levels 165 m and 285 m are preferred due to shorter haul distance.
One surface crusher is also in operation, though mostly in time of need. Each crusher
station has a capacity of 8000 tonnes/hour. The crushed ore is transported from crushers
by conveyor belts through an intermediate stockpile and then to the ore storage near the
processing plant.
The opening of the crushers is approximately 152 cm in diameter [3], so any boulder larger
than 1.2 m × 1.2 m × 2 m is considered oversize. If an oversize boulder (simply called
“boulder” from now on) is encountered at the crusher, hydraulic hammers are used to
break the boulder into smaller pieces. During crushing, the feeder is visually controlled
by crusher operators and if a boulder is detected the crushing is immediately interrupted
to break the boulder. However, the boulders are not the only cause of stop times in
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crushers; it often happens that the material from feeder, although not oversize, jams at the
opening of the crusher. Again in these cases the hammer is used to poke the jammed ore
and facilitate the flow of the ore through the crusher.
The opening of the crusher is also set by the operators. A new working procedure,
introduced recently, allows the operators to manipulate the opening size of the crusher in
real-time and chose the most suitable size for the fed ore. The operator is in charge of
visual control of the ore and setting the opening size according to subjective distribution
of fragments size. This procedure supposedly leads to more efficient crushing, i.e. less
energy consumption during the crushing process.
The power and energy consumption of the crushers are controlled and logged by ABB
through an online system. The operating time of the hydraulic hammers are also logged as
well as stop times. The stop times are documented by crusher operators, the log includes
the duration of each stop and the reason, e.g. boulder, maintenance, etc.
The energy consumption in crushers is of great importance from this project’s point of
view. However, there is very little to be done during feeding and crushing due to the great
influence of fragment size distribution of the ore. Therefore any measure for optimization
of crushing should refer back to fragmentation and methods to improve uniformity of
fragmentation and avoidance of boulders. This will be discussed in more details in
chapter 4.

3.6. Milling
The crushed ore from in-pit crushers is transported by conveyors to the surface crusher, it
then continues to the ore storage and from there to the concentrator. Two new AG mills
completed with two pebble mills are utilized for grinding the ore. The AG mills, supplied
by Metso, are the largest of its kind in the world. Each of the 11.5 m by 13.7 m AG mills
has a grinding capacity of 2200 tonnes/hour.
As mentioned before, processing the ore and its corresponding challenges are outside the
scope of this study. However, the effect of fragmentation and hardness of the material on
energy consumption during grinding should be studied in future. The current settings for
the processing plant requires a Run-of-Mine (ROM) ore with a fragmentation distribution
as uniform as possible. Additionally, hardness of the ore is of great importance in
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grinding and can be considered as valuable input for a dynamic real-time optimized
system. In other words, the information obtained from geological surveys and rock mass
characteristics can be used for a more efficient grinding process. This will also be
discussed in the second task of Face to Surface project–Rock Mass Characteristics.
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4. INFLUENCING FACTORS

The mining process in Aitik is rather complicated and includes several tasks followed one
by another in the process chain. Each task comprises of various fine details that determine
the efficiency and productivity of the task. However, the consequences of these details are
not limited to the task itself, but extend to several downstream processes. Therefore the
details of each task affect efficiency of several other tasks, which leads to a complicated
system of cause-and-effect. In order to simplify this system and identify the most
influential factors, one must define a coarse subjective roadmap of these interactions in
the first place.
The parts of the production chain that are included in this project, i.e. from planning to
crushing, are explained subjectively. A simplified inter-relations map is introduced to
provide a quick view over the entire process. The influence of each stage on other stages
is explained briefly. In this chapter the cause-and-effect factors are treated as stepwise
parts of the entire process. The independent details of each factor and its corresponding
downstream effects are explained in Chapter 5.

4.1. Map of Inter-relations
From a subjective point of view, one can simplify the mining process in Aitik into a
process with rockmass as input and ore production rate as output. The procedures in
between these two define how efficient the process is and identifies the potentials for
optimization.
A schematic of the main components of the process is illustrated in Figure 13. The initial
input to the process is the rockmass. Each component of the flowchart has some direct
influences on the components following it, which finally lead to ore production as output.
Each directional line in Figure 13 represents a series of effects, which will be briefly
described.
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Figure 13: Schematic of the inter-relations in mining process in Aitik.

