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Blasting is the process employed in surface and underground mines to effectively reduce
in situ rock to desirable fragment sizes that minimise production costs and energy
consumption in downstream operations. Controlled blasting techniques are mostly used
to minimise blast damages to the excavation boundary by shielding of the explosive energy
from continuing into the highwall. Controlled blasting techniques that can be implemented
to enhance the highwall stability include line drilling, trim blasting, smooth wall blasting,
air decking, buffer blasting and pre-splitting. At Navachab open pit gold mine, pre-split
blasting method is used as the primary wall control technique. However, historical data
indicates that pre-splitting is not successful at the moment, being characterised by crest
damage and frozen toes on the Western Pushback pit highwall. Therefore, this paper
investigates the contributing factors to poor pre-split quality at Navachab gold mine. The
designed and actual parameters of borehole dip angles drilled, actual drill collar elevations
and blasthole positions were analysed and compared. In addition, an assessment of the
drill rigs’ inclinometers was examined to identify their impact on the pre-split quality. This
study indicates that on average, the X and Y coordinates of the pre-split blastholes had
been moved by 47% and 35% respectively, this being the cause of poor pre-split results. An
overall half cast factor (HCF) of 37% was generated from the pre-splits blasted. Although,
the rock properties were not considered but they influence the quality of pre-split in the
Northern side of Western Pushback.
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INTRODUCTION

An effective wall control during drilling and blasting is crucial to the results of blasting and to the
overall stability of the pit throughout its entire life period. In open pit mines where wall control is not
given enough consideration during drilling and blasting operations, several problems such as over-
break or break beyond pit wall limits are often encountered and they present a relatively high
probability of failure (Oageng, Joseph and Munyadzwe, 2008). In addition, it also results in damage to
the crest on the subsequent benches. Highwall stability depends upon a variety of mining and geologic
factors of which a safe design is required to achieve a successful surface mining operation, therefore it
is significant to understand the relationship between local geology, drilling and blasting parameters
(Eades and Perry, 2019). Controlled blasting techniques are employed to improve highwall stability and
reduce overbreak, their purpose is to minimise blast damage to the excavation boundary by preventing
the force of a blast from continuing into the highwall (Tose, 2006). The results of a controlled blast are
determined by geology, in particular the number and orientation of joints and fracture surfaces and the
required quality of the final rock surface. The best perimeter blasting results can be achieved in hard,
massive rocks, while in loose, eroded, or heavily cracked rock, problems generally arise in obtaining a
uniformly smooth wall, but the overall result is always significantly better than the result of production
blasting alone (Tose, 2006).
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Controlled blasting techniques that can be implemented to enhance the highwall stability include line
drilling, trim blasting, smooth wall blasting, air decking, buffer blasting and pre-splitting. At Navachab
open pit gold mine, pre-split blasting method is used as the primary wall control technique; however,
historical data indicates that pre-splitting is not successful, being characterised by crest damage and
frozen toes on the western pushback pit wall. The bench conditions on the pre-split L44_WPB 15 A&B
shows that only 16% of the crest, 54% of the mid-bench and 50% of the toe is visible. The objectives of
this study are to:

a) determine the controllable factors that affect the pre-split quality;

b) establish the relationship between the factors and the pre-split quality and the significance of
the relationship;

c) develop strategies to control the factors identified in a).

Literature review
The problem areas that contribute to poor blasting results as identified by (Oageng, Joseph and
Munyadzwe, 2008) include:

e Drill site preparation

e Drilling accuracy

e Charging practices

e Explosives and blast timing practices
¢ Rock mass geology

Pre-splitting technique

Pre-splitting is defined as a controlled blasting technique applied in open pit mines where a row of
closely spaced blast holes are drilled along the design excavation limit, charged with very light
explosives, and detonated instantaneously before the production blast holes in front of them (Tose,
2006). The pre-split technique is applied with the aim of preventing/minimising back-breaks, filtering
the effects of explosive gases from production blasting, improving the safety of people working around
high walls, maintain integrity of final high walls, benches, overall pit, and controlling excessive ground
vibrations (Lindi, 2020),(Dindarloo, Askarnejad and Ataei, 2015). A row of pre-split holes is drilled to
generate a vertical, continuous, and thorough fracture plane at the back of the excavation (Eades and
Perry, 2019).

Buffer holes

Pre-split holes

Production holes

Fiqure 1. Schematic illustration of the pre-split technique drilling pattern( Oraee et al., 2013).
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The general approach of perimeter blasting/controlled blasting was summarised by (Tose, 2006) as
follows:
e Reduce backbreak from production blasting;
e Reduce charge masses in the perimeter holes and often in the last production or perimeter easer
holes as well;
e Drill extra holes to compensate for the reduced charge mass per hole and to provide a
preferential plane of weakness delineating the final excavation perimeter, and
e  Arrange the initiation of the perimeter holes to obtain maximum relief of burden and mobilise
preferential splitting mechanisms.

