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Abstract: Blasting is done to make the planned work more efficient and economical. It is used
especially in mining, ore extraction, material fragmentation in construction, asphalt as gravel, road
and railway filling, cement and concrete production as raw material, etc. The aim is to reduce the
size of the rock, loosen it and shift it from the area where it is located. After these processes,
smaller sizes are obtained by separating, breaking and grinding the ore or rock. However, bad and
inefficient blasting causes fragmentation, cracks and splashes in the rock, air shock, dust and
ground shaking. These effects cause dust in the environment, pollution of water resources, noise
and vibration. In addition, vegetation, wildlife, displacement, soil degradation, erosion and
groundwater pollution after a sudden impact, allows heavy metals and chemicals to leak from
cracks in the rock. In this study, the effects of factors such as vibration (ground shaking), air shock
effect, flying rock dust (dust emission) resulting from blasting in a copper mine on human health
and the environment were examined and compared according to the limit values specified in the
legislation and the studies conducted. It was determined that there was no negative physical effect
on people and the environment, but there were psychological effects. These effects can be reduced
by blasting in accordance with the legislation and by the person performing the blasting being
careful. Environmental problems can be reduced or prevented by controlling issues such as
blasting in accordance with the legislation, checking local regulations, adjusting blasting timers
with reducing substances, dust suppression technique, water management systems, reclamation of
mine sites, monitoring of air and water quality.
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Introduction

Blasting is widely used to break hard rocks during the construction of engineering structures such
as derivation tunnels, underground and aboveground mines, subways, and hydroelectric power
plants [1-5]. It is also widely preferred in sectors that include metallic mining, construction
infrastructure, industrial establishments, and quarrying and require downsizing. In addition, as
stated by Hudaverdi et al. [6], Ozacar [7], Yu et al. [8], Bayat et al. [9], and Abbaspour et al. [10],
blasting is an integral part of the various stages of road construction, including tunnel excavation.
Blasting is a widely used method in mining, quarrying, and civil engineering projects aimed at
effectively breaking rock masses [11,12]. However, as noted by Zou et al. [13], Koopialipoor et
al. [14], Ocak and Bilgin [15], and Singh et al. [16], it causes environmental challenges such as
tremors, air shocks, rock rolling/scattering, and toxic gas formation.

These adverse environmental effects arising from blasting are caused by the fact that the
explosive energy used to manage it with controlled blasting and to reduce its effects as a result of
blasting is not used effectively for the intended areas such as shredding and excavation. This excess
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energy leads to various undesirable consequences such as dust/smoke, ground vibration, air
explosion/pressure, and rock ejection. These consequences not only pose a risk to safety and health
but also have negative effects on the environment [17,18]. Addressing these issues enables
optimization of blasting techniques to minimize energy waste [19]. Research highlights the
importance of not only ensuring the safety and effectiveness of blasting operations but also
protecting the immediate environment and communities [20,21].

In projects where blasting is inevitable, such as quarries, the main purpose of blasting is to
minimize negative environmental impacts. In addition, it is aimed to achieve optimum efficiency
by providing security measures and the desired fragmentation. Then, it is necessary to reduce the
hazards such as seismic activity, air explosion, tremors, ejecting rock, recoil, and noise caused by
blasting and to take the required measures. The fact that most of the explosive energy
(approximately 25-30%) is not used for purposes such as fragmentation and ejection in blasting
leads to various undesirable environmental effects after blasting, including energy, dust/smoke,
refraction, ground vibration, air explosion/air pressure, and ejecting rock [11]. These conditions
pose a risk to the safety, health and welfare of individuals and can also damage structures and
equipment near the blasting site [4,5]. To mitigate such damages, it provides for the optimization
of blasting techniques, the use of better shredding strategies, and appropriate safety measures to
protect both people and infrastructure around blasting operations [22]. When blasting is performed
near houses, factories, or offices or is poorly planned, the severity of these effects increases even
more [23]. For this reason, there are different approaches to determining blasting plans that
optimize the desired results and minimize unwanted effects. In addition, it is ensured that the
blasting process developed with the help of artificial intelligence causes fewer environmental
problems with the programs developed by various researchers [4,18,24,25].

When determining the explosive parameters and blasting route, it may sometimes be necessary
to perform blasting near historical buildings, residential areas, or industrial areas [26-28].
Although blasting in an area far from the quarry site does not cause vibration, the psychology of
the people living in the region is disrupted, and mining activities are interrupted or even stopped.
Whether blasting creates problems or damages the environment depends on the size of the impact
or the speed of the particles. Analyzing these parameters is possible with a complete and harmless
blast [29]. Thus, reducing the blasting to a harmless level prevents environmental complaints. In
relation to environmental sensitivity, population growth, and urbanization have further increased
the physical and psychological effects of blasts. With these effects, it is not possible to conduct an
economical and safe explosive operation [30].

The main purpose of blasting is to use it as an economical and fast method in production and
mining processes [31]. The basic working principle of this method is based on the fact that
explosive substances cause a chemical reaction by creating a shock wave. After the reaction, the
chemical components in the explosive move rapidly into the rock and show their effects. These
effects begin to dissipate around the hole with ignition. The stress waves then propagate in all
directions and produce tensile stress, and the blast occurs. With the blasting effect, high pressure
and large gases move towards the cracks, and unwanted environmental effects such as vibration
and noise occur [29,32]. One of the effective ways to minimize the environmental impacts of the
blast is to examine the side effects it causes one by one. For example, factors such as the evaluation
of ground vibration [24,33,34], flyrock prediction [8,17,35], explosion-induced air impact design
[36,37], air pressure prediction [38], flyrock prediction [33,39,40], and minimization of dust
generated by the blast [41—44]can be verified through a systematic review. These methods are
important in terms of reducing and controlling the environmental impacts of the blasting process.
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Blasting operations disrupt geological formations and lead to changes in the structural integrity
of rock formations. This can lead to problems such as fracture, displacement, and weakening of
rocks, which can affect the stability of the surrounding slopes, geological structures, and
groundwater dynamics. Fracture and displacement of rock formations due to blasting can create
new pathways for groundwater flow and potentially alter aquifer charge and discharge patterns. In
addition, slope stability may be significantly affected by blasting operations, especially in areas
with steep terrains or where blasting is carried out near slopes [45].

To analyze the vibrations that occur during blasting, it is important to pay attention to design
parameters such as measurement distance and explosive charge amount. If the slice thickness (B)
is designed at high levels, it causes the blasting energy to be at high levels and thus the rock to
break. However, this may cause excessive ground tremors. When the bottom drill length (U) is
large, it can create a smooth ground and cause vibrations to be felt at high levels [46]. When the
slice thickness and bench height (H) are high, it can lead to the thickening of the colon to be
fractured during the blast; therefore, benches should be classified according to the bench height.
Tightening distance (T) that confines the explosive to the blasting colon and causes ground tremors
is a significant parameter. It is stated that having a slice thickness ratio >1 with the distance
between holes (S), which is another parameter, will increase the severity of fragmentation and
reduce ground tremors [31,47]. By carefully evaluating these parameters, it is important to control
environmental impacts and prevent undesirable consequences.

In this study, the environmental effects of blasting operations in a copper mine and their
negative effects on human health were discussed.

Material and metod

In the study, the effects on the environment and human health after the explosions made during
the operation of a copper mine were addressed. It is known that the energy used to break down or
loosen the rock during blasting and the remaining energy part after these processes cause many
environmental problems. To keep the possible environmental effects at minimum levels, the
blasting design should be done well. A poorly designed blasting causes the rock not to be
fragmented properly and infinity planes to develop within the rock. After this and many similar
effects, environmental effects such as vibration value (ground shaking), air shock effect, flyrock,
and dust emission occur.

Vibration values (Ground shaking)

Ground shaking is an inevitable consequence of the rock-blasting process. The reason why ground
shaking is more important than factors such as air shock and dust formation is that it can be felt
even at very long distances. While the main purpose of the blasting is to break the rock loose or
push it away, at least some of the energy released during the detonation and applied to the rock is
converted into inefficient residual energy in the form of seismic waves and air shocks. This energy
decreases to a negligible level as it moves away from the blasting source and can travel a long
distance until it is completely extinguished [48,49]. Vibrations can lead to damage to residences,
industrial facilities, and other structures as well as rock formations in areas close to the source of
the blast and problems in rock slope stability. First of all, the new energy arriving at the
environment disrupts the status in the environment and leads to displacement. A total movement
or material displacement is not seen during the wave movement. The particles that form the
environment do oscillation and turning movements in their balance positions. The transport of
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seismic waves depends on the distance traveled, the formation, frequency, discontinuities, the
source structure, and the elasticity of the environment. Ground shakes cause damage to structures
by acting as earthquakes [50]. In the planning of blasts, the relationships of distance, charge,
geological structure, and ground shakes should be taken into consideration. The effect of vibrations
on environmental structures is measured with air shock and vibration measurement devices [51].
The U.S. Bureau of Mines Bulletin (USBM) analyzed ground vibrations in 656 open quarry mining
operations based on vibration responses of various types of homes. Following the analysis, they

calculated vibrations. As a result of these studies, it was calculated according to Equation 1:
PPV=1.090xSD "2 [mm/s] (1)

The potential "Ground Shake" effect following a blast was published in the Official Gazette
dated 06.04.2010 and numbered 27601, which includes "the Regulation on the Evaluation and
Control of Environmental Noise" [52]. According to the regulation, the ground shake value for the
dominant frequency of the seismic waves must be 5.00 mm/s for 1.0 (Hz).

Air Shock Impact

In cases where necessary measures are not taken during blasts; reaction-induced gases that are
released into the atmosphere fast and prematurely cause a significant level of noise. In conditions
where measures are not taken, the noise level reaches high levels and turns into air shock waves.
It is argued that another factor in the formation of shock waves is the rapidly acting rock mass.
The moving rock mass creates shock waves functioning like a piston (Ratcliff et al., 2011; Siskind,
2000). Shock waves mostly cause psychological problems in humans, and they worry that the blast
will harm them. Shock waves travel in the atmosphere and lead to vibrations in the windows and
loose frames, causing people to believe that the blast is huge. The most prominent damage is
window breakage. In addition, in window breakages, the property owners have deficiencies such
as not fixed windows and loose frames and window cases. It is also observed that higher levels of
shock waves cause damage to chimneys and cracking of plaster in walls. In addition, it is necessary
to analyze whether there is a geological phenomenon that could lead to gas discharge by examining
the blast mirror before drilling. In the presence of such a geological formation, less explosive
material should be placed in the region [29,53]. According to the USBM (United States Bureau of
Mines) RI 8485 Report, data collected on structural responses and aboveground mining air shock
(noise) damage include equations developed to monitor the responses of the residents [54]. The
noise values that may arise from the explosion are given in the "Blasting Designs and Blasting-
Induced Environmental Impacts Guide" and are calculated according to the formula in Equation

2.
P=37,1xSD%7 [dB(A)] (2)

The P in Equation 2 is expressed as air shock (noise) level and SD (scaled distance).

Flyrock
Flyrock occurs when the explosive is not sufficiently buried and confined in the rock mass [55]. I
These are rock fragments that are caused by the high pressure developing in the blast reaction 8
i
s |a
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explosives not well confined, load distance being inadequate (hole diameter being less than 20
times), mirror (bench front face), or tightness distance being less than 80% of the load distance,
the tightening material being dusty, having a low size with a diameter of a few mm, and being wet
material. In such cases, the rock fragments are displaced and transported during a blast from the
mouth of the hole[55]. To prevent and reduce this issue, it is essential to use holes of appropriate
diameter and length to ensure a balanced and homogeneous distribution of explosives within the
rock. Proper hole geometry must be calculated, with appropriate charging in the holes, leaving a
stemming length at least equal to the burden (charge) distance, and using suitable materials for
stemming. Additionally, the use of delayed detonation techniques is required [56].

