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I. INTRODUCTION 

A. Statement of Problem 

The permeability of coal to gas flow is one of the 

fundamental factors affecting the explosive-gas or firedamp 

emission in coal mines. The emission of firedamp from coal 

seams during the extraction process represents one of the 

main hazards in coal mining and it has been the subject of 

much study and investigation. Interest in degasification of 

coal seams prior to and during mining has grown and for de-

gasification the knowledge of coal permeability becomes 

paramount. Coal is a heterogeneous type of rock and has a 

low value of permeability. Its permeability is highly vari-

able since it is dependent upon tnany factors such as the 

inherent structure and composition of the coal. The perme-

ability of a given specimen is also affected by the number 

of fractures contained within the sample, a.nd hence differ-

ent geometries of coal specimens to be tested can be ex-

pected to give different values of permeability. It can be 

understood that predictions of coal-seam gas emission, 

based on tests of small samples, can be misleading due to 

the problem of obtaining representative test specimens. 

The properties of the fluid used for the permeability 
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measurement introduce additional factors to be considered 

which may affect the permeability of the coal. It is known 

that for low permeability measurements using gas flow, a 

phenomenon called the Klinkenberg effect or gas slippage 

may occur. The theory of gas slippage as applied to the 

measurement of the permeability of a porous medium to gas 

has been so well substantiated in recent years that any 

measurement to determine this .permeability by using gas at 

low pressures, of two atmospheres or less, should be taken 

. . 1,2,3,4 
into consideration and be corrected for. 

B. Approach to the Problem 

The study of coal permeability and the laboratory 

tests were based on the literature and practice of the per-

meability measurement of reservoir rocks as applied in the 

petroleum industry. The general method by which permeabil-

ity was determined has been standardized by the American 

Petroleum Institute in a code procedure. 5 Permeability of 

a medium can be calculated by the use of D'Arcy's law by 

measuring the rate of flow of a fluid of known viscosity 

through a medium of well-defined geometry under a measured 

pressure differential. It is a common practice in the oil 

industry to determine the permeability of core material 
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with dry air by using the apparatus . a.rranged to operate 

with t he outlet of the sample at or near atmospheric pres-

sure. Some studies on coal permeability have been made in 

the mining engineering laboratories at Virginia Polytechnic 
-· 

Institute. Using dry air as the fluid, tests have obtained 

the permeabili ty of one inch cubes of selected coals and 

have provided i nformation on the effects of the size factor 

in the permeability values obtained. 6 , 7 , 9 , 9 

C. Purpose of Study 

The work reported herein, which was based on previous 

investigations and literature review, was undertaken in an 

effort to develop a simple apparatus 'and method for the de-

termination of permeability measurements on coal samples. 

It was the purpose of this study to investigate the flow of 

gas through coal as follows: 

1. To investigate the effects of specimen size on the 

permeability measurements of gas flow in coal sam-

ples, and to find a standard size of coal sample 

for permeability measurement. 

2. To investigate the effects of gas slippage. 

3. To corre l ate the permeability values of core-

samples versus cube-samples. 
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II. THE REVIEW OF LITERATURE 

A. Nature and Origin of Firedamp 

Firedamp is a term which is commonly applied to a mix-

ture of explosive gases. However, it is convenient to ex-
-

tend its usage to include all gases given off from coal 

seams and associated carboniferous strata. The major com-

bustible constituent is metha e which is usually present in 

the range of 80 to 90 per cent by volume. Other gases found 

in firedamp are the higher hydrocarbons such as ethane, 

propane, and butane together with varying amounts of ca.rbon 

dioxide, nitrogen and helium. 10 At shallow depths, the pro-

portion of methane declines with the firedamp reverting to 

nitrogen and carbon dioxide. 11 

In considering the origin and nature of firedamp .asso-

ciated with coal measures, it is generally accepted that 

the history of these ga.ses is the same as that of the 

coal. 12 Coal was formed by a complicated chemical reaction 

process from plant material, and it was during this process 

that the firedamp contained in the coal was formed. The 

composition and properties of the organic substances of the 

coal underwent changes, and gaseous . substances were gradu-

ally discharged. This discharge was one of the main spe-
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cific properties of the metamorphic process that occurred 

from t he lignite to graphite stage. During the formation 

of ordinary coal of an average degree of metamorphism, ap-

proximately 25 per cent of the total organic mass is con-

verted into methane. In the further conversion of coal in-

to anthracite, another 10 per cent of its total mass is 

transferred to the gas phase. 13 The gases evolved may accu-

mulate in a disorbed state within the pores and fractures 

of the coal and associated strata. 

Coal in an undisturbed seam may contain large amounts 

of firedamp at high pressure. The quantity of methane which 

saturates many coal seams in their present condition is so 

great . that the coal deposits ca~ be considered as methane-

coal deposits. 13 The ability of coal to store large amounts 

of firedamp is due to the micro-porous structure which pre-

sents a large internal surface on which the gas is physi-

call y absorbed to form a very thin layer. The formation of 

the absorbed layer may be likened to the condensation of a 

vapor to form a film of liquid. Reduc t ion of gas pressure 

such as occurs when the coal is worked at the coal face 

causes desorption to take pla.ce which may be likened to the 

evaporation of the condensed layer. 1° Fracturing or break-
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age of the coal immediately reduces the pressure of the gas 

on the newly exposed surf ace a.nd desorption occurs almost 

instantaneously at the surface of the brea.k. Hinsley lO 

concluded from his experiments that firedamp emitted from 

the coal seam will enter the mine ventilation system from 

the following sources: the coal face, the coal broken by 

the mining processes, . the roof, floor and the waste. · The 

gas from the coal face will depend on the gas pressure in 

the coal ahead of the coal face a.nd the degree of develop-

ment of cracks and breaks caused by roof and floor pressure. 

The emission from the coal broken by the machine will de-

pend on the degree of degradation, · the permeability of the 

coal and the original gas pressure. The amount of gas 

coming from the roof, floor and the waste will depend on 

the presence of roof coal, the proximity of other seams a-

bove a.nd below the seam being worked, permeability of the 

strata and the amount of breakage induced in the strata. 

B. Porous Media and Permeability 

The flow of fluids through porous materials is a sub- · 

ject of importance in many fields of engineering. Such di-

verse fields as petroleum engineering, soil mechanics, 

ground water hydrology, and sanitary engineering require 
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understanding of such flow phenomena. It is also becoming 

more important to the study of the gas emission in coal 

mines and the efforts for the degasification of coal seams. 

The permeation of coal by pores and cracks also affects the 

measurement of elastic moduli inasmuch as they reduce the 

amount of load bearing substance. 14 

To study the flow of fluid through porous media, it is 

necessary to clarify the definition of porous media. Porous 

media are defined as solid bodies containing pores. Pores 

are void spaces distributed through the material which is 

to be called porous. Extremely small voids are called mo-

lecular interstices and very large ones are called caverns. 

Those spaces which are intermediate in size between molecu-

lar interstices and caverns are termed pores. 1 S The pores 

i n a porous system may be interconnected or non-intercon-

nected . The interconnected part of the pore system is 

called the effective pore space of the porous medium.ls 

Permeability of rock may be defined as its fluid con-

ductivity. This mea.ns the ability o:f a fluid to flow 

through the interconnected pore network of a porous medium. 

Fulton 2 differentiated three kinds of permeability: 

Specific permeability may be defined as the ability 
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of a porous medium to conduct fluid when the satura.-

tion of that fluid in the material is 100 per cent. 

Effective permeability of a porous material is the a.-

bility of that material to conduct a fluid when the 

saturation of that fluid in the material is less than 

· 100 per cent of the pore space. 

Relative permeability is defined as the ra.tio of the 

effective permeability to a given fluid at a definite 

saturation to the permeability at 100 per cent satu-

ration. 

The permeability of coal is based on fractures con-

necting the pore space left as the result of some degree 

of devolatilization or other changes of the substance from 

which coal was formed. Also contributing to the permeabil-
' 

ity of coal are fractures of two genetic types occurring 

in coal, the endogenetic and the exogenetic. 16 The endoge-

netic fractures owe their formation to the na.ture of the 

coal and are connected with the changes t~e coal undergoes 

during the coalification process. The exogenetic fractures 

appear in the coal due to the effect of external forces 

which occurred during the last stage of development by the 

folding of coal measures strata. 
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Indications have been found that the permeability of 

certain ranks of bituminous coal to gases tends to increase 

with the decrease in volatile matter tlp to a certain point. 

This phenomena indicates that the openings or pores were 

produced due to the squeezing out of volatile matter. 7 A 

study by Ammosov and Eremin 16 also came to the con't:lusion 

that the fre<Juency arn;l degree of development of the endo-

genetic fractures is closely connected with the metamorphic 

grade from lignite up to anthracite and the petrographic 

composition of the coal. The frequency of the endogenetic 

fractures varies along a curve with a maximum in the region 

of coal of the intermediate metamorphic grades (Figure 1). 

It is very important therefore to establish the interre-

lations between the petrographic peculiarities of the coal 
'1 

varieties and their gas permeability. 

c. D'Arcy's Law 

The knowledge of flow of fluids through porous materi-

al is of practical importance. An understanding of the 

mechanism of the flow involved obviously is a practical aid 

in the solution of many of the problems connected with the 

migration of fluid through porous material. A parameter, 

permeability, characterizing the fluid conductivity of a 
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porous material was meaningfully defined and first demon-

strated by a French hydrologist, H. D'Arcy in 1856. The 

equation which defines permeability in terms of measurable 

quantities is ca.lled D'Arcy's Law. He was concerned with 

the problem of the flow of water through filter beds, which 

he found was directly proportional to its cross-sectional 

area and to the driving head, and inversely proportional to 

the length of flow through the filter bed: 

.where: Q 

A 

L 

K 

L 

is the rate of flow, 

is the cross section of 

is the thickness of, or 

through the filter bed, 

is a constant depending 

of the porous medium, 

the filter bed, 

le~gth of flow 

on the properties 

.h2-h1 is the head of water inducing the flow. 

of 

The minus sign in the expression for Q indicates 

that the flow is in the direction opposite to the increas~ 

ing head. Upon introduction of a new constant k, where 

k =KU, and k is the permeability of the medium while 

U is the viscosity of the fluid, D'Arcy's equation can 

take the form: 
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k = U Q L 

where P1 and P2 are terminal pressures across the core. 

To make specific use of the permeability concept as 

defined by D'Arcy's Law, it is necessary to define the unit 

by which the magnitude of the permeability may be expressed. 

Wyckoff, et al 17 , introduced the unit used for permeabili-

ty constant which is called the darcy. The permeability of 

a porous medium is one darcy if through it will flow one 

cubic centimeter per second per square centimeter of cross 

section of a fluid of one centipoise viscosity under the 

action of one atmosphere per centimeter pressure gradient!8 _ 

Thus 

some 

1 darcy = 1 (cm3/sec) x 1 (cp) 

1 (cm2 ) x 1 (atm/cm) 

The law as stated in the form given above involves 

1 · · · · . t ' lS h 1 ' 't t . imitations in prac ice. T ese imi a ions are: 

1. The flow should consist of an iner t homogeneous gas. 

2. The flow should not be at high flow rates, since 

for high rates the l aminar flow regime will break-

down a.nd there wil l be turbulent flow. 

3. The possibl e existence of a molecular effect which 

leads to the gas slippage phenomenon or Klinkenberg 

effect should be checked. 
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D. Gas Slippage Phenomena 

The definition of permeability does not specify the 

fluid that should be used for permeability determinations. 

Air is commonly used as the fluid medium in gas permeabil-

ity tests. The equipment usually employed for this determi-

nation is arranged to operate with the outlet of the sample 

at or nea.r atmospheric pressure. 5 This practice is based on 

the fundamental assumption that,as long as the rate of flow 

is proportional to the pressure gradient, the permeability 

constant of a porous medium is independent of the fluid 

used in its determination. However, Muskat 19 found large 

discrepancies between the permeability of air compared to 

that of water. Most values found for water have been lower 

than for air. In this regard, Klinkenberg 3 proved that the 

discrepancies between air permeability and liquid permea-

bility are due not to the unusual behavior of the liquids 

but to the unusual behavior of the gases. In the case of 

gases,the flowing f0d d;es not stick to the walls of the 

pores as required in D'Arcy's Law, and a phenomenon termed 

gas slippage or the Klinkenberg effect occurs. The validity 

of the theory of gas slippage as it is applied to the flow 

of gas through porous media has been well established! 121314 
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Fulton 2 explained the gas slippage phenomenon as fol-

lows. In the viscous flow of liquids a.nd gases at high 

pressures through 1a capillary, the velocity of a thin layer 

of fluid adjacent ,to the walls of t~e capillary theoreti-

cally is zero. However, in gaseous flow when the ratio of 
• 

the radius of the capillary to the mean free path of the 

gas is such that the intermolecular collisions decrease in 

importance, ·then collisions of the molecules with the walls 

of the capillary gain in importance. The gas seems to lose , 

its grip on the solid surface of the capillary and the 

layer of gas next to the wall has a finite velocity. 

Klinkenberg 3 has pr~ved in his experiments that the 

observed permeability to gas is 'a function of the recipro-

cal mean pressure. The observed permeability to gas ap-

proaches a limiting value at infinite mean pressure which 

can be identified with the liquid permeability; 

The Klinkenberg equation states: 

where: ka 

ka = kL ( 1 + 4 c y) 
r 

is the measured or apparent permeability ~fa 

porous sample, computed by D'Arcy's equation, 
• 

kL is the true or liquid permeability·, 
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r is the average radius of the capillaries, 

c is a proportionality factor with an apparent 

value of slightly less than unity, 4 

y is the mean free path of. gas molecule. 

The meaning of the mean free path ( y) can be clarified 

as follows: 

The path of a gas molecule at a given pressure must 
be an irregular zigzag having at each corner a col-
lision with another molecule and consisting of a 
straight free path between collisions. The individual 
lengths of these free paths will vary widely. The 
average of their lengths will have a definite value 
which is called the mean free path at that pressure.2 

Since the mean free path ( y) is inversely proportional 

to the pressure, Klink_enberg states further that: 

where b = 4 C 

r and · P 

b 
p 

) 

is the mean pressure in the sys-

tern. It can be seen that the slipping of the fluid along 

the pore walls gives rise to an apparent dependence of 

permeability on pressure. 

Gas slippage decreases as the mean free path of the 

molecules decreases. Since the mean free path of any gas 

decreases with increasing density, increase in static 

pressure results in lower apparent gas permeabilities. The 
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effect of gas slippage can be corrected by making the per-

meability observations and calculations for each sample at 

several mean pressures and by plotting the values of the 

observed permeabilities against 

E. Permeability Measurement 

1 
p 

The measurement of the permeability of a sample essen-

t ially involves only a proper mounting of the sample whose 

dimensions are known with the provision for determining the 

pressure differential across the sample and the rate of 

flow of the fluid through it. In principle the measurement 

may be made either with liquids or gases and the sample can 

be either a cylindrical or rectangular form. Klinkenberg 

has shown that permeabilities, as ordinarily measured using 

air, varied depending upon the mean pressure used in the 

measurement. This variation is more striking for low per-

meability samples and decreases with increasing permeabil-

ity. 

Each measurement under a certain mean pressure will · 

give the observed or apparent permeability value ( ka) of 

the sample. To find the true permeability value ( kL ), 

related to the bbserved permeability as stated by formula: 

b 
p ) ; measurements were made at several 
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mean pressur6s and each ka was then plotted against its 

reciprocal mean pressure. The slope of the line determines 

the value of b and the intercept on the ka axis deter-

mines the value of kL ( see Figure 9 ) . 

The values of kL and b can be solved for statisti-

cally by using the Least Squares Method. This solution .was 

made possible by the fact that gas permeability is a linear 

function of the reciprocal mean pressure~ 3 In this investi-

gation the values of ka, kL, and b were determined by 

the use of a digital computer. 
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III. EXPERIMENTAL PROCEDURE 

A. Instrumentation 

To obtain accurate reproducible results of coal perme-

ability measurements using air as the fluid, instrumenta-

tion was arranged as shown in Figures 2 and 3. It was de-

signed to provide the following conditions: 

1. Means to provide a supply of dry air, including the 

controlling devices to allow the air to pass 

through the coal sample under a certain desired 

pressure. 

