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CHANGE OF COAL’S GAS CONTENT DURING TRANSPORTATION
TO THE TEMPORARY STORAGE

Gendler S.G., Stepantsova A.Yu., Mozzhanov D.B.

Purpose. Definition of correlation between residual gas content in coal stored in closed
temporary storages and coal’s natural gas content, which depends on the weather, train’s trans-
portation time and the amount of air ventilating closed storage needed to maintain methane
concentration below threshold limit value.

Methods. Analysis of the transportation process from excavation site to the temporary
storages, which takes into account transportation duration, carriages type and atmospheric tem-
perature; experimental determination of effective diffusion coefficient for methane in coal frag-
ments; theoretical research of thermal pattern dynamic for coal mass in train carriages; compu-
tational analysis of coal’s gas content dynamic during transportation and correlation between
residual coal’s gas content and required airflow rate for temporary storage ventilation.

Findings. This paper represents the results of research of change of coal’s gas content
during excavation, transportation to the surface and further transportation to temporary storages
by train by evaluating influence of physical and chemical properties of coal, effective diffusion
coefficient in particular, and mean atmospheric temperature. According to procured data, value
of effective diffusion coefficient, which depends on coal transportation time and its mean par-
ticle diameter, increases with the rise of mean coal mass temperature. Calculation of mean coal
mass temperature per unit of volume during transportation is based on approximate method of
Bubnov — Galerkin. Residual coal’s gas content after transportation is calculated as difference
between value of coal’s gas content after loading into carriages and coal’s gas content after
delivery to temporary storages. Correlation between residual coal’s gas content and required
airflow rate for temporary storage ventilation has been established.

Application field of research. The results of the study can be used to ensure methane
safety during temporary storage of coal raw materials in closed warehouses.

Keywords: bituminous coal, bituminous coal transportation, coal’s seam gas content, re-
sidual gas content, methane, threshold limit concentration, coal storage, temporary coal storage.
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Introduction

The purpose of temporary storage of coal in port terminals, thermal power plants and boiler
houses is to create the necessary stock of coal products to ensure sustainable operation of sea
transportation, generation of heat and electric power, obtaining raw materials for metallurgical,
chemical and other industries.

In 2022 206,5 million tons of coal were transported through coal seaports in Russia — Ust-
Luga, Vanino, Vostochny, Taman and Nakhodka, which is greater than in 2021 by 1.8 %. [1-3].

The vast majority of warehouses for temporary storage of coal are open areas, where coal is
placed, pre-stacked in a stack, having, as a rule, the geometric shape of a trapezoid. One of the most
significant disadvantages of this storing method is not only its quality drop due to exposure to
weather, but also the wind erosion, which leads to generation and spread of coal dust thus negatively
affecting the environment [4-6]. As an alternative way for temporary coal storing using closed
temporary storages can minimize all negative factors of open type storing [7; 8].

While storing in closed temporary storages is obviously better from ecological standpoint,
this method can lead to dangerous concentrations of gas in the storage’s atmosphere, which may
become the reason for storage employees’ health issues. These can be caused by methane inflow
from stored coal, which remained in coal fragments after excavation and transportation. Residual
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coal’s gas content value should be considered as the main factor that determines possible violation
of threshold limit value (1 % of volume)®.

While storing coal in closed temporary storages the most rational way to maintain threshold
limit value of gas is ventilation. Its necessity and parameters, including value of air inflow, mostly
depend on residual coal’s gas content before its unloading in closed temporary storages.

Therefore, the determination of required air inflow for closed temporary storage should be
based on credible information about residual coal’s gas content. It defines relevance of this paper’s
problem. Full research cycle was conducted for coal from Kuznetsk basin with grades G and J, which
have natural gas content higher than 15 m3/t reaching up to 25 m3/t at certain depths [9]. Another
point of this research is that these types of coal have the biggest commercial interest for marine
export and, thus, for maintaining ecological safety during temporary storing in port terminals.

Problem formulation

According to scientific literature [10-12], coal’s gas content (methane content) after
excavation and transportation to the surface is significantly lower than natural gas content in natural
environment. Calculations, which were conducted according to instructional guidelines «Coal mine
ventilation system design guide», showed that prolonged coal storing in the mine working greater
than 10 days lowers coal’s gas content by more than 2.5 times.

However, with high initial coal’s gas content it doesn’t decrease significantly even after
transportation to the surface. For example, with natural coal’s gas content of 30-40 m3ft,
transportation to the surface may decrease the content only to 12—-15 m3t.