As seen, rock mass is the only factor without any influential precursor, meaning that it is
the only uncontrollable factor in the process. The rock mass, representing all its
characteristics, affects planning, and drill and blast design. It is the rockmass that dictates
the shape and grade of the orebody, which in turn define the economical boundaries for
mining process. The optimized pit shell, long-term mining plan, annual production
tonnage, cut-off grades and mining sequence are decided upon the economic feasibility of
the orebody as part of the rockmass. Although it is not the only input factor for planning
the operation, it is the essential determinant for the entire operation’s strategic decisions,
including the size of the operation, choice of machinery, return rates of investments, etc.
However, since the scope of this project is limited to short-term production, the more
fundamental economic decisions will not be discussed further.
The other factor that is under direct influence of the rockmass is drill and blast design,
which is the most important factor in profitability of the operation. The entire downstream
processes are dependent on quality and costs of the drill and blast, which is in turn
determined by characteristics of the rockmass. Lithology, structural geology, strength and
rock type variations are only a few of the factors that define the most suitable drill and
blast design. The knowledge about the rockmass characteristics are essential in all aspects
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of mining, from which drill rig and shovel to purchase, to much more detailed questions
such as the choices of drill bit, explosive, initiation system, direction and pattern of drill
and blast, dewatering, etc.
Drill and blast design, in and of itself, is at the centre of the operation process.
Fragmentation is the primary result of drill and blast, which affects all downstream
processes to a great extent. The influence of drill and blast on fragmentation is not limited
to its design but also extends to the implementation and quality of each and every detail
of it. It should also be noted that drill and blast must be treated as a dynamic process if a
uniform fragmentation is expected. In other words, the design and implementation of drill
and blast should befit the situation, e.g. rock type, existence of water, vibration and
environmental restrictions, etc. Therefore this is one of the most challenging steps in the
process. However, the quality of drill and blast does not affect the operation only through
fragmentation. Rock mechanical and stability issues can also be triggered by drill and
blast design, which can lead to unwanted disturbances in production. Furthermore, rock
mechanical design of open pit walls are implemented by means of drill and blast, which
implies a direct relationship between quality of blasting and stability of the walls.
Therefore the effect of drill and blast on rock mechanical issues is of great importance,
not only through wall stability, but also through costs of labor and performance of the
machinery.
Rock mechanical problems, such as wall stability issues, uneven toes and backbreak are
some of the negative consequences of an improper drill and blast practice. The overall
profitability of the operation depends on the balance between slopes’ angles and safety of
the work environment, i.e. stability versus stripping ratio. Hence these issues directly
influence the overall productivity of the operation. Any rock fall or even a minor failure
leads to hours of interruption in production and causes many hours of labor spent to
remedy the issue. Same is true in case of backbreak or toe problems; a successful drill and
blast results in smooth floor and clean wall breakage. This leads to less wall-scaling and
floor handling which in turn saves a lot of labor and machine hours. Walls and floor
complications play an important role in loading efficiency as well. Many maintenance
instances can be avoided if a smooth floor is provided for the rope shovels while loading.
Toes and floor issues, in many occasions, have caused damage to the rope shovels,
especially due to application of overload force to the bucket, teeth, gearbox and electric
motors.
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Loading, on the other hand, is not solely influenced by rock mechanical aspects of drill
and blast. Fragmentation and planning are the main factors determining the efficiency of
loading alongside hauling and crushing. Fragmentation, as the primary result of drill and
blast, is at the heart of these relationships, and will be discussed in details separately.
Planning, however, is the less visible, though more influential part of this process chain.
Being under direct control of the rock mass, the planning is a critical stage from which all
downstream processes are affected. Drill and blast, as well as loading, hauling and
crushing processes are in one or another way affected by the planning tactics. In drill and
blast design, planning dictates the shape and size of the rounds. Considering the
uncontrollable nature of the rockmass, one is obliged to adapt the design to planned
rounds and their respective requirements. The effect of planning the blast rounds on drill
and blast design is included in the second task of Face to Surface project–Rockmass
Characteristics. The shape and direction of planned blasts compared to the general
direction of fracture families in the rockmass, as well as utilization of natural fracturing of
the rock for achieving finer fragmentation are the subjects discussed in the mentioned
task.
Planning also plays a key role in efficiency of loading, hauling and crushing processes.
The influence includes a wide range of dependents, from general road construction and
route management, to handling of electricity cables for supplying machinery. For
example, a simple variation in planning can lead to a narrow loading platform for rope
shovels, which in turn leads to one-side trucking of the shovel and hence lower efficiency
and longer standby time of the shovel. Placement and management of ramps, pump
stations, electricity supply stations, routes of traffic and preparation work are only a few
of the factors determined by planning. Adding these to the fact that fragmentation is also
under indirect influence of planning, one can conclude that planning is one of the most
influential parts of the process for potential optimizations.
Although hauling and crushing are not as complicated processes as planning, they are the
ultimate factors defining the productivity of the process. Planning, drill and blast,
fragmentation and rock mechanical issues influence the efficiency of load-haul-crush
portion of the process. In other words, the overall productivity is defined as the tonnage
of ore delivered in accordance to the energy efficiency of the process, i.e. costs. The
energy consumed for crushing the ore, as well as the amount of fuel consumed during
haulage, are important factors that affect the economy of the operation. So, generally
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speaking, any improvement in the entire process implies more ore tonnage and/or less
energy consumption per unit of time. Some examples of effects of each process on its
following tasks are summarized in Table 1. However, the mentioned effects are only
samples of actual production-related issues and do not include all downstream effects.
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Table 1: Examples for effects of different tasks on several downstream processes.

Cause

What is influenced?

Factors of influence

Planning

Depth and shape of orebody / Lithology / Ore content

Drill & Blast

Rock types / Rock characteristics / Fracture systems (frequency and
orientation of jointing) / Variations in geology / Groundwater

Drill & Blast

Tonnage and shape of blast rounds / Width of working platforms /

Load / Haul / Crush

Width of working platform for loaders / Width of routes and travel
distances / Slope and width of ramps

Rock Mech. Concerns

Wall Stability / Berm width / Pre-split quality / Backbreak / Toe
problems / Smooth floor /

Fragmentation

Specific charge / specific drilling / direction of initiation / delay
timing / accuracy of drilling and charging / performance of
explosive

Load / Haul / Crush

Swell / diggability of muckpile / Boulder content / fines content /
Shape of the fragments (Flaky/elongated)

Loading

Smooth floor / toe problems / scaling time

Production

Safety hazards / rock-falls / extra man-hours for risk reduction

Production

Loading efficiency / Energy consumption of trucks and crushers /
throughput of crushers / Disturbances in processes

Affected
Economy of the operation / Rate of Return of
investments / Choice of machinery / Cut-off grades /
Long-term plan / Mining method / Mining Sequence /

Rockmass

Planning

Drill & Blast

Fragmentation
Rock Mech.
Concerns
Load / Haul /
Crush
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Drillability / Blastability / Choice of initiation system /
Design of Drill and Blast / Choice of explosive / Choice
of Drill bit / Dewatering
Performance of initiation / Vibration levels / airblast and
flyrock
Efficiency of loading by one-side or two-side trucking /
waiting time of trucks and shovels / travel distance of
fleet / Over- or under-loading crushers
Efficiency of Loading / Interruptions due to safety risks /
Long scaling time / maintenance intensity / Damage to
Shovels and Loaders
Shape and heave of the muckpile / shape of fragments
(Flaky/elongated) / Boulder content / Fines content
Efficiency of loading / boulder handling occasions /
damage to machinery / Energy consumption of crushers
/ Stop times of crushers due to boulders
Loading efficiency / Damage to shovels / maintenance
intensity
Efficiency of all processes / interruptions in specific
tasks to take safety measures
Total production rate / energy costs / labour intensity of
tasks