2. A unit of instruments for determining the pressure 

differential across the sample and the rate of flow 

' 
of the fluid through it, as well as for measuring 

.the temperature of the flowing air. 

3. A device for holding the sample to be tested. 

Other essential accessories include: 

4. A device for measuring the linear dimensions of the 

sample. 

5. A device for measuring time. 

6 • . A device for me~suring the very low permeability 

samples bu using a water displacement method. 

7. A barometer to check the change in atmospheric 
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pressure during measurement. 

8. Provision for the airtightness of all connections 

in the air line. 

Dry Air Supply 

The existence of a compressed air line in the labora-

tory provided a convenient supply of air for the experiment. 

The air had to be first cleaned and dried. As is illustrat-

ed in Figure 2, compressed air from the main air line 

passed through a stopcock (1), entered a moisture-trap*) 

(2) and thence into a compressed air filter (3) which re-

moved dirt, water and oil particles. The clean air then 

passed through an air-line moisture indicator (4). The 

clean dry air was then regulated by a valve regulator (SA) 

to produce a constant flow under a certain pressure, and 

was ready to be used for the test. 

Pressure and Flowrate Reading 

The instruments used were combined into a compact 

unitized piece of apparatus which is called a permearneter, 

the Ruska 1011 Permearneter being used in this experiment. 

A manifold with manometers of different ranges of pressure 

*) Moisture-trap was designed by Mr. R. I. Dillon, Indus-
trial Engineering Dept.,Virginia Polytechnic Institute. 
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reading were additionally installed: 0 - 60 mm Hg pressure 

gage (6A), 0 - 300 mm Hg pressure gage (6B) and 0 - 760 mm 

Hg U-tube mercury manometer (6C). The installation of the 

U-tube manometer insured correct readings of the pressure 

across the sample, as well as giving information for the 

corrections to be made to the Bourdon pressure gage reading 

of the permeameter due to changes in barometric pressure. 

The use of this manifold was indicated by the Recommended 

Practice of the American Petroleum Institute, 5 Item 57f 

which states that "the equipment must adequately provide 

for the measurement of pressures by liquid manometers or 

devices of equivalent accuracy, i.e. deadweight testers. In 

no case is the usual Bourdon gage to be relied upon for 

these measurements if reproducible results are desired." 

The permeameter consisted of a core-holder with a 

built-in thermometer (7), triple range flowmeter with a 

selector valve (8), hand-calibrated Bourdon tube pressure 

gage (9), pressure regulator (SB) with a gas inlet connec-

tion, all of which were permanently interconnected and 

mounted on a panel with frame. The permeameter was cali-

brated to give the gas flow, Q, in cubic centimeters per 

second at mean pressure (Figure 7). The upstream pressures 
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at which the three tubes were calibrated had been selected 

so as to avoid turbulence in the samples. 20 The permeameter 

was calibrated by Ruska to operate at an upstream gage 

pressure of one atmosphere for the small tube (SS), 0.50 

atmosphere for the medium tube (SM), and 0.25 atmosphere 

for the large tube (SL). An auxiliary installation of pi-

pette (10) was provided to measure very low flow rates if 

readings could not be obtained from the flowmeter tubes. 

Sample Holder 

The core holder which is part of the Ruska Permeameter 

unit can only be used for small samples, one inch or small-

er. To handle bigger samples, an auxiliary sample holder 

was used to mount the sampl e (11). It consisted of a steel 

sleeve, a top plate with an input tube, a bottom plate with 

an exhaust tube and clamp (Figure 4). The sample holder was 

designed so that all flow was through the sample. Care was 

taken that no air bypassed the sample through an imperfect 

seal between the sample and the walls of the metal sleeve 

of the sample holder. 

B. Sample Preparation 

The gross sample of coal for the experiment was ob-

tained from Itmann No. 3 Mine. Description of the coal 
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sample was given in •Appendix B. The sample was first cut 

into desired sizes and shapes of specimens by use of either 

a masonry saw or a coring device. When each specimen had 

been finished to the desired final size by sanding and/or 

polishing, it was further treated by painting the sides of 

the specimen. which were to be para.llel to the direction of 

the gas flow. Each specimen was then mounted in the appro-

priate sample holder for its permeability measurement. 

Cutting and Sizing the Coal Sample 

A masonry saw, with a diamond impregnated blade (th_e 

Clipper Masonry Saw) shown in Figure 5, was used to cut and 

size the coal cube specimens with edge dimensions of one 

inch, two inches, three inches, ' and four inches. Cylindri-

cal core specimens having diameters of one inch, two inches, 

and four inches were prepared with a Buffalo No. 21 drill 

press using thin-wall diamond impregnated coring bits 

(Steelset, Diamond Products, Fish-Schurman Corporation) 

which were water lubricated (Figure 6). The length of the 

core sample was made equal to the diameter. Due to the 

large size of the gross coal sample obtained from the mine, 

the coal was first cut by using a two-man cross-cut saw · 

into sizes which could be handled by the diamond saw. Each 
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specimen was polished with sandpaper to get smooth and even · 

surfaces and then dusted with a dry air blast or brushed to 

remove loose particles adhering to the sample. Dimensions 

of the specimen were measured accurately with a micrometer, 

as any inaccuracy introduced errors. 

Specimen Mounting 

Each sample was mounted in a metal sleeve with an im-

permeable material so that air would flow only through the 

sample, parallel to the bedding plane. Care was taken to 

insure that the sample was perfectly sealed with the walls 

of the sleeve. Prior to mounting the specimen in the sleev~ 

the sides of the specimen facing the walls of the sleeve 

were painted with a quick drying paint (Varnish Produc~s -

P3707) to avoid the penetration of the sealing material 

into the sample, as well as to seal off the sides from any 

poss ible leakage. For the one-inch samples, the metal 

sleeve -was then pushed into a rubber sleeve of the corre-

sponding size, which in turn was inserted into t he sample 

~older sleeve (8) , shown in Figure 2 , and tightened with a 

screw to the permeameter unit . For larger samples, a steel 

sleeve with the moun~ed sampl e in it was placed between the 

toP. and bottom plates of the auxiliary sample holder (11) 



Fig. 5. Clipper Masonry Saw 
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Fig. 6. Buffalo No. 21 Drill Press 
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and both plates were tightened to the sleeve by clamping 

bolts. Rubber sheeting was placed between the sleeve and 

the plates to in.ake the sample holder unit airtight. 

The sealing material used to mount the sample to the 

steel sleeve was chosen to have the following properties: 

easily poured, rapidly hardened, and ' no heat envolved that 

might affect the coal specimen by creating more fractures. 

For this experiment a bonding agent R-313 (Helix, Epoxy 

Products) was used. Care was taken to pour the bonding 

agent around the sample little by little, since a large 

amount of this agent will release heat in the process of 

hardening. 

c. Method of Testing 

The measurement of coal permeability was based on the 

practice used for permeability measurements of core samples 

in the oil industry. This practice has been standardized by 

. . 5 . the American Petroleum Institute. The data obtained gave 

the values for calculating the permeability value of the 

sample by using D'Arcy's ,Law: 

k = a 
UQL 

A p 

in which: ka is the observed permeability in darcies, 
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U is the air viscosity in centipoise, 

Q is the flowrate in cubic centimeters per 

second 

P is -the mean pressure under which the air flows 

through the sample, in atmospheres, 

L is the length of sample, in centimeters, 

A is the cross section of the sample in square 
centimeters. 

The procedure included the correction for ~gas slippage ef-

fect which exists when air is used as the fluid under low 

pressure. 

The following procedure was followed for all measure-

ments: 

\ 1. Prior to every measurement the line was checked for 

leakage by flowing air into the permeameter and then 

closing the air exhaust line. Airtightness was indicated 

when the float in any tube of the flowmeter did not give 

a reading. 

2. After a specimen was placed and properly seated in the 

core holder and before attempting to execute any flow 

measurements, the system was allowed to remain at the 

mean pressure for the measurement for ten minutes to in-

sure that a condition of equilibrium flow existed. 
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3. The permeabilities of each sample were determined at least 

under three different mean pressures. The average flowrate 

at each mean pressure was obtained from the tube readings, 

and using the calibration curve (Figure 7), the flowrate Q 

in cubic centimeters per second was obtained. 

4. The values of the mean pressure P were obtained from the 

readings of the U-tube manometer. 

5. The air viscosity U at specified temperatures was obtained 

from the graph shown in Figure 8. 

6. The measurements were double-checked by repeating the test 

with the mounted sample reversed. 

7. From the values of Q, P, U, L, and A, permeability calcula-

tions were made\ o obtain values of the observed permeabili-

ties k which were then plott~d against the reciprocal mean a 

pressures. The straight line obtained was then extrapolated 

_ to infinite pressure, (that is l P = 0), and by graphical 

methods the true permeability value kL was obtained. 

8. Using the values of Q, P, U, L, and A, mathematical compu-

tations were made by a digital -computer to find the values 

of ka, kL and the constant b. The computer programs are 

shown in Appendix A. 

D. Sample Calculation 

To make the calculation of permeability from the experi-

mental data clear, an example was carried through from the 

original data. 
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Sample Cr 1-4, Core Sample: 

Observed values: 

1. Diameter of core= one inch= 2.54 cm. 

2. Length of core = 2.537 cm. 

3. Temperature 

4. Gage readings, 

measurement I: 0.5 atmosphere 
measurement II: 0.6 atmosphere 
measurement III: 0.3 atmosphere 

5. Flowrator readings, medium tube: 

measurement I: 29.0 mm 
measurement II: 33.5 mm 
measurement III: 22.0 mm 

Fr_om Figure 8, the viscosity of the air at 29° C equals 0.0183 

centipoise. From Figure 7, curve of the medium tube with reading 

at 29.0 mm under 0.5 atmosphere gives flowrate of 1.10 cubic 

centimeters per second. Flowrates of measurements II and III 

were obtained by proportion from measurement I. 

Measurement II, 33.5 mm reading equals X 1.10 cc/sec. 

= 1.27 cc/sec. 

Measurement III, 22.0 mm reading = 0.83 cc/sec. 

The cross sectional area (A) was calculated from the diameter of 
. . 2 

the core specimen, and equals 5.064 cm 

The downstream pressure in the Ruska permeameter is one at-

mosphere absolute, so that the pressure gradient is equal to the 
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20 indicated gage pressure. 

For measurement I: 

By using the same 

measurement II: 

measurement III: 

k a = U Q L 
AX 0.5 

= _0 __ • 0 __ 1 __ 8_,,3__,;;,,.;;X_,;l~•=l;;..;;0;......;;.;;X __ 2--.;;..;5;..;;;3~7 
5.064 X 0.5 

= 0.02017 darcy 

= 20.17 millidarcies. 

met hod, · 
I 

1a = 19.41 millidarcies 
I 

k = 25.36 millidarcies. a 
To obtain the true permeability value ~, plot 

darcy 

k a 
1 against P' 

as shown in Figure 9, and by extrapolation was found 13.20 

millidarcies. 

E. Mathematical Solution 

The computer programs shown in Appendix A were prepared 

based upon the assumption that the gas permeability is a linear 

funct i on of the reciprocal mean pressure, as stated by Klinken-
3 berg 

k a 

Using the Least Square Method, if a straight line trend is 

assumed, the line of trend will have a formula: Y =A+ BX 

In this formula the values of A and B must be determined. 

These two unknowns can be determined by the use of the following 
21 two equations 
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I. ,E (Y) = N A + B (X) 

II. (X Y) = AZ:.(X) + B ~(X2) 

By analogy, the values of kL and b of the Klinkenberg equa-

tion could be solved, in which: 

k a 
= y 

= A 

= X 

N is the number of tests run on one 
sample under different values of 
mean pressure. 

The values of k were computed by using the formula: · a 

k = 1000 x a 
U Q L 

A p millidarcies. 

TI:ie predicted values of apparent permeability were obtained 

by substituting the computed values of and b into the orig-

inal equation ka = (1 + ~) with varying pressures. 

The per cent different values: 
Observed k - Predicted a Per cent Different= 100 x Observed k a 

k a 

show how far the observed permeability values are from the pre-

dicted values. 
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IV • . EXPERIMENTAL RESULTS 

Coal possesses a stratified structure and consists of 

component layers of vitrain, durain, clarain and fusain, · 

which occur in planes parallel to the bedding plane. Be-

cause of this heterogeneous nature of coal, unique values 

for permeability cannot be obtained and many measurements 

were required for representative evaluation. 

A total of 113 coal specimens of different geometrical 

dimensions and shapes were tested. Table 1 shows the data 

from laboratory observations, and the values of both ob-

served or apparent and true permeability and the constant 

b *) as computed by t~e digital computer. A graphical meth-

od for determining the values of the true permeability kL 
\ 

is also given and shown in Figures 10 to 13. An example 

employing the graphical method to obtain the true permea-

bility values is shown in Figure 9. The results of both 

methods of_ solution showed insignificant differences. 

The Frequency Distribution Diagram of the values of 

the .true permeability obtained from the experiments is 

shown in Figure 14. 

*)Due to the limitation of the computer, the value b 
printed and shown in Table 1 as B. 

was 
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The apparent permeability values shown in Table 1 are 

the values obtained by computations of the values from the 

flowrate measurements. The predicted apparent permeability 

values were obtained by substituting the computed kL and 

b into the original equation: ka = kL ( 1 + _E_). p 

· some examples of the typical differences between the 

results of graphical and computer method of solution are: 

Figure 10, one-inch specimen, Core 1-4 

Graphical method, kL = 13.6 millidarcies 

By computer, kL = 13.09 millidarcies. 

Figure 12, three-inch specimen, cube 3-9 

Graphical method, kL = 54.0 millidarcies 

' By computer, kL = 52.44 millidarcies. 



TABLE l. RESULTS OF PERMEABILITY MEASUREME!~TS 

SAMPLE LENGTH CROSS !i'RESSURE FLOWRATE PERMEABILITY . I 
NUMBER CCM) SECTION CATMS) (CC/SEC) CMILLIDARCIES) : B 

(SQ CM) I APPARENT .TRUE I 
! 
I 

CORE 1-1 2.593 5.064 o.3o 1.64 51.225 18.84 i O .516 

o.so 2.06 38.606 . 
0.60 2.23 34.827 

CORE 1-2 3.033 5.064 o.so ·0.84 18.162 13.38 0.183 

0.60 o.98 17.658 I 

0.1s 1.15 16.576 I 
,• .. I 

o.95 le40 15.932 I 
I I CORE 1-3 2.987 5.064[ o.so o.33 1.021 5.87 Oe098 1 

I Q.60 0.39 6.920 
I 
I 

0.15 0.45 6.388 

0.95 o.59 6.612 

CORE 1-4 2.-537 5 .064; 0.30 o.a3 23.365 13.09 o.2ao 
r -o. 50 1.10 20.110 

I 0.60 1.21 19.406 

PREDICTED 

APPARENT 

PERMEABIL 

51.285 

38.309 

35.065 

18.272 -

17.457 

16.642 

15.956 

1.016 

6e825 

6e634 

'6e473 

25.314 

20.424 

19.202 

PCT 

OIFF 

0.12 

-0.11 

o.6s 
0.61 

-1.13 

Oe40 

0.15 

-0.16 

-1.38 

3.85 

-2.11 

-0.20 

1.26 

-1.05 

I 
,j:::. 
(j\ 
I 
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TABLE 1. ( Cont'd ) 
- SAMPLE LENGTH CROSS PRESSURE FLOWRATE PERMEABILITY 

NUMBER (CM) SECTION (ATMS) · (CC/SEC) (MILLIDARCIES) 

( SQ CM)· APPARENT TRUE 
I 

CORE 1-5 2.433 5.064 o.50 0.43 7.458 4.99 

0.60 o.so 1.221 
. 

