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MIROSEAW WIERZBICKI*

DYNAMIC SEEPAGE OF NITROGEN THROUGH COAL BRIQUETTES

DYNAMICZNA FILTRACJA AZOTU PRZEZ BRYKIETY WEGLOWE

This paper concerns the phenomenon of nitrogen seepage through coal briquettes, made from coal
dust of grain size smaller than 0.2 mm. The porosity of the briquettes was from 20% to 30%. Secpage
took place under average pressures of 0.2—1 MPa. The experiments revealed an existing relationship
between the average seepage pressurc and the scepage cocfficient according to Darcy’s Law. To
preserve the relationship between the seepage parameters and the seepage conditions, two elements
were applied in the form of a non-linear, phenomenological equation. A new equation, with two
cocfficients, which describe the coal briquette/nitrogen seepage process is presented. The cocefficients,
in the conditions being studicd, are inter-connected and for this rcason the equation presented becomes
a singled parameter equation.

The paper describes the dynamic secpage of nitrogen through coal briquettes, carlier saturated with
gas. Scepage was caused by reducing the gas pressure in the space in front of the briquette face. The
pressure fell down from pore pressure to atmospheric pressure. The rate of decrease of nitrogen pressure
at the front of the briquettes was not constant over the whole series of experiments. The cquation
described the course of dynamic seepage related to its form in stationary conditions. Good conformity
between the experimental results and the phenomenological solution in both stationary and non
stationary conditions was obscrved.

The values of the parameters of the cquation used fitted the process under stationary and dynamic
conditions. In both cases very similar values were obtained.

Key words: scepage, coal briquette, gas and coal outburst, Darcy’s law

Praca dotyczy opisu zjawiska filtracji azotu w brykietach o porowato$ciach od 20 do 30%,
wykonanych z pytu weglowego o uziarnicniu przedstawionym na wykresie z rysunku 1. Ci$nicnia
$rednic filtracji wynosity 0,2—1 MPa. Stwierdzono istnienic zalezno$ci migdzy cisnicnicm $rednim
filtracji a wspotczynnikiem filtracji, liczonym zgodnic z prawem Darcy’cgo (2). Wartosci wspot-
czynnika filtracji brykictu o porowatosci 21,15%, wyznaczone przy cisnieniach $rednich azotu wy-
noszacych od 1,2 do 5 atm, dopasowanc do liniowego prawa filtracji (2), przedstawia zaleznos$¢
na rysunku 2. Aby unikna¢ zalezno$ci pomigdzy parametrami filtracji a warunkami, w jakich ona
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zachodzi, zastosowano dwusktadnikowce, nicliniowe réwnanic (5) podanc przez Topolnickicgo,
Wierzbickicgo (2000). Réwnanic to mozna zapisa¢ w postaci (6). We wzorze tym wystepujg dwa
wspotczynniki, opisujacc whasnosci filtracyjne ukladu: brykict weglowy-azot. Wspélczynniki te
w rozpatrywanych warunkach s zalezne od porowatosci, dzigki czemu podany wzor jest wzorem
Jednoparametrowym. Zalezno$ci K¢ = f(€) i K = f(¢) w zakresic porowatosci 20-30% maja charakter
wyktadniczy i moga by¢ opisane réwnaniem (7).

Przyjmujemy hipotezg robocza, ze wzér (6) opisujacy wydatek gazu w warunkach filtracji sta-
cjonarncj stanowi przypadek szczegélny wzoru (10) oraz zatoZenia wstgpne, zc:

* przeptyw gazu przez brykict ma charakter jednowymiarowy,

* brykict weglowy jest jednorodnym, izotropowym materialem porowatym,

+ odksztatcenia szkicletu weglowego pod wptywem zmian ci$nicnia porowego sa pomijalnic mate,

* proces filtracji gazu jest procesem izotermicznym.

Uwzgledniajac zatozenia wstepne i wstawiajac (10) do (9) otrzymujemy réwnanic opisujace
zmiany ci$nicnia wywotanc filtracja (11).

