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Abstract
The results of gas-air surveys conducted at the mines of the Verkhnekamsk potassium-magnesium salt deposit 
indicate that the volume of gaseous impurities recorded in the main ventilation drifts is often significantly 
lower than in the working areas of dead-end workings. Many studies attribute the reduction of gas impurities 
along the ventilation airflow path in potash mines not only to the dilution of harmful impurities due to fresh 
air leakage from intake drifts but also to the neutralization of gases through chemical reactions with the potash 
rock mass. Previous laboratory studies have shown that sylvinite (NaCl + KCl) is capable of absorbing impurities 
of toxic and combustible gases. Based on these laboratory findings, the present study was conducted under 
real mining conditions, taking into account the dynamics of gas impurities in the underground atmosphere 
and the dilution effect caused by air leakage. As part of this study, measurements of combustible and toxic gas 
concentrations were conducted in productive seams of varying mineral composition at one of the mines of the 
Verkhnekamsk potassium-magnesium salt deposit to assess the influence of potash salt properties on the gas 
balance in long dead-end workings. An analysis was conducted to assess the extent to which the properties of 
the potash rock mass influence changes in the concentration of combustible and toxic gases in the workings 
along the ventilation airflow path. The collected air samples were analyzed under laboratory conditions. The 
concentration of combustible gases, carbon monoxide, and carbon dioxide in the collected air samples was 
determined using gas chromatography with the CHROMOS GX-1000 instrument. The contribution of gas 
neutralization and dilution due to leakage from the ventilation ducting to the reduction of combustible and 
toxic gases in the outgoing airflow from the working area was evaluated. The results of the conducted tests 
established that in long dead-end chambers of seam AB (100 m or more), the volume of gaseous impurities 
decreases along the length of the working from the dead end to the entry. The study accounted for factors that 
could influence the reduction of gas concentration in the working area. 
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Аннотация
Результаты газовоздушных съемок, выполняемых на рудниках Верхнекамского месторождения калий-
ных и магниевых солей, показывают, что объем газообразных примесей, фиксируемый в главных венти-
ляционных штреках рудника, зачастую значительно меньше, чем в рабочих зонах тупиковых выработок. 

https://mst.misis.ru/
https://doi.org/10.17073/2500-0632-2024-01-210
https://orcid.org/0000-0001-9352-5612
https://orcid.org/0009-0002-9887-1455
https://orcid.org/0009-0002-7960-8344
https://doi.org/10.17073/2500-0632-2024-01-210
https://doi.org/10.17073/2500-0632-2024-01-210
https://orcid.org/0000-0001-9352-5612
https://orcid.org/0009-0002-9887-1455
https://orcid.org/0009-0002-7960-8344


26

ГОРНЫЕ НАУКИ И ТЕХНОЛОГИИ
MINING SCIENCE AND TECHNOLOGY (RUSSIA)

Starikov A. N. et al. Influence of the sorption properties of potash salts on the gas environment...2025;10(1):25–33

https://mst.misis.ru/

eISSN 2500-0632

Introduction
The Verkhnekamsk potassium-magnesium salt 

deposit (VPMSD) is mined using mechanized methods 
with continuous miner complexes for development and 
extraction. This method of ore extraction is almost al-
ways accompanied by the release of combustible and 
toxic gases from the rock mass during its fragmenta-
tion. Additionally, gas emissions originate from the 
broken ore stockpiled in the transfer hoppers and mine 
shuttle cars, as well as from the exposed potash rock 
mass adjacent to the mine workings. The accumulation 
of significant gas concentrations in the mine atmos-
phere is influenced by the release of free gases from 
the ore body. The primary composition of free gases at 
VPMSD includes combustible gases – methane (CH4) 
and hydrogen (H2) – and toxic gases such as hydrogen 
sulfide (H2S). Furthermore, internal combustion en-
gines, welding operations, and other industrial activi-
ties, contribute to the accumulation of carbon monox-
ide (CO) and other toxic gaseous impurities in the mine 
atmosphere1 [1].

The dilution and removal of harmful impurities 
released in working areas, i.e., the creation of a safe 

1  Ushakov K. Z., Burchakov A. S., Medvedev I. I. Mine 
Aerology. Moscow: Nedra Publ. House; 1978.

environment for normal physiological activity, are 
ensured through ventilation.

