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Introduction

It is common knowledge that barometric
pressures vary. It is also well known that these
variations in barometric pressure can affect
conditions in mines.

However, there are essentially only two
situations in which variations in barometric
pressure affect conditions in mines.
The first is their effect on gas emissions from the
strata, the gas concerned usually, but not
always, being methane. Secondly, variations in
barometric pressure result in leakage into and
out of sealed areas, or areas such as the goaf in
longwall coal mining that have not been sealed
effectively. These leakages can result in either
the emission of undesirable gases into the mine
workings, or the addition of air to an area where
it is not desired. In some cases, both effects are
of importance.

While this is well known in a qualitative
sense, little work has been aimed at providing a
quantitative understanding of the situation. Such
an understanding is essential for the complete
design of ventilation systems, and also for the
formulation of any warning system, or for the
design of seals necessary in a particular area.

While it was fully appreciated that variations
in barometric pressure are not the only factors
affecting gas emissions or leakage, and that
there are many factors that can, for example,
result in dangerous accumulations of methane, it
was nevertheless felt that a study of barometric
pressures would be of value.

This paper gives the results of measurements
of barometric pressure carried out over a period
of just over 26 months, from April 1989 to July
1991, first in Johannesburg for just under two
months, and then at Majuba Colliery, near
Volksrust in the southeastern Transvaal. The
primary aim of these measurements was to
provide some information on the manner in
which the barometric pressure changes in the
highveld region of South Africa.

The measurements at Majuba included
measurements of the flowrate of methane in the
mine's gas-drainage system, and it was thus
possible to assess the effect of changes in
barometric pressure on the flowrates of methane.
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The paper also describes the leakage flow
into and out of a sealed area based on the
observed changes in barometric pressure. This
was purely a numerical exercise since no mine
measurements were involved, but some useful
design relationships emerged from the
investigation.

Measurement of Barometric Pressure

In 1983, the author and a colleague described
how a commercially available absolute-pressure
transducer was used in the construction of an
electronic barometer primarily for use in surveys
of ventilation pressures in mines 1.The pressure
transducer used a quartz crystal to provide an
electrical output signal with a square waveform,
the frequency of which varied with the absolute
pressure.

The transducer was used, together with a
computer-based data-logging system, to record
barometric pressure. The data-logging system
was such that, for an acceptable resolution, the
approximately 40 kHz output signal from the
transducer had to be frequency divided by a
factor of 218or 262 144. This had the convenient
result that the measurement effectively averaged
the barometric pressure over the measuring time
of approximately7 seconds.The system could
reliably detect changes in pressure of about 1 Fa.

The system was set up so as to measure
barometric pressure at intervals of 2 minutes.
The values were recorded on magnetic tape, and
were subsequently transferred to a personal
computer, where they were stored for further
analysis. Unfortunately, problems with the tape
drive, which took some time to locate and rectifY,
led to some loss of data during the first year of
operation at the mine. This meant that, during
the first fourteen months, just over 23 per cent
of the data was lost. During the last year of
measurement, this loss decreased to 3,5 per cent.
In all, almost half a million barometric-pressure
values were available for analysis.
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I Analysis of Measurements

Barometric pressure is subject to essentially two
influences. The first is the tidal influence, which
results in two full pressure cycles per day, with
maxima occurring at around 08.00 and 23.00,
and minima at around 01.00 and 17.00. The
second influence is the weather, which results in
longer-term rises or falls in pressure. Both of
these are illustrated in Figure 1, which shows
typical results for a period of eleven days. Tidal
variations are very apparent, as are the longer-
term trends.

The first step in the analysis involved some
smoothing of the data. Two considerations made
this necessary. In the first instance, there was a
need to remove the very short-term fluctuations
in the data, which are also apparent in Figure 1.
The second consideration was the need to be
a~le t~ easily determine rates of pressure change
with time. Both these requirements were met by
the use of the Fourier transform.

