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Abstract. Over the past 10 years, the mining conditions of Ukraine's coal deposits have changed significantly. The
development of particularly dusty seams has been discontinued and the transition from domestic roadheaders to
imported ones has begun. And the normative document governing the requirements for roadheaders’ irrigation
parameters has not been changed for the last 18 years. This makes the revision of certain provisions of the document a
matter of urgency. Of particular relevance is the development of a criterion for assessing the conformity of water
consumption by the irrigation system of imported roadheaders to the conditions of Ukrainian coal deposits. A comparison
of the dust-generating capacity of seams mined when the normative document was issued in 2005 and those currently
being mined showed that the maximum dust generation has now been reduced by 35%. This made it possible to reduce
the normative indicator of specific water consumption from 100 I/m3 to 65 I/m3 of broken rock. The analysis of the
normative methodology for the calculation of the water consumption by the irrigation system of cutter-loaders showed
that these calculations take into account an understandable physical law of the reduction of the specific dust generation
with the reduction of the coal hardness. However, roadheader calculations do not take this law into account. This leads
to an underestimation of the allowable water consumption for hard rock and an overestimation for soft rock. To eliminate
this drawback of the methodology for calculating the water consumption of the roadheader irrigation system, a
regression dependence of the specific dust generation reduction was obtained when increasing the excavation
productivity of weaker rock. The use of this dependency made it possible to determine the value of the equivalent
productivity of the roadheader in terms of the dust factor and to formulate the criterion for evaluating the compliance of
the water consumption of its irrigation system with the requirements of normative documents. The same dependence
can also be used for a rough estimate of the equivalent productivity of shearers.

Keywords: roadheader productivity, mined rock excavation, dust generation, broken rock, dust suppression.

1. Introduction

The Ukrainian coal mining industry is currently undergoing a transition from
domestic roadheaders to imported ones. Prior to this transition, the compliance of the
irrigation parameters of domestic roadheaders with the normative documents of
Ukraine was ensured at the stage of their design. And there was no need for
additional verification of compliance of irrigation parameters with the requirements
of normative documents by specialists of coal mines and supervisory organisations.

However, the parameters of the irrigation systems of imported roadheaders are
unlikely to take into account all the specifics of the complex mining conditions in
Ukrainian mines. And for them, additional verification of irrigation parameters in
accordance with Ukrainian regulations is required.

This raises the problem of uniform assessment of such conformity. It is caused by
two factors which are not directly but indirectly assessed in the current Ukrainian
regulations:

— stopping the development of particularly dusty seams;

— reducing specific dust generation with decreasing rock hardness.

We emphasise that all the data required for such an assessment are available in the
regulations. All that is required is the correct processing of this data and the
formulation of it clearly in the form of criteria.

The analysis of the regulations is carried out only from the point of view of dust
suppression during the roadheader operation. The possible impact of safety
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considerations due to the explosion of a mixture of air with methane and coal dust on
the value of the specific water consumption will be considered in the following
publications.

2. Methods
The problem was solved by a comparative analysis of the regulatory requirements
for roadheaders and cutter-loaders using standard regression methods.

3. Results and discussion

The requirements for irrigation parameters for q>100roadheaders are laid down
in NPAOP 10.0-5.23-04 [1]. They are only 2 — water pressure should not be lower
than 1.2MPa and its specific flow rate should be

g =100, (I/m? of broken rock). (1)

It 1s the requirement (1) that should reflect the specific mining conditions in
Ukraine. Therefore, it is this requirement that we will analyse in the future.

It is clear that the specific water consumption for irrigation must somehow
correspond to the specific dust generation, measured in g/m®. The higher is the
specific dust generation, the higher should be the specific water consumption for dust
suppression and vice versa. Reference materials on specific dust generation of rocks
are not available in modern normative documentation. In the “Guidance on Dust
Control in Coal Mines” [2], developed more than half a century ago, relates specific
dust generation of rocks to specific dust generation of coal seams. The dustiness
categories are established for coal seams (Table 2 in the Guidance [2]), which are
represented in our Table 1.