The formula for flyrock is defined in the literature as L, ., = 260 # (d)i In this formula, Lmax:

represents the maximum distance (m) that rocks can be projected in the worst-case scenario, and
d refers to the hole diameter, expressed in inches. Another calculation formula is provided in
Equation 3:

[,+00005¢« m=d

0,00923 * (m= A3 = psjc-,aaa

SDOB,, = (3)

In this formula: SDOB, represents the scaled depth of burial in the metric system (m/kg®**),

Is is the stemming length (m), d is the hole diameter (mm), m refers to the contributing explosive
column (charge) length, and pe is the explosive density (g/cm?). The maximum value of "m" is 8
if the hole diameter is less than 100 mm (4 inches) and 10 if it is greater than or equal to 100 mm
(4 inches) (Equation 4).

__ 1poosi,
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m d
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In the formula, mm represents the length of the contributing explosive column (charge) in terms
of hole diameter, Ic represents the length of the explosive column (charge) in meters, and d is the

hole diameter in millimeters (Equation 5).
The formula for the maximum flyrock distance is given as:

L:'mz.r = 11 ® (SDUB?J’I)_:JLGT ® dl}‘lee? (5)

The Ministry of Environment and Urbanization's General Directorate of EIA, Permit, and
Inspection published a guide in 2018 titled "Blasting Designs and Environmental Effects of
Blasting." According to the guide, the burden distance (the distance from the bottom of the hole
to the bottom of the bench face) should not be less than 22 times the hole diameter. The stemming
length must be equal to the burden distance, and aggregate (crushed rock) should be used as the
stemming material. Before drilling holes, it is necessary to check the bench face for geological
faults, open joints, clay seams, fractures, and crushed zones. If faults are present, less explosive
material should be placed in the affected hole(s), the hole(s) should be charged in stages, or the
holes should be abandoned. It is noted that, with the necessary precautions, rock projection over
long distances can be prevented. Additionally, if the aforementioned measures are implemented,
the maximum distance that fragmented rocks can be projected during blasting is expected to be no
more than four times the bench height.
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Dust

In addition to vibration, air shock, and rock ejection, another environmental impact of blasting—
often overlooked—is the generation of dust and toxic gases [57]. Dust refers to solid particles
smaller than 1 mm in diameter that can remain suspended in the air or settle over time.

During rock blasting, a large amount of rock mass can be mobilized, leading to internal grinding
and subsequent dust emissions. In large and open quarry mining operations, dust emissions from
blasting are generally negligible and short-lived compared to other sources of dust. However, the
formation of dust is a significant issue that should not be underestimated, as it affects not only the
economic lifespan of machinery and equipment but also the health of workers. Although dust
generation during the blasting process is unavoidable, it can be controlled through appropriate
measures. Dust formation can be mitigated during staged blasting. To prevent dust, wetting
procedures are carried out, including loading and preparing the holes, followed by wetting the
cleared area before blasting. Dust suppression is achieved by spraying pressurized water near the
blasting holes just before detonation using tankers equipped with pressurized water jets.

During blasting, in addition to toxic gases, dust particles that can harm the environment and
local residents may also be generated. For every cubic meter of rock mass broken, approximately
500 grams of dust can be released into the atmosphere. Silicates constitute the majority of airborne
dust. Micron-sized silicate particles can adhere to lung alveoli with each breath, potentially causing
scarring in the lungs over time. The accumulation of silica dust in the lungs can also lead to cancer,
bronchitis, and tuberculosis. Moreover, depending on the type of mineral produced, particles of
nickel, beryllium, uranium, cadmium, and iron can become airborne, contributing to the risk of
heart disease and Alzheimer's disease. Therefore, it is crucial to implement measures to prevent
dust generation and ensure the use of personal protective equipment [57].

Results and Discussion

Information about the study area

A copper mining operation, including both underground and surface mining, is planned in the
Kopriibasi area of Mutki district, Bitlis province. The project involves the production of 250,000
tons of copper annually using blasting methods. In the open quarry mining areas, the benches will
be designed with sufficient width to allow safe and efficient movement of trucks during forward
and reverse maneuvers, as well as turns. The bench height is planned to be 12 meters, the bench
width 15 meters, the bench slope angle 55°, and the overall slope angle 27°. Access to the
underground mine will be provided through adits, with four adits already opened in the mining
area. The cut-and-fill method will be employed for underground mining activities, and loosening
blasts will be used to extract copper ore. Surface mining operations will be conducted for six
months each year, with work occurring 26 days per month, 8 hours per day, and in a single shift.
Underground mining operations will be conducted year-round, with three shifts per day, operating
30 days per month and 22.5 hours per day. A total of 40 people will be employed during the land
preparation and production phases. The copper mine is approximately 39 km from the Bitlis city
center, 24 km northeast of Mutki district, 1.7 km east of Kayran, and about 1.5 km from Yazicik
neighborhood. The project area consists of "forest, meadow-pasture, rocky and stony areas,
shrubland, and scrubland" (Figure 1).
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Figure 1. Location map

The project site is located on the L47-a3 sheet of a 1/25000 scale topographic map. The
positions of the working area have been determined using GPS, and the coordinates of UTM-
system points have been transferred onto the relevant sheet (Figure 2) and a Google Earth image

(Figure 3).
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Figure 2. Location of the study area on the 1/25000 scal
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Figure 3. Google Earth (satellite) location of the project site Geological assessments of study area

The copper mining site is located in the western part of Bitlis Province, including Mutki
District, and encompasses part of the Eastern Taurus Mountains. The geographical arrangement
of the region has become distinct due to Middle Miocene tectonic movements. In the region
described as the Bitlis-Hakkari Taurus, the Southeastern Anatolia Plateau gradually rises and
transitions into the marginal fold belt. To the north of this belt, in an area he termed the Front
Thrust Zone, the Bitlis Metamorphic Belt is situated with a sudden uplift. North of the Bitlis
Metamorphic Belt, there is a sudden extension into the Mus Basin. In all these belts, the main
topographic features are oriented approximately east-west, in accordance with the region's tectonic
structure. The geological formations in the area surrounding the copper mine include the Kizilagag
Formation, which is the youngest formation and is of Cenozoic age. This formation consists of
interbedded conglomerates, mudrocks, micritic limerocks, sandrocks, calcareous clays, and shales
[58]. Serpentinites are the most common rock type forming the Guleman Ophiolite, with sections
that are relatively well-preserved and exhibit a dark green to black color, being massive and fine-
grained, and of Mesozoic age [58]. The Cirrik Formation, found on the northern slope of Cirrik
Mountain, consists of gray-black, medium to thick-bedded, bituminous, fossil-bearing,
recrystallized limerocks with intercalations of yellow-gray calc-schists, graphite-schists, and
quartzites. This formation is of Paleozoic age [58]. The Cesme Formation is composed primarily
of dolomite and green schist blocks, including felsic metavolcanic rocks, meta-agglomerates, and
meta-quartz porphyry. It overlies the Meydan Formation and is of Upper Paleozoic age [58].
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Figure 4. Geological map of the project area and its surroundings

The study area has been evaluated in terms of tectonic structure and seismic activity. The
Eastern Anatolia Region is one of the areas in Turkey with ongoing seismic activity. The general
tectonic structure of this region is characterized by the Bitlis Thrust Zone, which results from the
collision between the Arabian Plate and the Anatolian Plate and is moving northward. This
movement leads to frequent earthquakes and seismic activity in the region. The geological
structure and tectonic mobility of the Eastern Anatolia Region create conditions that facilitate the
release of blasts and the occurrence of earthquakes. Therefore, regional measures and ongoing
work must address earthquake risks. Updated earthquake preparedness plans play a crucial role in
managing seismic risks in the area (Figures 4 and 5).

One of the regions with significant seismic activity in Turkey is the Eastern Anatolia Region.
The general tectonic structure of Eastern Anatolia is primarily influenced by the collision between
the Arabian Plate and the Anatolian Plate, with movement occurring along the Bitlis Thrust Zone
to the north. The collision is dominated by the right-lateral North Anatolian Fault and the left-
lateral East Anatolian Fault converging at the Karliova triple junction. Additionally, this collision
results in dominant northwest-trending right-lateral strike-slip faults and northeast-southwest-
trending left-lateral strike-slip faults in the eastern part of the Karliova triple junction. Other
significant tectonic features in the Eastern Anatolia Region include the east-west trending Mus-
Van Lake and Pasinler Basins.

The project involving changes to the production volume and blasting methods for both
underground and surface copper mining is situated within the 1st earthquake zone according to the
Turkish Earthquake Zone Map prepared by the Department of Earthquake Research, General
Directorate of Disaster Affairs, Ministry of Public Works and Settlement.

Special support systems used in mines prevent the collapse of gallery voids. In underground
mines, shelters should be constructed to serve as the safest place for workers to take refuge in
emergency situations when surface access is not possible. When determining the location of these
shelters, it is crucial to thoroughly assess the seismic activity and potential destructive effects of
underground transmission lines, cracks, and pipelines.
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For the copper mining operation area, the following earthquake-related measures for

underground mines are listed (Figure 6):

> Special support systems are installed to prevent the collapse of gallery structures.

> Safe rooms should be constructed in underground mines.

> Emergency sirens must be installed and activated during an earthquake.

> Personnel should move from emergency exits to the assembly area and take refuge in the
pre-determined safety triangle.

> Employees should be informed about earthquake preparedness and the necessary safety
measures.

The landslide conditions of the copper mine and its surroundings have been assessed based on
data provided by the Bitlis General Directorate of Disaster Affairs. According to the map shown
in Figure 7, the mine and its surrounding area are situated to the west of the landslide zone within
the Environmental Impact Assessment (EIA) area. The distance between the landslide areas and
the mining site indicates that there is no significant landslide risk.
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Figure 7. Old landslide zones around the copper mine

Environmental assessment of blasting

Copper mining activities are conducted using both underground and open quarry mining
methods. This study focuses on open quarry mining activities. The work plan for such activities
typically includes: the excavation of any overburden, drilling of holes in the benches using a drill
rig, conducting blasting operations, removal of material using various machinery and equipment,
and transportation to the crushing and screening plant. Among these stages, blasting is the most
crucial as it is necessary for the excavation of rock. In Turkey, the impacts of open quarry mining
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generally include topographic disruption, loss of fertile soil, contamination of water sources, a
decrease in groundwater levels, and the occurrence of landslides. Additionally, blasting operations
can lead to negative effects such as air shock, dust, rock ejection, and vibration in the surrounding
area and nearby settlements.

In open quarry mining operations, the benching production method is commonly used. This
method is based on the excavation and loading of material resulting from drilling and blasting
benches in a specific sequence. The geological and structural properties of the rock to be blasted
are the most important parameters. Although the inherent properties of the rock cannot be altered,
several adjustable parameters in bench blasting can control the blasting process, including bench
height, hole diameter, pattern of blast holes, the amount and type of explosive used, and the firing
system.