4.2. Role of Fragmentation
As mentioned before, fragmentation lies at the heart of the entire operation in Figure 13.
Most energy-thirsty tasks in the process, i.e. loading, hauling and crushing, are directly
influenced by fragmentation size distribution, over-size content and uniformity over time.
The importance of drill and blast process in the operation also takes effect through
fragmentation. Therefore it is of utmost importance to identify the most suitable
fragmentation for each process.
Each process that is affected by fragmentation requires a unique size distribution to
achieve high-efficiency production. Loading, as an example, requires a well-swollen
muckpile that has little inter-locking between fragments, includes a certain amount of
fines (for the so-called lubrication while digging) and without any boulder. Crushing, on
the other hand, requires a more or less uniform distribution so that there is no need for
variations of crusher setting (opening size). The ore fed to the crusher should also exclude
any boulder and elongated slabs. Therefore one can observe that the most favourable
fragmentation varies from one process to another. Subsequently, there is no definition of
‘good fragmentation’ if all downstream processes are taken into consideration. However,
one can define a ‘Target Fragmentation’ in a generic fashion. In other words, the
fragmentation that satisfies the requirements of all downstream processes in such way that
overall productivity of the system increases is called Target Fragmentation. So it may, or
may not, yield the highest productivity for a singular process, but it leads to a more
efficient operation overall.
The challenge in defining the target fragmentation lies within the fact that there are no
practical means for quantification or measurement of fragmentation yet. The only
solution, by far, is sieving the material, which is very costly and practically difficult.
Neither of the indirect measurement methods such as image processing, photogrammetry
or laser scanning has proved to be practically trustworthy either. So in such project with
fragmentation at the centre, one must develop a method or means to measure, or at least
classify the fragmentation in a practically viable manner.
In the current project, measurement and classification of fragmentation are planned to
take place through Key Performance Indicators (KPI:s). The methodology of measuring
these KPI:s will be studied and defined as the next step in the project. The aim is to
provide a set of standardized KPI:s with guidelines for measurement and assessment of

37

each. These KPI:s will be utilized as indicators of fragmentation quality and are planned
to be recorded and analysed for a longer period of production in Aitik. Diggability of the
muckpile, volumetric swell, shape of the muckpile and bucket fill factor are few examples
of the proposed KPI:s. The complete list of these factors together with their
corresponding assessment procedures will be provided in future.
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5. DOWNSTREAM EFFECTS
Chapter 4 prepared a basis for inter-relations between main processes in the operation and
their downstream effects. In this chapter each process will be described in more details.
The disturbances associated with each process are also presented, together with the effect
of preceding processes on the performance and efficiency of it. Special emphasis is
devoted to details of drill and blast design, as well as their practical problems during
implementation.

5.1. Planning
The current practice of production planning, as described in 3.1, is mostly based on the
geological survey and long-term plan of benches. The benches are divided into c.a. 800
ktonnes blast rounds and modified according to surveying of the pit. Currently, the
planning is conducted as a flexible task with no consideration about rockmass fracturing,
direction of initiation and ease of loading.
One of the first issues in current procedure of planning is the shape of blast rounds. The
rounds are decided simply by the position of the access ramp and the tonnage. The
boundaries between rounds are drawn perpendicular to the walls regardless of the rock
mass fracture system or blast design requirements. These issues are already being
addressed as part of the second task of Face to Surface project. A thorough joint mapping
campaign has identified the main joint families in different domains of the pit; the
planning and blast design of the blast rounds are going to be modified according to the
rock mass fracturing direction. An entire bench, consisting of several blast rounds, is
preliminarily scheduled for trial blasts and follow-up campaigns in 2015. The results from
mapping campaigns are already published internally in Boliden Mineral AB. The trials
and their forthcoming findings will eventually be published as parts of Task 2–Rockmass
Characteristics.
Another issue regarding planning corresponds to irregular shapes of blast rounds, which
leads to problematic design of drill pattern. The blast rounds with irregular shapes cause
challenges during design of the drill pattern. Inconsistent blast direction, problematic
initiation pattern, uneven distribution of explosives energy and large variations of specific
charge are some of the problems caused by warped blast rounds. These issues are also
discussed in5.2 and are currently being addressed as part of upcoming trials in 2015. Parts
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of the problem are also expected to be resolved as soon as Deswik™

4

design system is

fully implemented in Aitik5.
The shape and direction of blast rounds compared to rockmass fractures mainly affect
fragmentation. Yet the details in planning, as first process in the operation chain, have
many indirect influences on downstream processes and overall productivity. The position
of ramps, traffic routes, dewatering and electricity supply stations are few of the factors
that indirectly affect the efficiency of drilling, charging, loading and hauling processes.
The width of available loading platform for rope shovels, as an example, has a large
impact on loading efficiency. The width should accommodate the rope shovel, including
its manoeuvre distance, and two trucks, one on each side of the shovel. If the width
cannot accommodate two trucks, the loading will go on as one-side trucking. This, in
turn, leads to many hours of waiting time for the shovel. The wasted time for reversing
the trucks can be easily saved if one plans the width for double-trucking well in advance.
Other examples of planning’s effect on productivity includes positioning the ramps,
temporary access routes and loading direction. These effects will be discussed in their
corresponding headings.

5.2. Drilling
Drilling, in and of itself, includes two different aspects with different issues. Design of
the drill pattern includes one set of challenges, while practice of drilling in the field is
associated with very different concerns. Hence the two are discussed separately.

5.2.1. Design
Currently, the drill patterns for blast rounds are designed manually with help of custom
developed software. As mentioned in 3.1.3, the first rows are always positioned according
to the blast boundary and perpendicular to the wall. This, in turn, yields areas in blast
rounds with too little or too much specific charge. The issue is a result of irregularities in
shape of rounds. In other words, the numbers of holes in rows are not similar; in a blast
round with warped shape, the first row is designed with equal distance between holes and
equal spacings. As rows are added, the number of holes should be less or more according
4

The all-in-one mining software package for planning, scheduling, design, etc. It will eventually substitute
MicroStation™ and third-party softwares in Aitik; it is currently undergoing implementation phase.
5
Refer to Boliden’s internal projects regarding Deswik Implementation.
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to the shape, which at some point leads to a row with one hole less or more and different
burden/spacing. This issue not only leads to uneven energy distribution, i.e. specific
charge, but also causes challenging conditions for designing the initiation pattern. An
example of this issue was given in Figure 8. The problematic area is marked in Figure 14.