Drilling pre-split holes

Holes too deep may cause over- break, but short holes will give insufficient cracking.
Time and attention spent for accurate surveying, marking, collaring, and drilling of holes contributes
towards minimum damage (Singh, 2018).

Depth of pre-split holes

Pre-split effectiveness depends greatly on good blasthole alignment. Deviation usually limits the length
of 76mm and 89mm diameter blastholes to about 15 mm. A major advantage of a large diameter
blasthole is that deviation is reduced, and pre-split blasts of greater depth can be fired.

Charging of pre-split holes

An effective pre-splitting in rocks with average conditions is achieved when the charge load required
increases with the blasthole diameter, and the optimal charge differs with the rock properties. Heavily
cracked or very weak rock requires reduced load and blast hole spacing. A solid rock with a high
dynamic tensile stress may require a higher load (Lindi, 2020). The pre-split holes are charged with
decoupled explosives cartridge type explosives done to reduce the charge concentration in the blast
hole and minimise stresses exerted on the blasthole walls and prevent the micro-fracturing from the
shock waves (Singh, 2018).

charge
charge
charge

charge

charge
Fiqure 2. Continuous decoupled cartridge explosives in a pre-split blasthole (Read and Stacey, 2019).

The charge diameter required for pre-splitting as recommended (Read and Stacey, 2019), ranges from
0.25 to 0.33 times the hole diameter depending on the rock type and structure.

Stemning of pre-split holes

The pre-split blast holes are not stemmed except in conditions when control of air-blast becomes
necessary. The reason for not stemming the pre-split blast holes is to let the explosion rapidly escape
into the atmosphere which ensures that it does not hit the sidewalls of the blastholes. This reduces the
damage to the crest of the final berms and lowers the probability of crest loss (Lindi, 2020).

Detonating pre-split blast

Pre-split charges must be simultaneously set off first before the production blast by joining all down
lines from pre-split blastholes to a detonating cord trunkline (Oageng, Joseph and Munyadzwe,
2008).To create a free plane that reflects the shock waves resulting from blasting into the production
holes, the pre-split row must be initiated at least 50 ms before the main production blast and as a general
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rule of thumb, if holes are to explode with production blast holes, a 200 to-350 s delay between the pre-
split holes and the nearest production row or buffer row is generally recommended.

Cleaning action
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Fiqure 3. Suggested timing at an oblique angle, showing the direction of the cleaning action with low impact
(Tose, 2006).

The figure 3 above shows the desirable timing plan for trim blocks to enhance the movement of material
from the highwall, thus limiting the blasting energy ejection into the highwall. Moreover, slow timings
on trim blocks provide sufficient burden relief for material movement.

Splitting factor

Splitting factor is a general guideline that is used to design a pre-split (Tose, 2006) .1t is calculated by
dividing the charge mass per hole by the hole spacing between the pre-split holes and the bench height
instead of dividing the charge mass per hole by the hole spacing, burden and bench height as it is done
for powder factor (Hall and Hall, 2015).The splitting factor range was suggested by (Hall and Hall, 2015)
to be between 0.3 to 0.7 kg/m?. Equation 2 below is used to determine the splitting factor(P).

C
= HSXBH [1]

Where:

P is the Split Factor (kg/m?);

C is the explosive linear charge per hole = explosive density x (m X r% x h) (kg);
HS is the hole spacing (m); and

BH is the bench height (m).

Achieving good pre-split results

Tose (2006) highlighted that an effective pre-split is obtained when the spacing is as small as possible
with the continuous column of explosives in the blastholes, alternatively larger spacings result in poor
pre-split results. Hence, the quality of the pre-split is directly proportional to the amount of time and
effort put into the operation scheme. The quality of pit walls is generally considered excellent, with very
few wall failures being visible and with pre-split hole barrels (half casts) noticeable in most areas of the
pit (Guingor et al., 2017).

Half casts (hole barrels)

Half casts are referred to a part of the perimeter pre-split blast holes that are left intact on the highwall
after an effective pre-split blast (Scoble et al., 1997). A parameter that is used to assess the blast damage
is called a half cast factor (HCF). It is a measure of blast damage, and is computed as the length of the
half barrels after the blast, expressed as a percentage of the initial length of the blast holes (Singh, 2018).