W celu sprawdzenia poprawnosci opisu zjawiska filtracji niestacjonarnej rownaniem (11) i wyz-
naczenia wspoéfczynnikéw K i K; wykonywano ckspcrymenty na stanowisku pokazanym sche-
matycznic na rysunku 7. Brykicty weglowe umicszczone we wngtrzu rury byly pierwotnic row-
nomicrnic nasycanc gazem. Ci$nicnia nasycania wynosity 0,2—1 MPa. Filtracj¢ wywotywano poprzez
obnizanic ci$nicnia w przestrzeni graniczaccj z brykictem. Stosowano zmienne tempo spadku ci$nicnia
azotu przed czotem nasyconych azotem brykietéw. Réwnanic (11) rozwigzywano numerycznic metoda
réznic skoficzonych. Aby na podstawic (11) obliczy¢ rozktad ci$nienia porowcgo w czasic i przestrzeni
P = P(x,t), konieczne jest okreslenic warunkéw poczatkowych i brzegowych. Warunck poczatkowy ma
posta¢: P(x,f) = Py dla t < 0. Warunki brzegowe zadawanc sa poprzez podanic wartosci cignich,
rcjestrowanych przez manometry P(x,t), P(x;,f) umicszczone na koncach (x; X x; < x;) rozpatry-
wancgo odcinka brykictu. Zaktadamy, zc wyznaczone w warunkach filtracji stacjonarnej zaleznosci (7)
obowiazuja réwnicz w warunkach filtracji nicstacjonarncj. Poszukiwana jest warto§¢ porowatosci
(i zwiazana z nia para wspotczynnikow K¢ i K;), dla ktérej suma kwadratow roznic pomigdzy wartos-
ciami ci$nieh zmicrzonych i obliczonych z rozwiazania rownania (11) osiaga minimum. Stosujemy
mctodg gradialna. Uznajemy, ze tak wyliczone wartosci wspotczynnikow K i K charakteryzuja
wtasnosci filtracyjne badanego materiatu.

Wyniki przedstawione w pracy sa rozwigzaniami réwnania (11), w ktorych warunki brzcgowe
stanowia zapisy zmian ci$nien rejestrowanych przez manometry P, i Ps na rysunku 8. Manometry
(P31 Py) stuza do odtworzenia profilu ci$nicnia wewnatrz rozpatrywanego odcinka. W tablicy 1
przedstawiono wyniki otrzymane dla trzech serii cksperymentéw. Podano wartodci statych czasowych
spadku cisnienia gazu przed czotem brykietu (t;), warto$ci $redniej rzeczywistej porowatosci brykictu,
porowatosci obliczoncj oraz wartosci wspotczynnikéw K¢ i K, dopasowanc do wynikow ckspery-
mentéw. Podano réwnicz wartos¢ odchylenia standardowego pomigdzy warto$ciami cisnich zmic-
rzonych i obliczonych.

Srednic wartosci €, sa zblizone do warto$ci $rednich porowatosci rzcczywistych brykictow bio-
racych udziat w cksperymencic i wynosza:

* £, = 24,81% — dla brykictu o porowatosci rzcczywistej £ = 24,60%,

* g, = 22,71% — dla brykictu o porowatosci rzeczywistej g, = 22,76%,

* £,3=20,90% — dla brykictu o porowatosci rzeczywistej g3 = 20,40%.

W przedziale statych czasowych 1 od 0,1 do 1,1 s nic zauwaza si¢ zmian wyznaczonych wartosci
wspbtczynnikéw od dynamiki zjawiska filtracji. [lustracja jako$ci uzyskiwanych dopasowan sa wykre-
sy na rysunkach 6 i 7. Przedstawiaja onc zmiany ci$nicnia gazu w trakcic cksperymentow oznaczonych
w tablicy numerami 5 (g, = 22,76%, 1 = 0,22 5) i 7 (g3 = 20,40%, t = 0,80 s), w przekrojach wyz-
naczonych przcz zabudowanc na pobocznicy manomctry. Linic ciagte na wykresach przedstawiaja
zmiany zmicrzonych wartosci ci$nicni na manometrach P,—Ps. Warto$ci ci$nicfi, obliczonych z rowna-
nia (11) dla wartosci wspétczynnikéw K i K przedstawionych w tablicy 1 obrazuja linic przerywane.

Przedstawiony w pracy wzor (6) nadaje si¢ do opisu przebicgu filtracji w brykictach weglowych
nasyconych azotcm zaréwno w warunkach stacjonarnych, jak i niestacjonarnych. Przebicg zjawiska
filtracji w obydwu przypadkach mozc by¢ opisany tymi samymi parametrami. Wartosci wspot-
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czynnikéw K 1 K, zblizone sa do warto$ci tych wspétczynnikéw wyznaczonych w drodze filtracji
stacjonarnc;j.