Figure 14: A blast round with irregular shape. The area shaded in red causes variations in specific charge; it
is also challenging for design of initiation pattern.

This issue causes large variations in specific charge in larger scale. Another example of
the specific charge distribution over a complete bench is illustrated in Figure 15 and
shows larger variations. It is worth noting that the analysis for the charge distribution in
Figure 15 is solely based on the planar distribution of the holes over the bench. In other
words all holes are assumed to have similar depth and include the exact amount of
explosive, i.e. the variations are cause only by design of drill pattern in XY plane.
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Figure 15: Distribution of specific charge in bench N6-180.

A closer look at the graph in Figure 15 reveals the significance of the issue at hand. The
specific charge over the bench varies from approximately 0.9 to 1.3 kg/m3, which shows
about ± 20 % variation from intended specific charge (q= 1.1 kg/m3). Keeping in mind
that this large variation only corresponds to the two-dimensional position of the holes,
one can conclude that the actual variations may be much higher than ± 20%, due to
variations in depth of the holes, amount of explosive and inaccuracies during drilling and
charging. The variations in specific charge will eventually affect the fragmentation, due to
the fact that fragmentation is heavily influenced by specific charge. Figure 15 also shows
very large variations in charge distribution for the triangular blast round at the top of the
figure. This is due to the shape of the blast, which cannot accommodate similar number of
holes in each row. Therefore, if a uniform fragmentation is expected from all blasts, one
is obliged to compensate for this issue and design the drill pattern in a well-distributed
fashion. This, together with considerations about rock mass jointing, will be studied and
discussed in Task 2 and upcoming trials in spring 2015.
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The other issue concerning the design of drill pattern is hole collision on two levels.
According to safety regulations no hole on a bench, in a horizontal plane, is allowed to be
closer than 2 m to any hole from previous level (level above). The regulations are mainly
based upon the probability of undetonated boosters from previous rounds and the risk of
hazardous explosion of the booster under the drill bit. However, the negative
consequences of hole collision are not limited to drilling safety. Drilling a hole close to a
previous hole also means that the depth of the fractured layer of rock (‘Sylta’ in Swedish)
is larger in the proximity of the hole. This is due to the blast damage from previous blasts,
especially in cases of over-drilled holes. The issue of hole collision leads to difficulties in
drill and blast operation, such as hole collapse due to extensive fracturing, and numerous
boulders from upper portion of holes (stemming). A schematic of this issue is illustrated
in Figure 16.
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Figure 16: Issue of hole collision on two levels; a) drill pattern of the upper level; b) sub-drill from upper
level yields a fractured zone (Sylta) around each hole; c) holes form level below are close to holes from
upper level; d) holes in level below are at the mid-point of holes on upper level.

The holes from upper level in Figure 16a lead to a Sylta around each hole, the depth of
this zone is larger at the immediate proximity of the hole and reduces by distance (Figure
16b). If the holes in the level below are positioned close to the holes from upper level
(Figure 16c), a longer depth of the hole is within the Sylta, which leads to higher chance
of hole collapse as well as boulders between the holes. The best possible position for the
holes is at the mid-point of each two holes from the upper level (Figure 16d), which
yields least chance of hole collapse and utilizes the Sylta to avoid boulders in the
stemming area.
Resolving this problem requires a standardized design procedure to allow holes to be
drilled at the mid-point of four holes from level above, i.e. longest distance from holes on
previous level. Currently, this issue is considered while designing the drill pattern;
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however, the irregularities and variations in burden, spacing and direction of rows on the
levels restrain the versatility of the pattern design (see 3.1.3). The most favourable design,
in this case, includes holes that are as far as possible from any hole on previous level; this
leads to holes that are drilled in shallower “Sylta”, which in turn yields better
fragmentation for upper portion of holes (due to better breakage in non-fractured areas)
and less chance of hole collapse due to fractures.
Hole collision problem is also included in trials of spring 2015. It is also planned to be
implemented in Boliden’s projects “Deswik implementation” and will be addressed as a
routine in design process.