Further decrease in coal’s gas content will continue during transportation by train. The dynamic
of this process depends on the type of carriage, trains’ velocity Vi (km/h), coal’s swell factor Ks.

Coal is transported by train mostly with the use of open and closed four-axle carriages [13; 14],
also recently open top containers started getting used.

Average coal transportation takes from 7 to 14 days depending on the distance traveled.
Within this whole time the process of methane desorption from coal continues without interruptions.
Gas release intensity of transported coal significantly depends on the value of effective diffusion
coefficient Der (M?/s) [15-17], value of which was determined by us during experimental research [9].
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Figure 1. — Correlation between effective diffusion coefficient and mean coal mass temperature

1 On approval of Federal norms and rules in the field of industrial safety «Safety rules for processing, preparation and
briquetting of coal»: Order of the Federal Service for Environmental, Technological and Nuclear Supervision, No. 428,
October 28, 2020: registered in the Ministry of Justice of Russia, December 21, 2020.
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The presented graph in figure 1 suggests that the value of effective diffusion coefficient
depends on coal mass temperature. Since coal’s temperature during transportation can change
depending on atmospheric air’s temperature, it is proposed to set the value of the effective diffusion
coefficient by the mean integral over the transportation period and volume average temperature of
coal mass in railcars.

In order to calculate mean and averaged temperatures per unit of coal volume during the
transportation process following conditions will be applied:

1. Inhomogeneous coal mass in carriages will be considered as homogeneous and defined
by three effective thermophysical properties: thermal conductivity coefficient Aer (W/(m-K)),
specific heat capacity Cetr (J/(kg-K)) and thermal diffusivity oer (M?/s), values of which are applied
according to recommendations from suggested studies [18; 19].

2. Four-axle carriage’s complex shape will be considered as a cylinder with equivalent
radius Rcar (M), which will be calculated using the following formula:

RC&I' = ZSCBI' / ucar’ (1)

where Scar — four-axle carriage’s cross-section area, m?;
Ucar — carriage’s perimeter, m.
Heat dissipation coefficient an can be calculated with the following empirical formula [20]:

0.7(V, +15)

iy =y + 2)

car

where an, — radiant component of heat dissipation, W/(m?-K) (onr = 9 W/(m?-K) under summer
conditions);

Lcar — carriage’s length, m;

15 — dimensional coefficient, km/h;

0.7 — dimensional coefficient, my\!l(/km/h .

The results of an calculations indicate that at train speeds greater than 60 km/h, the value of
on exceeds 50 W/(m?2-K). This gives us justification to assume that heat transfer intensity between
carriages’ surfaces and atmospheric air can be calculated with first-type boundary conditions.

The solution of calculating the heat transfer with equivalent thermophysical properties that
models a rail carriage is done approximately and is based on Bubnov — Galerkin method [21].

The correlation between dimensionless mean integral temperature 6 and cylinder’s cross-
section has the following form:

0=0.693e 5% 10,197 088%™ ©)

2 .
car

where F/™ — Fourier diffusion number for coal (F/® =o,,1/RZ,; oeq — equivalent thermal diffu-

sivity m%/s; T — transportation duration, s).
Dimensionless mean temperature of coal mass during transportation to temporary storage
can be calculated using correlation (3) and the following ratio:

coal
R

J‘ édFOcoal ~ 0.12 [1_ o578F } N 0.00534 [1_ o2088F J (4)

coal coal
0 FO l:0

ém = :tl:-oal
I:0

Then, the average temperature of the coal mass 'I_'m (K) is calculated by the following
formula:

Tm=t, +0n(T,—t,), (5)

where tar — air temperature, K;
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To — initial coal mass temperature, K.

Research’s results discussion

The following calculations were done using correlation (4) for base data (table 2) with
atmosphere’s temperature and transportation time as variables.

Table 1. — Thermophysical properties of coal mass and its components

Thermal Specific heat Relative Effective properties of heterogeneous environment
conductivity, capacity, volume Thermal Specific heat Thermal
W/(m'K) Ji(kg-K) conductivity Aerr, | capacity Ce, diffusivity e,
coal air coal air coal air W/(m-K) JI(kg-K) m?/s
0.25 0.031 | 1300 1005 0.7 0.3 0.145 1212 0.0000013

Results are represented in Figure 2.
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Figure 2. — Average temperature of coal mass during transportation to temporary storage

Analysis of the procured data shows that with prolonged transportation, depending on the
weather, average temperature of coal mass can decrease by 10-20 °C in winter season and increase
by 50-10 °C in summer season.