Stowa kluczowe: filtracja, wyrzuty skalno-gazowe, prawo Darcy’ego

1. Preface

Knowledge of gas seepage through coal briquettes resulting from laboratory research
conducted in the Strata Mechanics Research Institute connected with instantenous gas
and coal outbursts. The coal briquettes used in laboratory conditions has been used as
amodel of coal. It has been stated that gas seepage is one of the most important process
occurring during the provocation of gas and coal outbursts (Topolnicki 1999; Gawor et
al. 2000). To gain knowledge about stresses generated during the process preceeding
outbursts, we have to know the time-space distribution of gas pressure during non-
-stationary gas seepages. It is essential to determine a seepage equation, the parameters
of which are independent of seepage conditions, to ascertain this distribution.

2. Material used in the research

Coal briquettes were used as a material for experimental research. They were formed
directly inside a steel pipe by bilateral compression. The coal dust, used as a primary
material was obtained from crushed coal from seam 768 of the Julia coal mine. This
material has been described in a work by (Topolnicki, Wierzbicki 1999). Granulometric
analysis shows that the highest percentage of coal dust consists of grains about 0.05 mm
in size. The granular structure of the coal dusts is presented in Fig. 1.
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Fig. 1. Granulometric analysis curve

Rys. 1. Krzywa skfadu ziarnowego pytu weglowego
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In the model, we are using it is assumed that the coal briquette is an homogeneous,
isotropic porous material. It is very difficult to make a coal briquette with homogeneous
porosity. Because of friction against the walls of the enclosing pipe, with growing depth
the values of the applied pressure decrease. According to Drzymata (1988) it is not
possible to make coal briquettes with constant porosity through its longitudinal axis
when the axial length exceeds its radius. To reduce longitudinal changes of porosity of
the briquettes, they were compressed in several stages. The length of each of them did
not exceed 5 (pipe diameter — 9.6 cm).

Nitrogen was used as a seepage gas.

3. Stationary nitrogen seepage through coal briquettes

Darcy’s Law is commonly used to describe segpage. Its linear nature can be des-
cribed by the formula (Dake 1978):

y=Fg dP (1)
uodx
where:
v — seepage velocity [m/s],
kg — permeability coefficient [m?],
P — pressure [Pa],
p  — dynamic viscosity coefficient [P],
x — length [m].

Equation (1) to determine for the porous medium/filtrate pair, can be described by the
following:

dp @)

where: k
K [m?/Pa-s] =—£ — seepage coefficient.
L
The unit of seepage coefficient, traditionally used, is [K] = [darcy/cP] and this unit
will be used for the presentation of the results.
In case of isothermal, horizontal, mono-axial gas seepage, the rate of gas discharge in
terms mass can be determined by using equation (2) and the Real Gas Equation

(Haggort 1988):
PV =nzRT (3)

from equation:
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o-K_S dpP? 4
2 zRT dx
where:
O — gas discharge in molar terms [mol/s],
z — real gas coefficient,
R — gas constant [Pa-m3/mol'K]

T — temperature (abs.) [K].

The z coefficient value differs according to the gas being used and its temperature and
pressure. For known conditions (temperature and pressure) we can determine it from an
empirical depency described by Standing and Katz (1942). In pressures between 0 to
1 MPa and a temperature of about 290 K, for nitrogen we can accept a value z = 1. In this
condition the behaviour of nitrogen resembles that of an ideal gas.

There is some reservation about using Darcy’s Law to describe nitrogen seepage
through coal briquettes.

The linear seepage law can only by used for laminar flow (Bear 1972). A commonly
used criterion, to permit the type of flow to be distinguished is based on Reynolds’s
number. In the case of the very complicated internal structure of porous media and the
variable time/space dynamics of the phenomenon, to differentiate the laminar and
turbulent flows is a very difficult problem. The observed field of velocity, during flow
through porous mediums and its models have been described by Dyrga (1986) and
Skawinski (1992). These works state that an assumption about a constant stream-line in
a flow through porous mediums does not accord with reality.