5.2.2. Practice
Given the drilling design, the process continues to implementation of the design on
benches, which is associated with a whole different set of challenges. Accuracy of
drilling, GPS reception, wet holes and re-drilling frequency are few of the issues during
drilling.
Operators play a vital role in drilling quality. Accuracy of collar position, inclination and
depth of holes are the most influential operator-dependent factors. Deviations from asplanned drill patterns leads to even larger deviations in specific charge and energy
distribution in a blast. These deviations occur in three forms, over-drilling, under-drilling
and deviations in collar position.
Over-drilling, i.e. holes deeper than planned, leads to holes with excessive amounts of
explosive. This, in turn, yields deeper breakage zone (Sylta), higher vibration levels,
flyrock and airblast problems. In addition to that, over-drilling means more man-hours
and machine-hours for drilling, unnecessary wear to the rigs and, consequently, higher
drilling costs. Deep Sylta is one of the main reasons for hole collapse while drilling the
level below; the deeper the Sylta, the higher chance of hole collapse. This leads to more
occasions of hole-cleaning or, eventually, re-drilling.
The other problem regarding accuracy of hole depth is under-drilling, i.e. holes not as
deep as planned. As mentioned in 3.3.2, all holes are assigned a 5.5 m stemming length
on top, regardless of the depth of the hole, meaning that in cases of under-drilled holes,
the total amount of emulsion explosive in the hole is significantly lower than intended.
This situation leads to significantly lower specific charge in proximity of the hole, which
leads to coarse fragmentation and large boulders. Short holes have other negative
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consequences too, such as toe problems and uneven floor. In cases of large toes, damage
to the shovel can be expected. Even if the toe is detected before any damage, the operator
must load the area with extra care, which leads to lower efficiency and less tonnage per
hour. Even smaller floor bumps cause performance problems and difficulties for crawlers
of rope shovels. Uneven surface or inclined floor is not favourable for movement and
balance of shovels. Few extra degrees of inclination at the foot of the shovel cause a large
reduction in capacity of loading.
It is worth noting that previously, due to more severe consequences of under-drilling,
operators generally tended to drill deeper than planned. Each hole, on average, was 1 m
deeper than planned to avoid under-drilling. However, new regulations have been
introduced in Aitik for that purpose and currently all holes are drilled as planned without
any extra depth.
The deviations in collar position of holes also add to the variations of specific charge.
Due to practical difficulties, the operators are allowed to move the position of the holes
within a 1 m radius from the planned hole. Previously, one common reason for repositioning holes was presence of pegmatite on the collar point, which makes drilling
more difficult and time consuming. In these cases many operators used to re-position the
hole to avoid drilling in pegmatite. However, this issue has also been addressed recently;
currently all holes are drilled according to plan and no re-positioning is allowed for more
than ±1 m. In addition, the deviations can also be due to GPS reception of rigs, which
causes uncertainties regarding the accuracy of hole position. Operators are supposed to
drill only if the GPS reception provides accurate positioning, but in certain areas of the pit
the reception is poor and forces operators to drill holes on points marked by surveyors.
This leads to deviations due to manual positioning and human error during the process. A
brief study of deviations of as-drilled holes from as-planned positions was conducted as a
masters’ thesis and will be reported to Boliden. The study will shed some light on amount
of deviations and percentage of deviated holes in a bench.
In addition to position of the holes, presence of water in the hole causes difficulties in
drilling and in several cases the drilling had to be postponed due to excessive water. This
requires a long-term plan for dewatering benches prior to drilling and is being handled
internally by Boliden Mineral AB. Further reporting of this matter can be found in
Boliden’s internal library.
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There are proposals for more detailed studies regarding drilling as well. Type and wear of
the drill bit, frequency of bit change, effect of stabilizer and frequency of re-drills are
some of the factors that determine cost-efficiency of drilling and can be studied as partial
projects to contribute in optimization process. These matters will be handled as parts of
Task 3–Drilling– in Face to Surface project.

5.3. Blasting
5.3.1. Initiation Pattern and Direction
The main challenge in blasting process corresponds to the design of initiation pattern and
its general direction compared to main fracture families in the rockmass. As mentioned
in 3.1, initiation pattern is not designed based on any standardized procedure; it is,
however, designed on the basis of general shape of the blast and any sensitive structure,
e.g. crusher, in proximity of the blast. There are no regards of rockmass properties in the
design of initiation pattern and shooting direction. This issue is currently being addressed
as part of upcoming trials in 2015 and have already been reported to Boliden in form of a
workshop and maps.
In addition to general direction of blast, the timing of holes becomes very challenging in
blasts with irregular shapes (see 5.1). The varying number of holes in each row in these
blasts leads to a situation that initiation pattern must include one or several holes initiated
at the wrong time. This leads to uneven fragmentation and severe boulder problems.
Another problem associated with initiation is the delay scatter of Nonel system. The blast
rounds in Aitik are rather large, i.e. around 300 holes on average. This leads to a
condition where scatters accumulate and in some cases lead to unwanted initiation time,
i.e. holes initiated before or after their intended sequence. This issue cannot be easily
solved due to probabilistic definition of delay scatter. It is suggested that blasts be filmed
with high-speed cameras and evaluated for erroneous initiation timing. The solution could
be either a more accurate initiation system, e.g. electronic detonators, or smaller rounds
and longer delays. Different initiation patterns, e.g. fish-bone or en-echelon can also be
beneficial for fragmentation. This issue will be assessed as part of Task 4–Blasting, in
Face to Surface project. It is also included in upcoming trials in 2015 and will be assessed
by means of high-speed filming and design evaluation.
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5.3.2. Charging Accuracy and Stemming
The practical issues in blasting correspond to errors in charging, loading emulsion and
filling stemming. The most influential factor in this process is the amount of emulsion
explosive loaded in each hole. This issue cannot be addressed immediately due to the fact
that no follow-up is conducted after loading holes with emulsion. The only follow-up
consists of cumulative tonnage of emulsion, which is not representative for accuracy
assessment. Hence, it is planned to follow-up the performance of Forcit operators to
evaluate the accuracy of the amount of emulsion in each hole.
The problem of stemming should also be addressed in future plans. Currently, several
holes in each blast are initiated without stemming. Unfortunately the follow-up of
stemming quality is not conducted regularly and requires more strict guidelines for
operators. This issue is also included in Task 4–Blasting, and will be studied during trials.