Figure 8. Houses, roads, schools, etc. in the vicinity of the project area
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The distance between holes, the distance to the bench face (slice thickness), and various hole
patterns such as square or staggered arrangements can be chosen based on the rock and explosive
properties. Additionally, the firing system, which controls the timing and quantity of explosives,
is crucial for managing adverse effects such as seismic shock, rock ejection, and air shock. The
benching production method is suitable for systematic production in quarries due to its ease of
implementation and its ability to facilitate production during the preparation phase. The
advantages of this method include obtaining clean material during production, reduced vibration,
noise, dust, and gas emissions as a result of firing, minimal impact on nearby settlements, and the
production of material suitable for manufacturing.

Figure 8 provides a Google Earth image showing nearby homes, roads, schools, and other areas,
while Table 1 lists the distances.

The copper open quarry mine is planned to extract 25,000 tons of material per year from a
project area of 2,375.87 hectares, with 9.73 hectares designated as the project area (Environmental
Impact Assessment (EIA) Area). The copper ore will be sold as run-of-mine (ROM). The mine
will operate with a single shift of 8 hours per day, 26 days per month, and 6 months per year. The
planned bench parameters for the open quarry mine are: bench height of 10 meters, bench width
of 15 meters, bench slope angle of 55°, and a general slope angle of 27°. During production, 8
benches are planned to be created. Limerock will be extracted from areas accessible by machinery,
and in areas where machinery cannot operate, blasting will be used. The blasting pattern will be
staggered/square, with delayed blasting techniques. ANFO will be used as the explosive, with a
hole diameter of 89 mm, a hole inclination of 60°, and 54 holes to be drilled. The drilling
parameters are as follows: hole length of 10 meters, hole depth of 0.411 meters, stemming length
0f 0.9 meters, and a hole-to-hole distance of 1.13 meters. Each hole will contain 59.05 kg of ANFO
and 1 kg of dynamite.

Table 1. Approximate air-line distances to houses, roads and river areas around the study area
(distances to settlements are taken according to the mine licence area).

Interlocality ve Transportation Distance (m)
Road 1 10
Gumuskanat River 220
Road 2 718
House 845
Structere 950
Yazicik Gendarmerie Station 1069
Yazicik Neighbourhood 1170
The primary school 1347
Kayran Village 1689
Mutki District 24000
Bitlis Province Centre 39000

In the copper mine, evaluations for blasting excavation production regarding vibrations (ground
shaking), air shock, rock ejection, and dust have been conducted using empirical formulas. The
instantaneous charge amount to be used in blasting has been set at 61.05 kg, with a specific charge
value of 0.41 kg/m°.

Vibration Values (Ground Shaking
The vibration values have been evaluated according to Article 25 of the "Regulation on the I
0
0
s
0
[

Assessment and Management of Environmental Noise" published in the Official Gazette No.
27601 on June 4, 2010. The regulation states that the ground vibration levels caused by blasting in

75



BALTICA ISSN: 0067-3064

2025 38(6)

mines, quarries, and similar activities must not exceed the limit values specified in Annex VII
(Table 2) of this regulation, particularly in areas with very sensitive uses.

Table 2. Maximum Permissible Values of Ground Vibrations Caused by Vibration Due to Blasting
in Mines, Quarries and Similar Areas Outside the Nearest Very Sensitive Area of Use.

Vibration Frequency (Hz) Maximum Allowable Rate of Vibration P (mm/sec)
1 5

4-10 19

30-100 50

The calculated ground vibration values based on the locations and distances of houses, roads,
and other structures surrounding the copper mine (see Figure 5 and Table 1) are presented in Table
3. The vibration values calculated in Table 3 have been evaluated according to Article 25 of the
"Regulation on the Assessment and Management of Environmental Noise". In Table 1, the planned
copper mine license boundaries include Road 1, Gumuskanat River, Road 2, House, Yazicik
Gendarmerie Station, Yazicik Neighbourhood, The Primary School, Kayran Village, Mutki
District, and Bitlis Province Centre. The closest distances of these locations are determined as
follows: 10 m, 220 m, 718 m, 845 m, 1069 m, 1170 m, 1347 m, 1689 m, 24,000 m, and 39,000 m.
Based on these distances, the vibration speeds are calculated as follows: 695.67 mm/s, 2.51 mm/s,
0.29 mm/s, 0.22 mm/s, 0.18 mm/s, 0.14 mm/s, 0.12 mm/s, 0.09 mm/s, 0.06 mm/s, and 0.00 mm/s.

In Table 3, the calculated vibration values, if they occur within the 1-10 Hz frequency range
specified in Table 2, are below the standard limit (5 mm/s) at any settlement. Therefore, damage
to buildings is not anticipated. Table 4 provides the types of buildings that could be damaged due
to blasting based on the vibration speed at the building foundation. The study indicates that Road
1, located 10 meters from the blasting area, has a vibration speed of 695.67 mm/s, which is
considered to have a high likelihood of causing damage.

Table 3. Vibration values of houses, river and roads around the copper mine

Interlocality ve Transportation D (m) W (kg) P (mm/s)
Road 1 10 61.05 695.67
- 20 61.05 197.03
- 30 61.05 94.20
- 40 61.05 55.80
- 50 61.05 37.18
- 89 61.05 13.02
- 100 61.05 10.53
Gumuskanat River 220 61.05 2.51
- 300 61.05 1.43
- 500 61.05 0.56
Road 2 718 61.05 0.29
House 845 61.05 0.22
Structere 950 61.05 0.18
Yazicik Gendarmerie Station 1069 61.05 0.14
Yazicik Neighbourhood 1170 61.05 0.12
The primary school 1347 61.05 0.09
Kayran Village 1689 61.05 0.06
- 2000 61.05 0.05
- 5000 61.05 0.01
- 10000 61.05 0.00
Mutki District 24000 61.05 0.00
Bitlis Province Centre 39000 61.05 0.00
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Table 4. Types of Buildings That May Be Damaged Due to Blasting Based on Building
Foundation Vibration Velocity Values (Forssblad, 1981)

Building Type Vibration Rate (mm/sec)
a-Very old historical buildings that are about to collapse 2
b- Plastered briquette, adobe, masonry brick building 5
c- Reinforced concrete buildings 10
d- Industrial buildings with very solid structures such as factories 10-40

According to Table 4, vibration values for Road 1 and Gumuskanat River pose a risk when
evaluated by building type. However, since these building types are not included in the restriction
classification, they do not constitute a problem within the scope of the study. Post-blasting ground
vibration values have been compared based on their impact distances and direct influence levels.
In addition to direct effects, ground vibrations can also have indirect effects on both structures and
the environment through their impact on people. This effect has been compared by various
researchers according to limit values and impact levels (Table 5).

The area known as Road 1 has been identified as having ground shaking values that exceed the
limit values specified by researchers in Table 5, affecting people and vehicles to the extent of
causing physical harm. In the Gumuskanat River area or nearby areas, it has been determined that
people experience shaking to levels that can be strongly felt following blasting.

Table 5. The effects of ground shaking on people and its evaluation

Types of impact ISSE(2015) Konya and Oriard and Roadl Gumuskanat Road 2
Walter (1991) Emmert (1980) River

Hardly felt - - 0.25 mm/s 2.51 mm/s 0.29

mm/s

Felt 0.51 mm/s 0.51mm/s - 2.51 mm/s -

Easily Felt - - 1.5 mm/s 2.51 mm/s -

Strongly Felt - - 2.5 mm/s 2.51 mm/s -

Can cause 5.1 mm/s - 965.67 - -

problems s

Disturbing - - 10.2 mm/s - -

Very

uncomfortable ) 25.4 mm/s ) i

Tolerance limit - 17.8 mm/s 30.5 mm/s - -

R1sk' onset  of ) 50.8 mm/s ) i

physical harm

The likelihood of people in the Road 2 area experiencing ground shaking after blasting is low
[6]. People’s exposure to ground shaking in various studies is generally considered a matter of
personal perception. This perception can vary depending on whether a person is inside or outside
a building during the event, with being inside typically resulting in a stronger perception. If people
living in the blasting area and its surroundings do not welcome this situation, blasting activities
may not be carried out or may be discontinued (Society of Explosives Engineers, n.d.). In addition,
the response of people to blasts conducted against their will and the subsequent effects can vary
significantly. These factors include the duration and timing of ground vibrations (whether during
the day or night, during working hours or outside them), the frequency of blasts, prior notification
to the local community, and the health, temperament, and age of individuals. These aspects are I

0
0
s
0
[

crucial factors influencing the effects of blasting. According to ANSI S3.29-[59], which is
developed by ANSI, vibrations lasting less than 1 second are evaluated based on the number of
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blasts conducted during the day, timing (night or day), and location (residential, office). The
assessment examines the PPV values tolerated by people within buildings and the levels of impact
experienced (Table 6).

It has been determined that structural damage and perceptual effects on people occur when the
PPV value is between 5-50 mm/s. However, even at levels significantly below those causing
structural damage, people can still perceive vibration levels.

Table 6. PPV values that people can tolerate inside buildings (American National Standards
Institute (ANSI), [59]

Number of events per day | 12 26

Nighttime, residence 0.2 mm/s 0.09 mm/s 0.07 mm/s
Day time, residence, 12.70 mm/s 6.35 mm/s 4.30 mm/s
Workplace and office environment 18 mm/s 8.90 mm/s 6.10 mm/s

The perception of vibrations in humans starts at very low levels, with a threshold of 0.02 mm/s.
At a PPV value of 50 mm/s, physiological damage can occur, while structural damage begins at 5
mm/s. After blasting, people may experience fear and anxiety even at very low ground vibration
levels due to the possibility of structural damage and injuries. This fear leads individuals to search
for cracks in their buildings out of concern for potential damage. Often, this can result in increased
complaints and concerns as individuals may come across existing cracks that they do not remember
or have not previously noticed, attributing them to the blasting events [60].

Air Blasting Shock

The air blasting effects of the copper mine, calculated based on the distances of nearby residences,
tourism areas, and their proximity to the surface mining area, are shown in Table 7 and the effects
at different levels of air blast are illustrated in Figure 9.

As shown in Table 7, considering the closest settlement, Road 1 (see Figure 5), is 10 meters
from the copper surface mining license boundary, the calculated air blast value for this location is
157.63 dB. According to this result, the air blast value for Road 1 exceeds the 140 dB threshold
(Figure 9), indicating potential issues with air blast in this area. For the settlements of House,
Yazicik Gendarmerie Station, Yazicik Neighbourhood, The Primary School, and Kayran Village,
the air blast levels are at the threshold of pain and complaint initiation. If there are changes in the

instantaneous-specific charge values, these areas may also face problems.
The effect of air blast resulting from blasting can also be calculated using the following equations:

Severe Impact Zone: D<5 * W
Moderate Impact Zone: S+ VW <D <10 VW
Light Impact Zone: 10+ VW <D < 15% W

Here; D: Effective Zone Range (m) and W: Amount of Explosive Used in a Delay Interval (Instantaneous Charge)

(kg) are indicated.
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Decibels 1b/in? l
180 3 - Structures damaged i
. — Most windows break I
0.1 - Some windows break explosions
140 0.03 - ''No damage'' level
0.01
120 0.003 - Threshold of pain
== Threshold of complaints
0.001 (dishes and windows rattle) -
100 1
0:0003 Riveter '
=4~ 0.0001 :
8o—4-3 x10”° :
=6 == Ordinary conversation
60 3 x10
-7
40 3 %10 - Hospital room
-8
20 3x10 == Whisper
o 3x10°? = Level of hearing

Figure 9. Response of people and structures to different levels of noise (sound waves)
According to the calculations based on these equations results are follows;

Severe Impact Zone: D <5 W 0-39m
Moderate Impact Zone: S=* \."W < D= 10 = w.,."w 39— 78 m
Light Impact Zone: 10 = w.,."ﬁ =< D =< 15= w.,."ﬁ 78 —117 m.