Table 1 —Specific dust generation parameters for mine seams

Dustiness group of Specific dust release, g/t
seams minimum Maxim um average
1 0 50 25
2 50 100 75
3 100 150 125
4 150 250 200
5 250 400 325
6 400 600 500
7 600 1000 800

At the time of the adoption of NPAOP 10.0-5.23-04 [1] in 2004, mines of Ukraine
developed 219 flat seams with dustiness groups 6—7, that made up ~24 % of their
total number. The rest of mines were of group 4 and less dustiness (according to
“Catalogue of mine seams...” from [2]). It is clear that requirements for irrigation
systems were set for very dusty seams not lower than group 6.

To date, there are ~60 mine seams of Group 4 and ~10 mine seams of Group 5
(approximately 15%) remaining in development in Ukraine.
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In connection with the occurred decrease of the specific dust-generating capacity
of the coal seams developed by the coal enterprises of Ukraine by 35% on average
(from 500 to 325 g/t), the M.S. Polyakov Institute of Geotechnical Mechanics of the
National Academy of Sciences of Ukraine considers it possible to reduce the lower
limit of the specific water consumption for irrigation to the value of 65% of the value
defined by (1)

¢ =0,65¢ > 65, (I/m’ of broken rock). ()

On the basis of this limiting requirement, the total water flow Q of the
roadheader’s irrigation system with the breaking productivity P (m®/min) is
determined by the formula

02> ¢gP, (I/min). (3)

This formula is the only normative criterion for the adequacy of the flow Q of an
irrigation system. It should not contain values that can be interpreted differently by
different specialists. However, our experience in estimating the flow Q of an
irrigation system shows that this is not the case.

Mines sometimes use the catalogued nominal productivity of their roadheader in
formula (3) when verifying the irrigation system flow rate, and sometimes use the
actual productivity for their rock formations. It is clear that this results in different
estimated irrigation flow rates.

In turn, the catalogue values for the irrigation systems of serial roadheaders do not
correspond to formulas (2,3) either. Column 3 of Table 2 shows the catalogue flow
rates for the irrigation systems of the various roadheaders. And in the 5th column — the
capacities of these roadheaders, which should be taken for calculation by formula (2).

Table 2 — Roadheaders’ irrigation parameters

Type of Irrigation Consumption for | Roadheader productivity, m*/min
roadheader pressure, MPa | irrigation, I/min [~ catalogue in the calculation
acc. to formula (2)
1 2 3 4 5
ITTIKC 1.5 100 0.26-1.42 1
41111-2 1.5 100 0.28-0.53 1
KCII-22 1.5 70 0.25-1.42 0.7
KCII-32 1.5 70 no data -
KCII-42 1.5 70 0.2-0.5 0.7
1110 1.5-3.5 100 0.3-2,5 1
11220 1.5-3.5 100 0.3-3.0 1

As can be seen from Table 2, when calculating water consumption for irrigation
according to formula (2) for different roadheaders it is necessary to take different
value of their productivity. For some roadheaders — 1TTIKC, KCII-22, 1110, I1220 —
the calculated productivity corresponds to the middle of the range of catalogued
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values; for others (4I1I1-2, KCII-42) it is higher than the maximum catalogued
productivity.

It turns out that the single normative requirement (1) does not give, and the
formula (2) derived from it does not allow the regulatory authorities to
unambiguously assess the sufficiency of the irrigation consumption for newly
developed excavation equipment due to the lack of an unambiguous regulation of the
choice of the calculated value of its productivity P.

Therefore, the choice of the roadheader productivity value when calculating the
sufficient water flow for the irrigation system is left to the approving organisations.
The M.S. Polyakov Institute of Geotechnical Mechanics of the National Academy of
Sciences of Ukraine proceeds from the following considerations in this matter.

The appropriate water flow rate for the irrigation system depends on the amount
of dust generated by the mining operation per unit of time - the greater is the dust, the
higher the water flow rate needs to be.

