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Preface 
 

Greetings and a warm welcome to the expansive compilation of research and scholarly 

contributions presented in the Proceedings of the ICEMINE 2023. In the spirit of intellectual 

exploration and collaboration, this voluminous collection encapsulates the diverse and 

profound discussions that unfolded during the conference. As we delve into the following 

pages, readers will encounter a comprehensive exploration of knowledge, innovation, and 

interdisciplinary collaboration within the overarching theme of ICEMINE 2023. 

 

ICEMINE 2023 is the 6th International Conference hosted by the Faculty of Mineral 

Technology, Universitas Pembangunan Nasional “Veteran” Yogyakarta, Indonesia. The 

conference was held at Grand Keisha Hotel, Yogyakarta, Indonesia, on the 9th of November 

2023. The theme of this year’s program is “Accelerating the advancements in lower carbon 

energy for a sustainable environment”. 

 

We extend our appreciation to our esteemed partner university, whose unwavering dedication 

and scholarly contributions have significantly enriched the contents of this conference 

proceedings. In collaboration with our partner universities, Trisakti University and PEM 

Akamigas, UPN Veteran Yogyakarta creates an academic platform that fosters diverse 

perspectives, innovative ideas, and interdisciplinary exchange. Their insightful research and 

collaborative spirit have undeniably elevated the quality of discourse within our academic 

community, fostering an environment conducive to intellectual growth and innovation.  

 

Furthermore, we would like to express our profound gratitude to our sponsors, whose generous 

support has been pivotal in bringing this event to success. Their unwavering commitment to 

advancing research and cultivating intellectual exchange underscores the importance of their 

role in shaping the trajectory of our academic disciplines. 

 

Reflecting on Sustainability in Indonesia 

 

In recent years, the imperative to decrease carbon emissions and shift towards energy sources 

with lower carbon footprints has become exceptionally crucial. Emphasizing the importance of 

transitioning to cleaner energy sources is paramount for preserving our environment and 

addressing climate change. The significance of advancing lower carbon energy technologies 

cannot be overstated, as they play a vital role in mitigating the adverse impacts of climate 

change and ensuring a sustainable environment for future generations. As scholars and 

researchers, we carry a distinct responsibility to accelerate the development of these 

technologies, driving innovation, encouraging critical thinking, and offering the expertise and 

solutions needed to forge a more sustainable future. 
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The chosen theme for ICEMINE 2023, Accelerating the advancements in lower carbon energy 

for a sustainable environment, resonates with the evolving landscape of academic inquiry and 

technological advancement. This theme has served as a catalyst for researchers to delve into 

various aspects, spanning the theoretical frameworks to practical applications. The rich tapestry 

of this proceedings volume mirrors the comprehensive exploration undertaken by the 

conference participants, representing a mosaic of perspectives that collectively contribute to the 

ongoing narrative of Sustainability. 

 

Within this volume lies a plethora of research, articles, case studies, and theoretical explorations 

carefully curated from the vast pool of submissions and presentations at the conference. These 

contributions, emanating from a global community of earth science scholars, reflect the breadth 

and depth of insights shared during ICEMINE 2023. The contributions cover a wide spectrum 

of earth sciences, which are: 

 

1. Geological Science and Engineering  

2. Geophysics, Geomatics and Geochemistry  

3. Earth Resources Project Evaluation and Valuation  

4. Petroleum and Geothermal Engineering  

5. Mining and Metallurgical Engineering  

6. Taxation and Policy  

7. Conservation, Geoheritage and Geopark 

8. Disaster Management  

9. Reclamation and Environmental Issues  

 

Navigating the future: a vision for what lies ahead 

 

As we engage with the contents of this proceedings volume, let us not only celebrate the 

documented achievements but also contemplate the trajectory of our respective fields. The ideas 

presented here have the potential to seed new research directions, innovative solutions, and 

transformative advancements. Readers are encouraged to interact critically with the content, 

fostering discussions and collaborations that transcend traditional academic silos. The 

interdisciplinary nature of the contributions invites us to explore the intersections of knowledge, 

where groundbreaking ideas often emerge from the convergence of diverse perspectives. May 

the knowledge shared within this volume inspire future generations, spark new avenues of 

inquiry, and contribute to the advancement of our collective understanding.  