0.15 o.56 6.475 

0.95 -0.10 6.390 

CO.RE 1-6 2.020 5.064 a.so o.so 7.260 6.03 
' 

- 0.60 o.56 6.776 

0.15 0.69 6.679 

0.95 o.ss 6.725 

CORE 1-7 2.995 5.064 o.so o.74 16.062 8.86 

0.60 o.as 15.375 

0.15 0.94 13.602 

CORE 1-8 3.188 5.064 a.so o.44 10.000 6.77 

' 0.60 a.so 9.469 

0.15 o.57 8.636 

0.95 0.12 8.612 

PREDICTED 

B APPARENT 

PERMEABIL 

0.251 7.498 

·1.oao -

'6.662 

6.310 

0.091 7.126 

6e944 

6. 761 ' 

6e608 

Oe416 16.243 

15.013 

13.783 

0.235 9.953 

9.423 

8.893 

8.447 

PCT 

DIFF 

0.53 

-2.03 

2.89 

-1.25 

-1.84 

2.48 

1.23 

-1.74 

lal3 

- ·2 e35 

1.33 

-0.46 

-0.49 

2.98 

-1.91 

I 
,i:,. 
-..J 
I 



TABLE 1. ( Cont'd) 
SAMPLE LENGTH CROSS IPRESSURE FLOWRATE PERMEABILITY 

NUMBER (CM) . <CC/SEC) (MILLIDARCIES) SECTION (ATMS) 

(SQ CM) APPARENT TRUE 

. CUBE 1-9 2.560 6.130 o.3o 2.12 54.154 24.35 

o.so 2.so 42.914 

0.1s 3.52 35.966 

CORE 1-10 3.090 5.06li o.3o 1.46 54.492 23.55 

o.so 1.95 43.668 

0.15 2.36 35.233 

CUBE 1-11 2.819 5.859 o.50 0.96 16.998 a.90 

0.60 1.01 15.788 

0.15 1.21 14.283 

CORE 1-12 2-296 5.064 o.so o.76 12.681 5.37 
. 0.60 o.a3 11.540 

0.1s ,. 0.92 10.233 
-

PREDICTED 

8 APPARENT 

PERMEABIL 

0.370 54.344 

42.345 

36.346 

0.400 54.924 

-42.373 

36.097 

0.457 17 e04 7 

15.689 

14.332 

0.684 12.708 

11.485 

10.261 

PCT 

DIFF 

0.35 

-1.33 

1.06 

0.79 

-2.97 

2e45 

0.29 

-0.62 

o.34 

0.22 

-o .48· 

0.21 

I 
.i:,. 
(X) 
I 



TABLE 1. ( Cont'd ) 
SAMPLE LENGTH CROSS PRESSURE FLOWRATE PERMEABILITY 

NUMBER (CM) SECTION (ATMS) <CC/SEC) (MILLIOARCIES) 

(SQ CM) APPARENT TRUE 
' CORE 1-13 2.550 5.06ii o.so 0.31 6.856 3.77 

0.60 o.43 6.640 

0.15 o.so 6.177 
-

0.95 0.54 5.267 

CORE 1-14 2.515 5.064 0.30 o.55 16.753 11.22 

o.so 0.82 14.987 

0.60 0.90 13.707 

CORE 1-15 2.211 5.064 o.3o 2.03 55.836 21.64 

o.so 2.55 42.083 

0.60 2.82 38.783 

CORE 1-16 2.436 5.064 o.50 0.37 6.425 3.63 

0.60 o.42 6.078 

0.15 0.49 5.673 

0.95 o.55 5.021 

PREDICTED 

B APPARENT 

PERMEABIL 

0.431 1.021 

6.485 
- . 

5.943 

5.486 

0.150 16.833 
, 

14.588 

14.026 

0.474 55.823 

42.149 
' 

38.730 

0.397 6.501 

6.021 

5.542 

5.139 

PCT 

DIFF 

2.48 

-2.34 

-3.79 

4el7 

o.4a 

-2.66 

2.33 

-0.02 

0.16 

-0.14 

1.11 

-0.93 

-2.30 

2.2.2 

I 
.f:::,. 
I..O 
I 



TABLE 1. (Cont'd ) 
SAMPLE LENGTH CROSS PRESSURE FLOWRATE PERMEABILITY PREDICTED PCT 

NUMBER (CM) SECTION (ATMS) (CC/SEC) (MILLIDARCIES) B APPARENT PIFF 

:. ,..._ - CSQ CM) APPARENT TRUE PERMEABIL 

CUBE 1-17 2.682 4.721 Ot30 0.90 31.478 12.11 0.484 31.648 o.54 

o.so 1.16 24.343 23.834 -2.09 

0.1s 1.40 19.587 19.926 1.73 - -

CORE 1-18 2.840 5.064 0.30 2.20 74.440 24.55 0.606 74.129 -0.42 

o.4o 2.40 60.905 61.734 le36 I ' 
Ul 

o.50 2.10 54.815 54.297 -0.94 ? 1. 

CORE 1-19 3.183 5.064 0.60 0.47 8.936 3.68 Oe869 - 8.996 0.67 

0.75 o.53 8.062 7.932 -1.61 

o.95 o.58 6.965 7.036 1.01 
-

CORE 1-20 2.120 5.064 0.40 1.00 24.345 11.01 Oe482 24.268 -0.32 

o.5o 1.10 21.424 21.616 0.90 

0.60 1.23 .. 19.963 19.848 -o.5a 

-
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TABLE 1. ( Cont'd ) 
SAMPLE LENGTH CROSS PRESSURE FLOWRATE PERMEABILITY 

NUMBER (CM) SECTION (ATMS) (CC/SEC) (MILLIDARCIES) 

(SQ CM) APPARENT TRUE 

CUBE 1-21 2.761 5a498 0.30 1.46 44.969 18.79 

.. o.5o 1.sa 34.743 

0.60 2.06 31.725 

CUBE 1-22 2.10a 5.853 o.so o.so 8.328 7.26 

0.60 o.54 7.495 

0.15 o.69 7.662 

0.95 0.90 7.890 
-CUBE 1-23 2.570 5.763 o.3o 2.26 61.814 21.38 

o.50 2.ao 45.951 

0.15 
' 

3.42 37.417 

CORE· 1-24 2.593 5e064 Oa30 o.62 19.545 9.40 

o.so ' 0.83 15.699 

0.1s 1.06 13.367 

PREDICTED 

8 APPARENT 

PERMEABIL 
'--·· 

0.419 45.013 ' 

34.523 

31.901 

0.053 8.031 

7.903 

7 • 775 · 
. -, 

7e667 

0.569 61.900 

45.693 

37.589 

o.325 19.604 

15.524 

13.484 

PCT 

DIFF 

... 

. -
0.10 

-0.63 

o.55 

-3.57 

5e44 

1.47 
--' 

- -2.a2 

0.14 

-0.56 
. 
. ·<l.46 

0.30 

-1.12 

o.ss 
··-• 

I 
V1 ... 
I-' . ., 

; I 



TABLE 1. ( Cont'd ) 
SAMPLE LENGTH CROSS PRESSURE FLOWRATE PERMEABILITY 

NUMBER (CM) SECTION (ATMS) (CC/SEC) (MILLIDARCIES) 

(SQ CM) APPARENT TRUE 

CORE 1-25 2.395 5.064 o.so o.68 11.642 10.32 

0.60 o.a1 11.556 

0.15 - 0.9a 11.185 

CORE 1-26 2.929 5.064 o.so o.64 13.363 13.32 

0.60 0.16 13.224 

0.75 o.96 13.363 

CORE 1-27 2e962 5.064 o.3o 0.62 22.327 10.74 

o.50 o.a3 17.934 

0.15 1.06 15.269 
C 

CORE 1-28 2.s15 5.064 o.50 o.34 6.096 4.33 

0.60 0.41 6.126 

0.15 ' 0.48 5.737 

0.95 0.55 5.190 

PREDICTED 
, 

B APPARENT 

PERMEABIL 

0.066 11.690 

11.461 

11.233 

0.000 13.317 
I 

·13.317 

13.317 

0.325 22.394 

17.733 

15.402 

0.222 6.256 

5.935 

: 5.614 

5.344 

PCT 

DIFF 

0.41 

-0.82 

0.43 

-0.35 

0.10 
I 
I 

-0.35 

0.30 

-1.12 

o.aa 
2.63 

-3.11 

-2.15 

2.96 

I u, 
f'-) 
I 



SAMPLE LENGTH CROSS 

NUMBER (CMJ SECTIO~ 

(SQ CM) 

CORE 1-29 2-840 5.06~ 

CUBE 1-30 2.918 5e887 

CUBE 1-31 2.928 5.946 

CUBE 1-32 2.816 6.181 

TABLE 1. ( Cont'd r 
PRESSURE FLOWRATE PERMEABILITY 

(ATMS) (CC/SEC) (MILLIDARCIES) B 

APPARENT TRUE 

o.5o o.53 10.790 9.31 0.091 

0.60 0.64 10.858 

0.15 o.ao 10.858 

o.95 o.92 9.857 

a.so 1.10 19.628 7e62 ! 0e796 

0.60 1.21 17.993 

0.15 1.31 15.584 

o.so 0.10 12.478 5.68 o.s96 

0.60 o.76 11.290 

0.15 o.a6 10.220 

0.40 2.22 45.469 22.23 0.419 

o.50 2.50 40.963 

0.60 2.16 37.686 . , 

PREDICTED 

APPARENT 

PERMEABIL 

11.003 

10.120 

10.438 

10.201 

19.757 

17.735 

15.713 

12.458 

11.329 

10.200 

45.512 

40.856 

37.751 

PCT 

DIFF 

1.97 

-1.26 

-3.86 

3.48 

o • . 66 

-1.43 

0.83 

-0.16 

o.35 

-0.19 

0.09 

-0.26 

0.11 

I 
Vl 
w 
I 



TABLE 1. ( Cont'd ) 
SAMPLE LENGTH CROSS DRESSURE FLOWRATE PERMEABILITY 

-
NUMBER (CM) SECTION (ATMS) (CC/SEC) (MILLIDARCIES) 

(SQ CM) APPARENT TRUE . 
CORE 1-33 2.860 5.064 0.60 0.60 10.194 4~14 -

0.15 0.67 9.107 

0.95 o.74 7e941 

CORE 1-34 2e364 5.06'i 0.40 le66 35.066 21.75 

o.50 1.90 32.108 

0.60 2.1a 30.100 

CUBE 1-35 2.631 5e54S o.so o.52 8.927 6.13 
' 

0.60 o.s9 8e440 I . '. 

0.15 0.10 8.011 
I 

o.95 0.84 7.590 

CUBE 1'-36 2.695 5.03C o.so o.35 6.826 4.98 . 

0.60 o.41 6.663 

0.15 0.48 6.241 

0.95 o.58 5.953 

PREDICTED 

B APPARENT 

PERMEABIL 

o.sa3 10.235 

'9.016 

7e990 

0.243 34.977 

32.331 

30.567 

0.22a 8.922 
. . 8e457 

7.991 

7.598 

0.192 _· 6.886 

6.567 

6e249 

s.9a1 

PCT 

DIFF 

0.41 

-0.99 

0.62 

-0.25 

o.69 

-0.43 

-0.05 

0119 

-0.26 

0.12 

o.a1 
-1.44 

0.13 

0.47 

I u, · 

I 



TABLE 1. ( Cont'd ) 
SAMPLE LENGTH CROSS PRESSURE FLOWRATE I PERMEABILITY 

: 

NUMBER (CM) SECTIOt-- (ATMS) (CC/SEC) I (MILLIDARCIES) 
I 

(SQ CM) !APPARENT TRUE 

. CUBE 1-37 2.a1a 5.465 o.3o s.20 165.219 66.72 

Oe40 5.90 140.595 

o.5o 6.60 125.821 

CORE 1-38 2.10a 5.064 o.3o 2.as 93.946 30.99 
: 

o.so 3.50 68.502 

. 0.60 3.84 62.631 

CORE 1-39 5.064 I 2.930 Oe30 2.92 103.059 . 35 • 76 

o.50 3.60 76.236 

0.60 3.93 69.353 

CORE 1-40 2.886 5.064 0.30 5.50 191.203 66.94 

0.40 6.10 159.046 

o.so . 6.80 141.838 
-

PREDICTED 

B APPARENT 
' 

PERMEABIL 

0.443 165.219 

140.595 

I 125.821 

o.609 I . 93.899 
I 

68.735 

62.444 

0.565 103.076 

. 76.152 

69.420 

0.555 190.884 

159.898 

141.306 

PCT 

DIFF 

o.oo 
--o.oo 

-o.oo 

-0.05 

Oa34 

-0.30 

0.02 

-0.11 

0.10 

-0.11 

o.54 

-0.38 

I . 
V1 
V1 
I 



TABLE 1. ( Cont'd ) 
SAMPLE LENGTH ! CROSS PRESSURE FLOWRATE PERMEABILITY PREDICTED PCT 

NUMBER (CM) SECTIOt-. (ATMS) (CC/SEC) (MILLIDARCIES) B I APPARENT OIFF 
---- -

lPERMEABIL . (SQ CM) APPARENT TRUE 
I l 

CUBE 1-41 2.997 5e83€ 0.30 5.00 156.629 75.18 0.325 156.629 -o.oo 
o.4o 5.80 136.267 136.267 o.oo 
o.50 . 6.~o 124.050 124.050 o.oo 

CUBE 1-42 2e929 5.9ae o.3o 2.11 81.302 28.40 0.559 81.331 0.04 
/ ' 

o.50 3.35 60.302 60.159 -0.24 : 
I 

V1 . 
·m 

0~60 3.65 54.752 54.866 0.21 I 

CORE 2-1 5.364 20.25e 0.25 7.50 144.016 69.01 0.210 143.625 -0.27 

0.30 a.20 131.215 131.189 -0.02 
. 0.40 9.50 114.013 115.644 · le43 

o.50 11.20 107.532 106.317 -1.13 

CUBE 2-2 5.502 28 • 34~ 0.25 5.80 81.273 44.08 0.210 81 .029 -o • 30. 

' 0.30 · 6.40 74.734 74.870 0.18 
' 

0.40 7.60 66.560 67.172 0.92 
. . 

o.50 9.00 63.057 62.553 -o.eo 



TABLE 1. (Cont'd) 
SAMPLE LENGTH CROSS !PRESSURE FLO~JRATE PERMEABILITY 

NUMBER (CM) SECTIOfl (ATMS) (CC/SEC) (MILLIDARCIES) 

(SQ CM) APPARENT TRUE 

CORE 2-3 4.552 20.258 0.25 1.67 . 27.168 12 •. 10 

o.so 2.45 19.929 

0.60 2.69 18.234 I ' 
0.15 3.15 17.082 

t 
CORE 2-4 6e467 20.2sa o.3o ! 3.71 71.456 I 42e00 ., 

0.40 I 4.55 65.726 

o.50 5;10 58.937 

0.60 5.93. 57.107 

CUBE 2-5 5.410 23.803 o.3o 4.63 63.841 37.05 .. 
0.40 5.58 57.705 

o.50 6.40 52.948 

CORE 2-6 4.935 20.2st= o.4o 2.14 23.720 11.94 
' o.50 2.35 20.838 

.. 