The fresh airflow, passing through the working 
area, carries away the released harmful impurities 
through the ventilation drifts to the ventilation shaft 
and then to the surface. Gas surveys at the mines of 
the Verkhnekamsk potassium-magnesium salt depo- 
sit are conducted to determine the relative gas con-
tent in working areas. The obtained values of relative 
gas content directly affect the calculation of the re-
quired volume of fresh air for mine working ventila-
tion. Determining accurate concentrations of com-
bustible and toxic gases in the mine atmosphere is 
critically important for designing an effective venti-
lation system for the working areas and ensuring safe 
conditions in the mine.

Statistical analysis of long-term gas-air survey 
results conducted at the mines of VPMSD shows that 
the volume of gaseous impurities recorded in the main 
ventilation drifts is often significantly lower than in 
dead-end faces [2].

The reduction in the volume of gaseous impuri-
ties along the ventilation airflow path cannot always 
be explained solely by the dilution of contamina- 
ted air due to leaks from intake workings. The phe-
nomenon of decreasing gas impurity concentration 

Феномен снижения газовых примесей по пути движения вентиляционной струи воздуха на калийных 
рудниках во многих исследованиях связывают не только с разбавлением вредных примесей утечками 
свежего воздуха с воздухоподающих штреков, но и с нейтрализацией газов за счет их химических реак-
ций с калийным массивом. Результаты исследований, проведенных ранее в лабораторных условиях, по-
казали, что сильвинит (NaCl + KCl) способен поглощать примеси токсичных и горючих газов. На основе 
результатов лабораторного изучения в рамках настоящей работы проведены исследования в условиях 
реального рудника, учитывающие динамику газовых примесей в атмосфере горных выработок и фактор 
разбавления газовых примесей утечками воздуха. В рамках работы выполнены замеры концентрации 
горючих и токсичных газов на продуктивных пластах разного минерального состава на одном из руд-
ников ВМКМС для оценки влияния свойств калийных солей на газовый баланс в тупиковых выработках 
большой протяженности. Выполнен анализ степени влияния свойств калийного массива на изменение 
концентрации горючих и токсичных газов в выработках по пути движения вентиляционной струи воз-
духа. Анализ отобранных образцов воздуха проводился в лабораторных условиях. Концентрация горю-
чих газов, оксида и диоксида углерода, содержащихся в отобранных образцах воздуха, производилась 
хроматографическим методом на приборе «ХРОМОС ГХ-1000». Оценена доля влияния нейтрализации 
газа и разбавления утечками вентиляционного трубопровода на снижение количества горючих и ток-
сичных газов в исходящей из рабочей зоны струе воздуха. В результате проведенных экспериментов 
установлено, что в протяженных тупиковых камерах пласта АБ (100 м и более) количество газовых при-
месей снижается по протяженности выработки от тупика к устью. При проведении исследований учте-
ны факторы, способные повлиять на снижение концентрации газа в рабочей зоне. 
Ключевые слова
рудник, газовый режим, пробы, концентрация газа, сорбция, утечки, газовая съемка, сильвинит, ка-
лийный массив, метан, оксид углерода, диоксид углерода, сероводород, проветривание, рудничная 
вентиляция 
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along the ventilation airflow path in potash mines 
has previously attracted attention in several studies. 
For instance, Medvedev I. I. and Krasnoshtein A.E. [3] 
described the ability of potash salts. 

To actively sorb gaseous impurities from the 
mine atmosphere. The authors attribute the nature 
of the gas neutralization process to the natural ra-
dioactivity of potash ores, which facilitates chemi-
cal reactions between gas molecules and mineral 
particles on the surface of the rock mass. Similarly, 
Selivanova S.A.2 also described the sorption of harm-
ful impurities from the air by potash salts through a 
series of chemisorption processes. These processes 
involve chemical reactions induced by the catalytic 
effect of ionizing radiation from the potassium-40 
isotope and the high hygroscopicity of potash salts. 
The ability of potash salts to absorb inorganic and 
organic gaseous substances was also discussed in [4], 
where research findings contributed to the estab-
lishment of an underground allergology inpatient 
facility in an active potash mine. The processes of 
natural air purification in salt mines, influenced by 
the mineral composition of the rock mass, were pre-
viously examined in studies  [5, 6]. Additionally, in-
ternational literature associates the mechanism of 
air self-purification in salt mines with intermolecu-
lar attraction forces [7, 8]. 