On the basis of the author’s researches with nitrogen seepage through coal briquettes of
porosity from 16% to 30%, it can be stated that the seepage coefficient from equation (2)
differs from the average seepage pressure. Evaluation of the seepage coefficient for
a briquette with porosity 21.15%, applying average seepage pressures from 0.12 MPa
to 0.55 MPa, fitted the linear seepage law (2) is presented in Fig. 2. This implies that the
seepage coefficient is not a parameter of a porous medium sufficient to describe seepage in
the conditions under consideration. Evaluation of a average value of the seepage coeffi-
cient X as a function of the coal briquette’s porosity is shown in Fig. 3. The method of deter-
mining the K coefficient value is described in a work by Topolnicki, Wierzbicki (2000).

From research made in the Laboratory of Micromeritics at the Strata Mechanics
Research Institute (Topolnicki, Wierzbicki 2000) would appear to show that the
stationary nitrogen seepage phenomenon through coal briquettes is better described by
equation (5) than by equation (1):

2
Q:S[Ad_P_+Bé£J 9

dx dx

where:
A [mol/s'm-atm?], B [mol/s-m-atm] — coefficients.
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Fig. 2. Dependence of seepage coefficient value K on average values of seepage pressure for coal
briquettes with porosity 21.15%

Rys. 2. Zalezno$¢ wspotczynnika filtracji K od $redniej wartosci cisnienia dla brykietu o porowatosci
21,15%
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Fig. 3. Dependence of average seepage coefficient value K on porosity of coal briquettes

Rys. 3. Zaleznos¢ $redniej warto$ci wspétczynnika filtracji K w funkcji porowatosci brykietow

Equation (5) can be written in the form:

5 dp? dP (6)
=P (g . B
C=xrl X
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where:
O — gas discharge in molar terms [mol/s],
R — gas constant [atm-cm>/mol-K],
K — seepage coefficient [darcy/cP],
K; — coefficient [cm?/s].

Let’s draw attention to difficult physical sense of coefficients K 1 K; from equation
(6). Can be shown that:

K; = 2KzRTp
where:
K — seepage coefficient [darcy/cP],
p — gas density (mols.) [mol/cm?].

Equation (6) is a phenomenological, macroscopic, non-linear description of flow.
The non-linearity of flow in porous media have been known for a long time. In
mediums with small pores this can be connected with phenomena and the states on the
border of phases and in diffusion layers. (Scheidegger 1974) presents many such
descriptions. The latter author refers to Kutilek (1969) and provides 12 graphs cha-
racterizing non linear seepage. In the paper of Topolnicki and Wierzbicki (2000),
dependencies of the values of coefficients 4 and B and the porosity of coal briquettes
was described. Calculated on this basis, values for K; and K¢ coefficients are presented
on graphs in Fig. 4. It can be assumed that the character of dependences K = f(¢) and
K; = f(¢), in a range of porosity is 20-30% is exponential.
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Fig. 4. Dependence of average seepage coefficient values K and K from equation (6) on porosity
of coal briquettes

Rys. 4. Zalezno$¢ wspotczynnikow filtracji stacjonarnej K 1 K; ze wzoru (6) od porowatosci
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K (2)=00009¢"2%; K, (£) =00091¢*13¢ o

Thus equation (6) lies in the considered range of porosity and average pressures
of seepage as per (7), becomes a single-parameter formula.

4. Dynamic seepage of nitrogen through coal briquettes

It is assumed that the:

+ gas flow through the briquette is a one dimensional flow,

* coal briquette is an homogeneous, isotropic, porous material,

+ deformation of the coal skeleton under gas pressure changes is so small as to be
negligible,

+ gas seepage is an isotropic process.

Let us take the following symbols to the note:

P(x,f) — pore pressure [Pa],

q(x,t) — gas flow rate [m3/s],

QO(x,t) — gas discharge in molar terms [mol/s],

p(x,f) — molar density of gas [mol/m3],

v(x,f) — seepage velocity [m/s],

€ — porosity of medium,

T — temperature [K],

The continuity equation take the form (Bear 1972):

OUP%) | divtoy=0 (8)
ot

For one dimension flow, taking into consideration the premises stated earlier, to
express the relationship between discharge rate and gas discharge in molar terms:

gte) = vS(x)
Ofx.1) = pvS
and the real gas equation (3), a continuity equation can be written as follows:

oP __zRT 0Q )
ot Se Ox

Let a working hypothesis that equation (6) describes gas discharge in molar terms in
stationary conditions results from a general equation:

O(x,1)==>

2zRT

1 OPHED | 87P(x,0) (10)
¢ Ox . Ox



183

To take into consideration the same premises and to put (10) into (9) an equation
describing gas pressure changes to caused by seepage results.