0e60 2.61 19.286 

0.15 3.12 18.444 

PREDICTED 
. -

B APPARENT 

PERMEABIL 
-

0.312 27.215 
' , , 

19.659 

18.399 

17.140 

0.214 71.904 

64.428 

59.942 
-

56.952 

0.21a 64.005 

57.266 

53.222 

o.386 23.450 

21.148 

19.613 

18.0 7.8 _ 

PCT 
-- --
DIFF 

0.17 -
. , 

~l.36 

Oe91 

o.34 

o.63 

-1.98 

1.11 
-

-0.21 

0.26 

-0.76 
:;, < • 

0.52 

-1.14 

1.49 

le69 

-1.98 

I 
U1 

. ---.I 
I 



• 

TABLE 1. ( Cont'd) 
SAMPLE LENGTH CROSS PRESSURE FL.OWRATE PERMEABILITY 

NUMBER (CM) SECTION (ATMS) (CC/SEC) (MILLIDARCIES) 

(SQ CM) APPARENT TRUE 

CUBE 2-7 5.517 22.716 o.3o 1.50 22.040 . 10.34 

o.so 2.oa 18.338 

0.60 2.20 16.163 

'· 0.15 2.50 14.694 

CUBE 2-8 4.816 22.531 0.25 10.00 154.327 90.10 

0.30 11.20 144.039 

0.40 13.50 130.214 

CORE 2-9 5.2sa 20.258 o.so 3.40 31.946 18.57 
.' 

0,60 3,92 30.693 
-

0,75 4,37 27.373 

CORE 2-10 5,595 20.258 o.so 1.63 16.297 10.81 

0160 · 1.ss 15,414 
, 

- 0.15 2.11 14.464 

PREDICTED 

B APPARENT 

PERMEABIL 

0.347 22.291 

17.510 

16.314 

15.119 

0.179 154.486 

143.754 

130.340 

0,369 32.290 

30.004 

27,718 

0.254 16.308 

15.391 

14.475 

I 

I 
! 

! 
I 
I 

PCT 

DIFF 

. 1.14 

-4.51 

0.94 

2.90 

0.10 

-0.20 

0.10 

1.08 

-2.24 

1.26 

0.01 

-0.14 

·0.08 

I u, 
(X) 
I 



TABLE 1. ( Cont'd ) 
SAMPLE jLENGTH CROSS PRESSURE FLOWRATE PERMEABILITY 

NUMBER (CM) SECT IO~: (ATMS) (CC/SEC) (MILLIDARCIES) 

(SQ CM) APPARENT TRUE 

CORE z-1-r · 4. 7 09 '20 • 25€ o.so 5.60 47.123 24.07 

Oa60 6.24 43.757 

0.15 1.02 39.381 

CORE 2-12 4•859 '20.258 o.5o 1.so 15.629 5e87 

0.60 1.99 14.399 

0.15 2.-13 12.330 

::CUBE 2-13 5.098 21.506 o.so 1.40 12.047 1.01 

0.60 1.57 11.258 

· 0.15 1.a1 10.383 

CUBE 2-14 4e648 20.395 o.3o 1.83 25.232 9.77 

o.so 2.30 19.027 

0.60 ··- 2.54 17.511 

' 

PREDICTED 

B APPARENT 

PERMEABIL 

0.483 47.291 

' 43.420 

39.549 

0.843 15.769 

14.119 

12.469 

0.353 12.061 

11.229 

10.398 

0.475 25.229 

19.044 

. 17.497 

I 
I 
i 
i 

. I 

PCT 

DIFF 
-

0.36 

-0.11 

Oe43 

0.90 

-1.94 

1.13 

0.12 -, 

-o .25 · 

Oel4 

-0.01 

0.09 

-0.07 

I 
U1 
I!) 
I 



TABLE 1. ( Cont'd ) -
SAMPLE LENGTH CROSSJRESSURE FLOWRATE PERMEABILITY 

NUMBER (CM) SECTIO <ATMS) (CC/SEC) (MILLIDARCIES) 

( SQ CM >l APPARENT TRUE 
I 

CORE 2-15 6e022 20.2581 0.25 a.so 183.948 70.55 

0.30 9.22 166.274 

I 0.40 10.45 141.342 
-

CORE 2-16 4.531 20.25~ 0.40 1.24 12.515 10.15 

o.so 1.so 12.111 

0.60 1.74 11.10a 

CORE 2-17 6e485 20.258 0.40 5.90 85.228 46.23 
I 

a.so 6.70 77.428 I . 

I 
72.227 I 0.60 1.50 I 

CORE 2-18 5e489 20.258 0.20 9.50 235.141 72.30 

0.25 10.10 199.994 

0.30 11.00 181.513 

-

I 

PREDICTED 

B APPARENT 

PERMEABIL 

0.403 184.413 

165.436 

141.715 

0.094 12.536 

12.058 

11.740 

0.337 85.228 

77.428 

12.221 

0.448 234.360 

201.948 

180.340 

I 
I 
I 

I 

i 
! 

I 
I 

PCT 

DIFF 

0.25 

-o.so 
0.26 

0.11 

-0.44 

0.21 

-o.oo 
o.oo 

o.oo 
-0.33 

o.9a 

-0.65 

-

I 

°' 0 
I 



• 

SAM?LE LENGTH CROSS 

NUMBER (CM) SECT I 01\ 

(SQ CM) 

CORE 2-19 s.514 20.258! 
I 

; 

I 

CORE 2-20 s.250 20.2se 

CUBE 2-21 5.168 24.43S 

I 
CUBE I 

2-22 ! 5.113 25.04€ 
I 

I 
I I I 

I 
I 

TABLE 1. { Cont'd ) 
PRESSURE,FLOWRATE PERMEABILITY 

(ATMS) (CC/SEC) (MILLIDARCIES) 

APPARENT TRUE 

0.20 a.co 198.698 99.35 

0.25 9.00 178.828 

o.3o 10.00 165.581 

0.20 10.75 254.217 120.29 

0.25 12.00 221.021 

0.30 13.30 209.680 

0.40 2.30 22.045 13.38 

o.so 2.61 20.013 

0.60 3.01 19.233 

0.40 3.60 33.308 20.60 

o.so 4.20 31.087 

0.60 , 4.70 28.990 . . 
. 

I PREDICTED 

B APPARENT 

PERMEABIL 

0.200 198.698 

178.828 

165.581 

0.222 254.092 

227.333 

209.493 . 

0.256 21.954 

20.240 , 

19.097 

0.249 33.405 

30.844 

· 29.136 

PCT 

DIFF 

-o.oo 

-o.oo 

-o.oo 

-o.os 

0.14 

-0.09 

-0.41 

1.13 

-0.11 

Oe29 

-o.1a 
o.so 

. 

I 
°' I-' 
I 



• 

TABLE 1. { Con'd ) 
SAMPLE LENGTH CROSS PRESSURE FLOWRATE PERMEABILITY 

NUMBER (CM) SECTION (ATMS) <CC/SEC) (MILLIDARCIES) 

(SQ CM) APPARENT TRUE 

CUBE 2-23 5.468 30.042 0.25 14.00 184.793 96.67 

o.3o 15.40 169.394 

0.40 18.40 151.794 
-

CUBE 2-24 4e859 26-887 0.25 9.00 118.082 54.68 

o.3o 9.84 107.586 

Oe40 11.50 94.302 

CUBE 2-25 4.544 23.537 0.2s 6.00 84.096 50.46 

0.30 · 6. 72 78.490 

o.4o 8.16 71.482 

CUBE 2-26 4.905 19.214 o.3o 5.89 91.219 48.60 

0.40 6.89 80.030 

o.50 ·, 8.oo 74.338 
-

PREDICTED 

B APPARENT 

PERMEABIL 

0.221 184.522 

169.880 

151.578 

0.290 118.109 

107.537 

94.323 

0.167 84.096 

78.490 
-

71.482 

0.262 91.063 

80.447 

- 74.018 

PCT 

OIFF 

-0.15 

0.29 

-0.14 

0.02 

-0.04 

0.02 

-o.oo 

-o.oo 
o.oo 

-0.11 

o.s2 

-0.35 

I 
(j\ 
[\J 

I 



. TABLE 1. ( Cont'd ) -

SAMPLE LENGTH CROSS !PRESSURE FLOWRATE PERMEAB I LITY 

NUMBER (CM) SECTION (ATMS) (CC/SEC) (MILLIDARCIES) 

(SQ CM) APPARENT TRUE 
-, . CUBE 2-27 4•178 21.797 0.40 5.42 47.270 20.oa 

o.so 6.00 41.862 

0.60 6.57 38.199 

CUBE 2-28 5.237 26.637 0.40 2.20 19.572 14.74 

o.50 · 2.61 18.576 

0.60 3.03 17.971 

CUBE 2-29 5-265 27.726 0.25 14.00 194.072 110.90 

0.30 15.60 180.209 

0.40 18.80 162.882 

CUBE 2-30 5.512 25.065 Oe30 5.49 73.444 38.03 

0.40 6.40 64.213 

a.so 7.40 59.397 
-

PREDICTED 

B APPARENT. 

PERMEABIL 

0.542 47.279 

41.839 

38.213 

0.131 19.563 

18.599 

17.957 

0.187 194.072 

180.209 -
162.882 

0.278 73.333 

64.508 

59.213 

PCT 

DI FF 

0.02 

-o.os 
0.04 

-0.05 

0.13 

-o.os 
-o.oo 
-o.oo 
o.oo 

-0.15 

. 0.46 

-0.31 

I 
(J.'\ 
t,J 
f. 



TABLE 1. ( Cont'd ) 
SAMPLE LENGTH CROSS,RESSURE FLOWRATE PERMEABILITY PREDICTED PCT 

' 
NUMBER (CM) SECTIO CATMS) (CC/SEC) (MILL!DARCIES) 8 APPARENT OIFF 

C SQ CM >i APPARENT TRUE PERMEABIL 
. -

CUBE 2-31 4.671 25.246 0.25 11.40 153.551 58.43 0.408 153.689 0.09 

o.3o 12.30 138.061 137.813 -0.18 

o.4o 14.00 117.857 117.968 0.09 

CUBE 3-1 a.ooa 54 .• 697 0.25 13.00 136.656 100.11 0.093 137.302 0.47 

0.30 15.10 132.276 131.113 -o.88 . I 

0.40 18.70 122.859 123.376 0.42 
/t. 

I 

CUBE 3-2 7e785 56.243 0.25 9.00 89.445 65.40 0.092 89.394 -0.06 

0.30 10.30 85.304 85.396 0.11 

I o.4o - 12.95 80.439 80.398 -0.05 

CUBE 3-3 1.219 48.836 0.25 21.00 224.747 135.97 0.165 225.625 0.39 

' 0.30 23.80 212.261 210.682 -0.74 

o.4o 28.60 191.303 192.005 Oe37 



TABLE 1. t Cont 'd ) 

SAMPLE LENGTH CROSS PRESSURE FLOWRATE PERMEABILITY 

NUMBER (CM) SECT IO/'I (ATMS) (CC/SEC) (MILLIDARCIES) 

(SQ CM) APPARENT TRUE 

CUBE 3-4 8.096 62.977 0.25 21.00 194.915 139.89 

0.30 24.50 189.501 

0.40 30.00 174.031 

CUBE 3-5 7.359 62.849 0.25 13.00 109.886 78.81 

0.30 14.80 104.251 

o.4o 18.60 98.263 

CUBE 3-6 7e826 64.214 0.25 16.90 148.708 108.57 

o.3o 19.40 142.255 

0.40 2,.,.30 133.639 

CUBE 3-7 - 7.742 61.034 0.25 11.40 104.116 59.63 

0.30 12.90 98.180 

Oe40 · 15.30 87.334 

PREDICTED 

8 APPARENT 

PERMEABIL 

0.101 196.341 

186.933 

175-172 

Oe098 109.713 

104.563 

98.125 

0.093 148.798 

142.093 

133.711 

0.189 104.678 

97.169 

' 87.784 

PCT 

DIFF 
, 

I 
0.73 . 

-1,35 

0,66 

-0.16 

0,30 
I 

-0.14 

0.06 

-0.11 

o.os 

o.54 

-1.03 

0.51 

. 

I 
O'I 
Ul 
I 



TABLE 1. ( Cont'd ) 
SAMPLE LENGTH CROSS PRESSURE FLOWRATE PERMEABILITY PREDICTED PCT 

NUMBER (CM) SECTION (ATMS) (CC/SEC) (MILLIOARCIES) 8 APPARENT DIFF 

(SQ CM) APPARENT TRUE PERMEABIL 

CUBE 3-8 7.998 66.357 0.25 20.50 178.396 121.96 0.116 178.664 0.1s 

o.3o 23.40 169.694 169.213 -0.28 
\ 

0.40 28.90 157.184 157.398 0.14 

CUBE 3-9 7.861 54.268 0.25 9.80 102.778 52.44 0.240 102.778 -o.oo 

o.3o · 10.80 94.388 94.388 -o.oo 
, 

0.40 12.80 83.900 83.900 . o.oo 

CUBE 3-10 a.136 50.71E 0.2s 21.so 249.024 119.41 0.210 248.431 -0.24 -
0.30 23.40 225.859 226.927 0.47 

0.40 21.10 200.522 200.048 -0.24 

CUBE 3-11 a.6s2 60.lH 0.-25 22.00 228.763 137.01 0.168 228.976 0.09 

0.30 24.70 214.032 213.648 -o.1a 

0.40 29.90 194.318 ·194.489 0.09 

. . 



• 

TABLE 1. ( Cont'd ) 
SAMPLE LENGTH CROSS PRESSURE FLOWRATE PERMEABILITY 

NUMBER (CM) SECTION (ATMS) (CC/SEC) (MILLIDARCIES) 

(SQ CM) APPARENT TRUE 

CUBE 3-12 a.641 65.477 0.25 11.00 162.429 103.69 

0.30 19.30 153.670 

0.40 23.50 140.334 

CUBE 3-13 7.932 58.484 0.25 20.so 200.741 115.64 

0.30 22.10 185.237 

0.40 27.60 168.916 

CUBE 3-14 7.153 ~49.997 0.25 22.30 230.987 134.55 

o.3o 24.94 215.277 

Oe40 30.09 194.798 

CUBE 3-15 1.111 61.58S 0.25 11.00 100.843 50.78 

0.30 12.1s 92.821 .. 

0.40 14.32 82.049 
-. 

PREDICTED 

B APPARENT 

PERMEABIL 

0.143 162.820 

152.965 

140.647 

o.1s3 200.240 

186.140 

168.515 · 

0.179 231.125 

215.029 

194.909 

0.247 100.965 

92.602 

· 82-147 

PCT 

OIFF 

0.24 

-0.46 

0.22 

-0.25 

0.49 

-0.24 

0.06 

-0.12 

0.06 

0.12 

-0.24 

0.12 

I 
°' -.J . 
I 



• 

TABLE 1. ( Cont'd ) 
SAMPLE LENGTH CROSS PRESSURE FLOWRATE PERMEABILITY 

NUMBER (CM) SECTIOfl (ATMS) (CC/SEC) (MILLIDARCIES) 

(SQ CM> APPARENT TRUE 

CUBE 3-16 7.694 56.991 0.25 12.10 123.790 62.49 

. 0.30 14.06 114.206 

Oe40 16.54 100.762 

CORE 4-1 10.a20 81.032 0.25 20.00 193.348 135.76 

o.3o 23.10 186.097 

0.40 28.40 171.596 

CUBE 4-2 10.472 80.763 0.25 10.00 93.876 49.98 

0.30 · 11.00 86.053 

o.4o 13.20 77.448 

CORE 4-3 9.218 81.032 0.25 9.60 79.066 45.30 
I 

0.30 10·. 70 73.438 

0.40 · 12.90 66.403 
-

PREDICTED 

B APPARENT 

PERMEABIL 

0.246 124.030 

113.774 

.100.954 

0.10a 194.239 

184.493 

172.309 

0.219 93.684 

86.399 

77.294 

0.186 79.066 

73.438 

66.403 

PCT 

, OIFF 

0.19 

-0.38 

0.19 · 

0.46 

-0.86 

0.42 

-0.20 

0.40 

-0.20 

-o.oo 
-o.oo 

o.oo 
.. 

I O'I . 
00 
I 



TABLE 1. ( Cont'd ) 
SAMPLE LENGTH CROSS PRESSURE FLOWRATE PERMEABILITY PREDICTED PCT 

NUMBER (CM) SECTIOt-. (ATMS) (CC/SEC) (MILLIDARCIES) B APPARENT OIFF 

(SQ CM) APPARENT TRUE • , ., PERMEABIL 
·~- . 