5.4. Loading
Since loading is a post-blast process, it does not affect fragmentation to any noticeable
extent. However, the productivity and efficiency of loading itself defines how welldistributed the fragmentation is and how well the operators perform.
As mentioned in 3.4, the loading is planned in short term according to weekly or monthly
production plan. The positions of shovels are decided by loading manager based on
progress plan for ore and waste loading. The direction of loading, i.e. the direction of
shovels’ movement towards the muckpile, is decided by operators. According to a
subjective survey among loading operators, the direction of loading should be decided
based on the fracture system of the rockmass. However, there is no systematic procedure
for this task. The effect of loading direction on efficiency of loading process will be
assessed in upcoming tasks of this project.
One important issue for loading efficiency is the width of the working platform; this has
been mentioned in planning (3.1). Higher efficiency can be achieved if the loading
platform is planned wide enough for two trucks on each side of the shovel, so that the
waiting time of shovel reduces and trucks have enough time for reversing to the desired
position. This issue requires more attention from dispatching point of view. In other
words if shovels are to be trucked according to their production rate, a thorough
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procedure in dispatch is needed to determine how many trucks should be assigned to each
shovel and how long will be the waiting time for each truck in queue.
Another issue for loaders is the management of electricity cables. The length of the cable
and relative distance to closest supply station is of great importance in planning the
position and movement of shovels. The cables also cause disturbances in double-side
trucking of shovels, meaning that for a shovel to be able to load from both sides a proper
platform for cables should be planned well ahead.
The loading task, by itself, is rather sensitive to several factors. Fragmentation uniformity,
frequency of boulders, smoothness of floor, toe problems, presence of water near the
shovel, and swell factor of the muckpile are of most importance in loading.
Uniformity and boulder content of each muckpile determine how well the shovels can
perform. Larger number of boulders lead to longer disturbances and lower efficiency. So
the fragmentation plays a vital role in loading efficiency; however, it is not the only
determinant. The swell factor of the muckpile is closely related to fragmentation too. The
swell determines the interlocking of the broken fragments in the muckpile, meaning that
more swell allows more air into the muckpile, making it easier for the bucket to penetrate.
In other words, a good fragmentation cannot be loaded efficiently if the swell is marginal.
Conversely, a coarse fragmentation can be loaded much faster if the swell factor is large.
The wall quality and profile of the muckpile swell is of importance as well. The
operators’ experience shows that the swell is much lower close to the walls, which in turn
leads to lower productivity and more damage to the teeth and the bucket. Unfavourable
breakage in the walls also causes long scaling time for the shovels; it also yields berms
shorter than intended design, due to excessive breakage and scaling. This issue should be
addressed as part of blast design, aimed to achieve better walls and contour
fragmentation. The swell of each blast is going to be assessed as one of the main
indicators of blast performance in future tasks and will be implemented in analysis of
loading efficiency in its corresponding tasks.
Toe and floor problems, as mentioned in 5.2.2, also disturb the loading process to a great
extent. Uneven floor reduces the productivity of the shovel due to inclination of the
platform. Toes and unbroken rock also cause damage to the shovel, resulting in more
down time and higher maintenance costs.
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The presence of water on the platform can also lead to situations where shovels are stuck
in place. It has also been reported several times that shovels are stuck due to ice in their
crawlers. This situation requires a lot of effort for manually breaking the ice as there is no
mechanized solution to this. Therefore water on the loading platform should be avoided
as much as possible, especially during winter time and rain peak-season.

5.5. Transportation
The haulage of the broken rock is another post-blast task with little or no influence on
fragmentation. However, trucking of shovels and fuel consumption of trucks have rather
distinct effects on overall efficiency of the operation.
The tonnage of material loaded on trucks is determined by shovel operators. The number
of the buckets depends on the fragmentation and efficiency of loading, meaning that if
shovels load more efficiently the trucks will have less waiting time. The waiting time,
although in scale of seconds or minutes, plays an important role when accumulated.
The fragmentation, in and of itself, has minor effect on haulage. However, in cases
boulders loaded on trucks cause a sudden impact, which can lead to whiplash injuries to
the drivers. These injuries are reported and logged, though the usefulness of the frequency
of these injuries is under question. The only conclusion for now could be that boulders
should be carefully loaded by shovel operators.
The main influence of haulage on operation’s productivity takes place through dispatch
and management of the fleet. Decision of route for each truck, assignment of trucks to
shovels and guidance of trucks to crushers and waste dumps are some of the tasks done
by dispatchers. These tasks, in long term, define how efficient the traffic is flowing.
Dispatch functions were discussed in 3.4.2 and needs to be thoroughly studied. This is
due to the fact that dispatching in Aitik is not conducted by means of Minestar but is
performed by human-dispatchers with deep knowledge of the routes, real-time events,
traffic conditions and individual skills of each operator.
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5.6. Crushing
Crushing is one of the most energy consuming tasks in the operation. Marginal
improvements in productivity and energy efficiency of crushing can pay off significantly
as lower energy costs and higher production rates.
Crushing is directly influenced by size distribution of the ore, together with hardness of
the material and shape of the fragments. The primary task in optimization of crushing
should be focused on reducing stop times and energy consumption. Crushers’
performance is interrupted in several occasions during each shift due to jamming of ore in
the crusher or occurrence of boulders. This makes productivity of crushers vulnerable to
coarse fragmentation and flaky/elongated fragments. The energy consumption in crusher,
by principle, depends on the setting size of the opening and hardness and size of the fed
ore. In other words, in order to improve performance of crushers, one must refer to
preceding steps in the operation and modify them in a way that provides crushers with
favourable size distribution of the ore.
Another issue in crushers is dumping of snow and ice into the feeder, which leads to
jamming in the feeder or the crusher itself. The problem occurs mostly during winter time
and requires time consuming and hazardous remedies. Lowering a diesel burner into the
jammed area can be one solution, but in many cases it is not sufficient and the jammed
material is blasted by dynamite or other explosives. The explosion in the crusher, of
course, causes damage to the surrounding instruments and structures. Therefore dumping
snow or large pieces of ice should be avoided in the first place by shovel operators during
loading.
Performance of crushers is considered an indicator of fragmentation size distribution and
uniformity. Although setting size of the crushers is modified based on visual observation
of the fed ore, it is currently impossible to log and follow-up the variations in crushers’
opening size. Hence the energy consumption and stop times of crushers are considered as
more or less uncontrollable factors determined by fragmentation and hardness of the ore.
Methods for follow-ups and performance evaluation in crushers are going to be developed
as parts of a subtask of Face to Surface project (KPI:s, see 4.2 and 6.9.2).
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5.7. Milling
Although milling is outside the scope of this study, it is under great influence of ore
production chain. Milling is another energy consuming process in the comminution
process. However, according to grinding experts in Aitik, the energy consumption and
production rate of mills are not directly influenced by run-of-mine ore fragmentation. It
is, on the other hand, determined by rock type and hardness of the ore, i.e. grindability of
the ore from different rock types. The grindability of the ore, as part of geological survey
during production, can be considered a valuable input for the mills. Having the possibility
to back-track the ore to its origin in the pit and extracting the specific grindability of that
ore type allows milling engineers to modify and adapt their settings to the ore and
increase the efficiency of the process.
Tracking mills’ performance is also considered as a factor for further studies in this
project. Although ore storage between crushers and mills makes it challenging to follow
the origin of the ore, it might be beneficial if an estimate of ore’s grindability could be
provided to mills.
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6. AVAILABLE DATA SOURCES
The mining operation in Aitik involves various tasks with several sub-systems; each subsystem produces or logs a series of information dedicated for a specific task. In order to
identify the beneficial data sources, one must have a broad view about the available data
from each task and assess their potential use in this project. This chapter presents a
general view of different types of available data collectable from different devices during
different processes.