 

 
Cordially yours, 

 

Dr. Widyawanto Prastistho 

 

Chairperson ICEMINE 2023 
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Study of CO Gas Dilution in Forcing Ventilation System at 

Ramp Down KKRB 4 Utama, Pongkor, West Java 

R Yulianti1*, P N Hartami1, R Aryanto1, M K Herdyanti1, Suliestyah1, D L 

Pattiruhu1  

1Mining Engineering, FTKE, Universitas Trisakti, Jakarta, Indonesia 

*corresponding author’s: ririnyulianti@trisakti.ac.id 

Abstract. CO is a hazardous gas formed from the reaction of explosives that lack oxygen 

balance. These explosives have the potential to generate toxic gases, including CO. It is crucial 

to minimize CO concentration at the work site by ensuring proper air circulation. This study aims 

to examine the impact of varying ducting distances on CO gas dilution, using the gas diffusion 

coefficient value as a basis. The research method employed is observational, involving the 

assessment of CO gas dilution in the tested tunnel at varying distances from the working front to 

the sensor. The research was conducted on the Ramp Down KKRB 4 Utama. Result of the 

research is the most ideal carbon monoxide reduction time at RD KKRB 4 Utama is shown at 

sensor placement distance 1 using the blow system, where A Sensor takes 2.21 hours and B 

Sensor takes 1.06 hours to reach a concentration level below the TLV (Threshold Limit Value) 

50 ppm. 

1.  Introduction 

The location of mines poses a high risk of danger, especially underground mines. With highly limited 

working conditions and space, the potential hazards are so significant [1]. These conditions can lead to 

work accidents, which can occur due to unsafe actions and unsafe conditions [2]. Among the various 

factors that contribute to an unsafe location in underground mines, toxic and hazardous gases can disrupt 

activities at the workplace, making it necessary to plan for proper air ventilation to ensure that work can 

be carried out safely and comfortably [3]. 

In underground mining, ventilation plays a crucial role in supporting every task [4]. Ventilation in 

underground mines functions to supply fresh air into the mine, which is needed for the availability of 

clean air for workers in the mine and for all processes that require oxygen inside the mine [5]. 

Additionally, ventilation functions to remove heat that accumulates in underground mines due to the 

activities carried out by workers and the equipment used [6]. 

CO gas is caused by incomplete combustion resulting from blasting activities and the operation of 

heavy machinery in underground mines [7]. The nature of CO gas is colorless and odorless. CO gas is 

highly dangerous, so its presence needs to be carefully monitored, especially during blasting at the 

working front. At the research site in PT Antam UBPE Pongkor, carbon monoxide (CO) gas resulting 

from blasting often becomes an obstacle. Referring to the Director General of Minerals and Coal's 

Decision No.185K/37.04/DJB/2019 [8], the volume of CO gas should not exceed 0.005% or 50 ppm and 

not more than 0.04% or 400 ppm for an exposure time of 15 minutes. The timing of the reduction of CO 

gas is important to consider during blasting in the development tunnel because if CO gas does not 
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dissipate when workers re-enter for work, it can cause poisoning[9]. To meet the needs of air and heat 

flow and to dilute toxic gases in underground mines, careful calculations are required for the placement 

of ventilation ducts, fan speed, and good air circulation conditions, ensuring that fresh air   and heat can 

circulate properly, thereby creating a safe and comfortable working environment [10]. The purpose of 

this research is to study how quickly CO gas dissipates at the observation distance used. The ventilation 

system used at the research site for Ramp Down KKRB 4 Utama (RD KKRB 4 Utama) is forcing system 

as given in Figure 1, where this system provides a blast of fresh air to the working front [5]. 