The results of experimental studies presen- 
ted in  [9] have demonstrated in detail that sylvin-
ite (NaCl + KCl) is capable of absorbing impurities of 
toxic and combustible gases. The study analyzed the 
nature of gas sorption processes by potash salts and 
suggested that natural radioactivity does not play 
a primary role in gas absorption by the potash rock 
mass. A hypothesis was proposed that intermole- 
cular interaction forces are the fundamental mecha-
nism underlying the gas sorption process in the po- 
tash rock mass [10].

If the absorption of gaseous impurities from the 
mine atmosphere by potash salts can influence the 
gas balance within a dead-end working, it becomes 
necessary to account for these processes when con-
ducting gas-air surveys, particularly during air sam-
pling in dead-end workings [11]. Considering that 
the rock mass can actively absorb gaseous impurities, 
it can be assumed that the gas content in the air of 
a single working area may vary locally depending on 
the distance from the gas emission source. The risk 
of recording incorrect gas concentration values due 

2  Selivanova S. A. Hygienic aspects of formation and opti-
mization of the physicochemical conditions of the internal en-
vironment in sylvinite structures. [Cand. Med. Sci. Dissertation] 
Perm: Perm State Medical University named after Academician 
E. A. Wagner; 2019.

to variations in concentration along the length of the 
working may lead to inaccurate calculations of the 
required air volume, potentially affecting the safe-
ty of mining operations. Therefore, a more detailed  
examination of the gas conditions within the dead-
end chamber is necessary.

Studies conducted by the authors of [9] under 
laboratory conditions confirm the ability of potash 
salts to sorb combustible and toxic gases. The objec-
tive of this study is to analyze the dynamics of gas 
impurity concentration reduction in underground 
mine workings of a potash mine. The main tasks of 
the study include conducting a series of experimen-
tal observations in an active potash mine, analyzing 
the extent to which the sorption properties of potash 
salts influence the gas conditions, and assessing the 
impact of air leakage from the ventilation ducting on 
the reduction of gas impurity concentrations within 
dead-end mine workings.

Observation Methods
This study describes a series of experiments 

conducted in long dead-end stoping workings (over 
100 m in length) at one of the VPMSD mines to ana-
lyze the relationship between changes in combus-
tible and toxic gas concentrations along the ventila-
tion airflow path from the gas emission source (from 
the face to the chamber entry). The research was car-
ried out in productive seams AB and Kr-II to assess 
the influence of rock masses with different mineral 
compositions on gas concentration changes within 
the workings. 

The general research approach involved air sam-
pling and measuring airflow rates at multiple points 
along the entire length of the dead-end stopping 
working. All measurements during the experiment 
were performed while mining equipment was in oper-
ation and under stable ventilation conditions.

Air sampling was conducted to measure the con-
centration of combustible and toxic gases in the mine 
atmosphere, while airflow measurements were taken 
to determine gas volume and assess air leakage from 
the ventilation ducting. Sampling for combustible 
gases was performed using the “wet method”, a tra-
ditional technique for collecting poorly soluble ga- 
ses (CH4, H2, CO, CO2) [12], in which the sample was 
obtained through displacement using a 0.7 dm3 glass 
container filled with water (Fig. 1). To determine the 
concentration of soluble gas impurities (H2S, NO, and 
NO2) in the mine atmosphere, samples were collec- 
ted using 0.15 dm3 medical syringes. Before sampling, 
7  cm3 of ammonium molybdate absorbent solution 
was added to the syringe with a pipette, and the sam-
ple container was sealed with a stopper (Fig. 2).

https://mst.misis.ru/
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At each sampling location, the sampling syringe 
was positioned vertically, and the stopper was re-
moved. The plunger was then smoothly depressed to 
draw an air sample up to the 0.15 dm3 mark. Once the 
sample was collected, the syringe was sealed with the 
stopper and placed in a protective case for transport 
to the laboratory3.

At each sampling point, a minimum of three air 
samples were taken (Fig. 3) to determine the average 
gas volume passing through the working. The collect-
ed samples were transported to the laboratory within 
two hours and analyzed within 12 hours of collection.

The analysis of collected air samples was con-
ducted under laboratory conditions. The separation 
of combustible gases (CH4 and H2), carbon monoxide 
(CO), and carbon dioxide (CO2) in the collected air 
samples was performed using gas chromatography 
with the CHROMOS GX-1000 instrument. The chro-
matograph operates by separating the air sample into 
individual chemical components and determining 
their concentrations using a detector. The volumetric 
fraction of each component was then measured using 
the instrument's software4.