2 2 2 11
oP(x,t) 1 KGa (P(x,1) )+KLa P(x,1) (11)
ot 2 ox 2 ox?

4.1.Description of experiments made in order to determine
non stationary seepage coefficients

Experiments to determine non stationary seepage coefficients K and K; were made
using the apparatus depicted schematically in Fig. 5.

After closing the outflow valve, the briquette is uniformly saturated with gas. The
saturation process is complete when pore pressure and gas pressure in the space at the
ends of the briquette equals the determined level:

Pi:P(); dPl/deO

Let the value of the gas pressure P be called the saturated pressure. Experiments
were conducted with saturated pressures between 0.2—-1 MPa. After saturation the
briquette valve connected to the gas supply was closed, and then the valve in the front
part of pipe was opened. Because the gas volume in the vacant space at the front of the
briquette contains up to 3000 cm? and gas within the porous spaces within the briquette
occupies about 100 cm3, we can ignore the seepage flow rate from the briquette. The
analytical solution of the problem of the gas flowing, from the reservoir through the
hole to atmosphere pressure, shows that changes of gas pressure in an adiabatic proces,
can be described by the exponential formula as follows: (provided that the nitrogen
pressures inside the reservoir is higher than 0.2 MPa).

Fig. 5. Scheme of measuring apparatus used for research into dynamic nitrogen seepage through coal
briquettes

Rys. 5. Schemat stanowiska pomiarowego do badania przebiegu niestacjonarnej filtracji azotu
w brykietach weglowych
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t
P(t)=Py —(Py - P, )I:l—cxp(——ﬂ (12)
T
where:
Py — initial pressure [Pa],
P, — atmospheric pressure [Pa],
T — time constant [s].

The value of the time constant t approximates the dynamics of the process of falling
gas pressure during the experiment is comparable to events preceding an outburst.
The pressure fall at the front of the briquette initiates non stationary seepage of gas
through the briquette. Changes of seepage dynamics were caused by changing washers
with differing diameters behind the valve. A data registration system was started at the
moment when the output valve was opening. The experiment yielded records of gas
pressure changes in briquette at several places along the pipe.

42. Initial and boundary conditions to solve seepage
equation (11)

It is necessary to assume the initial and boundary conditions in order to evaluate the
gas pressure distribution dependant on time and distance P = P(x,1).

Before seepage starts (¢ < 0), the coal briquette is evenly saturated by gas. Thus, the
Initial condition is as follows: P(x,f) = Py for ¢ < 0.

Boundary conditions are given by pressures, recorded by manometers P(x;,t),
P(x;,t) placed on the ends (x; x;; x; < x;) of the section of the briquette under
consideration.

It is assumed that dependences (7) Kg = Kg(g), K; = Ki(g) derived for sta-
tionary conditions also work in non stationary conditions. For a certain value of
porosity €,; and higher defined boundary conditions, using numerical methods
(limited difference method), we solve equation (11), to obtain the pressure distribution
P(x;,t,KG(€pi),KL(€p1)). We then compare the calculated values of pressures with the
real pressure values from manometers (Pi+; — P;_1), mounted along the briquette
between the boundary manometers. The target function, depending on porosity €,
we define as the sum of the squared difference between the calculated pressure values
and the measured values. Values of porosity are sought (and connected with it pair
coefficients K5 and K;) where the target function has reached a minimum. It is
recognized that by this means the values of coefficients K ; and K, describe the seepage
quality of the material being researched. If the assumption about invariable relationships
(7) holds true, value of porosity ¢, from the solution of equation (11), should be similar
to the real porosity of the coal briquette (¢), calculated from helium density and its
capacity.
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43.Results

The results presented in this work are solutions of equation (11) where boundary con-
ditions were given by records of pressure changes registered by manometers P, and Ps.
The first of them was mounted at a distance of 28mm and the second at a distance of
138 mm from the face of the briquette. A section of briquette 110 mm long was
considered. The siting of manometers on the pipe during the experiments is sche-
matically depicted in Fig. 6.