Length of halfcasts
Initial length of blast holes

HCF =

x 100% [2]
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Methodology

Interviews and questionnaires

Interviews were conducted with personnel from different departments at the mine to capture their
understanding on the causes of poor pre-split results. Moreover, questionnaires were handed to the
Drill rig operators to find out whether they understand the pre-split drilling practice and factors leading
to poor pre-splitting.

Staking of pre-split collars
A GPS device was used to stake the collars by picking up the coordinates of the hole’s positions (X,Y,Z)
according to the design. It was also used to pick up the as-drills of the drilled holes.

Determination of hole angles
An angle finder was used to measure the angle at which the drill rig's rod was drilling and to verify the
angle reading from the rig’s inclinometer.

A magnetic compass was used to measure the angles of the drilled pre-split holes.
Determination of half cast factor (HCF)

High quality pictures of the resultant highwall were taken, and each analyzed picture was assigned a
scale according to the details it presented. Microsoft PowerPoint was used to measure the length of the
half casts on each picture. The half cast factor is computed using equation 2 from the previous section.

Results and Discussion

The controllable factors that contribute to poor pre-split quality at Navachab Gold mine were identified
by conducting oral interviews with different departments involved and by questionnaires intended for
the drill rig operators.

Factors that affect pre-split quality at Navachab gold mine
The responses from each group are presented below.

Geotechnic
The Geotech department understands that poor pre-split quality occurs as a result of drilling not
achieving the correct:

o Dip angle, and
o Dip direction/strike

The pre-split holes are designed to be drilled at an angle of 80° with a tolerance of +2° but in most cases
this is not achieved (with only an average of 67% of the dip angle achieved for the analysed data). An
angle which is less than 78° leads to the back-break of the highwall, whereas the angle greater than 82°
leads to overbreak of the highwall. Also, when the correct dip direction is not achieved the drillholes
either deviate close or far away from each other at the bottom, thus affecting the designed spacing and
hence the energy distribution from explosives. The drillholes that deviate close to each other lead to
back break of the highwall whereas those that deviate far apart lead to the formation of frozen toes.

Blasters
The understanding from the blasting team is that pre-split quality is mostly affected by:
e Rock properties (uncontrollable)
e Explosives
e Design
e Area preparation

The team emphasised that rock properties have a huge impact on the quality of the pre-split as different
rocks behave differently under the same explosive properties. However, since this factor is an

93



uncontrollable parameter, it will be set aside as it is out of the scope of this project. The amount of
explosives determines its effect on the resulting highwall, too many explosives dissipate high energy
which damages the highwall, whereas insufficient explosives release inadequate energy for splitting
the rocks. The amount of explosives to be used is dictated by the strength of the rocks to be blasted.

Surveyors

The szrveyors at the mine understand that the following factors have a major influence on the pre-split
quality.

Floor elevation

Hole positioning

e Holes not drilled at correct depth

The floor elevations are too uneven(i.e., on average 47% of the drill collar elevations for the pre-splits
studied were outside the tolerance range) which makes it difficult to apply an adjustment to the hole
positions on different elevations. As a result, the adjustment to the spacing between the buffer rows and
the pre-split row is not done hence the damage to the highwall can be attributed to the explosive
shockwaves from the buffer rows.

It is understood that the drilling team does not drill in the exact marked out area, since the as-drills do
not correspond to the as-planned (i.e., the X coordinates had been moved on average by 47% and Y
coordinates by 30%). This has an impact on the pre-split results. Moreover, holes not drilled at the
correct depth contribute to poor pre-split quality i.e., under drilled holes contribute to frozen toes and
overdrilled holes damage the crest of the subsequent bench and hence the next pre-split quality.

Drill rig operators
The drill rig operators” incapability to achieve accurate drilling is said to be due to the following factors:
e Bad floors

¢ Inclinometers not working

The drill rig operators understand that bad floors (i.e., with loose material, uneven elevations) makes it
difficult to position the rigs accurately to achieve the desired holes features. An inclinometer is a device
installed on the drill rig and it is used to measure the inclination, slope, or tilt of the drill hole. The
inclination can be measured in degrees or by a percentage with respect to gravity. They are used to
determine the slope gradient while undertaking boring operations like drilling.

Pre-blast results

Table I shows the design parameters of the investigated pre-splits with constant parameters such as
angle, spacing and splitting factor.