The mass concentration of hydrogen sulfide (H2S) 
was analyzed using the photometric method with am-
monium molybdate reagent and a photoelectric col-
orimeter (KFK-3KM). This method is based on meas-
uring the optical density of the compound formed 
when hydrogen sulfide is absorbed from the air by an 
ammonium molybdate solution [13]. The mass con-

3  Laptev V. N., Kazakov B. P., Levin L. Yu. et al. Device for 
gas sampling in mines to determine hydrogen sulfide content. 
Utility Model Patent. 2014; Laptev V. N., Isayevich A. G., Nori-
na N. V. et al. Device for continuous sampling of a gas-air mix-
ture over a specified time interval. Utility Model Patent. 2015.

4  Chudin E. A. Computer program: software module for 
controlling the column thermostat of a gas chromatograph.

centration of hydrogen sulfide was determined using 
a calibrated optical density–mass concentration rela-
tionship. 

All measurements were performed in accordance 
with certified measurement methodologies5 using ap-
proved measuring instruments that had undergone 
verification. 

For the experiments, working areas in different 
productive seams at one of the VPMSD mines were se-
lected. Field measurements were conducted in three 
stages: the first stage was carried out in seam Kr-II, 
while the second and third stages were conducted in 
seam AB. The primary criterion for selecting working 
areas was the presence of a long dead-end working – 
over 100 meters in length. The selected working areas 
were located within a single extraction site (panel), 
where preparatory mining operations were underway 
to develop a new extraction block, resulting in the sig-
nificant length of the workings. 

The experiment was designed to ensure uniform 
and simultaneous measurements at multiple points 
along the entire length of the chamber, as shown in 
Fig. 4.

The first stage of the study involved a series of 
measurements in the working area of seam Kr-II. The 
primary mineral composition of this seam consists of 
potassium chloride (KCl) – 29% and sodium chloride 
(NaCl) – 66% [14]. During this stage, the distance from 

5  FR.1.31.2022.42903 GSI. Measurement methodology 
for determining the volumetric fraction of oxygen, methane, 
and carbon dioxide, as well as the mass concentration of carbon 
monoxide, hydrogen sulfide, nitric oxide, and nitrogen dioxide in 
the atmosphere of mine workings, and for assessing gas emission 
levels based on combustible gases in mine workings and the 
mine as a whole; FR.1.31.2022.44212 Measurement methodology 
for determining the mass concentration of hydrogen sulfide 
(hydrosulfide, hydrogen sulfide) using ammonium molybdate 
reagent.

Fig. 1. Sampling container for determining 
combustible gas concentration

1

2

3

1 – Stopper
2 – Air
3 – Absorbent solution

Fig. 2. Sampling syringe for determining 
hydrogen sulfide (H2S) concentration

Sampling

Fig. 3. Sampling method

https://mst.misis.ru/


29

ГОРНЫЕ НАУКИ И ТЕХНОЛОГИИ
MINING SCIENCE AND TECHNOLOGY (RUSSIA)

Starikov A. N. et al. Influence of the sorption properties of potash salts on the gas environment...2025;10(1):25–33

https://mst.misis.ru/

eISSN 2500-0632

the chamber mouth to the face was 180 meters. The 
mining equipment operating in the working area in-
cluded: Ural-20R continuous miner, BPS-25 transfer 
hopper, and VS-30 mine shuttle cars. entilation of the 
working area was provided by a VME-6 local ventila-
tion fan. The fan was positioned in the extraction gal-
lery, and air was supplied to the face using a forced 
ventilation system through a 500 mm diameter flexi-
ble ventilation duct (see Fig. 4). With this duct diame-
ter and pipeline length, the fan’s capacity ranged from 
190 to 200 m3/min. The advance rate of the specified 
continuous mining complex averages 30 meters per 
shift. Air sampling in the working area was conducted 
during the third production shift, 30 minutes after the 
mining equipment began operating, and while it was 
in operation. Within the chamber, four measurement 
points were selected at 50-meter intervals from the 
face to the chamber mouth. 