CUBE 4-4 9.548 74.530 0.25 20.00 184.990 ~32.89 0.099 185.653 0.36 

0.30 23.10 178.053 176.859 -0.67 

0.40 28.60 165.335 165.866 0.32 

CORE 4~5 11-356 81.032 0.25 9.40 95.902 48.58 0.243 95.824 -o.oa 

0.40 12.20 77.793 78.107 0.40 

o.50 14.20 72.437 12.201 -0.33 

CORE 4-6 9.3ao 81.032 0.25 20.so 172.281 ~10.42 0.141 172.840 0.32 

0.30 23.30 163.176 162.436 -0.45 

' 0.40 28.50 149.695 149.432 -0.18 

. o.50 33.60 141.186 141.630 o. 31 . 
' 

CORE 4-7 · 10.696 81.032 0.25 12.00 114.362 66.57 0.178 114.069 -0.26 

0.30 13.30 ' 105.626 106.154 0.50 

0.40 - 16.20 96.493 96.259 -0.24 



TABLE 1. ( Cont'd ) 
SAMPLE LENGTH CROSS PRESSURE FLOWRAT E PERMEABILITY 

NUMBER (CM) SECTION (ATMS) (CC/SEC) (MILLIDARCIES) 

(SQ CM) APPARENT TRUE 

CORE 4-8 9.152 81.032 0.20 11.90 122.306 63.99 

0.2s 13.50 111.000 

0.30 15.00 102.778 

CORE 4-9 9.472 81.032 0.20 15.50 164.876 96.01 

0.25 17.80 151.473 

0.30 20.00 141.829 

CORE 4-10 10.797 81.032 0.25 9.20 89.241 41.94 
; o.3o 10.00 80.834 

0.40 11.so 71.539 . 
CORE 4-11 10.034 81.032 0.25 1.00 62.756 37.25 

o.4o 9.50 53.230 _ .... 

o.5o 11.15 49.981 

PREDICTED 

B APPARENT 

PERMEABIL 

0.183 122.414 

110.730 

102.940 

0.144 164.988 

151.194 

141.997 

o.2e1 89.042 

81.192 

71.380 

O .111 62.764 

53.196 -
50.006 

PCT 

DIFF 

0.09 

-0.24 

0 • 16 

0.01 

-o.1a 

0.12 

-0.22 

0.44 

-0.22 

0.01 

-0.06 

o.os 

I 
-..J 

· O 
I 



TABLE 1. ( Cont'd ) -

SAMPLE LENGTH CROSS PRESSURE FLOWRATE PERMEABILITY 

NUMBER (CM) SECTION (ATMS) <CC/SEC) (MILLIDARCIES) 

(SQ CM) APPARENT TRUE 

CORE 4-12 10.726 81.032 0.25 a.5o 81.909 40.24 

o.3o 9.40 75.485 

0.40 11.00 66.250 

CUBE 4-13 10.304 71.446 0.25 17.50 182.223 124.95 

o.3o 19.90 172.678 

o.4o 24.70 160.747 

CORE 4-14 9.803 81.032 0.25 13.00 113.549 46.38 

0.30 13.90 101.175 . 

0.40 16.20 88.437 

CORE 4-15 10.455 81.032 0.25 16.50 153.705 113.03 

0.30 18.70 145.166 

0.40 23.80 138.568 

, 

PREDICTED 

B APPARENT 

PERMEABIL 

0.260 82.106 

75.129 

66.408 

0.115 182.223 

172.678 

160.747 
-

0.360 113.101 

101.980 

88.079 

o.088 153.037 

146.369 

1.38. 0 33 

1 

PCT 

DIFF 

0.24 

· -0.47 

0.24 

o.oo 

-o.oo 

-o.oo 

-0.39 

o.80 

-0.40 

-0.43 

0.83 

-0.39 

I 
-..J 
I-' : 
I -



• 

TABLE 1. { Cont'd ) 
SAMPLE LENGTH CROSS PRESSURE FLOWRATE PERMEABILITY 

NUMBER (CM) SECTIOfl (ATMS) <CC/SEC) (MILLIDARCIES) 
, (SQ CM) APPARENT TRUE 

CORE 4-16 10.529 81.032 0.25 21.50 201.100 131.47 

0.30 24.40 190.755 

0.40 29.90 175.315 -

CORE 4-i7 10.326 81.032 0.25 21.50 197.811 122.12 

0.30 24.20 185.544 

0.40 29.50 169.635 

CUBE 4-18 9.461 11.122 0.2s 21.00 200.559 134.25 

0.30 24.20 192.600 

0.40 29.40 175.489 
.• 

CUBE 4-19 9.637 80.527 0.25 26.00 225.275 131.24 

0.30 28.90 208.668 

.0.40 ~5.10 190.075 
' -
' 

PREDICTED 

B APPARENT 

PERMEABIL 

0.134 201.989 

190.236 

175.546 

0.153 197.906 

185.374 

169.710 

0.126 201.733 

190.487 

176.429 -

0.178 224.920 .. 

209.307 

189.791 

PCT 

DIFF 

0.14 

-0.21 

0.13 

0.05 

-0.09 

0.04 

o.s9 

-1.10 

0.54 

-0.16 

0.31 

-0.15 

I 
-..J 
rv 
I 



TABLE 1 . ( Cont'd ) 
SAMPLE LENGTH CROSS '· PRESSURE FLOWRATE PERMEABI LI TY 
NUMBER (CM) SECTION (ATMS) (CC/SEC) (MILLIDARCIES) 

( SQ 'CM) APPARENT TRUE 

CUBE 4-20 8.758 69.565 0.25 24.50 222.699 1136.22 

0.30 27.40 207.549 

0.40 33.50 190.316 

CUBE 4-21 9.309 80.592 0.25 27.30 227.673 140.60 

0.30 30.62 212.800 
-

0140 37142 195.044 

CUBE 4-22 9.332 79.556 0.2s 9.5 0 80.680 . 40.97 

0130 10140 73.602 
-

o.4o 12.40 65.818 
i 

CUBE 4-23 10.264 78.178 0.25 a.so 81.019 44.44 

0.30 9.40 . 74.665 

0140 11130 67.317 . 
CUBE 4-24 91521 80.664 0.25 18150 157.656 99.26 

0.30 20.10 147.004 

o.4o 25.50 135.819 

PREDICTED 

B APPARENT 

PERMEABIL 

0.158 222.419 

208.052 

190.093 

0.155 227.536 

213.046 

194.934 

0.241 80.506 

73.916 

65.678 

01205 80.921 

741840 

67.239 

01146 157.307 

147.633 

135.539 

PCT 

DIFF 

-0.13 

0124 

-0.12 

-0.06 

0.12 

-0.06 

-0.22 

0.43 

-0.21 

-0112 

0.24 

-0.12 

-0.22 

0.43 

-0.21 

I 
--.J 
w 
I 
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V. ANALYSIS OF RESULTS 

The purpose of the analysis is: 

1. To find the linear relationship between specimen size 

and permeability value from a scatter diagram shown in 

Figure 15 which was obtained from the data in Table 1. 

2. To make comparisons between the a,verage permeability 

values of different shapes and sizes of specimens by 

· ," using analysis of variance method. These comparisons 

were made to find the effect of geometrical shape and to 

find the representative size of specimen for coal per-

meability test. 

Regression Method 

The relationship between specimen size and -permeabil-

ity value will fit the model Y = b X + a, when Y is the 

permeability in millidarcies and X is the size in inches. 

The following computations were made based on the values 

shown in Table 8 of Appendix c, a.nd the formula shown in 

Appendix D. 

(i) " "' "& n.1 n4t 
~X·Y· = l~Yli + 2~ Y2i + 3~ Y3i + 4 ~?4i i,.,., l. l. C•I C.:&I c.: I 

.- 1 Tl + 2 T2 + 3 T3 + 4 T4 = 16674.70 

,, "' ( ii) ( ,Z Xi) ( E,Yi) (1 n1 + 2 n2 + 3 n3 + 4 n4) T , .. , . -
N I , ' . N 

I 11 , 



( iii) 

(iv) S S XY 

(v) s s 
X 

(vi) y 

X 

b 

a 

= 

= 

= 

= 

= 

-80-

= 

42 

"' 

+ 

248 T 
113 

124 

~x.y. 
C.• I ]. ]. 

= 12644.00 

+ 144 + 384 

H H 
(;z:x.) (,ZY.) ,.. ]. ..,., ]. 

N 

= 694 

16674.70 - 12644.00 = 4030.70 .. 2 (ln1 2n 2 3n3 + + + zx. 
4sl ]. 

N 

149. 7 2 

4n4 ) 

= _1'._ = 5761.20 = 50.98 
N 113 

42 (1) + 31(2) + 16 (3) + 24(4) 
= 

113 

= 2.19 

s s 
= XY = 26.92 s s X 

= y - bX = 50.98 - (26.92) (2.19) 

= - 7.97 

The relationship between Y and X from the scatter 

diagram shown in F i gure 15 is: 

Y = 26.9 X - 7 . 9 

Analysis of Variance 

2 

The analysis by the regression method showed that the 
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permeability values increased with an increase of size, as 

shown by equation Y = 26.9 X 7.9 . The analysis of 

variance was used to make comparisons between the average 

permeability values of different shapes and sizes; to see 

how significantly the permeability values differ due to the 

change of stze and shape. 
I 

The following comparisons were made 

1. Comparisons Between Shapes: 

cl, comparison between shapes of one-inch specimens. 

C2' comparison between shapes of two-inch specimens. 

C3, comparison between shapes of four-inch specimens. 

· 2. Comparisons Between Sizes: 

The comparisons were made based on the Table of Values 

of orthogonal Coefficients for Comparison of Treatments , 

as shown in Appendix C, Table 8. 

C4, comparison between sizes one inch versus two inch. 

cs, comparison between sizes (1 & 2) versus (3 & 4). 

•c6 , compar i son between sizes t hree inch versus four inch. 

c7, comparison between sizes two inch versus four inch. 

Ca, comparison between sizes one inch versus four inch. 

c9 , comparison be t ween sizes (1 & 4) versus (2 & 3) • 

c10 ;comparison between sizes one inch versus three inch. 

., 
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C11, comparison between sizes two inch versus four inch. 

c 12 , comparison between sizes (1 & 3) versus (2 & 4). 

' Comparisons Between Shapes ( see values in Appendix c) 

For one inch specimens: 

(i) Total Sum of Squares = T S s 
2 = + + + y2 y2 T S s (Ycore 1 . . 1 + .. core 28 cube 

(T + T ) 2 
+ y2 

14) 
core cube 12143.97 - = cube ncore + ncube 

( ii) Between Shapes Sum of Squares = B S s 

T2 T2 (T + T ) 2 
B S S = core + cube core cube = 611.28 

ncore n cube ncore + ncube 

(iii) Error Sum of Squares= ES S 

ES S =TS S - BS S = 11532.69 
The same method of computations were used for the two-inch 

specimens and four-inch specimens, and a table was con-

structed by picking the proper quantities from the compu-

tation (Table 2). 

Comparisons Between Sizes ( see values in Appendix C) 

(i) Correction Term= CT 

= C T N = 293729.42 

( ii) 2 2 2 2 T s s = (Yl-1 + . . + yl-42 + y2-1 , + . . ,+ y2-31 

+ y2 · 2 2 ' 2 + .. + y3-16 + ,Y4-1 + •, .+: y4-24 3-1 

- CT = 223035.93 

., 

) • 
· ' , ,I 



SOURCE OF 
VARIATION 

(S. V .) 

-
·Between 

One- Shapes 
Inch 
Specimen Error 

Between 
Two- Shapes 
Inch 
Specimen Error 

Between 
Four- Shapes 
Inch 
Specimen Error 

-

TABLE 2. ANALYSIS OF VARIANCE TABLE FOR 

COMPARISONS BETWEEN SHAPES 

DEGREES SUM OF MEAN F-VALUE 
OF SQUARES SQUARES MSB FREEDOM ss F =-

(D.F .) (S.S.) (M.S. = DF) MSE 

- ' 

1 611.28 611.28 2.12 

40 11532.69 288.31 ----
-

1 10.09 10.09 0.01 

29 34206.23 1179.52 ----

1 3626.68 3626.68 0.43 

22 18615 7. 05 8461. 68 ----

F-TABULAR 

5% 1% 

4.08 7.31 

---- ----

4.18 7.60 

---- ----

4.35 8.10 

---- ----

I 
O'.) 
.i:,. 
I 
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.(iii) ·Between Size Sum of Squares - B s· S 

T2 T2 T2 T2 
B S S = ( _1 + _1_ + _l + ~) C. T. 

nl n2 n3 n4 

= 122854.45 

(iv) Error Sum of Squares= ES S 
'ft • ~I "" '· 

ES$=TSS B S S 

= 100181.48 

(v) · Comparison 4, c4 

T2 T2 (Tl+ T2)2 
ssc=-1+-1.-- 4 n1 n2 . n1 + n2 

= 12466.83 

Comparison 5, c5 

= 109383.93 

Comparison 6, c6 

s s 

= 1003.69 

(vi) The following Table 3 was then constructed by picking the 

proper quantities from above computations. 

(vii) Using the same method, Table 4 was constructed. 

• I 

' . 



··- - · -
SOURCE OF 
VARIATION 

( i~-· 
{S. V .) 

Between Sizes 

Compar~son c4 

Comparison c5 

Comparison c6 

Error 

TABLE 3. ANALYSIS OF VARIANCE TABLE FOR 

COMPARISONS BETWEEN SIZES 

DEGREES SUM OF MEAN F-Value 
OF SQUARES SQUARES 

F = MSB FREEDOM = ss) (D.F .) (S.S.} {M.S. MSE 
DF 

3 122854.45 40951.48 44.50 

l 124-6£.83 ·124-66.83 13.56 

1 109383.93 109383.93 119.0J_ 

1 1003.69 1003.69 1.09 

109 100181.4-8 919.09 ------= MSE 

F-Tabular 

5% 1% 

2. 69 3.96 
I 

3.93 6.90 (X) 
OIi 
l'-'. 

3.93 6.90 

3.93 6.90 



• 

s.v. 

:, Comparison c7 

Comparison c8 

Comparison c9 

. Comparison c10 

Comparison c11 

Comparison c12 

' ' 

TABLE 4. ANALYSIS OF VARIANCE TABLE FOR 

COMPARISONS BETWEEN SIZES 

D.F. S.S. M.S. F-VALUE 

1 33077.65 33077.65 . 35. 98 

1 125619.94 125619.94 136.67 

1 10165.14 10165.14 11.06 

1 78713.04 78713.04 85.64 

1 28326.46 28326.46 30.82 

1 15814.95 15814.95 17.21 

F-TABULAR 
5% 1% 

3.93 6.90 

3.93 6.90 

3.93 6.90 

3.93 6.90 I 
00 

~-.J 

3.93 6.90 I t, 

3.93 6.90 
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TABLE 5. MEANS (Y), STANDARD DEVIATIONS 

(s), COEFFICIENTS OF VARIATION (c.v.) FOR 

PERMEABILITY VALUES .OF DIFFERENT SIZES.*) 

M e a n s Standard Deviation Coefficients . 
in millidarcies) (s, in millidarcies of Varia-

I tion. 
c.v. % 

16.73 17.21 102.87 

43.16 33.76 78.22 

99.15 32.64 32.92 

88.92 40.55 45.60 

Conclusions from the Analysis 

1. Comparisons between shapes showed that there is insignificant 

difference in the permeability by using two different geomet-

rical shapes: ~ylin~rical _and _rectangular specimens. 

2. Comparison between sizes of 113 coal specimens showed that 

there are significant differences in the average permeability 

of the four sizes**) 

*)For computations, see Appendix C. 
**) - .. 

The compar i sons are made with 5% point for the distribution 
of F. 

j !, • 
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3. There is significant difference betwe,en results . in one-

and two-inch specimens. 

