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Abstract: An improvement of the pulse decay method of rock permeability measurement is pre-
sented. The technique is based on fitting experimental data to analytical and numerical solutions of 
the filtration equations derived with regard to the variation of flowing gas properties with temper-
ature and pressure. A special apparatus and software for the implementation of this method were 
developed. A single experiment in which gas is used as a flowing medium enables determining both 
the permeability of a sample to water and the Klinkenberg constant. The permeability measure-
ments on the samples of different types of rock with various reservoir properties were carried out 
and demonstrated satisfactory accuracy and efficiency of the method. An effective method for ani-
sotropic permeability measurement is proposed as a development of this technique.  
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1. Introduction 
Permeability is one of the main parameters governing the processes of fluid heat-

mass transfer in the Earth’s crust [1]. Such processes exert a substantial influence, for ex-
ample, on the development of ore-forming systems [2,3], contaminant transport by 
groundwater from geological repositories of high-level radioactive waste [4]; and the de-
velopment of tectonic processes [5]. Since the characteristics of these processes depend 
significantly on rock permeability, the determination of this parameter is of great im-
portance. 

In the laboratory measurements of rock permeability, as a rule, cylindrical samples 
are used. In the simplest technique (the so-called steady state method), the lateral walls of 

the sample are sealed off, and the constant pressure of flowing media (gas or water) inp  

and )( outinout ppp   are held upon the end faces. Under the assumption that the ve-
locity of filtration throughout a sample is constant and normal to the end faces, the per-
meability value is determined from the Darcy law:  
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L  and S  are the length and cross-sectional area of the sample,   is the dynamic 

viscosity of the flowing medium, and G the is flow rate. Its value in these experiments is 
given usually as etvG / , where v is the volume of flow issuing from the outlet section of 

the sample, and et  is the experiment duration. Thus, when the low permeable rocks 
(<10−20 m2) are studied, it is necessary to carry out experiments of a long duration to obtain 
v values with sufficient accuracy. Such an approach supplemented by special equipment 
and technique for accurate measurements of low v has been successfully realized by Mor-
row and Byerlee [6] and Morrow and Lockner [7].  

Brace et al., [8] pioneered another technique which permitted us to avoid such diffi-
culties: the pulse decay method. The end faces of a sample with a sealed lateral surface 
were connected with the closed reservoirs filled with some medium (liquid or gas) under 

various pressures inp  and outp . Due to the medium filtration through the sample, the 
pressures in both reservoirs gradually level off. Permeability values were determined as 
the best fit by matching the data of time-dependent pressure in both reservoirs obtained 
by measurements and calculated from a solution of the mass balance equation. For this 
purpose, graphic [8], analytical [9,10] and numerical [11] methods were developed. The 
pulse decay method is very widely used now for measurements of low permeable rocks 
(e.g., by Lin et al. [12], Katsube et al. [13], Le Guen et al. [14], Zeynalyandabily and Rahman 
[15], etc.). Cao [16] considered the pulse decay test where fluid was water which flowed 
during the test from an axial orifice to the outer side of a cylindrical sample. The author 
presented a solution of an Equation which governed 1-D water flow in a radial direction 
in the sample under the assumption that the spatial derivative of water density is zero. 
The solution was obtained analytically in the form of an integral and numerically. These 
solutions were used for processing measurement data and determining the sample per-
meability with the best fit from the calculated and measured values of pressures. Zhao et 
al. [17] used the conventional experimental technique of the pulse decay method for the 
analysis of the influence of the pore voids compressibility on the sample and its permea-
bility. Wang et al. [18] used the conventional experimental technique of the pulse decay 
method. The improvement of the method consisted of an analytical solution of a 1-D Equa-
tion, which governed the distribution of the gas pressure within the sample during the 
test. The value of permeability was obtained from the best fit of measured and calculated 
values of time-dependent pressures in the upstream and downstream chambers of gas. 
However, attention should be paid that the governing Equation was derived in ref. [18] 
under the assumption that the spatial derivative of gas density in the sample was equal to 
zero. This seems to be not obvious because the density of the gas is directly proportional 
to its pressure. Hence, the pressure gradient should also be equal to zero, which calls for 
clarification.  

The method of oscillating pore pressure is also in use [19,20]. With this method, the 
permeability is determined on the basis of data on attenuation and phase retardation of a 
sinusoidal wave of pore fluid pressure when it propagates through the sample.  