The second stage of the experiment was con-
ducted in a dead-end chamber in seam AB. The mi- 
neral composition of this productive seam differs from 
that of seam Kr-II due to its higher potassium chlo-
ride (KCl) content – up to 39%. The experiment was 
carried out in a 130-meter-long dead-end working. 
At the time of the measurements, the mining com-
plex in operation included: Ural-61 continuous miner,  
BP-14 transfer hopper, and VS-17V mine shuttle car. 
The technical productivity of this complex was 3 tons 
per minute. Ventilation of the working area was pro-
vided by a VME-6 local ventilation fan with a 500 mm 
diameter flexible ventilation duct. Under these opera- 
ting conditions, the fan’s capacity ranged from 200 to 
210 m3/min. The average advance rate of the mining 
complex was 30 meters per shift. Within the chamber, 
five measurement points were selected at 30–35 meter 
intervals from the face to the chamber mouth. Mea- 
surements were conducted during the loading cycle of 
the mine shuttle car at the continuous miner.

The measurement stages for seams Kr-II and AB 
involved air sampling to determine the concentrations 
of methane (CH4), hydrogen (H2), carbon monoxide 
(CO), and oxygen (O2). Additionally, at each sampling 
location, the airflow volume was recorded. The total 
sampling time per stage, excluding preparation, did 
not exceed 10 minutes.

Seam AB at the VPMSD mines, unlike seam  
Kr-II, is characterized by a tendency to release hydro-
gen sulfide (H2S) during extraction [15]. Therefore, as 
a  separate stage of the study, air samples were col-
lected in the chamber of seam AB to determine hy-
drogen sulfide (H2S) concentration. These measure-
ments were conducted one month later in another 
chamber within the same extraction block. 

The third stage of the experiment was conducted 
in a 100-meter-long dead-end chamber in seam AB. 
The mining equipment operating in the working area 
included: Ural-61 continuous miner, BP-14 transfer 
hopper, VS-17V mine shuttle car. Ventilation of the 
working area was provided by a VME-6 local ventila-
tion fan with a 500 mm diameter flexible ventilation 
duct, operating at 205–215 m3/min. Within the cham-
ber, three measurement points were selected – at the 
face, midpoint, and chamber mouth. Measurements 
were taken during the loading cycle of the mine shuttle 
car at the continuous miner. The measurement series 
included air sampling to determine hydrogen sulfide 
(H2S) concentration, while airflow volume was recorded 
at each sampling point. Additionally, a mine gas ana-
lyzer was placed at the face near the continuous miner 
(see Fig. 4), which recorded and stored hydrogen sulfide 
(H2S) concentration values every 10 seconds. The sam-
pling time for each measurement was 10 minutes. The 
following section presents the results of sample analy-
sis from all stages of the experiment.

Experiment results
The analysis of samples collected using chromato-

graphic and photometric methods provides an assess-
ment of changes in combustible and toxic gas concen-
trations along the outgoing airflow path in the chamber, 
from the face to the chamber mouth. Collecting three 
samples at each measurement point allows for an eva- 
luation of data variability and determination of average 
concentration values. Sample processing was carried 
out under controlled laboratory conditions, ensuring 
compliance with all necessary environmental parame-
ters. In accordance with the methodology, the concen-
tration of combustible gases was analyzed by separately 
measuring methane (CH4) and hydrogen (H2) concen-
trations, followed by their summation, expressed as (%):

4 2CH H ,C C= +∑ 	 (1)

where C is concentration of the specified component, %. 

Г

Chamber length

Ex
tr
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ti

on
 d
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Г

Sampling point
Outgoing airflow
Incoming airflow
Mine gas analyzer

Fig. 4. Measurement scheme for seam Kr-II
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The measured concentrations of combustible 
gases and carbon monoxide from air samples collec- 
ted during the second stage of the experiment in seam 
AB are presented in Figs. 7 and 8.

The processing of air samples collected in the 
working area of seam AB indicates a decrease in gas im-
purity concentrations within the chamber atmosphere, 
along the airflow path from the face to the chamber 
mouth. Over a 130-meter distance, the average con-
centration of combustible gases (CH4 + H2) decreased 
by 37%, while the carbon monoxide (CO) concentra-
tion dropped by 88%. Air sampling in seam AB, as part 
of the third stage of the experiment, was conducted 
alongside the continuous recording of hydrogen sulfide 
(H2S) concentrations at the face using a mine gas analy- 
zer. The gas analyzer readings during the air sampling  
period are presented as a graph in Fig. 9.
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Fig. 5. Concentration of combustible gases in seam Kr-II
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Fig. 6. Concentration of carbon monoxide in seam Kr-II
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Fig. 7. Concentration of combustible gases in seam AB
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Fig. 8. Concentration of carbon monoxide in seam AB
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Fig. 10. Concentration of hydrogen sulfide in seam AB

The obtained concentration values for the stu- 
died components are presented as scatter plots, with 
trend lines plotted based on the average concentra-
tion values of each component. 