 

 

Figure 1. Forcing system 

 

2.  Method 

The research was conducted at PT Antam UBPE Pongkor using the observation method. Observations 

were made by testing several different observation distances, resulting in data on the quality and quantity 

of air. The data on air quality resulted in the concentration of CO gas in parts per million (ppm). 

The measurement of tunnel dimensions was carried out using the Leica Disto D2, which is used to 

measure the length, width, and height of the tunnel in meters. The measurement of tunnel dimensions 

was adjusted according to the actual conditions and the progress of the tunnel. Figure 2 is Leica Disto 

D2, the device utilized for measuring the dimensions of tunnels. 

 

 

Figure 2. Measurement of 

tunnel dimensions 

The measurement of CO gas concentration is carried out in order to obtain the curve results of the 

gas dilution reduction process. The process of collecting data on CO gas concentration uses robotic 



The 6th International Conference on Earth Science, Mineral, and Energy
IOP Conf. Series: Earth and Environmental Science 1339 (2024) 012028

IOP Publishing
doi:10.1088/1755-1315/1339/1/012028

3

 

 

 

 

 

 

hardware with Arduino coding software. The hardware used will be placed on the tunnel wall, with its 

two sensors positioned at an initial distance of 50 meters from the working front for the first sensor and 

25 meters from the first sensor for the second sensor with two observation distance. Figure 3 depicts the 

robotic equipment employed to measure CO gas within the tunnel, while Figure 4 illustrates the 

schematic showcasing the positioning of the sensor during the research within the tunnel. Table 1 

displays the observed distances utilized in the research. 

Table 1. Observation distance 

Parameter Observation Distance 

1 

Observation Distance 2 

Distance A Sensor to Working Front (m) 50 51.3 

Distance B Sensor to Working Front (m) 75 76.3 
Length of The Tunnel Observed (m) 76.74 78.04 

 

 

Figure 3. Robotic hardware 

device for measuring CO gas 

concentration 

 

Figure 4. The schematic of the placement of robotic hardware in the tunnel 

Ansys Fluent is used to identify the direction of airflow occurring in the tunnel. The data used consists 

of tunnel dimensions. The creation of tunnel dimensions is followed by the creation of a mesh in the 

simulation tunnel. The creation of this mesh is useful to ensure that the created geometry is well- 

structured and orderly. The smaller the mesh, the more accurate the results obtained. 
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Equations are used to determine the conditions of the airflow. Viscosity (μ), density (ρ), and the 

diameter of the airway are three parameters that affect the flow conditions (d). The Reynolds number is 

the relationship between μ, ρ, and d, which has the same dimensions as velocity and can be studied using 

the following equation: 

Re =  
ρvd

μ
                  (1) 

Explanation: 

Re: Reynolds Number v: air velocity (m/s) 

μ: dynamic viscosity of airflow (Ns/m2) 

ρ: air density (kg/m3) 

d: airway diameter (m) 

The direction of laminar or turbulent flow is determined by the Reynolds number. If the value of Re 

is less than 2,000, the flow is identified as laminar flow. If the value of Re is greater than 4,000, the flow 

is identified as turbulent flow. If the value of Re falls within the range of 2,000 and 4,000, the airflow is 

referred to as transitional flow. 

The diffusion coefficient describes the dispersion of chemicals released in a closed flow in laminar 

flow. The diffusion coefficient is a function of molecular diffusion in the radial direction and the velocity 

profile of the closed channel in the axial direction. The diffusion coefficient is known as the virtual 

diffusion coefficient, and it is determined by observing the concentration distribution at the observation 

location. It is proportional to turbulent flow. The equation for the diffusion coefficient in laminar flow 

can be seen in this equation written by Taylor (1974): 

D = 10,1 r u’  (2) 

u' = 
√r

√ρ
= u 

√f

√8
                        (3) 

 

Explanation: 