A comprehensive review of laboratory methods for measurements of the permeabil-
ity of tight rocks is presented by Sander et al. [21].  

In the measurements by the mentioned above methods, gas is often used as a flowing 
medium (such as argon [8,22] etc.). However, it was found that the permeability values 
obtained in the experiments with liquids and gases can differ considerably. This effect was 
explained in ref. [23] as caused by the increasing frequency of molecular wall collisions 
relative to intermolecular collisions when the molecular mean free path becomes compa-
rable with sample pore sizes, which leads to deviation from Poiseuille flow in sample pore 
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channels. To correct for this effect, the dependence of the gas permeability (k) on the gas 
pressure p was proposed:  

,1 








p

b
kk w , (1)

where wk  is the water permeability of the sample and b is the constant characterizing 
pore size.  

Since b characterizes the ratio of pore channel dimensions to the molecular mean 
free path, b permits to estimate the average radius of the pore channels in the rock sample 
[24], which is one more argument in favor of permeability measurements with the use of 
gas as a flowing medium. It should be taken into account that b is not a rock property 
because this parameter also depends on temperature and the dynamic viscosity of the gas. 
The estimation from ref. [24] for the equivalent average radius of the pore channels r   

b

v
r


3

4
 , 

was extended in ref. [25] to the case when flow channels in the rock sample are repre-
sented by microcracks  

b

v 2 , 

where  is the equivalent average radius of the microcracks, v is the average molecular 
velocity of the gas.  

When gas is used as a flowing medium, wk  and b have been usually derived from 
the results of several measurements of the gas permeability carried out under various av-

erage gas pressures 2/)( outinav ppp  .  
A relative drawback of this technique is the necessity to carry out several experiments 

under various avp  to obtain a single value of wk . When the technique proposed by 
Brace et al. [8] is in use, an analytical description of the process (i.e., time variations of 

)(tpin  and )(tpout ) was derived assuming that the distribution of gas pressure along the 
length of the sample satisfies the Equation  

.02

2


x

p




 (2)

Here, x  is the longitudinal coordinate, 0x  and lx   represent the inlet and 
outlet faces of the sample.  

Equation (2) is valid for gas filtration only in the case when the relative difference of 
pressures at the end faces of the sample is small, that is  

1
)()(




av

outin

p

tptp
, 

because k in Equation (1) is pressure dependent.  

Since changes of 
p
 do not exceed )0()0( outin pp  , the relative changes of avp  

during the experiment are low in this case. This means that the parameters wk  and b 
can be determined by the technique of ref. [8] only as a result of several experiments on 



Inventions 2023, 8, 14 4 of 15 
 

the same sample under different avp . However, if the relative changes of 
p
 during the 

experiment are significant, i.e.,  

,1
)()(




av

outin

p

tptp
, 

it is possible that wk  and b can be determined from the data of a single experiment. This 
can be achieved by a simple modification of the pulse decay technique [8], when only the 
inlet section of the sample relates to a closed reservoir filled with gas at some high (in 
comparison with atmospheric) pressure, and the outlet section of the sample remains 
open. In this case, the gas pressure distribution along the length of the sample does not 
satisfy Equation (2), and all the time dependencies of the gas pressure in a reservoir differ 
from the ones determined in ref. [8].  

The present work is devoted to the development of this modified technique and its 
application to the study of samples of different types of rocks.  

2. Materials and Methods  
2.1. Isotropic Permeability  
2.1.1. Theoretical Model  

Let us consider the system (1), schematically shown in Figure 1. 

 
Figure 1. Schematic arrangement of the experimental setup for rock permeability study: 1—experi-
mental cell, 2—transducer, 3—gauge, 4—argon reservoir, 5—registration and control unit, 6—PC. 
(Capillaries are shown by solid lines, electrical connections are shown by dashed lines). 