The basis for the calculation of dust emissions during combine harvester
operation is given in the “Guidance for Dust Control in Coal Mines”. [2]. Below is an
excerpt from this document concerning dust emissions from roadheaders:

«...50. Specific dust emission q. (n/e) when the roadheader operates without dust
suppression means in seams of dustiness group VI and air velocity of 0.5 m/s is
calculated by the formula

gn = 300qs, (29)

where: qr — index that takes into account the influence of roadheader design
parameters on dust generation and emission.
51. Indicator qris determined by the formula

qr = 16,7K.K,, (30)

where: K, — index of the reduced degree of rock crushing for the roadheader, K, —
index that takes into account the change in specific dust emission depending on the
configuration of the roadheader ...»

As we see, the effect of combine's design parameters g« and the reduced degree of
crushing K, do not depend either on productivity, or on the type of cutters or their
location on the open cutter-loader of selective action. This strange position is not in
agreement with the calculation of dust emissions of the cutter-loaders given in the
same document a bit earlier:

«...28. The index qx is defined by the expression

qk = 16,7K.nK,, (6)
where: K, is an index of the reduced degree of coal crushing a cutter-loader. The

value K, for series-produced cutter-loaders are shown in Table 3...
Table 3 — The values of the reduction ratio K, which takes into account
the influence of the roadheader’s design parameters on dust generation
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Roadheader/cu Tool type Roadheader Index Ku
tter-loader productivity,
brand t/min
1T'TI-68 UT-2C one cutter in line 3.5-6.5 0.036-0.033
1T'TI-68 1-90 Mb two cutters in a line 1.5-6.5 0.070-0.034
KIII-3M H-79 three cutters in a line 3.6-6.51 0.045-0.032
MK-67 MK-1-1-4-14A two cutters in a line 1.4-4.0 0.095-0.046
2K-52 H-90 MBb one cutter in line 1.0-4.0 0.090-0.045
EK-52 KB-O?I and M-90 MBb six and two cutters 1.3-4.0 0.070—0.040
in a line
1K-101 WT-2C one cutter in line 1.4-5.0 0.130-0.056
1K-101 1-90 MB one cutter in line 1.4-5.0 0.139-0.063

For cutter-loader, the reduction ratio K, depends on the -cutter-loader's
productivity, and quite significantly. As the productivity of the cutter-loader
increases, it decreases by a factor of ~ 2. This means that the specific dust generation
of the cutter-loader g, also falls.

Roadheaders do not differ from cutter-loader in terms of the destruction of the
rock mass by the cutter. But, for unknown reasons, the reduction of specific dust
generation g, with the increase of roadheader productivity was not taken into account
in “Guidance...” [2]. It is for this reason that the normative value of specific water
consumption (2) in the irrigation system of roadheaders is not unambiguously
interpreted when applying formula (3) to determine sufficient total consumption by
the irrigation system.

Considering the importance of the issue, we will assume that the specific dust
emission qu when stripping rock with nominal power also depends on its hardness.
Character of this dependence will be determined by data of formulae (5,6) quoted
above and Table.3 of “Guidance...” [3] for the operation of in-seam miners.

Substituting (6) into (5), we rewrite it as

dp :CKm' 4)

The total dust emission when the cutter-loader is operating at productivity II is
then written as

G=q,P=CK,P, (5)

where C — factor of proportionality.

The dependences of G/C on P for each row in Table 3, plotted against two pairs
of values (P, Kmn) and (Pn Kun), the first corresponding to the left values of columns
(3, 4) of Table 3, and the second pair corresponding to the right values in those
columns, are shown in Figure 1.

The graph shows that the increase in total dust emission with increased fracturing
productivity of weaker coals has almost the same character for different cutter-loader.
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Figure 1 — Dependence of the total dust emission on the productivity of the in-seam miner

Consequently, a further calculation of the dust release dependence on the
productivity will be sufficiently accurate for practical estimations.

However, it is not practical to construct an empirical formula directly from graph
(7) because the slope of these curves and the C-factor are determined from data of
different dimensions. And the numerical parameters of these curves are only valid for
the dimensions given in the “Guidance...” [2]. Moving to other dimensions, the G/C
values and slope angles of the curves will change in an unpredictable way.