The Fourier transform enables a time-
varying quantity to be replaced by a series of
sinusoidally varying components and a constant
value. In the case of barometric pressure, the
constant-value component corresponds to the
average barometric pressure. The sinusoidally
varying components have frequencies varying
from the fundamental, or lowest-frequency,
component through the first, second, third, etc.
harmonic up to the highest frequency of interest.

85,

8

84,8

84,6

84,4

84,2

83,6

83,4

83,2

83

82.8

82,6

222 223 224 225 226 227 228 229 230 231 232 233

Time, days

~igure 1-Qbserved barometric pressures during a period when there was a long-term fall
In pressure

~ 134 JUNE 1994

The restriction of the number of components
used in the reconstruction of the original'time-
varying quantity achieves a smoothing of the
data. In addition, the determination of the rate of
change with time is then very easy.

Figure 2 covers a portion of the time period
shown in Figure 1, and shows both the observed
pressures and the calculated pressures, which
were obtained from the Fourier series using all
terms with a period of one hour or longer. This
period was selected since it appeared to give a
satisfactory degree of smoothing.

One of the main areas of concern regarding
changes in barometric pressure is the increased
gas emissions that result from a fall in
barometric pressure, and further analysis of the
data concentrated on falls in pressure.

An examination of Figure 1 shows that there
are two types of fall in barometric pressure. The
first is associated with tidal changes, and is
essentially short term, occurring twice per day.
This is very clearly seen in Figure 1, particularly
from 227 to 229 days. Another fall in pressure
occurs over longer periods owing to weather
effects. Fauconnier2 has drawn attention to this,
and maintains that many methane explosions in
South Africarl mines have occurred near the end
of such falls in pressure. An example of this type
of fall in pressure is also shown in Figure 1, and
occurs from days 224,4 to 230,7.

Short-term falls in pressure were analysed
from the two maximum and the two minimum
values that were recorded each day. The identifi-
cation of these values is easy when there is no
long-term change in pressure. However, when
there is a long-term rise in pressure, such as
from days 222,6 to 223,5 in Figure 1, it is not as
easy to identify the maximum and minimum
values.

Once the maximum and minimum values
had been identified, the following values were
calculated for each fall in pressure:

~ magnitude of the fall (maximum
value-minimum value)

~ duration of the fall
~ mean rate of the fall (magnitude/duration)
~ peak rate of the fall (calculated from the

Fourier components).

An examination of the data relating to 1323
short-term falls in pressure gave an indication
that the winter period is comparatively calm
with fewer large falls in pressure and large ;ates
of fall in pressure. Figures 3 and 4 give
histograms of the mean and peak rates of fall in
pressure. These show that the mean rates of fall
very seldom exceeded 100 Pa/h, and the peak
rates of fall very seldom exceeded 400 Fa/h.

The Journal of The South African Institute of Mining and Metallurgy
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Figure 3-Histogram of mean rate of fall in pressure during short-term falls in pressure

High peak rates of fall do not always occur
during high mean rates of fall, and this is of
importance in the development of warning
systems.

Long-term falls in pressure were analysed in
a similar way, except that the peak rate of fall in
pressure was now not relevant.
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The results of this analysis, which covers
105 long-term falls in pressure, show no clear
seasonal picture.The histogram plotted in Figure
5 shows that comparatively few long-term falls
in pressure exceed a mean rate of fall of 25 ra/h.

Effects of Barometric Pressure on Mine
Conditions

As mentionedearlier, there are essentiallyonly
two situations in which changes in barometric
pressure can influence conditions in a mine.

The first is the primary emission of gas into
the mine workings, whether from fissures or
from the surrounding strata. It is obviously not
possible to make any general statement about
the effect of changes in barometric pressure on
gas flowrates because this depends upon
conditions in the mine.

One of the reasons that most of the
recordings of barometric pressure were made at
Majuba Colliery was that the mine was operating
a methane-drainage system. This system
comprised several methane-drainage boreholes
connectedto a pipe system leading out of the
mine. Although the long-term plan was to use a
vacuum pump, this had not yet been commis-
sioned, and the driving force for flow through
the drainage system was provided by the
pressure of methane in the coal (pressures as
high as 1,6 MPa had been measured) and the
low pressure created by methane in a vertical
pipe columnof approximately 300 m in length.