The side surface of the sample is sealed off. One of the end faces of the sample relates 
to a closed reservoir of volume V filled with argon. The second end face of the sample 
remains to be open, that is pressure pout at the outlet section of the sample during the ex-
periment is equal to atmospheric pressure pf. At the start moment, a step increase in argon 
pressure in the upstream reservoir up to the value of pf + p is introduced. We assume that 
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the porosity, dimensions, and matrix structure of the sample depends weakly on the pres-
sure within the considered gas pressure range, and the process of gas filtration through 
the sample is governed by the Darcy law 

,
x

pk
u





  (3)

where u is the filtration velocity. 
Taking into account the continuity Equation  

,0
)(


x

u

t 



  

where  is the gas density, t is the time,  is the porosity, one can find  











x

pk

xt 









  (4)

Assume that in the discussed range of pT -parameters (T  300 K and p  0.1  10 
MPa), the state Equation for ideal gas is valid, and, since the process is isothermal, we 
have   Bp , where B = const. 

Let the gas pressure dependence of permeability be described by Equation (1). Sub-
stitution of the expressions for dependencies of the gas density and permeability on the 
gas pressure to Equation (4) gives  

.0,0;1 Lxt
x

p

p

bp

x
k

t

p
w 

























  (5)

Boundary conditions for p can be written as  

fin ppLxtppx  ,);(,0  (6)

where pin(t) satisfies the Equation of the mass balance in the reservoir  

0

1












xin

winin

x

p

p

b

V

kpS

dt

dp





, (7)

where V is the reservoir volume, and initial condition 

.,0 pppt fin   (8)

Initial conditions for Equation (5) can be written as  









.0,

;0,
)(,0

xpp

xp
xpt

f

f  (9)

Under the assumptions introduced, the boundary problem (5)–(9) describes the gas 
flowing through the sample completely.  

Let us consider a simplified model of the process assuming that storage due to com-
pression of the gas in the pore volume of the sample can be neglected, and μ = const. 
Furthermore, we will obtain from Equation (5)  

01 

















x

p

p

b
p

x 



  or ,)( 21

2 cxcbp   

where c1 and c2 are the constants, determined from the boundary conditions (6).  
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Substitution of the explicit expression for )( xp  into the Equation (7) gives the gen-
eral Riccati equation:  

  bpppp
LV

kS

dt

dp
fininf

win 2
2

1



 (10)

Solution of the Cauchy problem (8)–(10) can be written as  

 
.exp

22
,

1

2)1(
)(







 









 t

LV

kSbp

bpp

pbp
tp wf

f

f
in 





 (11)

Thus, the dependence pin(t) where the kw and b appear as parameters is determined. 
Let us use the method of least squares [26] and estimate these parameters by the values of 
kw and b, which minimize the function  

    k b p t p t k bw in i in
calc

i w
i

N

, ( ) ( ; , )(exp) ( ) 



2

2

 

Here (exp)
inp  and )(calc

inp  are the measured and calculated pin(t) values, respectively, 
N is the measurements number. 

A point in the plane  bkw, , where  is at its minimum, was sought by the modi-

fied gradient method [27]. Components of the gradient of the function  bkw,  can be 
determined by finite differences approximation:  
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where bk bwk   , ,   is a small number (for example, 001.0 ). 

Values of )(calc
inp  can be calculated with the use of expression (11), but it should be 

taken into account that this expression was obtained under the assumption that the stor-
age due to the compression of gas in the pore volume can be neglected (i.e., the left part 
of the Equation (4) is taken to be zero). The systematic error associated with this assump-
tion increases with the porosity increasing. Since the same assumption is used in the clas-
sic pulse decay technique (CPDT) developed by Brace, Walsh, and Frangos [8], the prob-
lem of evaluation of this systematic error was considered in several studies on CPDT (see 
refs. [9–11]) which showed that if the ratio of the effective sample pore volume is less than 
0.25, then the systematic error of permeability determination caused by this assumption 
does not exceed 10%. This result followed from the comparison between the numerical 
solution of the problem in general formulation with the approximate analytical solution 
obtained under the assumption that the left part of Equation (4) can be taken to be zero. 
However, this result was obtained for CPDT (i.e., for the case when both end faces of 
sample are connected with the closed reservoirs). Let us use the numerical solution of the 
problem (5)–(9) in the general formulation for the same purpose of estimating the system-
atic error in the case of the modified pulse decay technique (i.e., when the outlet section 

of the sample remains open). That is why two methods for the calculation of )(tpin , 

which enters into the expression for  (and, respectively, two variants of wk  and b de-
termination from the condition of   minimum),  have been used here. Using the first 

method, )(tpin  is calculated from expression (12), i.e., from the analytical solution of the 
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simplified problem. With the second method, )(tpin  is determined from the results of the 
numerical solution of the boundary problem (5)–(9) obtained with regard to the real non-
zero value of the sample porosity and the pressure dependence of argon viscosity  . In 
the numerical solution of the problem (5)–(9), Equation (5) was integrated by the Crank-
Nickolson method [28]; 


 values were calculated from approximating expressions [29] 

for the viscosity virial coefficients of argon.  