6.1. Rock mass & Geology
The main source of geological information in Aitik is a compilation of regularly
measured parameters appended to the results of initial geological surveys. Exploration
work in Aitik dates back to several decades ago; however, the information from all drill
cores and lithology surveys have, over time, contributed to building a generic model of
Aitik’s geology. The data sources listed below only include the information that is
currently being collected, or can potentially be collected upon request.

6.1.1. Drill cutting analysis
Currently, the only geological parameter that is measured regularly is the copper content
of drill cuttings. The cuttings from all holes in ore zone are collected and analysed for
copper content, and sometimes for Gold content too. Presence of pegmatite is also noted
in cutting analysis. For every 150 ktonnes of waste rock, drill cuttings from 8 holes are
collected and analysed for copper content. This information is appended to geological
maps and is used for updating the production block model (BLPR). The cutting samples
are analysed locally and can be found in geological maps (MicroStation, Deswik).

6.1.2. Grindability tests
Although it’s not conducted frequently, grindability tests provide valuable information
about rock types present in the ore zone. The tests are updated every few years and
samples from ore are sent to an external laboratory to extract the hardness and
grindability of the ore delivered to the mills. The results of the tests are appended to
geological database and can potentially benefit milling engineers in settings of the mills
(see 5.7).
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6.1.3. Water level
Water management in Aitik is conducted by geology department. There are 19
observation wells around the pit that are measured monthly. There are also 21 piezometer
wells for water level follow-ups; the data from piezometers are collected every 3 months.
The information from piezometers and wells are compiled and utilized in assessment of
overall water levels and drainage drilling. It is also correlated to planning and positioning
the dewatering pump stations. The data are collected in a stand-alone database accessible
from Aitik’s internal server.

6.1.4. In-Situ Fracturing
The fracturing systems in the rock mass has been analysed and reported in several
occasions by rock mechanics for stability purposes. However, the extensive mappings
date back to 1980’s and the information have been the basis for wall-stability assessment
and slope design ever since.
In 2014 a campaign for joint mapping by means of photogrammetry was initiated as part
of Face to Surface project. Photogrammetry or stereoscopic imaging is a method for
assessing the fracture systems in the rock mass by constructing 3D surfaces of walls and
analysing the fractures. The results of the campaign have been delivered to Boliden and
will be utilized to plan and design trial blasts in 2015. The Analysis was mainly aimed for
major fracture systems to improve the planning and design of blasts according to
direction of joint systems. The results of the mapping and trials will be reported
accordingly.

6.2. Rock Mechanics
The rock mechanical aspects of production appear in forms of weekly wall inspection
reports and backbreak/slope angle follow-ups. Weekly rock inspections, conducted by onsite rock mechanics, are discussed in safety meetings and reported internally to Boliden’s
database. The backbreak and slope inspections are also documented and accessible
through Boliden’s server. The information can provide insight into blast performance and
deviations from planned contour in future.
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6.3. Drilling
The drilling process is logged extensively during the process. All rigs are equipped with
MWD logging system, which records all parameters during drilling. The MWD logs
include a wide range of information, from position of the rig and the bit, to the specific
performance indicators, such as feed force, torque, penetration rate, flush flow, etc.
The MWD information has great potential for follow-ups and rockmass evaluations.
Actual hole depth, depth of fractured zone (Sylta), hardness of the rock, cavities and
fractures and positioning precision analysis are some of the potentials of MWD logs. The
details about the benefits and potentials of this information will be discussed in Task 3–
Drilling.

6.4. Charging
The task of charging is conducted by Forcit AB. The amount of emulsion explosive
loaded in each hole is manually noted in paper forms and stored by Forcit. These reports
are accessible by managers and provide essential information for calculation of specific
charge and follow-ups of charging performance. The actual energy distribution in blasts
are only obtainable through these reports.

6.5. Swell
Aitik mine is equipped with Lidar scanning system from Riegl. After each blast the
blasted area is scanned in high resolution (c.a. 3 mm distance between points). The
original scans are stored separately as backup; a decimated scan is then produced and
stored in Aitik Server (Deswik MDM). The scans are easily accessible through network
and provide valuable information regarding heave and profile of the muckpile.
The scanned surfaces are used for planning purposes and dynamic follow-up of
production and volumes. They can also be used to calculate volumetric swelling of each
blast and compare precise position of crests after blast.
The information from Lidar scans is one of the most trustworthy and beneficial sources
for evaluation of blast performance. The benefits and assessment procedure for Lidar
scans will be reported as parts of ‘KPI:s development’ sub-task in Face to Surface project.

55

6.6. Loading
Rope shovels are connected to Minestar system and all information regarding their
performance is logged in its database. The data attainable from shovels includes position
of the shovel and its bucket, swing angle, load and unload point, type of loaded rock plus
the ID of the truck loaded to. All information from shovels is time-stamped and the exact
time for digging and swinging can be easily obtained from their logs. The logs are
automatically transferred to Minestar database and stored permanently. This information
can later be utilized to evaluate the performance of loading and diggability of the
muckpile. The assessment methods will also be provided as part of KPI:s development
sub-task.

6.7. Fleet Traffic
Minestar system logs all available information about traffic in the mine. All activities of
the fleet connected to Minestar are recorded and interrelated through timestamps and
destination. In other words, each truck is tracked by its position, the shovel that loads it,
the destination assigned to it and the route it should follow; all activities are distinguished
with unique IDs, tonnage, date and time stamps. The inter-correlation in the Minestar data
means that the tracking process is possible through all involved parties, e.g. the
information regarding each truck can be extracted from truck’s database, or from the
shovel it’d been loaded with, or the crusher it has dumped in.
The information in Minestar are of great value during follow-ups. With proper filtering
and data mining methods one can track back the ore dumped in a crusher to its
corresponding truck, and then to the shovel and exact position of the bucket it’s been
loaded with. However, there are glitches in the connectivity of the system that leads to
false or missing data. The issue is being addressed internally in Boliden.