D: Laminar flow diffusion coefficient (m2/s) 

u': Friction velocity (m/s) 

r: Diameter of the orifice (m) τ: Shear stress (Pa) 

u: Mean velocity of air flow (m/s) ρ: Fluid mass density (kg/m3) 

f: Friction factor 

The following equation can be calculated using Taylor's test principle (1954), where the concentration 

follows the Gaussian distribution theory with the assumption of one dimension: 

C(x,t) = 
v

2A√πDt
 exp (

-(x-ut)
2

4Dt
)   (4) 

Explanation: 

C(x,t)  : Tracer concentration at position x and time t 

D : Diffusion coefficient (m2/s) 

A : Cross-sectional area of the channel pipe (m2) 

V : Initial gas volume (ml) 

u : Mean air flow velocity (m/s) 

t : Time (s) 

v : Length of the airflow (m) 
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3.  Result and discussion 

The research was conducted at the Kubang Kicau location at the working front of the access tunnel, 

namely Ramp Down KKRB 4 Utama (RD KKRB 4 Utama) at PT Antam UBPE Pongkor. The CO gas 

under investigation is the CO gas resulting from blasting, which is measured at the end of each shift. 

Data collection at each working front was conducted three times to ensure the accuracy of the results. 

Table 2 explain the primary data of vent duct at RD KKRB 4 Utama. 

 

Table 2. Primary data of vent duct at RD KKRB 4 Utama 
 

Parameter Observation Distance 

1 

Observation Distance 

2 
Diamater (m) 0.60 0.6 

Area (m2) 0.28 0.28 

Perimeter (m) 0.89 0.89 

Distance A Sensor to Working Front (m) 50 51.3 

Distance B Sensor to Working Front (m) 75 76.3 

Length of The Tunnel Observed (m) 76.74 78.04 

Air velocity at the corner of the vent duct (m/s) 1.72 
1.60 

Air flow rate (m3/s) 0.49 0.46 

 

The type of airflow in the tunnel at the research site can be determined by the Reynolds number. The 

Reynolds number is obtained from calculations of air density, air flow velocity, and the diameter of the 

cross-section at the research site. The air flow velocity used is the average of the measurements taken at 

16 observation points at the working front. All conditions have known Reynolds number values, and the 

results indicate that there is no airflow present at RD KKRB 4 Utama. 

The testing diffusion coefficient is obtained using the Taylor equation (1954), as in equation 2. The 

required data includes the diameter of the tunnel airflow, the average air flow velocity, and the friction 

factor obtained from the Reynolds number value using the Colebrook equation, due to the rough tunnel 

surface conditions in the field. Table 3 represents the values of the diffusion coefficient during data 

collection in the field for RD KKRB 4 Utama, which includes the initial testing diffusion coefficient 

value when carbon monoxide (CO) gas resulting from the blast is at the 0-second mark. The value of 

the testing diffusion coefficient is very low because the CO gas has not yet been fully diluted. 

The testing diffusion coefficient is obtained using the Taylor equation (1954), as in equation 2. The 

required data includes the diameter of the tunnel airflow, the average air flow velocity, and the friction 

factor obtained from the Reynolds number value using the Colebrook equation, due to the rough tunnel 

surface conditions in the field. Table 4 represents the values of the diffusion coefficient during data 

collection in the field for RD KKRB 4 Utama, which includes the initial testing diffusion coefficient 

value when carbon monoxide (CO) gas resulting from the blast is at 0 seconds. The value of the testing 

diffusion coefficient is very low because the CO gas has not yet been fully diluted. 

Table 3. The values of the Taylor (1954) testing diffusion coefficient in each tunnel under various 

conditions 

Observation 

Distance 

Average Velocity 

(m/s) 

Reynolds Number 
Friction 

Factor 

Friction 

Velocity (m/s) 

Testing Difusion 

Coefficient (m2/s) 

1 0.00 0.00 2.57 0.00 0.00 

2 
0.00 0.00 2.46 0.00 0.00 

 

The research was conducted at 2 different observation distances based on the progress of the tunnel 
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and the actual placement of the fan in the field. The maximum smoke clearing process can be determined 

when there is good air circulation and the decrease in CO gas occurs rapidly. 