The wk  and b determination at such a point in the plane  bkw, , where  is at its 

minimum, may be incorrect, when significant changes of wk  and b values are obtained 

while the measured (exp)
inp  varies slightly. It should be noted that variation of  is low 

for low variations of (exp)
inp . Thus, incorrect results may be caused by the fact that signif-

icant changes of wk  and b correspond to low changes of  in the vicinity of a point 
where  is at its minimum. 

For the assessment of method correctness, let us consider the necessary conditions of 
 extremum  
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which may be written in general form as  

0}),,2,{;,(,0}),,2,{;,( 21  NipbkFNipbkF iwiw  , (13)

where )((exp)
iini tpp  . 

Variations ip  of ip  cause changes of wk  and, b  and of wk  and b, respec-

tively. Conditions (13) should be satisfied at ww kk   and bb   if  Nipi ,...,2,   

change for  Nipp ii ,...,2,  . Variations of 1F and 2F  can be expressed approx-
imately (up to the terms of the second order of smallness) as  
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Since   NippbbkkF iiww ,...,2,;,2,1    should also be equal to zero, 
we obtain from (14)  

.

,

2

222

2

111

i

N

i i
w

w

i

N

i i
w

w

p
p

F
b

b

F
k

k

F

p
p

F
b

b

F
k

k

F



































  

It follows from (12) that  
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where partial derivatives of )(calc
inp  with respect to wk  and b  can be determined from 

the analytical solution (11): 
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Partial derivatives of 2,1F  with respect to wk  and b  can be determined by finite 
differences approximation as  
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where values of 2,1F  can be calculated from (12). 

2.1.2. Experimental Apparatus  
The experimental arrangement for permeability measurements is presented schemat-

ically in Figure 1. The sample of diameter up to 25 mm and height up to 21 mm is mounted 
into the experimental cell (1). Argon is drawn from the reservoir (4) through the capillar-
ies, via the model gauge (3), and the circuit with a pressure transducer (2) to the upstream 
reservoir of the experimental cell connected with the inlet section of the sample. From the 
outlet section, argon flows out to the atmosphere. 

Permeability measurements can be carried out using the steady state method and the 
pulse decay method. In the first case, a volume meter is used for measuring the flowing 
gas volume. With the pulse decay method, an electronic registration system connected to 
a PC (6) is used. This system allows recording pT-parameters during the experiment and, 
in particular, time dependencies of gas pressure in the upstream reservoir. The data ob-
tained are processed using software developed on the base of the described technique. 

2.2. Anisotropic Permeability  
2.2.1. Experimental Apparatus  

The measurement of isotropic permeability is usually carried out at homogeneous 
inflow and outflow of the fluid. This is implemented through the establishment of uni-
form distributions of the pressure in the inflow and outflow cross-sections of the rock 
sample. Streamlines of the fluid take the form of segments of straight lines in this case. Let 
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us now consider the flow of the fluid through a sample of a rock with a layered anisotropy. 
The sample has the form of a cylinder with an axis normal to rock stratification. It follows 
from Darcy’s law that the fluid streamlines are also segments of straight lines at the uni-
form inflow and outflow of the fluid. However, if the inflow is not uniform, the stream-
lines become curvilinear, and the curvature of the lines depends on the anisotropy of the 
sample permeability. Let us consider a cylindrical sample of a layered rock with the im-
permeable casing of the side surface. The permeability of the sample is determined with 
the use of two operation modes, as is shown in Figure 2a,b.  

 

 
Figure 2. Operation modes of gas inflow in measurement of anisotropic permeability on a sample: 
(a) the first operation mode; (b) the second operation mode, directions of the gas inflow are shown 
with white arrows, parts in the inflow face where the gas flows into the sample are shown in white. 
Flow lines: (c) the first operation mode; (d) the second operation mode. 

