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(see Figure 8). The Malmberget mine has a higher percentage

of recently employed operators than the Kiirunavaara mine.
However, 43% the operators at the Malmberget mine, and 50% at
the Kiirunavaara mine, have been working 6 years or more.

In both mines, the operator’s task is to move the broken ore
from the drawpoint to the orepass. Loading should be performed
in such a way that it enables a good flow of the caved ore,
maximizes ore recovery, and minimizes dilution. During loading,
the operator takes loads alternately from the right and the left
sides of the face, if possible.

The daily work routine of the operators is as follows.

» Performing daily maintenance on the machine and in the

» Handling boulders

» Deciding whether to change drawpoint;

» Reporting disturbances in WOLIS to the production
coordinator.

Boulders in the Kiirunavaara mine are broken with a rock-
breaker before being dumped in the orepass through a grizzly.
The Malmberget mine has no grizzlies; boulders are broken by
drilling and blasting in a nearby boulder drift.

Both mines use a draw control strategy based on bucket
weights. The drawpoint monitoring system provides continuous
ore grade information to the operator and to the managers for
every loaded bucket (Nordqvist and Wimmer, 2014; Quinteiro,
Larsson, and Hustrulid, 2001). Waste or ore percentage is plotted

workplace against the extraction ratio, and the resulting curve is displayed
» Loading ore, according to plan, either to orepasses or on inside the LHD machine through WOLIS (Adlerborn and Selberg,
trucks 2008) (Figure 9). The bucket grade curve gives information on
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Figure 8—Number of years’ experience loading for each operator
Figure 9—Waste versus bucket numbers (modified from Adlerborn and Selberg, 2008)
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the grade of the ore being loaded, which assists the operator to

decide when to stop loading (Adlerborn and Selberg, 2008). The

bucket grade curve is smoothed by considering a moving average

for the last 15 buckets (Nordqvist and Wimmer, 2014).

The loading information displayed on the WOLIS screen
(Figure 9) consists of the following (Adlerborn and Selberg,
2008):

1. The location from where the material is taken, including the
drift and ring number.

2. The last bucket weight recorded by the system.

3. A graphical representation of the current ring being loaded
showing the drill-holes, along with the neighbouring rings.

4. The current extraction ratio of the ring being loaded, as a
percentage.

5. Status indicators showing if the system is connected to the
weighing system and if it is connected to the WLan, along
with an indication of upload/download transfers.

6. A new window to register downtime, i.e. the duration and
cause of the system being down or unusable.

7. A graphical representation of the total loading from the
current ring. The system has four modes for graphical
representation. The following can be plotted:

(a) Iron percentage (Y axis) vs extraction ratio (X axis)

(b) Waste percentage (Y axis) vs extraction ratio (X axis)

(c) Bucket weight (Y axis) vs number of buckets loaded (X
axis)

(d) Waste percentage (Y axis) vs number of buckets loaded
(X axis).

In Figure 6, the blue line shows the moving average property

(iron percentage or bucket weight) and the red line the iron

percentage of the last 25% (by units) of the extraction ratio.

These two lines guide the operator’s decision to stop loading

from a ring.

8. A new window showing if any charged holes are close to the
current ring.

9. Additional data about the current ring displayed on the
operator’s screen includes the present status of the ring,
the iron percentage for the last 25% of the extraction ratio,
tonnage loaded, planned tonnage, and iron percentage for
bucket.

10. The final extraction ratio of the neighbouring drifts in the
level above the present drawpoint.

At LKAB, each LHD operator can see the information, such
as the extraction ratio and ore grade for the last 15 buckets,
total planned tonnage, and tonnage extracted from the ring,
on the WOLIS screen installed in the LHD. The information is
used by the operator to decide if loading should be continued
or discontinued at a particular drawpoint based on the loading
criteria. If the information on the screen indicates that loading
should be continued, loading is pursued; otherwise, the
drawpoint is closed. However, if loading cannot be continued
because of loading issues such as hangups, brow failure etc., the
operator enters the reason for stopping loading in WOLIS and
moves to the next active drawpoint for loading.