6.8. Crushing
The control system of crushers is managed by ABB. An online system logs the energy
consumption in each crushing station. The system can be accessed externally through web
and stop times, reason for stops, performance hours of hydraulic hammers and hourly
throughput can be extracted from the system.
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Unfortunately no information about the setting size of the crushers are recorded in the
system. Additionally, the information in hourly form are stored in the system for one
week only. Meaning that for accessing information regarding a point further back in time
the details of the data will be lost and the logging is averaged to daily, weekly or monthly,
depending on how far we look back in time.
In addition to the ABB logging system, the crushers are equipped with closed-circuit
camera systems (CCTV). The feeder of the crushers are filmed and stored for a short
period of time. These videos are buffered and cannot be accessed later than a week from
recording time. However, the videos contain valuable information regarding the stop
times and boulder content in each crusher. In other words each stop time can be
controlled in CCTV videos to check the reason for stop and provides good statistics over
visual classification of run-of-mine fragmentation.
The CCTV camera system is a subject of discussions in future work in this project. An
attempt will be made to store these videos for a certain time to utilize them in follow-up
tasks in future.

6.9. Fragmentation
At the core of the operation in Aitik is fragmentation. However, measurement or
quantitative evaluation of fragmentation is subject to several practical flaws (see 4.2).
Due to excessive cost and practical difficulties, physical sieving of the muckpile is not an
option; that leaves indirect measurement methods which are also subject to theoretical
and practical shortcomings. Currently, the most world-wide utilized indirect method is
image processing; other than that the only available means for fragmentation
measurement is using auxiliary data from post-blast processes to correlate the
fragmentation to efficiency of these processes, i.e. KPI:s.

6.9.1. Image processing
The technique of image processing has been utilized in Aitik several times through
different systems; FragMetrics and Split-Desktop are two of the systems used for trial
blasts in Aitik. However, acquiring proper images in the mine environment is practically
challenging; the processing of images is also an extremely time-consuming task. In
addition to those difficulties, the sampling method for shooting and analysing images
introduces significant biases in the results.
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Although the method has not proved to be beneficial, it is the only generic method for
measuring fragmentation. Consequently it should be considered as a follow-up method
for fragmentation. On the other hand, if more trustworthy, easily accessible methods are
developed one can simply skip image processing and use other indirect indicators. This
leads to the sub-task ‘KPI:s development’, which aims to evaluate and develop indirect
measures for fragmentation through its effect on downstream processes.

6.9.2. Key Performance Indicators
As mentioned in 4.2, the role of KPI:s in this project is to provide easy-to-access
measures for evaluation of fragmentation and its downstream effects. Due to importance
of these measures in any optimization attempt, a sub-task has been defined under Face-toSurface project to evaluate and develop methods for measuring and assessing these KPI:s.
The findings from this sub-task will be utilized during trial blasts in 2015 and will be
reported accordingly.
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7. POTENTIAL IMPROVEMENTS
All aforementioned processes and their downstream effects provide a basis for further
investigations regarding the efficiency of the operation. According to inter-relations
between processes, one can subjectively identify the main potential fields for
improvements. The following potentials only indicate the fields for further work. These
improvements consist of all involved processes and will be investigated in details during
this project.

7.1. Planning
The first step towards an efficient mine is a well-thought plan that includes all details and
requires little real-time modifications. The planning process in Aitik contains potentials
for betterment of fragmentation through adjustments in blast planning, considering rock
mass characteristics, ramp planning and water management. The planning process can
also include loading and hauling plans, in such way that the best conditions for most
efficient loading and hauling is identified in the first place and is implemented in long and
short-term plans.

7.2. Design
Several issues regarding disturbances in the operation are caused by problematic design
of drill and blast. As mentioned before, several issues infect the design with practical
flaws, leading to several unfavourable downstream disturbances. The details for these
flaws were mentioned in 5.2.1 and 5.3.1 and are included in upcoming trials and followups.

7.3. Practice
Even the most perfect design for drill and blast will lead to unfavourable fragmentation if
the implementation of the design is associated with large errors and inaccuracies. It is of
great importance that the procedures of drilling, charging and loading are followed up and
evaluated. A constant monitoring procedure should assure the quality of each process to
avoid unwanted variations, leading to unwanted results.

7.4. Infrastructure
As seen in previous sections, many problems in different processes are results of
malfunctions or shortcomings of the infrastructure of the mine. Poor dewatering
strategies, poor GPS reception and malfunctioning data-transfer network are some of the
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infrastructural issues that leave a great impact on productivity of the operation.
Addressing these issues require larger investments and hence, require a long-term view
over the life-of-mine economy.
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8. WAY FORWARD
The aim of the first task of this project (Baseline Mapping) is to identify practical issues
in the operation within the boundaries of Face to Surface project. The findings of this task
are supposedly discussed with Boliden and appropriate actions for future of the projects
will be taken based upon these findings. The following tasks of the project will be
modified according to prioritized fields of improvement in the operation. The immediate
actions after this task include investigations regarding rockmass characteristics and
development of KPI:s.

8.1. Rock mass Characterization
As mentioned in 6.1.4, a campaign for assessing the in-situ fracture systems in Aitik has
been initiated in summer 2014. The campaign aimed to identify domains in the mine with
similar fracture systems and propose suggestions for mine planning and blast design
according to domains’ properties. The results, so far, have been reported to Boliden and
will be implemented in the mine in form of several trial blasts during spring 2015. These
findings are parts of Task 2–Rockmass Characterization– and will be reported
accordingly.

8.2. Development of standardized KPI:s
Prior to any trial blast or any modification in design, one must have access to tools for
evaluation of the results. In case of future trials in this project, image processing
technique has been disregarded as a measurement method. Instead, a sub-task is
attempting to develop local KPI:s based on the available data from different processes in
the mine. These KPI:s will be used to evaluate the results from trials in 2015. However,
the development task will continue to establish a series of standardized KPI:s with
specific guidelines for measurement and assessment.
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Appendix 1:
Summary of the tasks of Face to Surface project.