As seen from the calculations, the air shock impact zones calculated based on the amount of
explosive per delay (61.05 kg) are severe between 0 and 39 meters, moderate between 39 and 78
meters, and light between 78 and 117 meters. Beyond 117 meters, the air shock dissipates. From
these calculations, it is understood that the area near the work site, specifically Road (Road 1)
located at the closest distance of 10 meters (Table 7), will be severely affected by air shock. Other
areas are not at risk of exposure as the air shock dissipates beyond 117 meters.

As stated in the regulation, considering that the working hours during the day should be less
than 20%, the L scale and the U.S. regulations have been recommended based on scientific studies,
technical reviews, and regulatory compliance. The high "Low Frequency Content" of the noise
after blasting causes the "Blasting Air Shock (Noise)" to dissipate within a few seconds. According
to this, the maximum allowable noise level in the environmental impact assessment catalog is
given as 133 dB(A). Hoek and Bray [61] permit up to 140 dB(A) for building damage assessments.
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Table 7. Air shock values of houses and roads around the copper mine

ISSN: 0067-3064

House- Road etc. D (m) W (kg) P (mb) P (dB)
Road 1 10 61.05 15.02 157.63
- 20 61.05 7.67 151.79
- 30 61.05 5.18 148.38
- 40 61.05 3.92 145.95
- 50 61.05 3.15 144.07
- 89 61.05 1.80 139.22
- 100 61.05 1.61 138.23
Gumuskanat River 220 61.05 0.75 131.59
- 300 61.05 0.55 128.98
- 500 61.05 0.34 124.67
Road 2 718 61.05 0.24 121.63
House 845 61.05 0.20 120.25
Structere 950 61.05 0.18 119.27
Yazicik Gendarmerie Station 1069 61.05 0.16 118.27
Yazicik Neighbourhood 1170 61.05 0.15 117.51
The primary school 1347 61.05 0.13 116.33
Kayran Village 1689 61.05 0.10 114.42
- 2000 61.05 0.09 112.99
- 5000 61.05 0.04 105.51
- 10000 61.05 0.02 99.89
Mutki District 24000 61.05 0.01 92.73
Bitlis Province Centre 39000 61.05 0.01 88.86

The data obtained after blasting shows that Road 1 has a noise level of 157.63 dB, which is
above the threshold value for air shock. Air shock measurements were taken at a distance of 10
meters from the blasting area, very close to Road 1. Therefore, this does not pose a problem for
the conducted blast. It is anticipated that the reason for the higher air shock values in some blasts
compared to the threshold is due to careless tamping and formation characteristics.

The calculated and measured air shock (noise) damage effect value will be below 133 dB(A) at
distances of 10 meters and further. Therefore, "controlled blasting for excavation and loosening
purposes will be ensured" with the maximum instantaneous charge, and "there will be no adverse
air shock (noise) effects."

Table 8. Effects of noise levels on people and structures

Sound
(dB)

Pressure

Identification / Sampling

20
40
60
80
100
110
120

140
150

Whispering

Quiet neighbourhood / living room

Normal speech
Intensive workplace
Heavy traffic

Creation of window / crockery clattering

Pain threshold (highest permissible level in many blasting noise norms)

Air raid siren / Sudden sound (upper limit for damage initiation/noise according to USBM

and OSM norms)

Breaks in some window panes

Noise has effects on people not only in terms of physical hearing loss but also psychologically,
physiologically, and in terms of productivity. Noise is defined as an adverse condition
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characterized by sound levels [62]. The degree of impact on individuals based on noise levels is
provided in Table 8.

During the blasting process, people are exposed to very short-term effects. During this process,
individuals are primarily affected physiologically and psychologically rather than physically.
Evaluating the physiological effects of noise is challenging [63,64]. Psychologically, the effects
of noise are characterized by fear, anxiety, fatigue, and a slowdown in mental activities. To limit
the impact of noise, legal regulations have been established worldwide. Country-wide limit values
are set at 80, 85, or 90 dB. For impulsive and/or sudden noise, the highest sound pressure levels
or maximum limit values are considered in noise standards (International Institute of Noise Control
Engineering (I-INCE-97-1), 1997; National Institute for Occupational Safety and Health (NIOSH),
1998). The U.S. Army Firearms Unit has set the maximum permissible level for any instantaneous
noise to 140 dB for noise protection. According to the Australian and New Zealand Environment
Council (ANZEC) (1997) criteria, air shock values for human comfort are evaluated according to
Table 9.

Table 9. Australia and New Zealand Environment Council (ANZEC) (1997) Noise environmental

protection criteria regulation (Boladz vd., 2013)
Monday-Friday Sundays and holidays Other time zones

Upper blasting limits

7.00-18.00 7.00-18.00 18.00-7.00
Upper limit of blasting at a certain time 125dBL 120dB L 90dB L
gfg?iiged upper limit blasting in the amount 120 dB L 115dB L

The U.S. Bureau of Mines (USBM) and the Office of Surface Mining Reclamation and
Enforcement (OSMRE) have established regulations for impulsive sounds from blasting, such as
air shocks, under U.S. law. They have set noise upper limits and damage threshold values.
According to USBM, structural responses and damages caused by air shock effects have been
studied. After examination, safe limits for residential areas are set at 105 dB C, 129 dB L (6 Hz),
133 dB L (2 Hz), and 134 dB L (0.1 Hz). Generally, many studies have accepted 140 dB L as a
safe limit, although it is considered disturbing from a human perspective. The maximum safe level
of 134 dB has been associated with a 95-99% probability of no damage and a 95-90% probability
of acceptable disturbance. A threshold of 120 dB has been set for human discomfort, based on
fears caused by structural vibrations being considered a disturbance for people [54]. In the study,
Road 1 at 157.63 dB, Gumuskanat River at 131.59 dB, Road 2 at 121.63 dB, and House at 120.25
dB exceed the 120 dB threshold, indicating that people in these areas are experiencing discomfort.

According to the OSMRE (Office of Surface Mining Reclamation and Enforcement),
environmental impacts of blasting are evaluated in terms of noise and vibration limits, focusing on
human perception and building damage. The damage limit for buildings is similar to USBM, with
a threshold value of 129 dB. This value represents the lowest probability of surface damage in
residential structures and has been set considering subjective human responses. According to
OSMRE, if noise levels are kept below 120 dB L, discomfort is considered minimal. In Turkey,
the Environmental Impact Assessment Regulation (2010) for noise has been considered. This
regulation does not address instantaneous noise from blasting but covers human noise perception
levels. Many researchers have proposed different threshold values for the effects of air shock on
people. People perceive the effects of vibration and air shock as blasting noise. The reason is that
air shock is felt through the reaction of large surfaces (such as ceilings and windows). Responses
to smaller but noisy blasts are more frequent compared to large-scale controlled blasts. It has been
noted that air shock amplitudes below 128 dB are less likely to disturb people and animals. Persson
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et al.[65] discussed estimated air shock threshold values. According to this, 120 dB is considered
the pain threshold for continuous sounds; air shocks above 130 dB cause oscillation and complaints
on large surfaces; 150 dB may cause some glass breakage; 170 dB can break most glasses; and
180 dB is associated with structural damage. Chernaik [66] measured noise levels around open
quarry blasting between 128-140 dB. He believed that noise levels would decrease with increasing
distance and decreasing charge per delay, and he used a maximum charge of 20 kg per delay. This
was expected to keep air shock within permissible limits. Since the closest village was 0.5 km
from the blasting site, it was thought there would be no significant noise issues at this distance,
with an expected noise level of about 40 dBA. It was believed that there would be no physical
damage to buildings but some stress on people. Cihangir et al. [67] measured air shock and
vibration in 49 blasts at a limerock quarry, with air shock records ranging from a maximum of
132.4 dB to a minimum of 104.9 dB. Considering the 140 dB threshold for noise annoyance in
some standards, they concluded that staying below this limit would not cause environmental
discomfort.

Flyrock

When applying the formulations from the methodology section to the copper surface mining data:

According to the Lundberg formula, if d=89 mm = 3, inches, the safety distance for flyrock is calculated to be
Lmnx = 260+# [dj; =260 * (E,EGJE = 599,3 m = 600 m.

The distances calculated using the formula L= 260 * d*” represent the worst-case scenario
distances, as controlled conditions are not specified. It is important to establish these distances as
the "safety distance" before blasting to prevent loss of life and property. However, considering that
such blasting will be carried out under controlled conditions, it is considered that the distances
calculated using the second formula, the scaled depth of burial (SDOB) formula, should be
regarded as the typical flyrock distances.

According to the formula for maximum flyrock distance based on the scaled depth of burial;
d=89 mm, 1:=0,9 m, pe = 0,82 g/cm’® for ANFO, m= maximum value, taken as 8 when the borehole

diameter is less than 100 mm (4 inches); The maximum flyrock distance is calculated as:
_ 15+0.0005« m* d _ 0,9+0,0005+ 8% 89 _ 1,256 _
SDOBy, = 0,00923 (mx d3x p,)0-333 ~ 0,00923+ (8x 893x 0,82)0333 1,5299 0,821

Lmax = 11% (SDOB,;) 2167 x q0667=11 x (0,821)"2167 x 89%667= 336,750 = 337 m.

The guidelines for blasting designs and environmental effects caused by blasting, as outlined
by the Ministry of Environment and Urbanization’s General Directorate of Environmental Impact
Assessment, Permit, and Inspection in 2018, specify that the loading distance (the distance
between the bottom of the hole and the face of the bench) must not be less than 22 times the hole
diameter, and the charging length must always be equal to the loading distance. Aggregate
(crushed rock) should be used as the charging material, and before drilling, the presence of
geological faults, open joints, clay veins, fractures, and crushed zones on the face of the bench
should be checked. If faults are found, measures such as using less explosive material in the faulty
section, staging the charging of the hole(s), or canceling the faulty hole(s) should be taken. It is
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stated that, with these precautions, rocks will not be ejected over long distances and the typical
distance rocks may be ejected during blasting will be a maximum of 4 times the bench height.
Considering the total bench height of 11 meters, the typical distance for flyrock is calculated to be
4 * 11 = 44 meters.

Upon careful examination of the adverse situations, the ejection distances obtained from
multiple flyrock calculations (43-337-600 m) are provided. Considering the distances of the houses
from the limerock quarry provided in Table 1, it is understood that the closest location, Road (Road
1), Gumuskanat River, and other settlements, which are within 10 meters, could be directly and/or
indirectly affected. Therefore, it is anticipated that the copper open quarry could cause damage to
these structures in terms of rock ejection.

However, it has been observed that part of the road around the limerock quarry falls within the
permit boundary. It is noted that during operations at the quarry (especially blasting), there will be
arisk for those passing through the road. Studies need to be conducted to determine what measures
should be taken to eliminate these risks, which will help in reducing or eliminating potential issues.

If explosives are not adequately confined within the rock mass, gases with high pressure after
the reaction will be released into the atmosphere in less time than required to separate from the
cracks within the rock. The high-speed discharge of gas causes cracks, fractures, and movement
within the rock. When the movement of rocks results in ejection into the air, it can cause damage
to structures and harm people from an environmental perspective.