Table 1. Design parameters for the pre-splits

Pre-splits L46PWPB | L46PWPB | L46PWPB | L46PWPB | L46PWPB
13C 19B 22 22RA 13&519A
Number of holes planned 43 23 31 44 83
Number of holes measured 38 22 29 41 0
Pre-split design angle(degree) 80 80 80 80 80
Spacing(m) 1.5 1.5 1.5 1.5 1.5
Rock hardness(soft, hard, very | Very hard Soft Very hard | Soft, very | Very hard,
hard) hard Soft
Uniaxial compressive 183 112 183 112,183 112,183
strength (MPa)
Splitting factor (kg/m?) 0.47 0.47 0.47 0.47 0.47
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Drill holes angles
Table II presents the categories of angles in which the holes drilled on each pre-split falls. The tolerance

of the hole angles is +2° i.e., the hole must either be drilled at a maximum angle of 82° above 80° or at
least 78° below tolerance. 4% of the holes were drilled at angles greater than 82°, 25% were below 78°
and 71% achieved angles within the tolerance range.

Table II. Hole angles drilled on the pre-splits

Pre-splits L46PWPB 13C L46PWPB 19B L46PWPB 22 L46PWPB 22 RA
angle: 80° No. of % No. of % No. of % No. of %
holes holes holes holes

>82° 1 3 0 0 1 3 3 7

<78° 6 16 8 36 8 28 11 27
Within 31 82 14 64 20 69 27 66
tolerance

Total 38 100 22 100 29 100 41 100

Drill collar elevations
The pre-splits were designed to be drilled from level 1080 m to 1070 m below sea level, with a tolerance

of 0.2 metres i.e., 1080.2 to 1079.8m. The ranges of elevations on which the drill collars were drilled are
shown in Table III, with the number holes in each category and the percentage of occurrence.

Table II1. Ranges of elevations on which the pre-split holes were drilled

Design L46PWPB 13C L46PWPB 19B L46PWPB 22 L46PWPB 22 RA
elevation: No. of % No. of % No. of % No. of %
1080 holes holes holes holes

>1080.2 9 24 11 48 23 74 22 54
<1079.8 0 0 1 4 0 0 2 5
Within 29 76 11 48 8 26 17 41
tolerance

Total 38 100 23 100 31 100 41 100

The Figures 4, 5, 6 and 7 present the nature of the floor on which the collars of the different pre-split
holes were stacked and drilled. The design elevation on which the collars must be stacked and drilled
from is 1080 m above sea level for all the pre-splits understudy. The line graphs of actual elevation in
each figure show numerous undulations on the pit floor on which the pre-spit holes were drilled. With
reference to Table III, 49% of the holes were drilled on elevations above the tolerance range as well as
those within the tolerance range and only 2% of the collars were stacked and drilled on floor elevations

below tolerance.

Drill collar elevations on L46P

WPB 13C Drill collar elevations on L46P

WPB 19B
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Figure 4. The floor condition a L46P WPB 13C Figure 5. The floor condition of L46P WPB 19B
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The inclinometers( digital instruments that measure the angle at which the boom is drilling) are
classified as operational or not operational according to Tavle IV. The inclinometer assists the drill rig
operator to position the boom at the desired angle. Non-operational inclinometers and those operational
but uncalibrated affect the angle at which the pre-split holes are drilled. An angle finder is a manual
angle reader that was used to position the boom at 80° for rigs with non-operational devices. Drill rigs
DR04, DR06 and DR07 had non-operational inclinometers when they drilled the pre-splits understudy.
They were fixed upon recommendation from the researcher.

Table IV. Classification of drill rigs inclinometers

Drill rig Operational Not Inclinometer(°®) Angle Angle
operational finder(®) | Error
DRO4 £ 4 80 80 0
DR06 E ~ 3 80 80 0
DRO7 E 3 80 80 0
DRO13 E 3 80 81 1
DRO014 3 80 87 7
DRO021 3¢ 80 80 0
DR024 ¢
DRO025 E 3 80 82 2
DRO3 =

As-drilled verses as-planned

Under this section the actual position (as-drill) of the drilled holes is compared to the planned position
(as-plan) of the design i.e., comparing the X and Y coordinates of the holes. Table V presents the actual
X and Y coordinates of the drilled pre-split holes. The tolerable deviation is +0.2 m. The table shows
that 47% of the X coordinates had been moved from their planned positions and only 30% of Y
coordinates had been mispositioned. The graphs in figure 8 shows the actual deviations of the holes
from the design i.e., 0.0 m deviation. It can be observed that only very few points fall on the horizontal
line graph which is the design line of the pre-split collars. The pre-split will be more affected by the
mispositioned X values compared to the Y values.
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Table V. Deviations of the X and Y coordinates of the as-drills

X Y
Ranges Frequency Percentage(%) Frequency Percentage(%)
Within Tolerance 77 53 102 70
Outside Tolerance 69 47 44 30
Total 146 100 146 100
X and Y deviations
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Figure 8. Graphical representation of the deviations between the as-drills and as-plans

Post blast results
After the pre-splits had been blasted and the trim blocks blasted and loaded out, the bench crest, mid-
bench and bench toe conditions were investigated.