Figure 5 shows the graph of carbon monoxide (CO) gas concentration over time at RD KKRB 4 Utama 

at observation distance 1. 

 

 

Figure 5. Graph of carbon monoxide (CO) 

concentration over time at RD KKRB 4 Utama 

at observation distance 1 

At this observation distance, it can be seen that the dilution process for the two sensors differs 

significantly. This is because, considering the position of the sensors, A Sensor is closer to the working 

front and positioned in the middle of the blow duct's length, resulting in a longer CO gas dilution process 

compared to B Sensor. The dilution process at A Sensor takes 2.21 hours, while B Sensor requires 1.06 

hours to reach a concentration level below the TLV (Threshold Limit Value) 50 ppm. The significant 

time difference is also attributed to the presence of an exhaust duct at the end of the RD KKRB 4 Utama 

tunnel with a fan power of 37 kW. This causes the CO concentration to dissipate faster at B Sensor 

compared to A Sensor, which is positioned farther from the exhaust duct. 

Referring to the Director General of Minerals and Coal's Decision No.185K/37.04/DJB/2019 [8], 

which stipulates a 400 ppm concentration limit for a 15-minute CO gas exposure, the conditions at RD 

KKRB 4 Utama already meet this requirement because the 15-minute CO gas exposure concentration 

at RD KKRB 4 Utama is 383.43 ppm. 

The value of the graphic method diffusion coefficient is obtained from the carbon monoxide (CO) 

gas dispersion graph according to the actual field conditions, considering the position of the vent duct 

and the air velocity in the blow duct. The value of the graphic method diffusion coefficient is empirically 

derived based on the Taylor diffusion coefficient (1954) using equation 4 with a curve matching method 

(trial and error in Microsoft Excel Solver). 

At observation distance 2, it can be observed that the dilution of the two gases at A Sensor and B 

Sensor is not significantly different. Referring to the Director General of Minerals and Coal's Decree 

No. 185K/37.04/DJB/2019 [8], which stipulates a 400 ppm concentration limit for a 15-minute CO gas 

exposure, the conditions at RD KKRB 4 Utama at observation distance 2 already meet this requirement, 

as the 15-minute CO gas exposure concentration at RD KKRB 4 Utama is 337.54 ppm. 

The dilution process at A Sensor takes 2.59 hours, while B Sensor requires 2.34 hours to reach a 

concentration level below the TLV 50 ppm. The CO gas dissipation time in observation placement 2 

does not yet meet the company's requirements, which is 2 hours. Sensor one requires a longer time for 

CO gas dilution because A Sensor is closer to the working front, which is the source of CO gas due to 

blasting activities. 

Another factor that can be observed is the presence of holes in the flexible blow duct. These holes in 

the flexible blow duct are intentionally created by the workers at the working front due to the hot working 

conditions, necessitating a flow of fresh air under the flexible blow duct through the holes. During 
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blasting, these holes enlarge, reducing the airflow at the end of the flexible blow duct and limiting the 

optimal expulsion of CO gas at the working front. Figure 6 shows the holes in the flexible blow duct at 

observation distance 2. 

 

 

Figure 6. Holes in the flexible duct at RD 

KKRB 4 Utama at observation distance 2 

Figure 7 represents the analysis of CO gas concentration data testing under Condition 1 at RD KKRB 4 

Utama, with the CO gas concentration graphic method results at B Sensor using equation 4, resulting in 

the empirically derived diffusion coefficient.  