In some cases, flyrock can result in flyrock distances reaching up to 700 meters, potentially
causing fatal accidents for people. Often, ejecting rocks not only pose a risk to people but also
damage machinery and equipment. In quarries, particularly with gallery blasting, it is not suitable
for controlled blasting, as it tends to create flyrock issues.

In the study, preventing flyrock involves eliminating or reducing the factors that could lead to
ejection, which significantly contributes to preventing or mitigating damage. Flyrock primarily
results from a mismatch between the geomechanical properties of the blasted rock and the blasting
energy. Along with this main cause, factors such as overloading the blast holes with explosives,
incorrect bench width selection, rock structure with excessive discontinuities, delayed blasting,
improper filling, and incorrect blasting design must be identified and appropriate blasting design
should be implemented. To prevent flyrock, it is crucial to address the problems arising from
incorrect calculations and designs by implementing the specified measures. After blasting, one
should wait 1 minute in the safely selected area, inspect the site before immediately entering,
anticipate potential hazards such as loose rock even if no flyrock occurs, select the appropriate
slice thickness for the amount of explosive used, place filling material in areas with weak planes
or mud-like weak rocks, and use suppressors such as sandbags, conveyor belts, and wire meshes
[68].

Dust Emission Amount

During mining operations, dust formation sources include stripping, removal, loading, storage,
unloading, crushing, screening, and transportation processes. The factors provided use the
coefficients from the Ministry of Environment and Urbanization’s Regulation on the Control of
Industrial Air Pollution dated December 20, 2014, and numbered 29211 (SKHKKY). According
to Annex-12 of the Regulation on the Control of Industrial Air Pollution, under Article 2, the dust
emissions from excavation, crushing, and classification facilities are calculated using the
controlled emission factors listed in Table 7. Measures such as watering, using closed transport
systems, keeping materials moist, and loading/unloading without scattering, as specified in Annex-
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1, must be taken to minimize dust emissions. All calculations in the study were performed using
both controlled and uncontrolled emission factors (Table 10).

Table 10. Dust emission factors in the production process (SKHKKY)

Dust Formation Sources Dust Emission Factors (kg/ton)

Uncontrolled Controlled
Dust formation due to blasting 0.8 -
Dust formation due to dismantling 0.025 0.0125
Dust formation during material loading 0.010 0.005
Dust generation during the total round-trip transport distance (kg/km-arag) 0.7 0.35
Unloading of the transported material 0.010 0.005
Storage of transported material 5.8 2.9

Dust Amount After Surface Activities in a Copper Mine

Dust formation in mining is categorized into two parts based on surface and underground
operations. In surface activities, dust formation sources result from the extraction of ore and waste.
Table 11 provides the sources of dust formation during the ore and waste processes.
Table 11. Sources of dust formation in the ore and tallow.

Causes of dust generated during ore extraction Causes of dust generated during the tallowing process
Blasting Removal of tallow

Ore dismantling Loading tallow into lorries

Loading on trucks Transport to the storage area

Transport to the storage area and for sale Discharging to the storage area

Discharge to storage area Storage of tallow

Storage of the ore

The amount of dust generated during ore extraction due to blasting has been calculated based
on the data provided in Table 12, and the results have been obtained.

The amount of dust released into the environment after each blasting operation is 0.16 kg.
Considering that the dust from each blast dissipates within 10 seconds and is spread over an area
of 83.6 m*:

0.16 kg/patlatma x 1 patlatma (10 sn x 83.6 m?) x 1000gr /kg= 0.19 g/s. m?

Table 12. Amount of dust emission from blasting

Factors used for blasting Data used for blasting
Load distance 1.37m

Distance between holes 1.13m

Number of holes 54 hole

Blasting surface area 83.6 m?

Dust emission 0.16 kg/ blasting

Blasting surface area = Load distance x Distance between holes x Number of holes
Blasting surface area = 1.37x1.13mx54
Emission factor = (PM < 30 pm)= 0.00022xA !
Emission factor = (PM < 30 um)= 0.00022x83.6'3
Dust emission =0.16 kg/ blasting
Dust Emissions During Copper Ore Extraction:

For the surface copper mining operation, an annual production of 25,000 tons is planned. With
a 25% recovery rate, 6,250 tons of copper is produced, and 18,750 tons of waste is generated. The

controlled and uncontrolled dust emission quantities during copper extraction are shown in Table
13.
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In mining operations, dust is generated during ore handling and transportation, and waste
produced during ore processing also contributes to dust formation. The sources and amount of dust
generated during this process are provided in Table 14.

Table 13. Amount of dust generated during controlled and uncontrolled processes during copper

extraction
6 month 26 day/ 8 hour
Annual amount of material to be purchased 6250 ton/ year
Amount of material to be purchased monthly 1041.6 ton/ month
Amount of material to be purchased daily 40.06 ton/day
Amount of material to be purchased hourly 5 ton/hour

A total of 500 m of road was used between the quarry areas within the mine and the stockpile area.
- Distance to and from the Stockpile Approx: 1000 m (500 m x 2)
- Considering that 1 truck carries 25 tonnes of material; Number of trips: (26,7 tonnes/day) /(25 tonnes x 2 vehicles):

2 trips)

Total Dust Emission Flow Rate in Controlled Condition (kg/hour)

Loading of Ore 0,005 kg/ton x 5 ton/hour =
0,025 kg/hour

Transport of Ore 0,35 kg/km- vehicle x (2
vehicle 8 hour) x (1 kmx2
expedition) =0,17 kg/hour

Ore Discharging 0,005 kg/ton x 5 ton/hour =
0,025 kg/hour

Ore Storage 1,1 ha x 2,9 kg toz/ha day x

1day/24hour = 0,13 kg/hour
Total Dust Emission Flow Rate in Uncontrolled Condition (kg/hour)

Loading of Ore 0,010 kg/ton x 5 ton/hour = 0,050 kg/hour

Transport of Ore to Crushing and Screening 0,7 kg/km- vehicle x (2 vehicle /8 hour) x
(1 kmx2 expedition) =0,34 kg/hourt

Ore Discharging 0,01 kg/ton x 5 ton/hour = 0,05 kg/hour

Ore Storage 1,1 ha x 5,8kg toz/ha day x 1day/24hour=
0,26 kg/hour

Table 14. Amount of dust generated during removal and disposal of rust

6 month 26 day/ 8 hour

Amount of material to be purchased annually 18.750 ton/year
The amount of material to be purchased monthly 3125 ton/month
The amount of material to be purchased daily 120 ton/day
The amount of material to be per hour 15 ton/hour

- Round Trip Distance from Quarry Area to Final Haul Road Approx: 1000m (500 m x 2)
- Considering that 1 truck carries 25 tonnes of material; Number of trips: (84 tonnes/day) / (25 tonnes x2 vehicles):

2 trips)

Total Dust Amount Generated by Dust Emission Flow in Controlled Condition (kg/hour)

In the process of tallow load 0,005 kg/ton x 15 ton/hour = 0,075 kg/hour

During transportation of tallow to the landfill 0,35kg/km vehicle x (2 wvehicle /8hourt) x (lkmxl
expedition x2 vehicle) =0,17 kg/hour

Discharging tallow to the Storage Area 0,005 kg/ton x 15 ton/hour= 0,075 kg/hour

Storage of tallow in the Storage Area 1,26 ha x 2,9 kg toz/ha day x 1day/24hour = 0,15 kg/hour

Total Amount of Dust Generated by Dust Emission Flow in Uncontrolled Condition (kg/hour)

During the tallow load process 0,01 kg/ton x 15 ton/hour = 0,15 kg/hour

During transportation of tallow to the landfill 0,7kg/km- vehicle x (1 wvehicle /8 hour) x (1kmx2
expedition x2vehicle) =0,34 kg/hour

Discharging tallow to the Storage Area 0,01 kg/ton x 15 ton/hour= 0,15 kg/hour

Storage of tallow in the Storage Area 1,26 ha x 5,8 kg toz/ha day x 1day/24hour = 0,3 kg/hour
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The study calculates the causes and amounts of dust formation during surface mining operations
under both controlled and uncontrolled conditions and presents these in the relevant tables. All
surface dust activities are shown in Table 15 (Figure 10).

Table 15. Total dust emission flow rate as a result of surface activities (kg/hour)

(Dust emission flow rate after all above ground activities) (kg/hour) Controlled Uncontrolled
During the ore loading process 0.025 0.05
During the ore transport process 0.17 0.34
In the process of discharging ore 0.025 0.05
During the ore storage process 0.13 0.26
Allow loading 0.075 0.15
Transport of tallow to the storage area 0.17 0.34
Discharging tallow to the storage arca 0.075 0.15
Storage of tallow in the storage area 0.15 0.3
Total 0.82 1.64

@
L)
TOTAL DUST
L) Controlled
(0.82)
Uncontrolled
During the ore (1.64)
transport process
(0.17 kg/hour) @
L)
o o
o:'e(d%’g;?g%oun
L)
®
- TOTAL DUST
®  Controlled
(0.82)
Epadivg Uncontrolled
= —m==  transport of tallow (1'64) ..
to the storage area o
@ (0.075+0.17 @
% kg/hour) @,
Dischargingand [
storage of tallow in
the storage area
(0.15+0.3)

Figure 10. Amount and causes of dust generated after surface activities.
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The reasons for and amounts of dust formation following surface mining operations, under both
controlled and uncontrolled conditions, are shown in percentage distribution graphs in Figure 11.
The comparison of dust amount generated in both scenarios is shown in Figure 12.

Transport of o e . .
@) oreto Controlled Mining Storage of ) Transportoyncontrolled Mining

stockpile; tallow: 13% Ore loading;
4% atiows 170 ore to 3% Storage of
Discharging stockpile; tallow; 18%

tallow; 3% 21%
‘? “» Discharging
. Transport of]| Ore ‘ A tallow; 9%
tallow; 13% discharging; v
3% ’
T

Ore storage -
Ore - Loading the ; 16% rlelmspozﬁ1 ;f
; o . tallow; o
dlschaurgmg, Ore storage tallows 17% Loading the
46% 4% g tallow; 9%
= Storage of tallow = Discharging tallow = Storage of tallow = Discharging tallow
Transport of tallow * Loading the tallow Transport of tallow * Loading the tallow
« Ore storage Ore discharging = Ore storage Ore discharging
» Transport of ore to stockpile = Transport of ore to stockpile = Ore loading

Figure 11. Stages and quantities of dust formation under a) controlled and b) uncontrolled
conditions in the surface production process

Total Dust Emission Flow Rate to be Generated Within the Scope of Surface
Quarry Activities (kg/hour)

0.4 0.34 0.34
0.35 0.3
0.3 0.26
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0.2 0.17 013 01s 017 0.15 015
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—— —
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ore to discharging tallow tallow tallow tallow

stockpile
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Figure 12. Dust formation processes and quantities under controlled and uncontrolled conditions
in the surface production process
Dust Quantities After Underground Mining Activities in a Copper Mine:

Due to the moist conditions underground, only a small amount of dust and harmful gases are
released during blasting, and these are not included in the calculations. These dust and gases are
removed through ventilation or air supply. The dust amount is determined based on the amount of
ore and waste. The amount of dust is determined based on the ore and waste quantities. In the
study area, it is planned to produce 225,000 tons of copper ore annually, with 75% of the produced
ore obtained from waste.