Bench crest conditions

The bench crest conditions were severely damaged i.e., for the studied pre-splits there was barely any
standing crest. The crest was damaged by drilling from the preceding benches -this can be observed on
the lower floor elevations in Figures 4,5,6 and 7. Moreover, back damages because of blasting ( tying the
last cartridge close to the hole opening) was observed.

Mid-bench conditions

The damage on the mid-bench in some areas of the highwall is primarily attributed to some of the buffer
holes drilled through the pre-split. This results in frozen materials in the mid-bench since the buffer
holes have not been drilled at the correct spacing from the pre-split and failure to reach their designed
depth. The highwall is dominated by abundant discontinuous and shorter half casts with very few long
half casts in some areas. The average half cast factor (HCF) obtained was 37% which is a much lower
value. Holes drilled with varying angles also contributed to the back damage of the highwall as the
splitting plane will have to interchange between the desired angles and incorrect angles which will
form undulations on the wall, leaving a rough surface. However, faster surface delays such as 17 ms do
not give sufficient burden relief to the buffer holes and this leads to energy being ejected into the pit
limit. Despite this, the outcome of the pre-splits was affected by geology; in most sections of the highwall
the rock massive is very discontinuous.

Toe bench conditions

The toe of the bench had frozen materials in some sections and complete damage or toe loss in other
sections. The strike of the holes is not uniform, having some half barrels deviating close to each other at
the bottom which leads to excessive explosive energy that caused over-break of the highwall hence toe
loss. Moreover, holes deviating apart more than the planned spacing results in insufficient energy
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Half
cast

distributed between them, hence formation of frozen materials. The figure 9 below illustrates the
resultant highwall with various conditions being observed.

RS

= | Frozen toe, with x
loose ma :

Figure 9. Part of the resultant highwall

Changes done on the trim block tie-up

Based on the observations of the above exposed pre-splits, the tie-up of following trim blocks were done
as follows:

Production holes: 42 ms trunklines

Second buffer row and last production row: 67 ms trunklines

Between buffer holes: 42 ms trunklines

There was an improvement in the pre-split outcome, with very minimal highwall damage and with
exceptional visible half casts along the entire wall. However, the crest was still damaged.

Frozen
materials

Figure 10: Resultant highwall after changing the tie-up of the trim blocks

The undulations present on the highwall in figure 10 are a result of pre-splits holes moved from their
planned positions. Hence, the splitting plane had followed the new pattern created by the mispositioned
holes.

CONCLUSION
The dip angles and strike of pre-split holes are affected by the drill rig’s inclinometers i.e., non-
operational inclinometers contribute significantly to incorrect angles as compared to operational

inclinometers. Drill collar elevations also influence the dip angle- achieved, there is an indirect
relationship between elevation and the angle. The higher the actual elevations from the planned
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elevation, the smaller the angle achieved. Therefore, an operational inclinometer and actual drill collar
elevations within tolerance would yield a desired angle and hole strike. The effect of incorrect dip
angles on the pre-split result was discovered on L46P_WPB 19B&C pre-split, where it resulted in crest
damage. However, the dip angle data set used is very small, hence it may not be conclusive enough.

Lack of adherence to the drilling plan, there were pre-split holes that had not been drilled according to
the design and buffer holes drilled through the highwall. This signifies that, the drill rig operators are
not drilling in the collared positions. This is the most significant factor contributing to poor pre-splitting,
since the resultant highwall after changing the tie-up of the trim blocks was still showing the
undulations in the positions of the half casts. The design of the pre-splits is correct as it had worked for
the previous wall control operations it is only due to poor effort put in to achieve the plan.

Crest damage in some regions of the highwall has been attributed to the damage from the preceding
bench. The elevations on which the pre-split was drilled were already lower than the planned elevation.

Short delays of 17 ms resulted in blast induced damage on the highwall, since it does not give sufficient
burden relief for the buffer holes. 67 ms delays provided adequate relief for the buffer holes and it
resulted in less damages on the highwall.

The quality of the pre-split on the northern side of western pushback 3 has been influenced greatly by
the rock geology. The rock mass in this region has a high frequency of discontinuities or joints. Thus,
the explosive energy escapes through the natural joints damaging the wall beyond the excavation limit.
There is a significant decrease in the presplit quality with increased joint frequencies (Danell,
Lewandowski and Luan Mai, 2009).
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