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ABSTRACT

This paper presents the recent improvements made in final wall blasting and waste blasting at
Pustynnoye Gold Mine which is owned by JSC AK “Altynalmas” in Republic of Kazakhstan. The main goals
of the study are to review both the final wall and waste blasting practices and improve the results. Wall-
control designs were reviewed to provide blast design recommendations for achieving the desired
bench face angles for the interim and final walls. A detailed benchmarking study was carried out which
identified significant blast damage and shallow bench angles. Specific wall-control blast design
templates were created for different rock types. Following the implementation of the templates, crest
loss and toe gain issues were resolved and the desired bench face angles were achieved.

While working on final wall blast design improvements, we also reviewed the waste blast
designs at Pustynnoye Mine. New blast design templates were created depending on the size of the
excavation equipment and rock mass properties. Following the implementation of the design templates,
excavator dig rates were found to improve significantly which resulted in lower total waste mining cost.

Keywords: Final wall blasting, face angle, waste blasting, excavator performance, total waste mining
cost

INTRODUCTION
The Pustynnoye gold deposit is located in the southern part of Central Kazakhstan in the
Aktogay District of the Karaganda Region. It is located 120 km east of Balkash town, the nearest
settlement, to which it is connected by a graded dirt road (Figure 1). This major industrial town on the
northern shores of Lake Balkash is home to the Balkash Smelter Complex, a major copper producer in

Kazakhstan. As such, the region is very well serviced by road and rail links as well as good
communications and power.
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Figure 1. Pustynnoye gold deposit
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The mine life ends in the last quarter of 2024. Total waste volume is approximately 91.3Mt
(Figure 2) and the stripping ratio is about 6.0. Average gold grade is 1.61 g/t. Four cutbacks(CB) were
planned to be mined (Figure 3) according to SRK study (McQueen, 2018). The cutback sequence targets
the lower strip ratio, higher grade material (higher value) first under the current pit bottom, followed by
a second cutback to the east (relatively lower strip ratio, higher value RoM). The third cutback expands
the pit to the east, and the final cutback is to the west (higher strip ratio, lower value RoM).
Predominantly waste from CB2 and CB3 are mined in 2018 and 2019.

The mining fleet includes two 171mm and one 216mm drills; 1x HITACHI EX1900, 1x HITACHI
EX1200 excavator and 1x CAT992 front end loader.

Total Waste Movement
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Figure 2. Total waste movement at Pustynnoye Gold Mine
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Figure 3. Cutback sequence
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LITHOLOGIES AND ROCK PROPERTIES

The volumetrically significant lithological units present in the deposit are (Figure 4):

interbedded sandstone and siltstone (st + sl);
sandstone (st);

siltstone (sl); and

greenstone (serp).
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Figure 4. Lithological wireframes and final pit shell view to the north (Brown, 2017)

Uniaxial Compressive Strength (UCS) values are 48MPa for greenstone and approximately 49-
99MPa for fresh rock domains (st, sl, st+sl). Therefore, two geotechnical domains were established by
SRK (Brown, 2017): Greeenstone and fresh rock.

WALL-CONTROL BLASTING REVIEW
Review of the Blasting Designs

All drill and blast designs were carried out by Orica Mining Services as observed during the
benchmarking study carried out by Esen Mining Consulting Pty Ltd. Two different hole diameters were
used on-site: 171mm (Roc L8) and 216mm (DML). During the site visit by EMC, DML was working at the
pit bottom and L8 was working at top benches. DML was preferred at the pit bottom due to the hole
collapses in wet ground when 171mm holes were used. However, DML has been used as much as
possible for wall-control blasting depending on the mine plans. In general, waste blasts are fired in 10m
benches and ore benches are fired in 5 and 10m benches. Common drill patterns for 171mm diameter
are 4.5*5.2, 5*5.8, 5.2*6m using 1.25g/cm3 bulk explosive product (pumped emulsion). Patterns with
216mm for 10m benches are mostly 5*5.8,5.8*6.7m and for 5m benches 4.7*5.4m.

Above designs result in powder factor range of 0.55-0.70 kg/m3. Softer overburden areas are
blasted using ANFO with less powder factors of approximately 0.40 kg/m3.
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The benchmarking study identified significant blast damage to interim and final walls resulting in
poor wall profiles (shallow angles due to crest loss and toe gain). Shallow wall angles creates difficulties
in meeting push-back designs, especially in achieving designed toe positions, which in turn can lead to
issues with regards to maintaining production levels and safety standards.

The drill and blast design review showed that the causes of shallow wall angles are due to the
following reasons:

e The use of production blasts. Wall-control blast techniques were not applied;

e Highly energetic (high density) bulk explosive product use near pit walls;

e Unfavourable initiation and large Maximum Instantaneous Charge (MIC);

e Incorrect toe offset distances;

e Inconsistent energy distribution near pit wall;

e Poor blast shape;

e Over confinement of the explosive energy;

e Designs not tailored to changing rock conditions. Drill patterns were not varied depending on the rock
conditions.

According to Hoek (2012), for a 10m bench height, confined blast with little or no control may
cause damage approximately 20-25m beyond the boundary of the blast. If wall-control techniques are
used, then this damage zone can be less (3-12m) based on both Hoek’s guidelines and numerical blast
modelling. Therefore, specific wall-control designs should be implemented at Pustynnoye Mine to
achieve design wall profile (or angle).