Dust Emissions During Copper Ore Production:
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Blasting operations are conducted in the underground mine with modifications to the blasting
pattern. The dust emission value during excavation has not been calculated. Table 16 provides the
amount of dust emissions during the operation of the underground copper mine.
Table 16. Amount of dust emission during underground copper quarry operation

12 month/ 30 day/ 24 hour

Amount of material purchased in 1 year 56.250 tonnes/year
Amount of material purchased in 1 month 4687,5 tonnes/ month
Amount of material purchased in 1 day 156,25 tonnes/ day
Amount of material purchased in 1 hour 6,9 tonnes/ hour

A total of 2000 m of road was used between the underground quarry routes and the stockpile area.

-Approximate distance between stockpile routes round trip: 4000 m (2000 m x 2)

-Considering 25 tonnes of material that 1 truck can carry; Number of trips: (156,25 tonnes/day)/(25 tonnes x 3
vehicles): 2 trips

Total Dust Emission Flow Rate in Controlled Condition (kg/hour)

Loading of Ore 0,005 kg/ton x 6,9 ton/hour = 0.03 kg/hour

Transport of Ore 0,35 kg/km- vehicle x (3 vehicle/24 hour) x (4 kmx2 expedition)
=0,35 kg/hour

Ore Discharging 0,005 kg/ton x 6,9 ton/hour = 0,03 kg/hour

Ore Storage 1,1 hax 2,9 kg toz/ha day x 1day/24hour = 0,13 kg/hour

Transport of ore to crushing and screening 0,7kg/km- vehicle x (3 vehicle /24 hour) x (4kmx2 expedition)
=0,7 kg/hour

Ore Discharging 0,01 kg/ton x 6,9 ton/hour= 0,06 kg/hour

Ore Storage 1,1 ha x 5,8 kg toz/ha day x 1day/24hour = 0,26 kg/hour

In the work area, an annual total of 75,000 tons of slag is generated. The slag is stored within
the work area and is evaluated as a byproduct or waste material following production activities.
Table 17 provides the quantities of dust generated during the collection and disposal of the slag.
Table 17. The amount of dust generated during the removal and disposal of rust is given.

12 month/30 day/ 24 hour

Amount of material to be purchased annually 168.750 ton/year
The amount of material to be purchased monthly 14062, 5 ton/month
The amount of material to be purchased daily 468,75 ton/day

The amount of material to be per hour 20,8 ton/hour

-A total of 50 m road will be used between the Underground Quarry Areas and the Paste Area.

-Approx. 100 m (50 m x 2) to and from the Paste Area

-Considering that 1 truck carries 25 tonnes of material; Number of trips: (468,75 tonnes/day)/(25 tonnes x 3
vehicles):6 trips

Total Dust Amount Generated by Dust Emission Flow in Controlled Condition (kg/hour)

In the process of load the tallow 0,005 kg/ tonnes x 20,8 tonnes /hour = 0,1 kg/hour

During transport of tallow to the storage area 0,35kg/km vehicle x (3 vehicle / 24 hourt) x(0,1km x6
expedition) =0,02 kg/hour

Discharging the tallow to the storage area 0,005 kg/ tonnes x 20,8 tonnes /hour= 0,1 kg/hour

Storage of tallowt in the storage area 1 ha x 2,9 kg dust/ha day x 1day/24hour = 0,12 kg/hour

Total Amount of Dust Generated by Dust Emission Flow in Uncontrolled Condition (kg/hour)

In the process of load the tallow 0,01 kg/ton x 20,8 ton/hour = 0,2 kg/hour

During transport of tallow to the storage area 0,7kg/km- vehicle x (3 vehicle /24 hour) x (0,1 kmx6
expedition) =0,04kg/hour

Discharging the tallow to the storage area 0,01 kg/ton x 20,8ton/hour= 0,2 kg/hour

Storage of tallow in the storage area lha x 5,8 kg toz/ha day x 1day/24hour = 0,24 kg/hour

The total amount of dust calculated after underground mining activities is provided in Table 18.
The percentage distribution graphs of dust generation causes and amounts under controlled and
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uncontrolled conditions are shown in Figure 13. Figure 14 presents a comparison of the dust
quantities generated in both scenarios.
Table 18. Total dust emission flow rate during copper ore underground mining activities (kg/hour)

Total Dust Emission Flow Rate to be Generated within the Scope of Underground Controlled  Uncontrolled
Quarry Activity (kg/hour)

Ore Loading 0.03 0.06
Transport of Ore to StockpileShipping of Ore to Stockpile 0.35 0.7
Ore Discharging 0.03 0.06
Ore Storage 0.13 0.26
Loading the Tallow 0.1 0.2
Transport of Tallow 0.02 0.04
Discharging of Tallow 0.1 0.2
Storage of Tallow 0.12 0.24
Total 0.88 1.76

The flow diagram showing the dust formation processes, quantities, and necessary measures
under controlled and uncontrolled conditions during the underground production process is
rovided in Figure 15.

@ Controlled Mining  Storageof | (b Uncontrolled Mining
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40% Transpo
'Transport ‘ of tallow
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; 46% Ore . tallow; 119

discharging - Loading th

Ore storage Loading the discharging Ore storage
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= Storage of tallow = Discharging tallow = Storage of tallow = Discharging tallow
Transport of tallow = Loading the tallow Transport of tallow = Loading the tallow
= Ore storage Ore discharging = Ore storage Ore discharging
= Transport of ore to stockpile = Transport of ore to stockpile = Ore loading

Figure 13. Dust formation processes and quantities under a) controlled and b) uncontrolled
conditions in the underground production process
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Total Dust Emission Flow Rate to be Generated within the Scope of Underground Quarry
Activities (kg/hour)
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Figure 14. Dust formation processes and quantities under controlled and uncontrolled conditions
in underground production process
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Figure 15. Dust flow diagram in underground operation process

According to the regulation published in the Official Gazette on 05.11.2013 with number
28812, Table 19 in Annex-1 provides the limit values for dust control related to activities such as
the production, processing, transportation, filling, unloading, and classification of dusty materials
in facilities.
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The dust emissions from gases released (through chimneys) during operations such as filling,
separation, screening, transportation, crushing, and grinding, when conducted in fixed installations
and enclosed areas, have been compared with the limit values derived from the study.

Tablo 19. Limit values in the regulation for dust control (05.11.2013 Official Gazette and
28812 Official Gazette number of the regulation within the scope of dust control)

Dust emissions (for emission flow rates of 1.5 kg/h or less) 200 mg/Nm?
Dust emissions (for emission flow rates between 1.5kg/h -2.5kg/h) 150 mg/Nm?
Dust emissions (for emission flows of 2.5 kg/h or more) 100 mg/Nm?

The total dust emissions for production under controlled conditions are 0.82 kg/hour and 0.88
kg/hour for surface and underground activities, respectively. According to Table 19, emissions
within the limit of 1.5 kg/hour or lower are accepted, with a limit value of 200 mg/Nm?. imilarly,
under uncontrolled conditions, the dust emissions are 1.64 kg/hour and 1.76 kg/hour for surface
and underground activities, respectively. The regulation specifies a dust emission limit of 150
mg/Nm? for emissions ranging between 1.5 kg/hour and 2.5 kg/hour. Potential dust emissions in
the study were assessed according to the Industrial Air Pollution Control Regulation (SKHKKY).
The assessment indicated that the emissions exceed the limit value of “1 kg/hour” for mass flow
from non-stack sources, as outlined in Appendix 2, Table 2.1 of the Industrial Air Pollution Control
Regulation published in the Official Gazette on 03.07.2009 (No. 27277). As a result, dust
dispersion modeling was required in accordance with the regulation.

According to Appendix 2, Table 2.2 of the Industrial Air Pollution Control Regulation, short-
term and long-term limit values that must be adhered to within the impact area of industrial
facilities are specified. The regulation provides reduction values for these limits in tabular form.
In this study, the most binding situation is presented for the year 2019 and beyond, as shown in
Table 20.

Table 20. By the regulation on the control of industrial air pollution (SKHKKY)

2019- 2024 and

Pollutant Average duration Unit 2014 2015 2016 2017 2018 2023 after
Airborne 24 hours (no more than

particulate 35 times in | year) . 100 90 80 70 60 50 50
matter (PM He

10) Annual 60 56 52 48 44 40 40
Settling KVS mg/mg? 390 390 390 390 390 390 390
dust Uvs day 210 210 210 210 210 210 210

In Table 20, it is shown that the dust emissions of PM10 and Settled Dust Parameters meet the
limits set by the Industrial Air Pollution Control Regulation (SKHKKY) when production is
conducted under controlled conditions. The 24-hour limit (not to be exceeded more than 35 times
a year) specified in the regulation is not exceeded. The study indicates that the emitted dust does
not exceed the regulatory limits, though large rock fragments are mobilized during the blasting
process, followed by the grinding process within the rocks. Internal grinding creates dust in the
form of airborne particles, but it has been determined that this amount is not environmentally
harmful. Dust formation is an unavoidable aspect of mining activities, including blasting, truck
traffic during ore transport, and ore and waste loading and hauling processes. While these activities
have various negative effects on the environment, human health, and machinery, the effects are
managed as long as dust levels remain below regulatory limits and are not in proximity to
residential areas. However, to avoid negative impacts on personnel, machinery, and surrounding
vegetation, protective measures should be implemented to ensure efficient and economical
operations. Key measures include dust suppression using water systems, dust vacuuming if a
closed system is available, and adhering to regulatory limits. The study found that dust formation
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from surface activities is managed, while dust emissions in underground operations are negligible
due to the moist working conditions. As many researchers have emphasized, watering is
considered the most effective method for dust suppression.

4. Conclusions

In the Kopriibast area of Mutki district, Bitlis province, the environmental impacts of blasting

activities for both underground and surface copper mining operations have been studied, focusing

on their effects on the environment and people, including vibration, air shock, noise, rock ejection,
and dust conditions. The findings are as follows:

» The geological structure of the area is characterized by the Caglayan Formation, which consists
of Campanian-Maastrichtian age basalt, andesite, and pyroclastic rocks, and the Fatsa
Formation, composed of Maastrichtian age limerock, sandy-clayey limerock, and tuffs. The
mining site has been identified as consisting of sandy-clayey limerock units.

» The closest old landslide area is situated approximately 85 meters southeast of the study area.

» The stratigraphic section of the area has been analyzed, showing the types of rocks,
discontinuities, physical and lithological properties, slopes, and orientations.

» Although no landslide hazard is present within the study area, there are potential risks from old
landslide sites in the vicinity. Regular monitoring and preventive measures, such as reducing
slope ratios and applying shotcrete, wire mesh, and ground anchoring (bolts), are necessary. In
the event of potential rainfall, additional protective measures against soil erosion should be
implemented. Measures like retaining walls, embankments, terraces, and rock walls should be
used to mitigate these risks.

» In the study, the vibration levels resulting from blasting activities were evaluated according to
Article 25 of the "Regulation on the Assessment and Management of Environmental Noise."
The assessment determined that the planned copper mining license boundaries encompass
areas including Road 1, Gumuskanat River, Road 2, House, Yazicik Gendarmerie Station,
Yazicik Neighbourhood, The primary school, Kayran Village, Mutki District, and Bitlis
Province Centre. The closest distances to these areas were calculated as 10 m, 220 m, 718 m,
845 m, 1069 m, 1170 m, 1347 m, 1689 m, 24000 m, and 39000 m, respectively. Based on
these distance measurements, vibration speeds were found to be 695.67 mm/s, 2.51 mm/s, 0.29
mm/s, 0.22 mm/s, 0.18 mm/s, 0.14 mm/s, 0.12 mm/s, 0.09 mm/s, 0.06 mm/s, and 0.00 mm/s.