Loading of normal rings

The criteria guiding the loading process are called loading criteria
and are part of draw control, along with loading procedures.
Loading at the drawpoint is assisted by the WOLIS system in
both the Kiirunavaara and the Malmberget mines; the system
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displays bucket weight and bucket grade, together with other ring
properties. The extraction ratio is used as a loading criterion; this
is the ratio of total tonnage of material loaded from the drawpoint
to the planned tonnage of the ring.

In the Kiirunavaara mine, loading is normally continued to
the fixed extraction ratio target communicated by the loading
managers to the operators. In the Malmberget mine, three loading
criteria must be met for a normal ring before the operator can/
should stop loading and abandon the drawpoint: extraction ratio,
Fe grade, and a negative trend on bucket weights.

When the decision is made to close a ring, the operator builds
a catch wall to ensure the safety of the personnel who will charge
the next fan in the drift. This wall must be approved by the
charging personnel.

Loading of opening rings

The loading process and draw control of the opening rings near
the hangingwall are guided by safety concerns. Drawpoints near
the hangingwalls have an open cavern during the later stages of
the draw; Ze. the hangingwalls have not yet caved or have just
begun to cave, creating an open cavern above the drawpoint.
Keeping this in mind, LHD operators load the material under
the supported part of the drift. The current loading procedure
dictates that no loading can be performed in an open cavern
situation; Z.e. loading is stopped when an opening is encountered
at the drawpoint because of a gap between the muckpile and the
supported part of the drawpoint. The final extraction ratio for
rings near the hangingwall can vary from 35% to 70% in the
Kiirunavaara mine.

Loading of rings with loading issues

Loading at the drawpoint is sometimes stopped early due to
loading issues such as hangups, ring freeze, brow failure, etc.
Poorly fragmented material at the drawpoint is still loaded, but
the boulders are broken by a rock-breaker in the Kiirunavaara
mine and by drilling and blasting in the Malmberget mine before
being dumped into the orepass. The loading criteria are followed
for drawpoints with poor fragmentation, but an inefficient filling
of the bucket may cause inaccurate grade estimations. Loading
issues, such as bridges, rib formation, walls, and overhangs, are
difficult to detect during loading, and the only symptoms may
be poor material flow, for which there are no separate loading
criteria. The handling of hangups differs in the Kiirunavaara and
Malmberget mines.

Decision process

The decision-making process for three types of situations was
investigated, namely the abandonment of:

» ‘Normal’ rings

» Opening rings

> Rings with loading issues (hangups, brow failure ezc.).

The decision-making process differs for each category of ring
and for each mine.

With respect to the decision to stop loading a ‘normal’ ring
and to blast the next fan, most operators in both mines said they
make the decision themselves and inform the loading control
group that they are abandoning the drawpoint (Figure 10). A
slightly higher percentage of operators in the Malmberget mine
discuss the closing of a draw point with the loading control group
before a decision is taken, compared to Kiirunavaara mine. The
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Figure 11—How do you know when it is time to abandon an opening ring?

decision to abandon the ring is then made either by the operator
or by the loading control group. Only occasionally does the
loading control group takes the final decision and instruct the
operator to stop loading.

The decision to close an opening ring is different from the
decision to close a normal ring. For opening rings, most operators
said they can see at the drawpoint when it is time to stop loading
(Figure 11). The majority of these answers (67% from the
Kiirunavaara mine and 71% from the Malmberget mine) relate to
seeing an open cavern above the drawpoint; this is an indication
that it is time to stop loading and go on to blast the next ring.
Note that these percentages also include the answers from the
category ‘other’.

The Journal of the Southern African Institute of Mining and Metallurgy

The next question dealt with the decision to stop loading for
rings with loading issues. The answers show that most operators
make a visual inspection to decide if loading can be continued
safely (Figure 12). Interestingly, the number of operators asking
the loading control group to come and visually inspect the
drawpoint before closing it is higher in the Malmberget mine.