4. Both comparisons between one-inch versus three-inch 

specimens and one-inch versus four-inch specimens 

showed significant differences. 
y ! 

5 Comparison between two-inch and thi'ee:-inch specimens 
\ i . 

showed significant differences. 

6. Comparisons between three-inch and four-inch specimens 

showed insignificant difference of the permeability 

values, and the three-inch specimen had the least value 

of coefficient of variation. 

Statistical Analysis by Computer 

By using Program BMD03R, Multiple Regression With 

Case Combinations, which is available in the Computing 

Center of Virginia Polytechnic Institute, the statistical 

analysis of the data has been carried out. Seven compari-

sons, as shown in Appendix E, were selected. All results 

are in agreement with the previous results of the analysis. 
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VI. DISCUSSION OF RESULTS 

A. Effect of Gas Slippage Phenomena 

One of the objects of this investigation was to deter-

mine the extent to which the gas-slippage effect may occur 

in laboratory tests for permeability on coal specimens. Nu-

merous investigators 1 , 2 , 3 , 4 have noted the existence of 

the gas slippage phenomena in permeability measurements 

using air as a fluid. With the work of these investigators 

as a background, experiments were performed on the flow of 

air through coal specimens. 

As a result of the gas-slippage effect, the apparent 

or observed permeabilities to gas are greater than the true 

values. This is due to the absence of a stationary layer of 

gas in contact with the walls of the flow channels, as ver-

2 ified by Fulton. However, a reduction in gas permeability 

can also be due to turbulence. 22 In this connection, there-

fore, it is very important to make sure that the permeabil-

ity measurements are carried out under laminar flow condi-

tions for gas. 

The measurements of coal permeability provided results 

which are in accord with Klinkenberg' s concept -that permea-

bilitjes as ordinarily measured using air, vary according 

I 
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to the mean pressure used in the measurements. Table 1 

showed that the higher the mean pressure used, the lower 

the calculated value of this permeability. The apparent 

permeability ka extrapolated to infinite pressure, or 

1 
p = 0, should give the true permeability. 

· Constant b by definition measures the magnitude of 

the slip correction which must be applied in a given in-

stance. As b is inversely proportional to the radius of 

the capillaries r, the value of b may be expected to be 

small for highly permeable samples and to be larger for 

3 less permeable samples. The results of experiments, as 

shown in Table 1, are in general agreement with this con-
' -

cept. There are some deviations shown in the results of the 

one-inch specimens. 

The data in Table 1 showed also that the value of the 

observed permeability is always larger than the true per-

meability by 25 to 150 per cent. The percentage differences 

are considerable, although the absolute discrepancies may 

be small, so that in these cases it is advisable to take 

into account the gas slippage phenomena. As a consequence, 

to properly compare the permeability values of different 

specimen sizes, correction for gas slippage should first 
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be made. 

B. Effect of Geometrical Shape 

The practice of permeability measurement in the petro-

leum industry showed that the sample used for the measure-

ment can be either of a cylindrical or rectangular form. 

Previous coal permeability tests were conducted with cube 

. 6,8,9 
specimens. For practical purposes there are some ad-

vantages to use core or cylindrical specimens. It was one 

of the objects of this investigation to determine the ef-

fect of geometrical shape of the specimen on the permeabil-

ity value. Comparisons were made for cylindrical specimens 

of one inch, two inch, and four inch diameters versus the 

corresponding dimensions of the cube specimens. Data given 

in Figure 14 shows that the permeability values of both 

shapes of specimens are equally distributed. The results of 

the statistical analysis, as shown in Table 2, indicates 

that there is an insignificant difference in the average 

permeability value between cylindrical specimens and rec-

tangular specimens of the same size. These were indicated 

by the smaller value of F-computed as compared with F-tab-

ular. It can be concluded that the geometrical shape of the 

specimen has no significant effect on the coal permeability 
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value. It is only a matter of practical convenience whether 

to use the cylindrical or rectangular specimen. 

The cylindrical shape has the following advantages for 

practical purposes: 

1. Sa~ples can be obtained from exploration core 

drilling, which enables permeability tests to be 

included as part of the core analysis to learn the 

character of the coal seam. 

2. It is also possible to design a portable core 

drilling machine to take samples directly from coal 

face for permeability testing. 

3. More uniform and precise geometrical dimensions of 

specimens can be obtained. 

c. Effect of Geometrical Dimension 

It was determined that there is no effect of coal 

specimen shape on the permeability value, so that for the 

study of the effect of the geometrical dimensions of the 

specimen both shapes can be used to represent the same 

size. The analysis of results from the scatter diagram 

showed that permeability of coal increases with the in-

crease of size as _shown by the linear relationship 

Y = 26.9 x - 7.9. This is due to the heterogeneous char-
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acter of coal, wherein the number of fractures found in a 

smaller specimen per unit area is not the same as in the 

bigger ones. It can be understood that the bigger the sarn-

ple, the better it will represent a coal seam's character-

istic permeability value. However,from a practical point 

of view, it is not as convenient to handle the larger sizes 

of specimen. It was one of the purposes of this investiga-

tion to find the representative size of specimen, beyond 

which there was no more effect of specimen size. 

It ha.s been mentioned before that in one coal seam 

there can be different kinds of coal such as vitrain, clar-

ain, durain, and fusain which are physically different from 

each other. Besides, it is not uncommon to have layers of 

rock in a coal seam. This is the reason why the range of 

permeability values of the smaller sizes · (the one inch- and 

two inch-specimens) is larger than the bigger ones. Theo-

retically, for a homogeneous material, the permeability 
' I 

value will be the same regardless of specimen size. For 

coal it is difficult to prepare a sample of small size 

which has a high permeability value, due to its brittleness. ,, 
Another factor which apparently also affects the permeabil-

,,, 

ity value for different sizes of specimens is the occur-
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rence of cleavage planes which are found in coal seams. The 

angle of the cleava.ge and the distance between each succes-

sive plane will give an effect to the number of cleavage 

planes per unit volume of different sizes of specimen as 

shown in Figure 16. 

The analysis of variance in Table 3 shows that there 

are significant differences in the average permeability 

values between sizes. The analysis shows that there is an 

insignificant difference between the permeability values of 

the specimens of sizes three inches and four inches. 

Table 5 of the analysis shows also that the specimens of 

three inches have the least coefficient of variation value. 

From the aforementioned analysis·, it can be conc·luded tha.t 

the three-inch specimen is the representative size of sam-

ple for coal. It means that beyond the three inch size the 

permeability value of the coal may be the same regardless 

of its size. Due to the heterogeneous character of coal 

seam however, it is a matter of sampling of the seam to get 

the representative permeability value of the coal seam. 

D. Remarks on the Experiment 

The coal sample was taken from the mine without the 

use of any explosive to avoid additional fractures in the 

l . 
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Fig. 16. Diagram Showing the Relation 
of Cleavage Planes and Specimen Size 



-97-

sample. From the 33.5 inch-thick block of the biggest coal 

sample shown in Figure 17, different layers can be easily 

distinguished. The result of permeability measurements of 

four different sizes shows that the average permeability 

values of the top and bottom sections of the seam are 

higher than the middle section as shown in Table 6. This 

apparently is due to the occurrence of more fractures in 

the upper and lower parts of the seam which in turn is 

caused by different kinds of coal composition with differ-

ent physical properties. Proximate analysis of the three 

sections shown in Appendix B shows that the middle section 

has a high ash content which is derived from the thick 

layer of slate. 

From the measurements it appeared also that the bed-

ding planes between rock and coal might become a good flow 

passage for gas if there is any displacement due to pres-

sure caused by mining operations. To make better permeabil- · 

ity measurements using air as a fluid, the apparatus should 

be provided with a more accurate control for flow and pres-

sure readings. It will then be possible to obtain more ob-

served permeability values under different pressures. These 

improvements would provide a means for an improved extra-
, I 

I ;, ( ' l \ I ,., 

I , 
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polation for true permeability values. All the computations 

can be done by the digital computer by using the programs 

shown in Appendix A; 

/ I 
\ 

.. -·. • .. . . I. . ~- .• ' 

,t l 



T O P 

SAMPLE 

Cr 1-3 
Cr 1-5 
Cr 1-7 
Cr 1-8 
Cr 1-10 
Cr 1-12 
Cr 1-13 
Cr 1-15 
Cr 1-18 

-99-

TABLE 6. PERMEABILITY VALUES OF TOP-, 

MIDDLE-, AND BOTTOM-SECTION OF SAMPLE 

ONE-INCH SPECIMENS 

MIDDLE B O T T O M 

Kr, SAMPLE KL SAMPLE KL 

5.87 Cr 1-4 13.09 Cr 1-1 18.84 
4.99 Cb 1-11 8.90 Cr 1-2 13.38 
8.86 Cb 1-17 12.11 Cr 1-6 6.03 
6.77 Cr 1-19 3.68 Cr 1-14 ll.22 

23.55 Cb 1-22 7.26 Cr 1-16 3.63 
5_37 · Cr 1.:.25 13.32 . Cb 1-21 · 18.79 
3.77 Cb 1-30 7_. 62 Cr 1-24 9.40 

21.64 . Cr 1-33 4.14 Cb 1-23 21.38 
24.55 Cb 1-35 6.13 Cb 1-32 22.23 

Cr 1-20 11.01 Cr 1-38 30.99 Cb 1-36 4.98 
Cr 1-25 10.32 Cr 1-39 35.76 Cr 1-40 66.94 
Cr 1-27 10.74 Gb -1-42 - 28.. 40 -
Cr 1-28 4.33 
Cb 1-9 24.35 
Cr 1-29 9.31 
Cr 1-31 5.68 
Cr 1-34 21. 75 
Cb 1-37 66.72 
Cb 1-41 75.18 ' I , 

Kr, TOP= 18. llf Kr, MID= 13.00 Kr, BOT d 'rtJ.77 

-- i 

., 



T O P 

SAMPLE KL 

Cr 2-1 69.01 
Cb 2-2 4-4-.08 
Cr 2-4- 4-2.00 
Cr 2-6 11.94-
Cb 2-8 90.10 
Cr 2-15 70.55 
Cr 2-17 4-6.23 
Cr 2-20 120.29 
Cb 2-21 13.38 
Cb 2-22 20.60 
Cb 2-24- 54.68 
Cb 2-26 4-8.60 
Cb 2-25 50.46 
Cb 2-29 110.90 

~TOP= 56.63 

-100-

TABLE 6. 
(Cont'd) 

TWO-INCH SPECIMENS 

M I D D L E 

SAMPLE KL 

Cr 2-9 18.57 
Cr 2-11 24-.07 
Cb 2-7 10.34-
Cr 2-12 5.87 
Cr 2-19 99.35 
Cb 2-27 20.08 
Cb 2-28 14-. 74-

i 

I 

- MID= 27.57 

- . -

B O T T O M 

SAMPLE 

Cr 2-3 12.10 
Cb 2-5 37.05 
Cr 2-10 10.81 
Cr 2-13 7.07 
Cb 2-14- 9.77 
Cr 2-16 10.15 

I 

Cr 2-18 , 72. 30 
Cb 2-23 96.67 
Cb 2-30 .38.03 
Cb 2-31 58.43 

-- -· 

~~OT= 35.24 



, I -

I , ' I ' -101-

TABLE 6. 
(Cont'd) 

THREE- INCH SPECIMENS 

T O P M I D D L E 

SAMPLE KL SAMPLE KL 

Cb 3-4- 139.89 Cb 3- 1 100.17 
Cb 3-5 78.81 Cb 3-7 59.63 
Cb 3-6 108.57 Cb 3-12 103.69 
Cb 3- 8 121.96 Cb 3-15 50.78 

I Cb 3-11 137.01 Cb 3-16 62.4-9 
Cb 3-14- 134-.55 

KL TOP= 120.13 KL MID= 75.35 

FOUR- INCH SPECIMENS 

Cr 4--1 135. 76 , Cr 4--3 4-5 ·_30 
Cb 4--2 4-9.89 Cr 4--8 63.99 
Cb 4--4- 132.89 Cr 4--16 131. 4-7 
Cr 4--5 4-8.58 Cb 4-- 22 4-0.97 
Cr 4--6 110.4-2 Cb 4--23 4-4-. 4-4-
Cr 4-- 10 4-1. 94- i Cb 4-- 24- 99.26 

I 

Cr 4-- 11 37.25 
Cr 4--13 124-.95 
Cr 4--14- 4-6.38 
Cb 4--18 134-.25 
Cb 4--19 131. 24-
Cb 4--21 14-0.60 

·--

i tote t Qlt.53 it t{tb e ';t),gg 

, :\ I ' 

' B O T T O M 

SAMPLE KL 

Cb 3-2 65.4-0 
Cb 3-3 135.97 

--
Cb 3-9 52.4-4 
Cb 3-10 119.4-1 
Cb 3-13 115.64-

' . 

~BOT= 9_7. 77 

Cr 4-- 7 66.57 
Cr 4--9 96.01 
Cr 4--12 4-0.21+ 
Cr 4-;..15 113.03 
Cr 4--17 122.72 
Cb 4--20 136.22 

! . . 

\\ ' . , . ' , '.~ 

~not= 95 • 79. • 
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VII. CONCLUSIONS 

From a study of the results of the experiments on coal 

permeability to gas flow, the following conclusions can be 

drawn: 

1. As a result of the gas slippage effect, the observed 

coal permeability to gas is greater than the true value. 

The percentage difference is considerable, so that in 

coal permeability measurements using air as a fluid, the 

effect of gas slippage should be taken into account and 

corrections should be made. The observed permeability 

ka extrapolated to infinite pressure should give the 

true permeability kL. The value of kL can be found 

either graphically or mathematically. 

2. The geometrical shape of the specimen has no effect on 

the permeability value . The use of a cylindrical .speci-

men is preferable for practical reasons, such as the 

possibility of performing the permeability measurements 

on core-drill samples . 

3 . The permeabilit y value of coal i ncreases with an in-

crease in specimen size, probably because more fractures 

per unit vo~µme are found in th~ bigger samples. 

4. The statistical analysis showed that specimen sizes of 
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three inches can be considered as the representative 

size for coal permeability for the coal tested. Due to 

the heterogeneous character of coal, however, it is very 

important to emphasize the importance of the sampling 

method of the coal seam to get a representative permea-

bility value of the seam. 

5. Permeability values reflect directly a characteristic of 

the coal as it exists underground. It is therefore im-

portant to establish interrelationships between the pet-

rographic peculiarities of the different coal varieties 

and their permeability values. 

6. Using the results of permeability measurements on three-

inch specimens, the coal permeability value of the seam 

under consideration in this study would be 99.15 milli-

darcies which is the mean value of the three-inch speci-

mens. Higher permeability values are found in the top 

and bottom portions of the seam. 

I ) . 

!:i I " 



-104-

VIII. ACKNOWLEDGMENTS 

The author wishes to express his deep gratitude to the 

Government of the Republic of Indonesia and the Bandung In-

stitute of Technology for the opportunity to pursue gradu-

ate study in the United States of America. Special acknowl-

edgment is due the Agency for International Development 

with the Office of Overseas Programs at Lexington, Kentucky 

who have sponsored the author's graduate study. 

The author wishes to express his sincere appreciation 

to Professor T. Carl Shelton, Jr., who proposed this inves-

tigation and whose continuous guidance, encouragement, 

helpful suggestions, and criticisms were invaluable during 

the course of this study. The author is deeply indebted to 

Dr. J. Richard Lucas, Head, Department of Mining Engineer-

ing of Virginia Polytechnic Institute for giving the author 

the opportunity to make this study and to use the facili-

ties of the mining engineering laboratory. 

A special appreciation is due Mr. Pihyo Lin for his 

help in preparing the coal samples, Mr •. S. C. Suboleski for 

his help in preparing the computer programs and Mr. M. B. 

de Ramos for his guidance in the statistical analysis. 