» The calculated vibration values within the frequency range of 1-10 Hz were found not to exceed
the standard limit of 5 mm/s for any of the settlement areas, indicating that damage to buildings
is not expected. The calculated vibration values within the frequency range of 1-10 Hz were
found not to exceed the standard limit of 5 mm/s for any of the settlement areas, indicating that
damage to buildings is not expected. However, based on the vibration speed assessment at the
building foundation, potential damage to certain building types was considered. For instance,
Road 1, located 10 meters from the blasting area, recorded a vibration speed of 695.67 mm/s,
indicating a high likelihood of damage.

» The comparison of vibration values by building type revealed that Road 1 and Gumuskanat
River are at risk. However, as these areas were not assessed under the building type restriction
classification, they do not present a problem within the scope of the study.

» Post-blasting ground shaking values were compared based on impact distances and levels of
direct influence.
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» Based on the calculated vibration values, areas of direct impact have been examined. However,
in addition to direct impacts, the indirect effects of ground shaking have also been addressed.
These effects have been found to particularly impact people and the environment.

» The indirect effects of ground vibration values have been examined. In the study, vibration
values measured in the Road 1, Gumuskanat River, and Road 2 areas as given in Table 5 were
considered as impact areas. For Road 1, the vibration value of 965.67 mm/s fully covers the
impact levels listed in Table 5, including barely perceptible, perceptible, easily perceptible,
strongly perceptible, potentially problematic, annoying, very annoying, tolerance limit, and
physical damage risk beginning, encompassing all impact areas. It has been determined that
people in or near the Gumuskanat River area are affected up to strongly perceptible levels after
blasting. For the Road 2 area, it has been determined that the likelihood of people feeling
ground shaking levels after blasting is low.

» The examination of the indirect effects of vibration values on people is considered a personal
perception, and it has been determined that these effects are not always seen as stable.

» The impact of air shock after blasting has been examined. Considering that Road 1, the nearest
to the copper open quarry mining license boundary, is 10 meters away, the air shock value is
calculated as 157.63 dB for this distance. According to this result, the air shock value for the
nearest settlement, Road 1, is above the 140 dB threshold, and it is evaluated that there may be
issues with air shock in this area. For the settlement areas of House, Structere, Yazicik
Gendarmerie Station, Yazicik Neighbourhood, The primary school, and Kayran Village, it has
been concluded that they are at the initial pain and complaint levels, and problems may arise
if there are changes in the instantaneous-specific charge values.

» The effects of air shock on people have been examined. It was determined that people perceive
the effects of vibration and air shock as blasting noise. The reason is that air shock is felt
through the reaction of large surfaces (such as ceilings and windows). Compared to large-scale
controlled blasts, it has been found that responses to smaller but noisier blasts are more
frequent.

» The flyrock distances after blasting have been determined as 43, 337, and 600 meters.
Considering the distances of the houses mentioned in the study from the limerock quarry, it
has been determined that Road (Road 1) at the closest distance of 10 meters, Gumuskanat
River, and other settlements are directly and/or indirectly affected. No adverse effects have
been observed on people in these areas. However, in some cases, rocks can be ejected up to
700 meters after fragmentation, potentially causing fatal accidents for people. Additionally,
ejected rocks can also damage machinery and equipment besides humans, making necessary
precautions a must for prevention of such effects.

» Dust formation in the copper production process occurs due to surface and underground
operations, and the calculation has been done in two parts.

» Dust formation occurs during ore and slag acquisition processes, with separate calculations
made for each part During ore acquisition, dust is generated during blasting, ore removal,
loading onto trucks, storage, and transportation for sales. In the slag acquisition process, dust
is generated during slag removal, loading onto trucks, transportation to the storage area, and
unloading at the storage area.

» In underground operations, the likelihood of dust in the copper mine environment is lower.
Underground work areas are naturally humid, resulting in very little dust; only a small amount
of dust and harmful gases are released during blasting. The released dust and gases are
managed by ventilating or supplying air to the blasting area to remove the dust from the area.
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» The amount of dust generated by blasting does not pose a problem because it remains below
the regulatory limit values and is not close to residential areas. However, to avoid negative
impacts on personnel, machinery, and surrounding vegetation, protective measures should be
implemented to ensure efficient and economical operations. These measures include dust
suppression with a water system, dust vacuuming if a closed system is present, and ensuring
compliance with the regulatory limit values.

Author Contributions: Hasan Eker: data analysis and writing; Demet Demir Sahin: formal
analysis and validation.

Conflict of interest: The authors declare that they have no competing interests.
Data availability: All data generated or analysed during this study are included in this published
article

References

[1] E.T.Mohamad, C.S. Yi, B.R. Murlidhar, R. Saad, Effect of Geological Structure on Flyrock
Prediction in Construction Blasting, Geotechnical and Geological Engineering 36 (2018)
2217-2235. https://doi.org/10.1007/s10706-018-0457-3.

[2]  S.Bouzid, N. Bouaouadja, Effect of impact angle on glass surfaces eroded by sand blasting,
J Eur Ceram Soc 20 (2000) 481-488. https://doi.org/10.1016/S0955-2219(99)00140-5.

[3] J. Zhou, C. Chen, D.J. Armaghani, S. Ma, Developing a hybrid model of information
entropy and unascertained measurement theory for evaluation of the excavatability in rock
mass, Eng Comput 38 (2022) 247-270. https://doi.org/10.1007/s00366-020-01053-4.

[4] J.Zhou, Y. Zhang, C. Li, H. He, X. L1, Rockburst prediction and prevention in underground
space excavation, Underground Space 14 (2024) 70-98.
https://doi.org/10.1016/j.undsp.2023.05.009.

[51 J. Zhou, Y. Zhang, Y. Qiu, State-of-the-art review of machine learning and optimization
algorithms applications in environmental effects of blasting, Artif Intell Rev 57 (2024) 5.
https://doi.org/10.1007/s10462-023-10636-8.

[6] T. HUDAVERDI, O. AKYILDIZ, PREDICTION OF BLAST INDUCED GROUND
VIBRATION AND EVALUATION OF PROBABLE HUMAN RESPONSE, Omer
Halisdemir University Journal of Engineering Sciences 7 (2018) 817-828.
https://doi.org/10.28948/ngumuh.445252.

[7] V. OZACAR, Minimizing the Effects of Blasting Vibrations on the Environment: A Case
Study, Dokuz Eyliil University Faculty of Engineering Journal of Science AndEngineering
22 (2020) 759-768. https://doi.org/10.21205/deufmd.2020226611.

[8] Z. Yu, X. Shi, J. Zhou, X. Chen, X. Qiu, Effective Assessment of Blast-Induced Ground
Vibration Using an Optimized Random Forest Model Based on a Harris Hawks
Optimization Algorithm, Applied Sciences 10 (2020) 1403.
https://doi.org/10.3390/app10041403.

[91 P.Bayat, M. Monjezi, A. Mehrdanesh, M. Khandelwal, Blasting pattern optimization using
gene expression programming and grasshopper optimization algorithm to minimise blast-
induced ground  vibrations, Eng Comput 38 (2022) 3341-3350.
https://doi.org/10.1007/s00366-021-01336-4.




BALTICA ISSN: 0067-3064

2025 38(6)

[10] H. Abbaspour, C. Drebenstedt, M. Badroddin, A. Maghaminik, Optimized design of drilling
and blasting operations in open pit mines under technical and economic uncertainties by
system dynamic modelling, Int J Min Sci Technol 28 (2018) 839-848.
https://doi.org/10.1016/].1jmst.2018.06.009.

[11] N.K. Dumakor-Dupey, S. Arya, A. Jha, Advances in Blast-Induced Impact Prediction—A
Review of Machine Learning Applications, Minerals 11 (2021) 601.
https://doi.org/10.3390/min11060601.

[12] C. Xie, H. Nguyen, X.-N. Bui, Y. Choi, J. Zhou, T. Nguyen-Trang, Predicting rock size
distribution in mine blasting using various novel soft computing models based on meta-
heuristics and machine learning algorithms, Geoscience Frontiers 12 (2021) 101108.
https://doi.org/10.1016/j.gsf.2020.11.005.

[13] B.Zou, Z. Luo, J. Wang, L. Hu, Development and Application of an Intelligent Evaluation
and Control Platform for Tunnel Smooth Blasting, Geofluids 2021 (2021) 1-15.
https://doi.org/10.1155/2021/6669794.

[14] M. Koopialipoor, D. Jahed Armaghani, M. Haghighi, E.N. Ghaleini, A neuro-genetic
predictive model to approximate overbreak induced by drilling and blasting operation in
tunnels, Bulletin of Engineering Geology and the Environment 78 (2019) 981-990.
https://doi.org/10.1007/s10064-017-1116-2.

[15] I Ocak, N. Bilgin, Comparative studies on the performance of a roadheader, impact hammer
and drilling and blasting method in the excavation of metro station tunnels in Istanbul,
Tunnelling and  Underground Space  Technology 25 (2010) 181-187.
https://doi.org/10.1016/j.tust.2009.11.002.

[16] R.K. Singh, C. Sawmliana, P. Hembram, Time-constrained demolition of a concrete
cofferdam using controlled blasting, Innovative Infrastructure Solutions 6 (2021) 20.
https://doi.org/10.1007/s41062-020-00387-8.

[17] D. Jahed Armaghani, M. Hasanipanah, E. Tonnizam Mohamad, A combination of the ICA-
ANN model to predict air-overpressure resulting from blasting, Eng Comput 32 (2016)
155-171. https://doi.org/10.1007/s00366-015-0408-z.

[18] J.Zhou, Y. Dai, M. Khandelwal, M. Monjezi, Z. Yu, Y. Qiu, Performance of Hybrid SCA-
RF and HHO-RF Models for Predicting Backbreak in Open-Pit Mine Blasting Operations,
Natural Resources Research 30 (2021) 4753-4771. https://doi.org/10.1007/s11053-021-
09929-y.

[19] J.A. Rosales-Huamani, R.S. Perez-Alvarado, U. Rojas-Villanueva, J.L. Castillo-Sequera,
Design of a Predictive Model of Rock Breakage by Blasting Using Artificial Neural
Networks, Symmetry (Basel) 12 (2020) 1405. https://doi.org/10.3390/sym12091405.

[20] P. Yan, W. Lu, J. Zhang, Y. Zou, M. Chen, Evaluation of human response to blasting
vibration from excavation of a large scale rock slope: A case study, Earthquake Engineering
and Engineering Vibration 16 (2017) 435-446. https://doi.org/10.1007/s11803-017-0391-
Z.

[21] B.R. Murlidhar, D.J. Armaghani, E.T. Mohamad, Intelligence Prediction of Some Selected
Environmental Issues of Blasting: A Review, The Open Construction and Building
Technology Journal 14 (2020) 298-308. https://doi.org/10.2174/1874836802014010298.

[22] H. Agrawal, A.K. Mishra, An innovative technique of simplified signature hole analysis for
prediction of blast-induced ground vibration of multi-hole/production blast: an empirical
analysis, Natural Hazards 100 (2020) 111-132. https://doi.org/10.1007/s11069-019-03801-
2.




BALTICA ISSN: 0067-3064

2025 38(6)

[23] S. Chen, Z. Zhang, J. Wu, Human comfort evaluation criteria for blast planning, Environ
Earth Sci 74 (2015) 2919-2923. https://doi.org/10.1007/s12665-015-4319-5.