Overall, it is mainly the operator, either with or without
assistance from the loading control group, who decides when to
abandon drawpoints with loading issues. The operators in the
Kiirunavaara mine are more likely to do so than those in the
Malmberget mine (Figure 13), while the loading control group
in the Malmberget mine makes the decision to close drawpoints
more often than its fellow group in the Kiirunavaara mine.
MARCH 2020
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Figure 12—How is the decision to stop loading made for rings with loading issues (hangups, brow failure, etc.)?
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Figure 13—Who makes the final decision to abandon rings with loading issues (hang-ups, brow failure, etc.)?

Differences depending on loading experience

The study also compared the process of deciding to abandon a
drawpoint with loading issues among operators with different
levels of loading experience. Operators with more than 10
years of experience make more decisions themselves than
those with less experience (<10 years), with the latter relying
more on the loading control group (Figure 14). Operators with
less experience have a tendency to discuss the situation more

often with the loading control group before a decision is made.

After discussions, the decision is made slightly more often by
the loading control group than by the operator. For the more
» 200
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experienced operators, however, the decision is more often theirs
after discussions with the loading control group. In Figure 14, the
Kiirunavaara and Malmberget mines are assessed together.

In the Kiirunavaara mine, rings with loading issues are closed
depending on the experience of the operator. All experienced
operators make a visual inspection before they decide if loading
can continue safely (Figure 15). Fewer of the less experienced
operators visually inspect the drawpoint before abandoning it.

In the Malmberget mine, the less experienced operators
visually inspect drawpoints to a greater extent than the more
experienced ones (Figure 16), but the loading control group is
also more involved with inspecting the drawpoint for the less
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Figure 15—How is the decision to stop loading made for rings with loading issues (hangups, brow failure etc.) in the Kiirunavaara mine?

experienced operators. The more experienced operators tend to
make a visual inspection of the drawpoint and then decide if
loading can be continued safely or to stop loading if there is no
material flow at the drawpoint.

Concluding remarks

The experience of the LHD operators in LKAB’s Kiirunavaara
and Malmberget mines was investigated to obtain a better
understanding of current loading practices and the decision
processes involved in abandoning ‘normal’ rings, opening rings,
and rings with loading issues (e.g. brow failure, pillar failure, or
ring freeze). The main findings from this study are as follows.

The Journal of the Southern African Institute of Mining and Metallurgy

» In both mines, the operators make the majority of the
decisions to close a drawpoint, so their experience is very
important for the loading process. Operators can also
override any suggestion made by the draw control system
on when to close the drawpoints.

The loading control groups are involved in decisions to close
drawpoints, but the loading control group in the Malmberget
mine is more involved than that in the Kiirunavaara mine.
The more experienced operators tend to make more
decisions themselves, while the less experienced operators
rely more on support from the loading control group. There
are more experienced operators at the Kiirunavaara mine
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Figure 16—How is the decision to stop loading made for rings with loading issues (hangups, brow failure etc.) in the Malmberget mine?

than the Malmberget mine, which explains the greater role
of the loading control group at the latter.

There is some debate in the mines as to whether the main
responsibility for, e.g. abandonment of drawpoints or decisions
on rings with loading issues, should rest with the operator or
with the loading control group.

» The general consensus is that the loading control group
should be in charge of prioritizing the drifts to be loaded,
while abandoning the rings should be a joint decision.

» Although the loading control group should assist operators
by providing a second opinion, the common view in the
two mines is that operators should make the final decisions
themselves since they likely have the most experience of
different situations.

» For rings with loading issues, the common view is that the
loading control group should assume more responsibility
for the decision to stop or to continue loading, since the
decision is irrevocable.

The results from this study will be used towards the
development of a new model for draw control in sublevel
caving mines. The model will be tested as future work in the
Kiirunavaara mine.
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