Recommendations and implementation of the blast designs

Esen Mining Consulting recommended wall-control design templates which were for
overburden, weathered rock (top benches like siltstone) and fresh rock (Esen, 2018). Pustynnoye
engineers were trained to be able to design the blasts. All designs were conducted by Pustynnoye
engineers in the second half of 2018. The designs addressed above issues and provide designs for both
bottom and top benches of 20m wall. Lower density explosive use for the half-spaced trim row,
complete removal of stemming for the trim row, initiation from wall-side (Figures 5-6), two or three
rows of 171mm holes close to the pit wall were some of the key changes with the designs. An example
of a wall-control design template is shown in Figure 7.

Figure 5. Unfavourable initiation design. Typical initiation timing and muckpile displacement for narrow
blast patterns. Black arrows indicate direction of material movement, red arrows indicate reaction
forces.
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Figure 6. Favourable initiation design
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Figure 7. An example wall control template for lower 10m bench. Vibration contours are shown at
600mm/s.

The site has been implementing these designs. A separate template will be created for
greenstone once the mining activity starts in that area. In these templates, above recommendations
have been implemented. Various drill patterns were suggested for different lithologies by making sure
that muckpile is reasonably fragmented and easy to dig. Presplitting was also recommended for fresh
rock; however, it was decided to apply this technique after making these changes.

Following the implementation of the templates, crest loss and toe gain issues were resolved

mostly. Figure 8 shows the results from RL440. It is shown that slope profiles are improved and the
angles are closer to the design angle (70 degrees).
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 440_057

Figure 8. Wall-control blast results at RL440. Red and green lines show the design and actual slope
profiles, respectively.

In order to achieve more stable/smooth walls and easier scaling, the mine started testing the
presplits. The presplit areas were not mined currently. However, we believe that it will work in the fresh
rock domains. Conventional presplit tests were carried out by using 130mm drills by using 12g
detonating cord and 32mm emulsion cartridges. We also tested the bulk presplitting by using the
existing 171mm drills by using two emulsion decks. The reason for testing the bulk presplit is that this
technique is relatively cheaper than conventional presplit. If bulk presplit is reasonably successful, it may
be considered due to its cost.

WASTE BLASTING REVIEW

A waste blast design template has been created for the mine. It was prepared for two hole
diameters (171 mm, 216 mm). The designs were tailored to meet muckpile requirements of three
excavator types used at Pustynnoye as well as rock types. Hitachi EX1200 (6.7 m3) and CAT 992 (10.7
m3) require finer fragmentation and loose muckpile when they are compared to larger excavator Hitachi
EX1900 (12.0 m3). In general, the following powder factors were used:

e 0.75-0.83 kg/m3 for fresh rock
e 0.61-0.69 kg/m3 weathered rock and black shale
e 0.51-0.55 kg/m3 for overburden

Pustynnoye Mine has started implementing waste blasting design templates starting from last
week of July 2018. Since then, the mine has been achieving rather high dig rates (Figures 9-10).
Excavator dig rates are compared before Mine to Mill and after Mine to Mill as shown in Table 1. As it is
shown below, there has been significant dig rate improvements: especially EX 1900’s dig rate improved
30.2%. This was a major improvement which was obtained during this project. In addition, idle time
during the loading of CAT777 dump trucks decreased by 17% which indicates more efficient digging.

Dig rate and diesel consumption of HITACHI EX 1900

Figure 9. Dig rate and diesel consumption of HITACHI EX 1900
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Figure 10. Dig rate and diesel consumption of HITACHI EX 1200

Table 1. Excavator dig rates before and after Mine to Mill project

Dig rate before Mine | Dig rate after Mine to % Increase
to Mill, t/h Mill, t/h
EX 1900 845 1100 30.2
EX 1200* 638 798 25.1
CAT992** n/a n/a

* limited data for “after Mine to Mill”
**CAT992 data is discarded as it is being used for both stockpile and production blasts

The increases in dig rates resulted in significant cost savings to the Mine: approximately 4.0M
USD considering LOM waste amount of 91.3Mt (Table 2). More cost savings are possible through pattern

expansion and more frequent use of 216mm drills in waste blasts.

Table 2. Waste mining cost and savings due to the optimisation project

be fore afer
Name L it e L t_ e - , Different
optimisation | optimisation |
Drilling & Blasting S 022 023 | 004
Excavalion $'mn 0,19 015 a.04
CATY77G Haulage ¥im 0274 D265 0,01
Cost savings $/n [ 04
WASTE amount Mt [ 906
Total cost savings MUSD L 405
CONCLUSIONS

JSC AK “Altynalmas” engaged Sedat Esen of Esen Mining Consulting Pty Ltd (EMC) to review the
final wall blasting practices and provide blast design recommendations in order to achieve the desired
bench face angles for the interim and final walls. A detailed benchmarking study was carried out which
identified significant blast damage and shallow bench angles. Only around 50% of the current benches
meet the production design criteria of 60° bench face angle (or steeper). Crest loss and toe gain were
identified as the main causes of the shallow bench face angles. Specific wall-control blast design
templates were created for different rock types. Following the implementation of the templates, crest
loss and toe gain issues were resolved mostly. In order to achieve more stable walls and easier scaling,
the mine has been currently conducting the presplit blasts.
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While working on final wall blast design improvements, EMC also reviewed the waste blast
designs at Pustynnoye Mine. New blast design templates were created depending on the size of the
excavation equipment. Prior to the design changes, Pustynnoye was achieving 845tph and 638tph for
EX1900 and EX1200 excavators, respectively. After the design changes, there was a significant change in
dig rates (1100 tph for EX1900 and 798 tph for EX1200 excavators, respectively). The increases in dig
rates resulted in significant cost savings to the Mine: approximately 4.0M USD considering LOM waste
amount of 91.3Mt. More cost savings are possible through pattern expansion and more frequent use of
216mm drills in waste blasts.
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