Records from manometer P; were used to determine the time-constant of the falling
pressure (1) at the front of the briquette. Pressure values P,(f) and Ps(f) determined
boundary conditions for equation (11). Two manometers were mounted between them
(P5 and P4). This permitted the pressure profile inside the section of briquette under
consideration to be replicated. The results of three experimental series are presented in
Table 1. Coal briquettes with average porosity 24.75%, 22.76% and 20.40% were used.
Measurements were taken with different values of time constants of pressure drops at the
front of the briquettes (t;) — equation (12).

There is are average porosities of briquettes (¢), time constants of pressure drops at
the front of the briquettes (t,), values of calculated porosity (g,). The values of seepage
coefficients K and K are compared with the experimental results in columnar form in
Table. 1. The last column contains the value of the standard deviation between values of
measures and calculated from equation (11) pressures in.

The experiments presented in Table 1 gave 11 values of porosity €, and 11 pairs of
coefficients K and Kj.

The average values g, are similar to the average real values of porosity of the coal
briquettes used in the experiments and are as follows:

* g, =24.26% — for briquette with real porosity &; = 24.98%,

* g =22.71% — for briquette with real porosity &, = 22.76%,

+ g,3=20.90% — for briquette with real porosity &3 = 20.40%.

Change in the assigned values of coefficients from the dynamic of seepage phe-
nomena in range of time constant T from 0.1 s to 1.1 s. were not observed. An
acceleration of seepage dynamics can result in outburst phenomena. Research made
by the author shows that for a briquette with a porosity of about 20%, when the
saturated pressure is Py = 0.85 MPa, results in an outburst when time constant t is
about 0.05 s.

Fig. 6. Schematically depiction of manometer stations on the measurement pipe

Rys. 6. Schemat rozmieszczenia manometréw podczas eksperymentéw
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TABLE 1

Analysis of non-stationary coefficients for coal briquettes with porosities from 22.76 to 20.40%

TABLICA 1|

Warto$ci wspotczynnikéw dopasowanych do rownania filtracji (11) dla brykietdw o porowato$ciach

o0d 22,76 do 20,40%

No. € [%] 1 [s] g, [%] K¢ [darcy/cP] | K, [cm%s] | Standard deviation [kPa]
1 1.10 24.96 0.133 0.236 6.4
2 24.26 0.75 24.85 0.130 0.230 43
3 0.48 25.14 0.137 0.239 7.1
4 0.70 22.73 0.084 0.177 6.8
5 22.76 0.22 22.68 0.084 0.175 6.7
6 0.11 22.71 0.084 0.176 5.7
7 0.80 20.88 0.059 0.139 2.2
8 0.52 20.85 0.058 0.138 2.3
9 20.40 0.38 20.90 0.058 0.139 25

10 0.26 20.88 0.058 0.139 2.1
11 0.10 21.00 0.060 0.141 2.0
9 —
g |
7
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Fig. 7. Comparison of time values of measured and calculated pressures for experiment no 5 from Table |

Rys. 7. Porownanie warto$ci zmierzonych i obliczonych ci$niefi w trakcie eksperymentu nr 5 z tablicy 1
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Fig. 8. Comparison of time values of measured and calculated pressures for experiment no 7 from Table |

Rys. 8. Poréwnanie warto$ci zmierzonych i obliczonych ci$nien w trakcie eksperymentu nr 7 z tablicy 1

The graphs on Figs. 7 and 8 show the proximity of the theoretical and actual values.
The changes of gas pressures during the experiments marked by number 5 (g, =22.76%,
1=0.22 s)and 7 (¢; = 20.40%, T = 0.80 s) from Table 1 at the manometer stations, are
presented. The continuity lines on the graphs illustrate changes of measured values of
pressures from manometers P,—Ps. Values of pressures calculated from equation (11)
for values K and K, from Table 1, are represented by dotted lines.

Maximum deviation between measured and calculated values of pressures are:

+ 8.3 kPa(0.083 atm), for experiment nr 2, after 50 s (0.61% of measured value),

« 6.1 kPa (0.061 atm), experiment nr 8, after 10 s (0.56% of measured value).

4. Conclusions

1. Equation (6) presented non linear description of seepage, based on laboratory
research, describes nitrogen seepage phenomena in coal briquettes, both in stationary as
dynamic conditions.

2. The process of seepage in each case can be described by similar parameters K
and K.

3. Because of experimental conditions was similar to conditions during the process
of gas and coal outburst provocation, the provided coefficients can be used to model this
phenomenon.

This study is a part of research project no 9T12B001 18 supported by the KBN (Scientific Resecarch Committee).
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