 

Figure 7. Graph of carbon monoxide (CO) concentration over 

time at RD KKRB 4 Utama at observation distance 1 

The results of the experiment using the matching curve method are the method graphic diffusion 

coefficient values. Table 4 represents the diffusion coefficient values from the decrease in carbon 

monoxide (CO) gas concentration. 
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Table 4. Graphic method diffusion coefficient values from the decrease in carbon monoxide (CO) 

gas concentration at various observation distances 

 

Observation Distance 

 

Air Velocity (m/s) 
Graphic Method Diffusion Coefficient (m2/s) 

A Sensor B Sensor Average 

1 
0 146.50 129.98 138.24 

2 0 95.46 126.11 110.79 

After analyzing the data from the RD KKRB 4 Utama field on carbon monoxide (CO) gas resulting 

from blasting, the data processing results in the table show that at observation distance 1, the graphic 

method diffusion coefficient obtained is the highest, with the distance from the working front to the 

blow duct being 40.64 m and the air velocity at the end of the blow duct being 1.72 m/s. The CO gas 

dissipation time is relatively fast compared to the dissipation of CO gas under other conditions at RD 

KKRB 4 Utama, which is 1.07 hours. CO gas requires 1.06 hours at B Sensor, with a peak value at B 

Sensor of 616.1 ppm. Figure 8 shows a bar chart comparing the diffusion coefficients of each sensor 

testing under various different conditions at RD KKRB 4. 

 

Figure 8. Graph of carbon monoxide (CO) concentration over time at RD 

KKRB 4 Utama at observation distance 1 

The results of the testing diffusion coefficient calculation using the Taylor equation (1954) differ 

from the graphic method diffusion coefficient values obtained using the matching curve method (trial 

and error in Microsoft Excel). The testing diffusion coefficient is obtained when CO gas is initially 

blasted, thus not undergoing complete turbulence, whereas the graphic method diffusion coefficient is 

obtained when perfect turbulence occurs in the airflow, and the CO gas undergoes dilution from the 

peak concentration until complete dissolution. The diffusion coefficient is greater than the testing 

diffusion coefficient because when the airflow experiences perfect turbulence, CO gas will be diluted 

rapidly. In the RD KKRB 4 Utama simulation, the ratio of the graphic method coefficient to the testing 

coefficient ranges from 138 to 314 times. Table 4 represents a comparison of the graphic method 

diffusion coefficient (Dx) with the analytical diffusion coefficient (DA). 

After conducting simulations using the physical tunnel model, Ansys Fluent software was used to 

determine the airflow turbulence. Observation distance 1 showed a high diffusion coefficient value 

during the simulation when air recirculation did not occur. Carbon monoxide (CO) gas is diluted rapidly 

because the placement of the blow duct is appropriate. This condition will be optimal if it follows the 
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company's regulations, which state that if the end of the blow duct is more than 30 meters away, the 

blow duct will be advanced. The clean air blown by the blow duct goes directly to the working front and 

undergoes turbulence to dilute the CO gas. Subsequently, the contaminated air containing CO gas is 

sucked out by the exhaust duct located outside the tunnel without experiencing air recirculation. Figure 

9 shows airflow at RD KKRB 4 Utama observation distance 1 (a) and 2 (b). 

 

Figure 9. Airflow at RD KKRB 4 Utama observation distance 1 (a) 

and observation distance 2 (b) 

 

4.  Conclusion 

The most ideal carbon monoxide reduction time at RD KKRB 4 Utama is shown at sensor placement 

distance 1 using the blow system, where A Sensor takes 2.21 hours and B Sensor takes 1.06 hours to 

reach a concentration level below the TLV 50 ppm. Referring to the Director General of Minerals and 

Coal's Decree No. 185K/37.04/DJB/2019, which stipulates a 400 ppm concentration limit for a 15- 

minute CO gas exposure, the conditions at RD KKRB 4 Utama at placement distance 1 already meet 

this requirement, as the 15-minute CO gas exposure concentration at RD KKRB 4 Utama is 383.43 ppm. 

Adjustments to the blow duct and improvements to the flexible duct are necessary to optimize CO gas 

smoke clearing at the research site. This can be seen from the coefficients of each condition. The larger 

the diffusion coefficient value, the easier it is for CO gas to be diluted. 
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