The fluid flows into the sample at the first operation mode only through a circle of a 
small diameter in the inflow face (Figure 2a). The residual surface of the inflow face is 
impermeable to the fluid. The inflow of the fluid at the second operation mode is carried 
out through the same circle as through a narrow coaxial domain at the periphery of the 
inflow face (Figure 2b). The influence of anisotropy on the characteristics of the flow is 
different in these two cases (Figure 2c,d). Therefore, it seems to be possible to determine 
both longitudinal and transverse components of the permeability from a comparison of 
the characteristics of the flow at these two operation modes. For substantiation of this 
assumption, we consider the flow of a gas through a cylindrical sample of a layered rock.  

2.2.2. Theoretical Model  
The axis of the sample is normal to the rock stratification. Considering the Klinken-

berg effect, we can write expressions for the permeability components in the following 
forms 
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where tl kk ,  are the longitudinal and transverse components of the permeability, re-

spectively; 00, tl kk  are the longitudinal and transverse components for the liquid. 
Gases, which are used as fluids in the permeability measurements, can be considered 

as ideal ones at moderate temperatures. The process of the steady state flow of the gas 
through the sample is then governed by the non-linear Equation:  

    0
0

0 
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where zr ,  are cylindrical coordinates. 
The solution of Equation (16) at corresponding boundary conditions gives a distribu-

tion of the gas pressure in the sample ),( zrp , and we can determine a mass of the gas 
which flows through the inflow face of the sample per unit time  
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where 0p  is the pressure at the outflow face of the sample (at 0z ); 0  is the density 

of the gas at the outflow face; br  is the radius of the cylindrical sample; and w  is the bulk 
flow of the gas. 

We denote 1w  and 2w  values of the bulk flow at the operation modes 1 and 2, re-
spectively. Let us introduce a parameter of a relative bulk flow 12 / wwG   and a pa-

rameter of the anisotropy 00 / lt kkK  . 
The more pronounced the dependence )(KG , the more explicitly permits the com-

parison of the bulk flows of the gas at the first and the second operation modes to judge 
an extent of the permeability anisotropy. The bulk flow values are determined by the finite 
element method based on the Galerkin’s technique [30]. The calculations show that 

)(KG  is a monotonously decreasing function, and 1G  at K  (Figure 3).  
Hence, an accuracy of K  determination from the dependence )(KG  decreases at 

G 1. The more G differs from 1, the higher the accuracy of the K  determination. K  

depends on a ratio of the sample dimensions brl /  where l  is the sample height. If 

10K  and brl /  = 0.5, 2.01G , i.e., the accuracy of the proposed technique of an-

isotropic permeability determination is sufficient at brl /  = 0.5 up to 10K .  

 
Figure 3. Dependence between the relative bulk flow and the permeability anisotropy at different 
ratios of sample dimensions. 
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3. Results and Discussion  
Isotropic Permeability  

The results of permeability measurements carried out on 7 samples of the different 
rocks: porphyrite (Porph-1, 2, 3, 4), basalt (B-1), and sandstone (Sand-1, 2) are presented 
in Table 1.  

Table 1. Permeability measurements results. 

Sample   
ww kk /  wk , m2 b , MPа kw(Kl) )()( /1 num

w
Kl

w kk  

   )(an
wk  )(num

wk  )(anb  )(numb    

Porf-1 0.0021 0.154 2.48 × 10–20 2.427 × 10–20 2.499 2.568 3.8 × 10–20 –0.541 
Porf-2 0.0026 0.376 6.974 × 10–20 6.764 × 10–20 1.757 1.835 8.5 × 10–20 –0.257 
Porf-3 0.0027 0.286 3.011 × 10–20 2.897 × 10–20 1.266 1.361 2.6 × 10–20 0.103 
Porf-4 0.0033 0.117 1.111 × 10–19 1.069 × 10–19 1.182 1.259 1.1 × 10–19 –0.029 
Sand-1 0.1370 0.155 2.707 × 10–15 2.543 × 10–15 0.4501 0.5088 2.0 × 10–15 0.214 
Sand-2 0.0998 0.118 1.687 × 10–15 1.616 × 10–15 0.6529 0.7014 1.6 × 10–15 0.010 

B-1 0.1990 0.191 1.009 × 10–16 9.417 × 10–17 1.007 1.117 1.0 × 10–16 -0.062 

The )(an
wk  and )(anb  values are determined by the analytical solution (11) (without 

regard to the damping influence of gas in the sample pore space and dependence of gas 
viscosity on pressure). The )(num

wk  and )(numb  values are determined using the numerical 
solution of the filtration problem (5)–(9) in the general formulation. 