Change in coal’s gas content inside carriage X. (m®/t) relative to the initial value is equal to
the difference between initial value Xo and the total value of gas release:

xT — XO [1_2 Fsurpcoal DeffTJ’ (6)
car Tc
where Fsyr — coal’s surface inside the carriage, m?;
peoal — coal density, kg/m?;
Pcar — carriage’s load capacity, Kg.

Airflow rate that maintains methane concentration inside coal’s storage below 1 % is
calculated based on methane airflow and total side surface of coal pile.
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Joint graph for coal’s gas content (methane content) calculation during transportation
depending on different atmospheric air’s temperatures and airflow rate is represented in figure 3.

——— Initial methane content 25 m?/t (-20 °C)
— Initial methane content 25 m?/t (+15°C)

Initial methane content 20 m?/t (-20 °C)
—— Initial methane content 20 m*/t (+15°C)
Initial methane content 15 m?/t (-20 °C)
Initial methane content 15 m?/t (+15°C)

1(1\ V r : \

Initial methane content before
transportation, m 3/t

= Summer period (+15 °C) - Winter period(-20 °C)
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Required airflow rate, m3/s Transportation time, h
Figure 3. — Graph for residual coal’s gas content and required airflow rate determination
for closed temporary storage’s ventilation during S days of storing

As the represented graph from figure 3 shows, the required airflow rate that will maintain
safe exploitation of closed temporary storage with methane release depends on residual coal’s gas
content (methane content) before transportation and transportation duration. For example, during
10-day transportation in winter season coal’s gas content will drop from 20 to 13 m3/t and the value
of the required air flow rate will be 17 m®/s.

Conclusion

1. Determination of purposefulness of ventilation installation in order to prevent methane
concentration higher than 1 % should be based on credible information about residual coal’s gas
content after excavation, transportation to surface and to temporary storages.

2. Gas release intensity of transported coal significantly depends on the value of effective
diffusion coefficient Des, which, in turn, depends on the average value of coal mass temperature:
coal mass’s temperature increase quickens the rate of methane desorption from coal fragments,
which decreases residual coal’s gas content of coal mass during its transportation compared to
winter season.

3. Calculation of the average temperature of the coal mass loaded into cars over the
transportation period can be carried out assuming the possibility of replacing a heterogeneous coal
mass with a homogeneous one with equivalent thermophysical properties based on the approximate
Bubnov — Galerkin method.

4. Coal’s gas content monotonically decreases during its transportation. With residual coal’s
gas content value of 15 m%/t, a gradual decrease in coal’s gas content can be observed during its
transportation to temporary storage. Thus, after seven days of coal mass transportation during winter
season at -20 °C the residual coal’s gas content will be approximately equal to 11 m3/t, after 15 days —
lower than 8 m3/t, in summer season at +15 °C it will be 9,5 m®/t and lower than 6 m3/t accordingly.

5. Airflow that is required to decrease methane concentration below 1 % increases with
higher residual coal’s gas content before unloading in the temporary storage. Thus, in order to
ensure normal methane concentration for 5 days with residual coal’s gas content of 15 m3/t, required
airflow rate will be equal to 15 m®/s during winter season and 20 m®/s during summer season.
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U3MEHEHUE 'A30OHOCHOCTM YI'JIEM ITIPU TPAHCIIOPTUPOBKE 1O MECTA
BPEMEHHOI'O XPAHEHUA

I'enpiiep C.I'., CrenanuoBa A.1O., Mo3xkanos J.b.

Ijenv. YcTaHOBIIEHHE B3aMMOCBSI3M MEXK]y OCTATOUYHOW Ta30HOCHOCTBIO YyTiiei, pa3MellaeMbIX Ha
BpPEMEHHOE XpaHEHHE B 3aKPHITHIX YTOJBHBIX CKJIaaX, OTHOCUTEILHO Ha4YaJlbHOH ra30HOCHOCTH B IPUPO/I-
HBIX YCJIOBHSIX, 3aBHCALICH OT MPONODKUTENILHOCTH TPAHCIOPTUPOBKU M METEOPOJIOTUIECKUX YCIOBHI BO
BpeMS TPAHCIOPTHPOBAHHSA YTOIBHON MacChI 10 JKeNe3HOH Jopore, M KOJTMIeCTBOM BO3IyXa, O0ecTieunBa-
IOIIIUM TIPY TIPOBETPUBAHUH 3aKPBITOTO CKJIa[[a HOPMAaTHBHYIO KOHIIEHTPAIIUIO METaHa.