To avoid this, it is necessary to operate with dimensionless values. One of these is
the relative productivity P;/ P, P;— the cutter-loader’s productivity in rock of the
mine's typical hardness. P, — the nominal productivity of the cutter-loader,
determined by the hardest rock.

The second dimensionless value is the relative dust generation G/ G,.. G; — cutter-
loader’s dust generation in rocks of the mine's characteristic hardness. G, — nominal
dust generation in the hardest rock at the nominal productivity of the cutter-loader I1..

The values of G;/ G, in our study are determined by dividing the right values by
the left values in columns 3 and 4 of Table 3 of the “Guidance...” [3].

The graph of the dependence of G;/ G, om P/ P, is shown in Figure 2.
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Figure 2 — Dependence of dust generation on in-seam miner’s productivity in relative values
The points are more scattered than in Figure 1, but its empirical equation is
dimensionless and independent of the choice of dimensions
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The convex non-linear graph reflects an understandable physical pattern of
decreasing specific dust generation with decreasing rock hardness. This leads to a
sharp decrease in the intensity of dust generation growth with increasing excavation
productivity of weaker rocks.

Figure 2 shows that with a 4-fold increase in productivity due to the extraction of
less hard rock without increasing the productivity of the cutter-loader loader, the dust
emission only increases by a factor of 2. And when the productivity increases by a
factor of 4 by increasing the cutter-loader's productivity without reducing the
hardness of the rock, the dust emission increases by a factor of 4.

Therefore, to determine the irrigation water consumption, one must substitute in
formula (3) neither the nominal, nor the actual productivity, but the productivity
equivalent in terms of dust generation P.. It is determined by formula (6) and the
following considerations: by formula (5)

G P, (7)

n :q])n

and
G =qph. (8)

Dust generation G; at productivity P; in the last formula can be written in terms of
equivalent productivity P. and nominal specific dust emission ¢, by formula

G P,. )

n:qpn

By substituting formula (9) and formula (7) into formula (6), we obtain

0,5
G (41}
Te [ 1L 10
S (2] (10
or
0,5
P ’
Pe:Pn(Fij . (11)

This value should be substituted into formula (3) to determine the irrigation water
consumption, because the value of equivalent productivity P. corresponds to the real
dust generation during mining rocks of both nominal and lower hardness. As a result,
we obtain
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P 0,5
Q:QPH[FIJ , (I/min). (12)

n

As an example, we calculate the minimum allowable water consumption for dust
suppression by the cutter-loader irrigation system I1315:
Specific water consumption ¢ for mines in Ukraine (V Group of dustiness of

seams) is accepted according to formula (2) to be 65 1/min. The cutter-loader’s
nominal productivity (at a rock strength of 140MPa) is equal to 0.28 m*/min (17
m?>/h). The maximum productivity of the cutter-loader (at a rock strength of 30MPa)
is 1.64 m*/min (98 m3/h).

And the minimum allowable water flow rate for dust suppression by the I1315
combine irrigation system is determined by formula (14):

1,64\ .
0=65x%x0,28 x (0,28) =44 1/min.

4. Conclusions

As Ukrainian mines have stopped mining the dustiest coal seams, the standard
value of specific water consumption for dust suppression can be reduced from
100 1/m? to 65 1/m? of crushed rock (formula 2) for explosion-proof seams.

The minimum required water consumption for dust suppression by the
roadheader’s irrigation system (formula 13) is estimated by multiplying the adjusted
specific water consumption (formula 2), the nominal productivity of the roadheader on

the hardest rock (roadheader specifications) and its actual productivity (formula 12).
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KPUTEPIX OLIIHKU BIAMOBIOHOCTI BUTPATM BOAW CUCTEMOIO 3POLUEHHA IMMOPTHUX
MPOXIAHULBKUX KOMBAWHIB BAMOIAM HOPMATUBHUX OOKYMEHTIB YKPAIHW.
Minees C.I1., Ycos O.O.