Figs. 5 and 6 show the concentration values of 
combustible gases (CH4 + H2) and carbon monoxide 
(CO) obtained from the analysis of samples collected 
along the entire length of the chamber in seam Kr-II 
during the first stage of the experiment.

According to the obtained results, a decrease in 
the volumetric fraction of the studied gas components 
was observed in the working area of seam Kr-II along 
the airflow path from the face to the chamber mouth. 
Over a 150-meter distance, the average concentration 
of combustible gases (CH4 + H2) decreased by 10%, 
while the average concentration of carbon monoxide 
(CO) dropped by 17%.
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The average concentration of hydrogen sulfide 
(H2S) recorded by the gas analyzer near the continu-
ous miner, where gas is predominantly released from 
the rock mass, was 0.0047%. The hydrogen sulfide 
(H2S) concentration values obtained from the analysis 
of air samples collected during the third stage of the 
experiment in seam AB are presented in Fig. 10.

The analysis of air samples collected in the work-
ing area of seam AB shows a decrease in hydrogen 
sulfide (H2S) concentration along the outgoing air-
flow path from the face to the chamber mouth. Over a 
100-meter distance, the average concentration of hy-
drogen sulfide in the air decreased by 90%.

Analysis of Results
The measurement results obtained in this study 

clearly demonstrate a reduction in gas impurity con-
centrations in extended working areas as air moves 
from the face (gas emission source) to the mouth of 
the dead-end chamber. Air sampling in the working 
areas of seams Kr-II and AB provides insight into the 
impact of different mineral compositions on the ab-
sorption of gas impurities from the atmosphere in 
dead-end working [16].

The results indicate that the reduction in gas 
impurity concentrations in the working area of seam 
AB occurs more intensively compared to seam Kr-II, 
under identical dead-end chamber lengths. Table 1 
presents the percentage reduction in gas impurity 
concentrations for different seams over a 100-me-
ter section of the ventilation airflow path within the 
chamber. This 100-meter segment was chosen to 
ensure the standardization of conditions across all 
stages of the study.

The reduction in gas impurity concentration as 
air moves from the face to the chamber mouth can 
be attributed not only to the absorption of gaseous 
impurities by the rock mass6 [17], but also to the di-
lution of the outgoing airflow due to fresh air leakage 
from the ventilation duct into the chamber atmos-
phere. The extent to which the sorption properties of 

6  Gorbatenko Yu. A. Adsorption of toxic gas impurities from 
contaminated air. 2014.

the rock mass influence the reduction of gas impurity 
concentrations in the outgoing airflow can only be 
accurately assessed by determining the volume of air 
leakage from the ventilation duct along the studied 
section [18].

At each stage of the study, measurements were 
taken to determine air leakage from the ventilation 
duct. Specifically, airflow was measured at the sam-
pling points using a mine vane anemometer. The air 
velocity measurements recorded in this study showed 
no significant variation between the measurement 
points within the chamber. The air volume at each 
measurement point ranged from 200 to 215  m3/s,  
accounting for the acceptable calibration error  
of the anemometer at the recorded air velocities, cal-
culated as +(0.03 + 0.02V), where V is the measured 
velocity (m/s). 

Since direct measurement of air leakage from 
the ventilation duct along the studied section of the 
chamber was not feasible, the leakage volume was 
estimated based on regulatory air leakage rates out-
lined in the official documentation used at VPMSD 
mines to calculate the required ventilation airflow in 
dead-end chambers7. The regulatory air leakage rate 
represents the maximum permissible leakage from 
the ventilation duct under normal conditions, assum-
ing no structural damage and nominal performance 
of the local ventilation fan. Under standard operating 
conditions, for a 100-meter-long flexible ventilation 
duct, the air leakage coefficient is set at 1.07. Con-
sequently, in the analyzed sections of the dead-end 
chambers in seams Kr-II and AB, the air volume at 
the face was considered 7% lower than the air volume 
passing through the chamber mouth.