Since the values of )(num
wk  and )(numb  are obtained using a generalized model of the 

process, they appear to be more valid. However, it could be noted that the differences 

between the values of )(num
wk  and )(an

wk  are not higher than 7% of )(num
wk . The value of 

)(an
wk  is evaluated using an analytical approximation of the process under the assumption 

that the pore volume of a sample is negligibly small, and the damping influence of gas 
inherent in a sample can be ignored. Hence, as in CPDT, it follows that the differences 

between )(num
wk and )(an

wk  shall be as greater as the higher the sample porosity value ( ) 
becomes (see Figure 4). As it was obtained in refs. [9–11], this difference in CPDT did not 
exceed 10%  < 0.25, which is in good agreement with our results presented in Figure 2.  

 
Figure 4. Dependence of the difference between numerical and analytical solutions (kw(num)- kw(an)) on 
sample porosity (). 
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Since the ratio of the effective sample pore volume to the reservoir volume did not 

exceed 0.04 in our experiments, the satisfactory agreement between values of )(num
wk  and 

)(an
wk  corresponds to the results obtained by Trimmer [11]. 

For a validity assessment of the results obtained, the value of )(Kl
wk  for all samples 

studied has been determined using the classical Klinkenberg method [23]. The )(Kl
wk  val-

ues have been compared with the values of )(num
wk  determined using the technique de-

scribed above. Differences between these values for all samples studied (see the table) 
except Porph-1 did not exceed 26%. However, as it could be seen from Figure 5, the values 

of )( iin tp  calculated at )(num
wk  and )(numb  for Porph-1 are in good agreement with 

measured ones, and a sufficiently rigid estimation by formula (15) shows that the accuracy 

of )(num
wk  determination is quite satisfactory (see Table 1).  

 
Figure 5. Results of permeability calculation for the sample Porf-1. 

This permits us to suppose that the discrepancy between )(Kl
wk  and )(num

wk  for 
Porph-1 arises from the fact that the gas pressure range in the experiments using the 

Klinkenberg method was not sufficient for the determination of )(Kl
wk  with a proper accu-

racy. 
An example of the technique application for measurement of the anisotropic perme-

ability of the dacite sample from the uranium ore deposit Streltsovka (Transbaikalia, Rus-
sia) is presented in Figure 6. The obtained values of the anisotropic permeability compo-

nents are 0
lk  = 0.152 × 10–18 m2, 0

tk  = 0.658 × 10–17 m2.  
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Figure 6. Results of anisotropic permeability calculation for dacite. The first operation mode: (1) 
measured pressure in the inflow volume; (2) calculated pressure; The second operation mode: (3) 
measured pressure in the inflow volume; (4) calculated pressure. 

4. Conclusions 
The laboratory measurements of rock permeability are often carried out using gas as 

a flowing medium. This is dictated by the necessity to obtain essentially higher filtration 
rates than in the case when liquid is used and, as a result, to enhance the accuracy of 
measurements and reduce their duration.  

The pulse decay method is widely used in such experiments. The procedure of data 
processing used in this method in its ‘traditional’ way is valid only for those experiments 
in which a ratio between gas pressures at the inlet and outlet of the sample is approxi-
mately equal to 1. Therewith, to determine the permeability of the sample in relation to 
water, it is necessary to carry out a series of experiments at different average gas pressures. 
As a result, the total duration of measurements increases. Moreover, the errors introduced 
by every experiment can accumulate during final data processing, and hence, the accuracy 
of the results obtained can dramatically be reduced.  

Hereby a modification of the pulse decay method has been developed which permits: 
(i) to determine simultaneously the permeability value of a rock sample in relation to fluid 
and the Klinkenberg constant from data of a single experiment; (ii) to reduce experiment 
duration; (iii) to simplify the recording of pin(t) dependence and to improve its accuracy 
at the cost of an increase in pressure step value (p). 

For the method of measurements of rock permeability, proposed special equipment 
and software have been developed and tested using rocks with different reservoir prop-
erties. Analysis of data obtained and comparison with ones derived from the same sam-
ples by the Klinkenberg method shows satisfactory accuracy and higher efficiency of the 
modified pulse decay technique.  
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The modified pulse technique proposed can be used as the basis for developing uni-
fied testing protocols for measurements of rock permeability.  
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