AHorauif. OctaHHi 10 poKiB TiPHUYOTEXHIYHI YMOBM PO3POOKM BYTiNbHUX POAOBULY YKpaiHW CYTTEBO 3MIHWIMCS.
MpunuHeHo po3pobky 0cobnMBO 3anNOPOLLEHNX NAACTIB Ta NOYABCS Nepexid Bif BITYMSHSHWUX NPOXiGHULEKMX KOMBaHIB
[0 IMNOPTHUX. A HOPMaTWBHUA OOKYMEHT, SIKUA pernamMeHTye BUMOTM [0 MapaMeTpiB 3POLUEHHS MPOXiZHULBKMX
kombaiHiB, He 3MiHIOBaBCA ocTanHi 18 pokiB. L o6cTaBMHa pobuTb akTyanbHUM Mepernsg Noro OKPEMUX MOMOXKEHD.
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Ocobnueoi akTyanbHocTi Habyeae po3pobka KpuTepilo OLiHKM BigNOBIQHOCTI BWUTPATW BOAM CUCTEMOK 3POLLEHHS
iMMOPTHUX MPOXIOHMLBKAX KOMOAMHIB yMOBAM YKPAiHCbKMX BYriNbHUX POAOBULL. [MOPIBHSHHS 30aTHOCTI MnacTiB go
MUNOYTBOPEHHS!, Aki Oynn y po3pobui Ha MOMEHT BKUXOAY HOpMmaTuBHOTO gokymeHTa 2005r. Ta po3pobnioBaHMX Y
TEnepiLLHiA Yac nokasas, WO 3apa3 MaKkcuMaribHe MUMOYTBOPEHHS 3MeHLMNocs Ha 35%. Lle 403BONMNO 3MEHLINTH
HOPMAaTWBHWI MOKa3HMK nuTOMOI BuTpaTh Bogu i3 100 go 65 n/m® Bigbutoi nopogun. AHanis HOPMATUBHOI METOAMKM
pO3paxyHKy BUTPaTK BOAM CUCTEMOK 3POLUEHHS BUAODYBHUX KOMBaWHIB Mokasas, L0 Yy LMX PO3paxyHkax BpaxoBaHO
3po3yminy isnyHy 3aKOHOMIPHICTb 3MEHLLEHHS MUTOMOrO MWUSIOYTBOPEHHS MPWU 3MEHLUEHHI MiLHOCTI Byrinns. Ay
po3paxyHKax MpOXigHWLBKMX KOMOAMHIB LS 3aKOHOMIPHICTb He BpaxoByeTbCs. Lle npu3BoguTb [0 3aHWKEHHS
[ONYCTUMOI BUTPATV BOAW ANs MiLHWX nopig Ta ii 3aBuWeHHs Ans cnabkux nopid. Ans yCyHeHHs LbOoro Hegoniky
METOAMKN PO3PaxyHKy BMTPATM BOAM CHCTEMOIO 3POLUEHHS MPOXiGHWLBKMX KOMOaWHiB Oyno oTpuMaHO perpeciitHy
3aMEXKHICTb  3MEHLIEHHS MUTOMOTO MUIMOYTBOPEHHS 3i  30iNblUeHHAM NPOAYKTMBHOCTI BUIMKM crnabwwx nopig.
BukopuCTaHHSA L€l 3aneXHOCTi [03BOMMNO BU3HAYUTU BENWYMHY EKBIBANEHTHOI NPOAYKTMBHOCTI MPOXiAHMLEKOMO
kombaitHa 3a NuMoBUM (HakTOpoM Ta CAOPMYNIOBATU KPUTEPINA OLHKM BIgMNOBIGHOCTI BUTPATX BOAW MO0 CUCTEMOK
3POLUEHHS BAMOraM HOPMaTWBHWUX AOKYMEHTIB. Lo X 3anexHicTb MOXHa BMKOPUCTATW i AN NpuOMM3HOI OLiHKM
€KBIiBaNEHTHOI NPOAYKTUBHOCTI O4UCHUX KOMOAWHIB.

KntoyoBi cnoBa: npodykTMBHICTb kombaiHa, Biabika ripcbkoi macu, NWNOYTBOPEHHSs, Bigbuta nopoaa,
NUNONPUAYLEHHS.
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