With known airflow values, the measured gas con-
centrations (%) were converted into the gas volume 
passing through the studied points (m3/min). When 
assessing changes in gas volume (m3/min) along the 
working, the influence of air leakage from the ventila-
tion duct on the concentration of harmful impurities 
in the ventilation airflow path (from the face to the 
chamber mouth) was excluded. Therefore, changes in 
gas volume along the working reflect the impact of 
the sorption properties of the rock mass surrounding 
the excavation on the gas balance within the dead-
end chambers at VPMSD mines. 

Table 2 presents the changes in the average vol-
ume of gas impurities passing through the working, as 
well as the sorption capacity of the rock mass for each 
seam, as determined in this experiment. 

7  Временная инструкция по расчету количества воз-
духа, необходимого для проветривания рудных шахт. 1983.

Table 1
Reduction in gas concentration in the stoping chamber

Seam

Reduction in concentration over 100 m, %

Combustible 
gases 

(CH4 + H2)

Carbon 
monoxide 

СО

Carbon 
monoxide 

H2S

Seam Кr-II 9 12 –

Seam АB 35 76 90
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The data presented in Table 2 indicate that gas 
volume in dead-end chambers decreases from the 
face to the chamber mouth. The most intensive re-
duction in gas impurity concentrations occurs in the 
dead-end chambers of seam AB, which is consistent 
with laboratory experiments [7], where a higher KCl 
content in sylvinite was shown to have a stronger 
sorption effect on gas impurities.

The very minor reduction in combustible gases 
and carbon monoxide concentrations in seam Kr-II 
does not allow for definitive conclusions regarding 
the sorption properties of the rock mass in this seam. 
The slight variations observed may be attributed to 
the measurement uncertainty of the equipment and 
methodology. A more precise assessment of gas impu-
rity reduction in seam Kr-II would require increasing 
the length of the studied working.

Conclusion
This study involved a series of experimental ob-

servations conducted in underground dead-end wor- 
kings of a potash mine, specifically in productive 
seams Kr-II and AB. Based on the results of the ex-
periments, an analysis was performed to assess the 
impact of the sorption properties of potash salts on 
the gas environment within dead-end working areas. 
Additionally, the influence of air leakage from venti-

lation ducts on the reduction of gas impurity concen-
trations was evaluated.

The experimental investigations revealed that in 
extended dead-end chambers of seam AB (100 meters 
or longer), a gradual reduction in gas impurity con-
centrations was observed along the working, from 
the face to the chamber mouth. The obtained data 
align with previous laboratory experiments [9], which 
demonstrated that potash salts are capable of absorb-
ing carbon monoxide (CO) and combustible gases, 
such as hydrogen (H2) and methane (CH4). Further-
more, this study included experiments in seam AB to 
examine the dynamics of hydrogen sulfide (H2S) con-
centration changes during ore extraction, as air moves 
from the face to the chamber mouth. The experimen-
tal results showed that the average sorption efficiency 
of sylvinite from seam AB (with KCl content of 39%) 
over a 100-meter ventilation path from the dead-end 
to the chamber mouth was: 31% for combustible gases 
(hydrogen (H2) and methane (CH4)), 75% for carbon 
monoxide (CO), and 88% for hydrogen sulfide (H2S). 
During the study, factors influencing gas concentra-
tion reduction in the working area were considered. 
Additionally, the ventilation duct leakage coefficient 
was accounted for when converting gas impurity con-
centrations to actual gas volume passing through the 
measurement control points.

This research continues the investigation of the 
sorption properties of potash salts concerning the 
absorption of combustible and toxic gas components 
from the mine atmosphere. The observations of the 
impact of potash salts’ sorption characteristics on 
mine air composition in extended dead-end wor- 
kings at the VPMSD mine serve as a continuation of 
a series of laboratory experiments [7]. The findings of 
this study will contribute to the further development 
of methodologies for evaluating factors affecting 
the mine atmosphere composition within dead-end 
workings. Additionally, the results will provide a ba-
sis for the development of a gas survey methodology 
for working areas in potash mines. In the future, the 
study is expected to be expanded to cover all VPMSD 
mines, enabling the accumulation of statistical data 
and the testing of an improved gas survey methodolo-
gy for potash mining operations.
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