Memoovi. AHanu3 npolecca TpaHCTIOPTUPOBKH yIJIel OT MecTa J0OBIYH 10 UX BPEMEHHOTO CKIIAIH-
POBaHMSA, YYUTHIBAIOIIETO BPEMS TPAHCIOPTHUPOBKH, THIT BATOHOB M 3HAYEHHUE TeMIIEpaTyphl HAPYKHOTO
BO31IyXa; SKCIIEpUMEHTAIBHOE ompeaeieHne kodddumuerta 3¢ hekTuBHON Tu(Gy3UN METaHa U3 YTOJbHBIX
OTACTBHOCTEH; TeOpEeTHUECKHE UCCIICIOBAHUS TMHAMUKN TEMIIEPAaTYPHBIX IOJIEH B yTOJILHOW Macce, HaXxo-
JSIIeics B JKENEe3HOIOPOKHBIX BaroHax; PacueTHHIM aHAU3 JTWHAMUKHA Ta30HOCHOCTH YIJIe BO Bpems
TPAHCIIOPTUPOBKH 1 B3aUMOCBSI3M OCTATOYHOHN Ta30HOCHOCTHU C PACXO/IOM BO3/yXa IS POBETPHUBAHUS 3a-
KPBITOTO YTOJIBHOTO CKJIaja.

Pezyromamui. B paboTe mpencTaBiIeHbl pe3yJbTaThl UCCIEIOBAHUN M3MEHEHHS] METAaHOHOCHOCTH
YTIIS B TIpoOTiecce TOOBIYH, M3BJICUEHUS €ro Ha MOBEPXHOCTh U MOCIEAYIONIeH TPAaHCTIOPTHPOBKH JKEIe3HO-
JOPOXKHBIM CITIOCOOOM JI0 MECT BPEMEHHOTO XpaHEHHsS Ha OCHOBE OIICHKH BIUSHUS (PH3UKO-XUMHUIECKHIX
CBOWCTB yIJis, B 4acTHOCTH 3(dekTuBHOr0 KodpduuueHta nupdys3un, a TakKe CpeAHEH TeMIepaTypsl
okpyxaromel cpenbl. [Tokazano, uro 3HaueHHe 3P PekTrBHOTO Ko3dduimenta 1uddy3un, 3aBUCAIICE OT
BPEMEHH TPAHCIIOPTHPOBKH YTIISl M €T0 CPETHETO TUaMETpa YaCcTHIl, YBEITMIUBACTCS TIPY TIOBBIIIEHUH CPEe/I-
Hell Temneparypsl yroibHo# Macchl. Ha ocHoBe mpubmmkenHoro merosia byonosa — [Canepkuna nomyueHa
CpeIHss TeMIIepaTypa yroJIbHON Macchl Ha eIMHUILY 00beMa 3a MepHo] TPaHCTIOPTHPOBKH. OcTaTouHas
Ta30HOCHOCTH YTJISI ITOCJIE TPAHCTIOPTHPOBKY BHIYUCIICHA KaK Pa3HUIIA MEXKIY BEIMIMHON Tra30HOCHOCTH
MOCIIe €ro TOTPY3KH B BaroHbl W Ta30HOCHOCTHIO TIOCJE JIOCTABKH YIIISI K MECTy BPEMEHHOTO XPaHEHUS.
YcTaHOBIIEHA B3aMMOCBS3b MEXIY BEIUYMHONW OCTaTOYHOM Ira30HOCHOCTH YIJIel U pacxo/oM BO3/1yXa,
HEOOXOIUMBIM JIJISl IPOBETPUBAHISI 3aKPBITOTO CKIIaa.

Obnacmo npumernenus ucciedoganui. Pe3yabTaThl UCCIEIOBAHUS MOTYT OBITH HCITOJIE30BaHBI IS
obecrniedeHunst MeTaHOOE30MaCHOCTH TIPH BPEMEHHOM XPaHEHUHN YTOJIBHOTO CHIPhS Ha 3aKPBITHIX CKIIa/laX.

Knioueswle cnosa: KaMeHHBIN YroJjib, TPAHCIIOPTUPOBKA KAMCHHOTO YIJIsA, TA30HOCHOCTb YTOJIbHBIX
IJ1aCTOB, OCTATO4YHAA Ira30HOCHOCTb, METAH, IPEACIIbHO-A0IIYCTUMAas KOHUCHTPAIUA, }/FOHLHHﬁ CKJ1aza, Bpe-
MCHHOC XPAaHCHHUC YTJIs.
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