[24] J. Zhou, C. Li, C.A. Arslan, M. Hasanipanah, H. Bakhshandeh Amnieh, Performance
evaluation of hybrid FFA-ANFIS and GA-ANFIS models to predict particle size
distribution of a muck-pile after blasting, Eng Comput 37 (2021) 265-274.
https://doi.org/10.1007/s00366-019-00822-0.

[25] L. Meng, K.-H. Wen, R. Brewin, Q. Wu, Knowledge Atlas on the Relationship between
Urban Street Space and Residents’ Health—A Bibliometric Analysis Based on VOSviewer
and CiteSpace, Sustainability 12 (2020) 2384. https://doi.org/10.3390/sul12062384.

[26] G. Chen, S.L. Huang, Analysis of Ground Vibrations Caused by Open Pit Production
Blasts ? A Case Study, Fragblast 5 (2001) 91-107. https://doi.org/10.1076/frag.5.1.91.3316.

[27] G.R. Adhikari, A.l. Theresraj, H.S. Venkatesh, R. Balachander, R.N. Gupta, Ground
Vibration due to Blasting in Limestone Quarries, Fragblast 8 (2004) 85-94.
https://doi.org/10.1080/13855140412331336160.

[28] E. Kahraman, A.M. Kilic, Evaluation of empirical approaches in estimating mean particle
size after blasting by using nondestructive methods, Arabian Journal of Geosciences 13
(2020) 613. https://doi.org/10.1007/s12517-020-05636-9.

[29] C. Kuzu, H. Ergin, An assessment of environmental impacts of quarry-blasting operation:
a case study in Istanbul, Turkey, Environmental Geology 48 (2005) 211-217.
https://doi.org/10.1007/s00254-005-1291-5.

[30] O.S. Isaac, O.G. Alshammari, E.G. Pickering, S.D. Clarke, S.E. Rigby, Blast wave
interaction with structures — An overview, International Journal of Protective Structures 14
(2023) 584-630. https://doi.org/10.1177/20414196221118595.

[31] T.N. Singh, New Trends in Economical and Safe Rock Blasting, Journal of Powder
Metallurgy & Mining 01 (2012). https://doi.org/10.4172/2168-9806.1000e104.

[32] C. Chen, CiteSpace II: Detecting and visualizing emerging trends and transient patterns in
scientific literature, Journal of the American Society for Information Science and
Technology 57 (2006) 359-377. https://doi.org/10.1002/as1.20317.

[33] Z. Yu, X. Shi, X. Qiu, J. Zhou, X. Chen, Y. Gou, Optimization of postblast ore boundary
determination using a novel sine cosine algorithm-based random forest technique and
Monte Carlo simulation, Engineering Optimization 53 (2021) 1467-1482.
https://doi.org/10.1080/0305215X.2020.1801668.

[34] Y. Gou, X. Shi, X. Huo, J. Zhou, Z. Yu, X. Qiu, Motion parameter estimation and measured
data correction derived from blast-induced vibration: New insights, Measurement 135
(2019) 213-230. https://doi.org/10.1016/j.measurement.2018.11.050.

[35] A. Marto, M. Hajihassani, D. Jahed Armaghani, E. Tonnizam Mohamad, A.M. Makhtar, A
Novel Approach for Blast-Induced Flyrock Prediction Based on Imperialist Competitive
Algorithm and Artificial Neural Network, The Scientific World Journal 2014 (2014) 1-11.
https://doi.org/10.1155/2014/643715.

[36] M. Hajihassani, D. Jahed Armaghani, M. Monjezi, E.T. Mohamad, A. Marto, Blast-induced
air and ground vibration prediction: a particle swarm optimization-based artificial neural
network approach, Environ Earth Sci 74 (2015) 2799-2817.
https://doi.org/10.1007/s12665-015-4274-1.

[37] M. Hajihassani, D. Jahed Armaghani, A. Marto, E. Tonnizam Mohamad, Ground vibration
prediction in quarry blasting through an artificial neural network optimized by imperialist




BALTICA ISSN: 0067-3064

2025 38(6)

competitive algorithm, Bulletin of Engineering Geology and the Environment 74 (2015)
873—-886. https://doi.org/10.1007/s10064-014-0657-x.

[38] M. Hasanipanah, D.J. Armaghani, M. Monjezi, S. Shams, Risk assessment and prediction
of rock fragmentation produced by blasting operation: a rock engineering system, Environ
Earth Sci 75 (2016) 1-12. https://api.semanticscholar.org/CorpusID:130747074.

[39] E. Ebrahimi, M. Monjezi, M.R. Khalesi, D.J. Armaghani, Prediction and optimization of
back-break and rock fragmentation using an artificial neural network and a bee colony
algorithm, Bulletin of Engineering Geology and the Environment 75 (2016) 27-36.
https://doi.org/10.1007/s10064-015-0720-2.

[40] Q. Fang, H. Nguyen, X.-N. Bui, T. Nguyen-Thoi, J. Zhou, Modeling of rock fragmentation
by firefly optimization algorithm and boosted generalized additive model, Neural Comput
Appl 33 (2021) 3503—-3519. https://doi.org/10.1007/s00521-020-05197-8.

[41] S. Hosseini, R. Poormirzace, M. Hajihassani, An uncertainty hybrid model for risk
assessment and prediction of blast-induced rock mass fragmentation, International Journal
of Rock  Mechanics and  Mining  Sciences 160  (2022) 105250.
https://doi.org/10.1016/j.ijrmms.2022.105250.

[42] S. Hosseini, R. Poormirzaee, M. Hajihassani, Application of reliability-based back-
propagation causality-weighted neural networks to estimate air-overpressure due to mine
blasting, Eng Appl Artif Intell 115 (2022) 105281.
https://doi.org/10.1016/j.engappai.2022.105281.

[43] S. Hosseini, M. Monjezi, E. Bakhtavar, Minimization of blast-induced dust emission using
gene-expression programming and grasshopper optimization algorithm: a smart mining
solution based on blasting plan optimization, Clean Technol Environ Policy 24 (2022)
2313-2328. https://doi.org/10.1007/s10098-022-02327-9.

[44] S. Hosseini, A. Mousavi, M. Monjezi, M. Khandelwal, Mine-to-crusher policy: Planning of
mine blasting patterns for environmentally friendly and optimum fragmentation using
Monte Carlo simulation-based multi-objective grey wolf optimization approach, Resources
Policy 79 (2022) 103087. https://doi.org/10.1016/j.resourpol.2022.103087.

[45] R.M. Bhatawdekar, D.J. Armaghani, A. Azizi, Environmental Issues of Blasting, (2021).
https://doi.org/10.1007/978-981-16-8237-7.

[46] L.J. Carlos, L.J. Emilio, J.A.C. Francisco, R. Yvonne Visser de, Drilling and Blasting of
Rocks, Routledge, 2017. https://doi.org/10.1201/9781315141435.

[47] P. Segarra, J.F. Domingo, L.M. Lopez, J.A. Sanchidridn, M.F. Ortega, Prediction of near
field overpressure from quarry blasting, Applied Acoustics 71 (2010) 1169-1176.
https://doi.org/10.1016/j.apacoust.2010.07.008.

[48] A. Shahnazar, H. Nikafshan Rad, M. Hasanipanah, M.M. Tahir, D. Jahed Armaghani, M.
Ghoroqi, A new developed approach for the prediction of ground vibration using a hybrid
PSO-optimized ANFIS-based model, Environ Earth Sci 76 (2017) 527.
https://doi.org/10.1007/s12665-017-6864-6.

[49] X.-N. Bui, P. Jaroonpattanapong, H. Nguyen, Q.-H. Tran, N.Q. Long, A Novel Hybrid
Model for Predicting Blast-Induced Ground Vibration Based on k-Nearest Neighbors and
Particle Swarm Optimization, Sci Rep 9 (2019) 13971. https://doi.org/10.1038/s41598-019-
50262-5.

[50] B.Elevli, E. Arpaz, Evaluation of parameters affected on the blast induced ground vibration
(BIGV) by using relation diagram method (RDM), Acta Montanistica Slovaca 15 (2010)
261-268. https://api.semanticscholar.org/CorpusID:12490651.




BALTICA ISSN: 0067-3064

2025 38(6)

[51] Milutin Srbulov, Geotechnical Earthquake Engineering, Springer Netherlands, Dordrecht,
2009. https://doi.org/10.1007/978-1-4020-8684-7.

[52] Official Gazette, Regulation on Assessment and Management of Environmental Noise,
2010.

[53] S.O. Olofsson, Applied Explosives Technology for Construction and Mining, APPLEX
(1990).

[54] V.J.S.M.S.S.JJW.K. D. E. Siskind, Structure Response and Damage Produced b, U.S.
Department of the Interior, Bureau of Mines, 1980.

[55] A.K. Raina, V.M.S.R. Murthy, A.K. Soni, Flyrock in bench blasting: a comprehensive
review, Bulletin of Engineering Geology and the Environment 73 (2014) 1199-1209.
https://doi.org/10.1007/s10064-014-0588-6.

[56] P. A. Davies, Risk-based approach to setting of flyrock danger zones for blast sites,
International Journal of Rock Mechanics and Mining Sciences and Geomechanics Abstracts
32 (1995).

[57] B. V. Gokhale, Rotary Drilling and Blasting in Large Surface Mines, CRC Press, 2010.
https://doi.org/10.1201/b10972.

[58] A.U.T. Vural OYAN, Na-Feldspar-rich leucogranitic rocks in the Bitlis Massif (Yolcular
Metamorphic): A potential source for feldspar, Journal of the Earth Sciences Application
and Research Centre of Hacettepe University 26 (2005) 1-11.

[59] ANSI, Guide to the Evaluation of Human Exposure to Vibrations in Buildings, ANSI S3
(1983) 0-10.

[60] B. KEKEC, D. GHILOUFI, Blast-Induced Ground Vibration and Damage Assessment
Parameters, Konya Journal of Engineering Sciences 8 (2020) 785-797.
https://doi.org/10.36306/konjes.758571.

[61] E. and B.J.W. Hoek, Rock Slope Engineering, Revised 3rd Edition, The Institution of
Mining and Metallurgy, London, 1981.

[62] Malcolm J. Crocker, Handbook of Noise and Vibration Control, John Wiley & Sons, n.d.

[63] A.M. Donoghue, Occupational health hazards in mining: an overview, Occup Med (Chic
I11) 54 (2004) 283-289. https://doi.org/10.1093/occmed/kqh072.

[64] R.P.King, J.R. Davis, Community noise: Health effects and management, Int J Hyg Environ
Health 206 (2003) 123—131. https://doi.org/10.1078/1438-4639-00202.

[65] P.-A.Persson, R. Holmberg, J. Lee, Rock Blasting and Explosives Engineering, CRC Press,
2018. https://doi.org/10.1201/9780203740514.

[66] M. Chernaik, Rapid environmental impact assessment study for the proposed capacity
expansion of bauxite mines from 3.0 MTPA to 8.5 MTPA at Baphlimali Plateau, in:
Chapter-4 Impact Assessment, VIMTA Labs Limited, Hyderabad, Enviromental Alliance
World Wide., 2006.

[67] F., K.A., EB. ve D.O. Cihangir, Analysing the environmental impacts of blasting
excavations in a limestone quarry., in: Mining and Environment Symposium, Ankara, 2005.

[68] N.V.K.B., Bilim, Blasting induced environmental effects and required precautions for
prevention of them, in: ISME2017, Bodrum,TURKEY, 2017.

98