-105-

IX. BIBLIOGRAPHY 

1. Calhoun, Jr., and Yuster, S. T., A Study of the Flow 
of Homogeneous Fluids Through Ideal Porous Media, The 
Pennsylvania State College, Mineral Industries Experi-
ment Sta~ion, T. · P. 127, School of Mineral Industries, 
State College, Pennsylvania, 1947, pp. 1-14. 

2. Fulton, P. F., "The Effect of Gas Slippage on Relative 
Permeability Measurements," Producers Monthly, v. 15, 
n. 12, Oct. 1951, pp. 14~19. 

3. Klinkenberg, L. J., "The Permeability of Porous Media 
to Liquids and Gases," American Petroleum Institute, 
Central Committee on Drilling & Production Practice, 
1941, pp. 200-213. 

4. Rose, W. D., "Permeability and Gas Slippage Phenomena," 
American Petroleum Institute Proceedings, v. 28, sect. 
n. 4, 1948, pp~ 127-135. 

5. American Petroleum Institute, Recommended Practice for 
Determining Permeability of Porous Media, API R.P. 27, 
3rd ed., Aug. 195_6, American , Petroleum Institute, New 
York, pp. 3-17. 

6. Huang, Min Seng, "A Study of the Permeability of Coal 
to the Flow of Gas," Unpublished Master's Thesis, Vir-
ginia Polytechnic Institute, 1961. 

7. Huang, W. M., and Shelton, Jr., T. c., "Experimental 
Results of Coal Permeability Tests," Transactions, So-
ciety of Mining Engineers, AIME, Sept. 1962, pp. 245-
247. 

.. 

8. Koo, Shiun Ming, . "A Study of the Factors that Affect 
the Permeability of Coal," Unpublished Master's Thesis, 
·virginia Polytechnic Institute, 1960. 

9. Wang, Yih Jian, "Effects of Specimen Size on Permeabil-
ity Measurements of Gas Flow in Coal," Unpublished 
Master's The~is, Virginia Polytechnic Institute, 1962. 



) I 

-106-

10. Hinsley, F. B., Konda, B., and Morris, L. H., "The Es-
timation of the Fireda.mp Content of Coal Samples," The 
Mining Engineer, July 1955, pp.· 591-600. 

11. Baxter Brown, J. Meo., "Firedamp Emission and Drainage, 
Part I, The Origin and Emission of Firedamp," Colliery 
Guardian, Aug. 1963, n. 207, p. 158. 

12. Shelton Jr., T. C., "Gas Outbursts in Coal Mines - A 
Review," Mineral Industries Journal, Virginia Polytech-

. nic Institute, June 1959, pp. 1-4. 

·13. Ettinge):', I. L., "The Coal Methane Natural Equilibrium 
System and-Methods for Studying it," Russian Chemical 
Reviews, v. 34, n.7, July 1965, pp. 496-503. 

14. Morgans. W. T. A., and Terry, N. B., "Measurements of 
the Static and Dynamic Elastic Moduli of Coal," Fuel, 
n. 37, .April 1958, pp. 201-ilY. 

15. Scheidegger, A. E., The Physics of Flow Through Porous 
Media, Rev. ed., University of Toronto Press, 1960, 
pp. 158-162. 

16. Ammosov, I. I., and Eremin, I. v., Fracturing in Coal, 
Israel Program for Scientific Translation, Jerusalem, 
1963, pp. 22-37. 

17. Wyckoff, R. D. et al, "Measurement of Permeability of 
Porous Media,". Bulletin of the American Association of 
Petroleum Geologist, v. 18, n. 2, Febr. 1934,pp.161-90. 

18. Muskat, M., Physical Principles of Oil Production, 
McGraw Hill Book Co., New York, 1949, pp. 130-31. 

19. --------- "The Flow of Fluids Through Porous Media," 
Journal of Applied Physics, v. 8, April 1937,pp.274-82. 

20. Ruska Permeameter, Ruska Instrument Corpora.tion, 
Houston, Texas, 1958, pp. 1-11. 

21. Arkin, H., and Colton, R.R., Statistical Methods, 
Barnes & Noble Inc., New York, 1957, pp. 52-55. 



-107-

22. Stewart, c. R., and Owens, W.W., "A Laboratory Study 
of ,Laminar and Turbulent Flow in Heterogeneous Poro-
sity Limestones," Petroleum Transactions of the AIME, 
v. 2],.3, 1958, p. 121. 



The vita has been removed from 
the scanned document 



APPENDIX A 

FORTRAN SOURCE LIST 

PERMEABILITY ANALYSIS 

DIMENSION Q (10) , P (10) , T (2, 3) , KA (10) , KAA (10) 
DIMENSION PC(lO) 

---. REAL L, KA, KAA . 
LOGICAL LG 

C · PRINT PAGE HEADINGS 
1 WRITE (6,200) 

WRITE (6,201) 
WRITE (6,202) 
N2 = 3 

2 N = 1 
T(l,3) = O. 
T(2,l} .= O. 

. T(2, 2} = 0. 
T(2,3} = a. 

C READ MAIN DATA CARD OF EACH SAMPLE 
READ(S,100) LG,ANAMl, ANAM2, U, L, A, P(N), Q(N) 

~00 FORMAT(Ll, _2A6, F6.S, FS.3, FS.3, F3.2, F4.2) 
C BLANK CARD WILL END CALCULATIONS 

IF(Q(N).EQ.0.0 .AND. P(N).EQ.0.0) GO TO 99 
GO TO 4 , 

3 N = N+l 
C READ DATA CARDS WITH VARYING PRESSURES AND QUANTITIES 

READ (5,101) LG, P(N), Q(N) 
101 FORMAT(Ll,28X, F3.2, F4.2) 

4 KA(N) = 1000.*U*L*Q(N)/(A*P(N)) 
C = A 

· C SUM TOTALS AND STORE IN MA TRIX 
T(l,3) =_T(l,3) + KA(N) 
T(2,l) = T~2,l) + 1.0/P(N) 

I 
I-' 
0 

'° I 
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(Cont'd) 

T(2,2) = T(2,2) + 1.0/(P(N)*P(N)) 
T(2,3) = T(2,3) + KA(N)/P(N) 
IF (.NOT.LG) GO TO 3 _ 
T(l,l) = N _ 
T(l,2) = T(2,l) 

C SOLVE _SIMULTANEOUS EQUATIONS FOR LEAST SQUARES REGRESSION LINE 
DO 10 J=l,2 -
Tl = T(J ,1) 
DO 11 K=l,3 

11 T(J,K) = T(J,K)/Tl 
10 CONTINUE 

DO 12 K=l,3 
12 T(2 ,K) = T(2 ,K) - T(l,K) 

B = T(2,3)/T(2,2) 
A= T(l,3) - B*T(l,2) 
B = B/A 
SOLVE FOR PERCENT DIFFERENCE OF ACTUAL VS PREDICTED VALUES OF P AND Q 
DO 15 J=l,N 
KAA(J) = A*(l. + B/P(J)) 
PC(J) _= (KAA(J) - KA(J))/KA(J)*lOO . 

15 CONTINUE 
C WRITE RESULTS 

J = l 
WRITE(6,203)ANAM1,ANAM2,L,C,P(J),Q(J),KA(J),A,B,KAA(J),PC(J) 
N2 = N2 + l 

18 J = J + l 
WRITE (6,204) P(J) ,Q (J) , KA(J) , KAA(J) , PC (J) 
N2 = N2 + l _ 

· IF(J.LT.N) GO TO 18 

I 
f-J 
f-J 
0 
I 



C CHECK TO SEE IF PAGE IS FILLED 
IF (18.GT.N2) GO TO 2 
GO TO 1 

APPENDIX A 
(Cont'd) 

200 FORMAT(lHl//// 9X , 6HSAMPLE, 6X, 6HLENGTH, 2X, SHCROSS, 2X, 
18HPRESSURE, 9HFLOWRATE, 2X, 12HPERMEABILITY, 9X, 9HPREDICTED, SX, 
. 2 7HPERCENT) 

201 FORMAT(lH+,8X,6HNUMBER,7X,4H(CM),2X,7HSECTION,2X,6H(A1MS),2X, 
18H(CC/SEC),1X;l4H(MILLIDARCIES),4X,1HB,4X,8HAPPARENT,4X, 
210HDIFFERENCE) . 

202 FORMAT(lH+,27X,7H(SQ CM),19X,8HAPPARENT,2X,4HTRUE,7X, 
112HPERMEABILITY) 

203 FORMAT(lH0,6X,2A6,2F8.3,F7.2,4X,F5.2,3X,F7.3,F7.2,F7.3,2X,F7.3,SX, 
· 1F7 .2) 

204 FORMAT(lH0,34X,F7.2,4X,FS.2,3X,F7.3,16X,F7.3,SX,F7.2) 
99 STOP 

END 

I 
I-' 
I-' 
I-' 
I 
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APPENDIX B 

DESCRIPTION OF COAL SAMPLE-'. 

Origin of coal sample: Pocahontas No. 3 seam, from Itmann No. 3 

Mine, with 500 ft. overburden and approximately 800 ft. from the 

outcrop. 

Typical stratification of the seam at the section where the 

sample was taken: 

roof 

coal. 

sandy shale 

. . . . . 
rock/slate 

fusain coal 

bone. . . . . . . . . 

. . . 

coal •• . 

fusain coal 

• a • • e • e e e I e • e 

.. 

coal. 

bone 

coal 

. . . . . . . . . . . . . 
. . . . . . . . . 

floor: sandy shaie 

Dimensions of the biggest block of sample, shown 

are: 

height/thickness . . . . . . . . . . 
length . . . . . . . . . . . . . . . . 

' ' width . . . • . . ;. . . . . . . . . . 

·' I i I, 

in 

. 

. 

. ' / , 

9.25 inches 

2.75 fl 

2.00 . fl 

2.50 

2.00 

0.25 

13.00 

4.00 

13.00 

Figure 

fl 

fl 

fl 

fl 

fl 

fl 

17 

33.50 inches 

48.00 " 
28.00 fl 

•I 



Fig. 17. Gross Sample of Pocahontas No. 3 Seam 
from Itmann No. 3 Mine 



The sample was divided into three sections, and treated separate-

ly for the permeability tests: 

Top coal: the first 12.30 inches from top, including 

two inches of slate. 

Middle coal: middle part of the coal block, 8.7 inches 

thick, including 2.2 inches of slate. 

Bottom coal: the rest of the lower part of the sample, 

which is 12.5 inches of coal. 

TABLE 7. PROXIMATE ANALYSIS OF THE COAL SAMPLE 

Composite 

Top Coal 

Middle Coal 

Bottom Coal 

* 

* Ash Content 
% 

15.177 

14.688 

16.063 

5.706 

Vol. Matter Fixed Carbon 
%· % 

18.731 66.092 

16.598 68.714 

19.627 64.310 

20.205 74.089 

All values are on moisture-free basis. 

Sulphur 
% 

1.022 
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APPENDIX C 
TABLE 8. ACTUAL DATA OF PERMEABILITY VALUES 

ONE-INCH SPECIMENS TWO-INCH SPECIMENS 
CORE CUBE CORE . CUBE 

y y2 y y 2 y y2 y y2 

18.8 353.44 24.3 590.49 69.0 4761.00 44.1 194.81 
13.4 179.56 8.9 79.21 12.1 146.41 37.0 1369.00 
5. 9 . 34.81 12.l 146.41 42.0 1764.00 10.3 106.09 

13.1 171.61 18.8 353.44 11.9 141.61 90.1 8118.01 
5.0 · 25. 00 7.3 53.29 18.6 345.96 7.1 50.41 
6.0 36.00 21.4 457.96 10.8 116.64 9.8 96.04 
8.9 79.21 7.6 57.76 24.1 580.81 13.4 179.56 
6.7 44.89 5.7 32.49 5.9 34.81 20.6 424.36 

23.5 552.25 22.2 492.84 70.5 4970.25 96.7 9350.89 
5.4 29.16 6.1 37.21 .. 10.1 102.01 54.7 2992.09 
3.7 14.21 5.0 25.00 46.2 2134.44 50.5 2550.25 

11.2 125.44 66.7 4448.89 72.3 5227.29 48. 6 2361.96 
21.6 466.54 75.2 5655.04 99.3 9860.49 20.l 404.01 
3.6 13.17 28.4 806.56 120.3 14472.09 14.7 216.09 

24.5 600.25 110.9 12298.81 
3.7 14.21 38.0 1444.00 

11.0 121.00 58.4 3410.56 
9.4 88.36 - . 

i 

10.3 106.09 
• 13.3 176.89 

10.7 114.49 
4.3 18.49 

' 9.3 86.49 
4.1 16.81 

21.7 470.89 
31.0 961.00 
35.8 1281.64 
66.9 4475.61 
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APPENDIX C 
TABLE 8. ACTUAL DATA OF PERMEABILITY VALUES 

(Cont'd) 

'l'HRt:'t:'-TNrl-T spFrIMENS FOUR-INCH SPECIMENS 
I 

CUBE CORE CUBE 

y y2 y y2 y y2 

100.2 10040~04 135.7 18414.49 50.0 2500.00 
65.4 4277.16 45.3 2052.09 132.9 17662.41 

136.0 18496.00 48. 6 2361.96 124.9 15600.01 
139.9 19572.01 110.4 12188.16 134.2 18009.64 

78.8 6209.44 66.6 4435.56 131.2 17213.44 
108. 6 11793.96 64.0 4096.00 136.2 18550.44 

59.6 3552 .16 96.0 9216.00 140.6 19768.36 
122.0 14884.00 41.9 1755.61 41.0 1681.00 

52.4 2745.76 37.2 1383.84 44.4 1971.36 
119.4 14-256. 36 ' 40.2 , 1616.04 99.3 9860.4-9 
137.0 18769.00 4-6. 4- 2152.96 
103.7 10753.69 113.0 12769.00 · 
115.6 13363.36 131.5 17292.25 
134.5 18090.25 122.7 15055.29 

50.8 2580.64-
62.5 3906.25 

' 
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APPENDIX C 
(Cont'd) 

Actual Data of One-Inch Specimens 

y = T = 702.50 yl 1 

ycore = 392.80 y core 
y = 309.70 y 

cube cube 
y2 = 23894.12 nl 
y2 = 10657.53 n core core 
y2 

cube = 13236.59 n cube 

Actual Data of Two-Inch Sp.ecimens 

y = T = 1338.10 y2 2 
y = 613 .10 : , ycore core 
y = 725.00 y cube , cube 
y2 = 91974.75 n2 
y2 n -core = 44657.81 core 
y2 47316.94 n = cube cube 

Actual Data of Three-Inch Specimens 

y = T = 1586.40 Y3 3 
y2 = 173290.08 n3 

..__ 

= 16. 73 

= 14.03 

= 22.12 

= 42 

= 28 

= 14 

= 43.16 

= 43.79 

= 42.65 

= 31 

= 14 

= 17 

= 99.15 

= 16 
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APPENDIX C 
(Cont'd) 

Actual Data of Four-Inch Specimens 

y = T = 2134.20 Y4 = 4 
, y = 1099.50 y = core core 

y = ·1034. 70 y = cube cube 
y2 = 227606.40 n4 = 

y2 = 104789.25 n = core core 
y2 = 122817.15 n = cube cube 

T = Tl+ T2 + T3 + T4 = 5761.20 

. N = nl + n2 +· n3 + n4 = 113 

- T y = N = 50.98 

88.92 

78.53 

103.47 

24 

14 

10 
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CALCULATIONS OF STANDARD DEVIATION (s) 
AND COEFFICIENT OF VARIATION (c.v.) 

One-Inch Sp~cimens 
·standar~ Deviation s 

42 
42 - l 

= 23894.12 - 11750.15 = 296.19 
41 

s = 17.21 millidarcies 
s 1721 c.v. = -- X 1000/4 = 16 _73 % = 102.87% 
yl 

Two-Inch Specimens 
2 2 2 

s2 = Y21 + Y22 + •••• + Y231 
31 - 1 

31 

= 91974.75 - 57758.43 = 1140.54 
30 

s = 33.76 millidarcies 
s c.v. =-- X 100% = 3376 % = 

0 43.16 78.22% 

Using the same method of calculations the following values were 
obtained: 
Three-Inch Specimens 

s = 32.64 millidarcies; c.v. = 32.92% 

Four-Inch Specimens 
s = 40.55 millidarcies; c.v. = 45.60% 
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APPENDIX C 
(Cont'd) 

TABLE 9. VALUES OF ORTHOGONAL COEFFICIENTS 
FOR COMPARISON OF TREATMENTS 

TREA1MENTS (SIZES) 
-

C 0 M P A R I S O N S 
1 2 3 

c4 : size 1 Vs. size 2 1 -1 0 

cs : size (1 & 2) Vs. (3 & 4) 1 1 -1 

c6 : size 3 Vs. size 4 0 0 l , 

c7 : size 2 Vs. size 3 0 l -1 
I 

ca : size 1 Vs. size 4 l 0 0 

cg : size (1 & 4) Vs. (2 & 3) 1 -1 -1 
-

c10= size 1 Vs. size 3 1 0 -1 

Cll: size 2 .Vs. size 4 0 1 0 

Cl2: size (1 & 3) Vs. (2 & 4) 1 -1 1 
. . 

,. 

4 

0 

-1 

-1 

0 

-1 

1 

0 

-1 

-1 



( i) 

(ii) 
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APPENDIX D 

SOME DERIVATIONS OF FORMULA USED IN 

THE STATISTICAL ANALYSIS 

., 
Sum of cross Products = L. X, y. 

-i .. 1 l. l. 

where: X, is the size of specimen in inches, 
l. 

u 

i = 1, 2, 3, 4 

Y. is the true permeability value in millidar-
1. 

cies. 

~Xi Yi = l(Y1-1) + l(Y1-2) + .... + 1 (Yl-n1) .... 
+ 2(Y2-1) + 2(Y2-2) + . . . . + 2(Y2-n2) 

+ 3(Y3_1) + 3(Y3_2) + .... + 3(Y3-n3) 

+ 4(Y4_1) + 4(Y4_2) + + 4(Y4-n4) 

= l(Y1-l + yl-2 + yl-3 + + Y1-n1) 

·+ 2(Y2-l + y2-2 + y2-3 + ... + Y2-n2) 

+ 3(Y3-l + y3-2 + y3-3 + . . . + Y3 ) -n3 

+ 4(Y4-l + y4-2 + y4-3 + ... + y ) 
4-n4 

= l T1 + 2 T2 + 3 T3 + 4 T4 

w /ti 
Products of Totals = (~Xi) ( ~Yi) 

t.•1 """ I'-
' ,I 

=Dl 2:_X, + l + . . . + 1) + 
Ii l. 

(2 + 2 + ... + 2) + (3 + 

. . + 3 + ... + 3) + (4 + 4 + . .. + 4)] 
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ti 
+ yl-n1) t,. Yi = (Yl-1 + yl-2 + . . . .,. 

+ (Y2-l + y2-2 + . . . + Y2-n2) 

+ (Y3-1 + y3-2 + . . . + y 3-n3 
) 

+ (Y4-l + y4-2 + . . . + Y4 ) -n4 

= Tl + T2 + T3 + T4 

= T = total values of true permeability. 

Thus, 
I( ,., 

(Z..X.) (~Y . ) = (1 n 1 + 2 n 2 + 3. n 3 + 4 n4 ) T 
,.: l. ~l. 

"(iii) 
N 2 

Sums of Squares of X =~x. 4 l. 

Ix~ (12 + 12 2 (22 + 22 + 22) = + ••• + 1 ) + ••• + 
4. l. 

+ (32 + 32 + •• + 32) + (42 + 42 + •• + 42) 

= (1 n1 + 4 n 2 + 9 n3 + 16 n4) 
,.., Ill 

w (.Z:-X.) (4Yi) 
(iv) s S XY =fX.Y. 

,(. l. "' 
l. l. N 

rJ 
N <Zx. > 2 

(v) . . s s = z::x~ A. .. l. 
. X · ... l. N 
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SELECTION NO J SAMPLE SIZE 73 COMPARISON OF SIZES 1--~------
COEFF l CI ENT OF DETERMINATION 0.2101 
MULTIPLE CORR. COEFFICIENT 0 .4584 

SUM OF SQUARES ATTRIBUTABLE Tu REGRESSION 12243.29749 
SUM OF SQUARES OF DEVIATICN F~O M REGRESSION 46022.13037 

VARIA NCE OF ESTIMATE 648 .19901 
STD. ERROR OF ESTIMATE 25.45975 

INTERCEPT (A VALUE) -9.23595 

ANA LYSIS GF VARIANCE FOR THE MULTIPLE 
LINEA~ REGRESSICN 

SOURCE OF VARIATICN O.F. SUM OF 
SQUA RES 

MEAN 
SQUARES 

DUE TO REGRESSICN •••••••••••• 
DEVIATICN ABOUT REGRESSION ••• 

TOTAL ••• 

VARIABLE MEAN STD. 
~o. DEVIATION 

l 1.42466 0 .497 11 
2 26.090~1 28.44118 

l ·12243.29749 
71 46022.13037 

12243.29749 
648.19901 

72 58265.42822 

REG. STD.ERROR COMPUTED 
COEFF. OF REG .COE. T VALUE 

26.20023 6.02851 4.34605 

•-.------- · - . - -

F 
VALUE 
18.8882 

PARTIAL 
CORR. COE. ' 

0.45840 

I 
I-' 
N 
w 
I 



APPENDIX E (Cont'~) 
SELECTION NO. 2 SAMPLE SIZE 47 COMPARISON OF SIZES 2 - 3 

COEFFICIE NT Or DETERMINATION 0.3970 
MULTIPLE CORR. COEFFICIENT 0.6301 

SUM OF SQUARES ATTRIBUTABLE TU REGRESSION 33011.23193 
SUM OF SQUARES OF DEVIATION FKOM REGRESSION 50142.24072 

VARIANCE OF ESTIMATE lll4.L7200 
STD. ERROR OF ESTIMATE 33.38071 

INTERCEPT (A VALUE) -68.69398 

ANALYSIS CF VAR IA NCE FOR THE MULTIPLE 
LINEAK REGRESSION 

SOURCE OF VARIATION D.F. SUM OF MEAN . 

DUE TO REGRESSICN •••••••••••• 
DEVIATICN ABOUT REGRESSION ••• 

VARIABLE 
NO. 

1 
2 

MEAN 

2.34043 
62.2C425 

TOTAL ••• 

STD. 
CEVIATlON 

0.478'i8 
42.516b7 

SQUARES 
1 33011.23193 

45 50142.24072 
46 83153.47266 

SQUARES 
33011.23193 

1114.27200 

REG. 
. COEFF. 

STD.ERROR 
OF REG.COE • 

COMPUTED 
T VALUE 

55.92924 10.27552 5.44296 

F 
VALUE 
29.6258 

PARTIAL 
CORR. COE. 

0.6300 7 



APPENDIX E (Cont'd) 
----~S=E ...... Ie ...... ECT.ION NO, 3 SAMPLE SIZE 40 COMPARISON OF SIZES 3 - 4 

COEFFICIE NT OF DETE~MINATION O.OlBl 
MULTIPLE CORR. COE FFICIE NT 0.1347 

SUM OF SQUARES ATTRIBUTABLE TU REGRE SSION 992.67015 
SUM OF SQUARES CF DtVIATICN FKOM REGRE SSIO N 53748.61475 

VA RIA NCE OF ESTIMATE 1414.43723 
STD. ERROR OF ESTIMATE 37.60900 

INTERCEPT CA VALUE) 129.59992 

ANALYSIS CF VAKI ANCE FOR THE MU LTIPLE 
LI NEAK REGRESSION 

SOURCE OF VARIATIC N 

DUE TO REGRESSICN •••••••••••• 
DEVIATION ABOU T REGRESSION ••• 

TOTAL ••• 

D.F. SU M OF 
SQUARE S 

l 992.67015 
38 53748.61475 
39 54741.28516 

MEAN 
SQU ARE S 

992.67015 
1414.43723 

VARIABLE 
NO . 

MEAN STD. 
DEVI AT ION 

REG . 
COEFF. 

STD.ERROR 
OF REG .CO E. 

COMPUTED 
T VALUE 

1 
2 

3.60000 
92.95249 

0.49ol4 
37.46495 

-10.16873 12.13825 -0.83774 

F 
VALUE 

0.7018 

PARTIAL 
CORR. COE. 
-0.13466 

I 
f-' 
N 
U1 
I 



APPENDIX E (Cont'd) . - ·· __ 
----SE-LEG!I'-.I-ON-N.o,_4--SAM.lll.E SIZE 11 3 COMPABISON OF SIZES 1 - 2 - 3 - 4 
COEFFICIENT UF DETER MINATION 0 .4 860 
MULTIPLE CORR. COEFFICIENT 0.6972 

SUM OF SQUARES ATTRibUTACLE TO REGRESSION 107831.79L02 
SUM OF SQUARES OF DEVIATJCN FKOM REGRESSION 114023.77539 

VARIA NCE OF ESTIMATE 1027.~4121 
STD. ERROR OF ESTIMATE 32. 05060 

. 
INTERCEPT {A VALUE) -7.83473 

ANALYSIS OF VARIA NCE FOR THE MULTIPLE 
LINEA~ REGRESSION 

SGURCE OF VARIATICN O.F. SUM OF 
SQUARES 

MEAN 
SQUARES 

DUE TO REGRESSICN •••••••••••• 
DEVIATJCN ABCUT REGRESSION ••• 

TOTAL ••• 

ME AN STD. 

1 107831.29102 
111 114023.77539 
112 221855.C664l 

KEG . 

107831.29102 
1027.24121 

VARIABLE 
NO. CEVIATlON COEFF. 

STD.ERROR 
OF REG .COE . 

COMPUTED 
T VALUE 

l 
2 

2.1S469 
51.06459 

l. 15618 
44.50673 

26.83719 2.61939 10.24557 

F 
VALUE -

104.9717 

PARTIAL 
CORR. COE. 

0.69717 

I 
f-' 
l\J 
(1'I 
I 



AP~ENDIX 
___ __._..ELECTION NO. 5 SAMPLE SIZE 55 COMPARISON OF SIZES 2 - 4 
COEFFICIENT Of DE TERMI NATJUN 0.2822 
MULTIPLE CC RR . COEFFICIENT 0.5313 

SUM OF SQUARES ATTRIBUTABLE TO REGRESSION 28326.40771 
SUM OF SQUARES OF DEVIATICN FKOM REGRESSION 72038.99023 

VARIANCE OF ESTIMATE 1359.22623 
STD. ERROR OF ESTIMATE 36.B6769 

I NTERCEPT {A VALUE) -2.59597 . 

ANALYSIS CF VARIA NCE FOR THE MULTIPLE 
LINEAR REGRESSION 

SOURCE OF VARIATICN O.F. SUM OF 
SQUA RE S 

MEAN 
SQUARES 

DUE TO REGRESSICN •••••••••••• 
DEVIATION ABO UT REGRESSION ••• 

VA RI ABLE 
NO . 

1 
2 

,_.EAN 

2.87273 
63.U272 

TOTAL ••• 

STD. 
DEVIATION 

l.U0lul 
4 3 .111 -,0 

l 28326.40771 
53 72038.99023 

28326.40771 
1359.22623 

54 100365.39844 

REG. 
COE FF. 

22.88024 

STD.ERROR 
OF REG.COE. 

5.01200 

COMPUTED 
T VALUE 
4.56510 

F 
VALUE 
20.8401 

PARTIAL 
CORR. COE. 

0.53126 

I 
I-' 
[\.) 
-..J 
I 



APPENDIX E (Con~~d) 
---~SELEGT~-ON-N~AMP---LE--S-I-Z-E-----5-8-COMP-A~-ZE~S-~l~-__,_3 _____ _ 

COEF FICIENT OF DETERMINATION 0.7381 
MULTIPLE CORR. COEFFICIENT 0.8591 

SUM OF SQUARES ATTRIBUTABLE TU kEGRESSION 78151.84570 
SUM OF SQUARES OF OEVIATIC N FKOM RE GRESSION 27731.75098 

VARIA NCE OF ESTIMATE 495.i0984 
STD. ERROR OF ESTIMATE 22.~5331 

INTERCEPT (A VALUE) -24.10045 

ANALYSIS . CF VARIA NCE FOR THE MULTIPLE 
LI NE AK REGRESSICN 

SCURCE OF VARIATION O.F. SUt-, OF 
SQUARES 

MEAN 
SQUARES 

DUE TO REGRESSICN •••••••••• ~. 
DEVIATICN ABOU T REGRESSION ••• 

VARIABLE 
NO . 

l 
2 

MEAN 

1.55172 
39.62069 

:roTAL ••• 

STD . 
CEVIATlON 

0 .90170 
43.099'-J6 

1 78151.84570 
56 27731.7 5098 

78151.84570 
"4<;5.20984 

57 105883.59668 

REG . 
COEFF. 

41.06473 

STD.ERROR 
OF REG . COE. 

3.26884 

COMPUTED 
T VALUE 

12.56247 

F 
VALUE 

157.8156 

PARTIAL 
CORR. COE. 

0.85912 

I 
J-' 
N 
00 
I 



APPENDIX E (Cont'd) . 
SELECTION NO 7 SAMPLE SIZE 66 COMPARISON OF SIZES - ] - :: 4---- --

COEFFICIENT OF DE TERMI NATIO N 0.6144 
MULTIPLE CORR. COEFFICIENT 0 .7839 

SUM OF SQUARES ATTRIBUTABLE Tu REGRESSIO N 
SUM OF SQUA RES OF DEVIATIC N FKCM REGKESSION 

VARIA NCE OF ESTI~ATE 775.44510 
STD. ERROR OF ESTIMATE 27.~4681 

I NTERCEPT (A VALUE) -7.022 b2 

79087.44141 
49628.48633 

ANALYSIS CF VARIA NCE FOR THE MULTIPLE 
LI NE Ak REGRESSICN 

SOURCE GF VA ~IATICN 0.F. SUM OF 
SQUARES 

MEAN 
SQUARES 

DUE TO REGRESSICN •••••••••••• 
DEVIATIC N ABOUT REGRESSIO~ ••• 

VARIABLE 
NO . 

1 
2 

MEAN 

2.C 9091 
43,13181 

TOTAL ••• 

STD. 
· cEVIAT!ON 

1.454 2 0 
44.49 9Y 4 

l 790 87.44141 
64 49628.4 8633 

79087.44141 
775.44510 

65 128715.92773 

REG . 
COEFF. 

23.98690 

STD.E RROR 
OF REG.COE. 

2.37518 

COM PUTE D 
T VALUE 

10.09900 

F 
VALUE 

101.9897 

PARTIAL 
CORR. COE. 

0.78386 

I 
I-' 
N 
I.O 
I 



EFFECTS OF SIZE AND SHAPE OF SPECIMENS AND GAS 

SLIPPAGE PHENOMENA IN THE MEASUREMENT OF 

COAL PERMEABILITY TO GAS FLOW 

by Ambyo Sumopandhi Mangunwidjojo 

ABSTRACT 

The flow of fluids through porous materials is a 

subject o~ importance in the study of the gas emission in 

coal mines. Air is commonly used as the fluid medium in gas 

permeability tests. In this case, it is advisable to take 

into account the existence of gas slippage phenomena. The 

experimental results showed that the value of the observed 

penneability is always larger than the true permeability 

by 2s · to 150 per cent. 

The geometrical shape of the specimen has no· effect on 

the permeability value. Comparisons were made for cylindri- · 

cal specimens of one inch, two inch, and four inch diameters 

versus the corresponding dimensions of the cube specimens. 

It has been found that the permeability value of coal 

increases with an increase in specimen size. The experi-

mental results showed that specimen size of three inches 

in diameter can be considered as the representative size 
. 

for coal permeability for the coal tested. 