The data-loggingsystem describedearlier
was also used in the measurement of flowrates
in this methane-drainage system. This was
achievedthrough theuseof a differential
pressure transducer connected across an orifice
plate.

While the system of measurement resulted in
considerable scatter in the readings, it was
always possible to determine trends in the gas
flowrate over periods of a few hours and more.
The main factoraffectingthe rate of gas flow
was the number of boreholes connected to the
drainage system, and there was never any
indication that changes in barometric pressure
were affecting the flow.

This is illustrated in Figure 6, which shows
the flowrateof methaneduring the period for
which the changes in barometric pressure are
shown in Figure 1. It can be seen that the
eleven-day period covered a substantial long-
term fall in pressure, and that there were also
several substantial short-term falls in pressure.
The only trend apparent in the gas-flow readings
was a slight long-term declinein flowrate,and
there is no indication that changes in barometric
pressure were havingany effect.
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While this result is to be expected under the
circumstances existing at Majuba, where the in-
seam gas pressure is very high and a change of
a few kilopascals in barometric pressure makes a
very small change in the overall pressure
difference causing the methane flow, it must not
be concluded that it will apply under all circum-
stances. Further work is obviously necessary in
this area.

The second situation in which changes in
barometric pressure can influence conditions
occurs when there are large unventilated, or
poorly ventilated, areas. Examples of these are
goaf areas and worked-out areas, whether sealed
or not. Fauconnier and Beukes3.4examined one
particular aspect of this situation, that of
obtaining reliable gas samples from sealed areas
in collieries.

Air will flow into such an unventilated area
when the pressure outside the area is higher
than the pressure in the area. This is most
commonly during periods of rising barometric
pressure, but, as will be shown, air can also flow
into the area during times when the barometric
pressure is falling. Conversely, when the
barometric pressure in the mine is lower than the
pressure in the area (usually during periods of
falling barometric pressure), some of the air-gas
mixture will flow from the area into the mine
workings.

It was not possible to carry out any
measurements for this situation, but the large
available amount of data on variations in
barometric pressure suggested that the analysis
of this situation by means of computer
simulations could be useful. The remainder of
this paper describes this work, in which it was
assumed that the variations in barometric
pressure that were observed at the surface also
prevailed on the outbye side of the underground
areas.

This assumption requires some justification.
Barometric pressures in a mine are obviously
also affected by the operation of the fans in the
ventilation system, but the changes in
barometric pressure occurring at the surface
occur throughout the mine. Figure 7 illustrates
this. The barometric pressures plotted in this
figure were recorded in a deep gold mine at a
depth of about 2400 m below surface.

The Joumal of The South African Institute of Mining and Metaliurgy
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Although no simultaneous measurements

were made on surface, a comparison of Figure 7

with Figure 1 shows little difference in the general

pattern of the pressure changes. In addition to this,

Fauconnier and Beukes4, who carried out a series

of tests in which barometric pressures were

measured both on surface and at various positions

underground in a colliery, concluded that there

were very close relationships between the

barometric pressures underground and on surface.

These findings supported the use of the recorded

pressure data in the simulation exercises.

It is of interest to note the effect of a fan
stoppage as shown in Figure 7. This stoppage

occurred from day 85,27 to day 85,44, and

resulted in an increase in pressure of about

300 Fa.

Theoretical Basis

87

A full analysis of this situation becomes very
complex if attempts are made to determine the

mixing of the in-flowing air with the air-gas

mixture present in the area. However, it is possible

to reach some very useful general conclusions if
this aspect of the problem is ignored and it is

assumed that the area contains only air. Under

these assumptions, the simple application of the

universal gas equation and an equation describing

flow through the seals (if present) can be used.
The universal gas equation is

PV = mRgT,

where P = absolutepressure
V = volume
m = mass of gas (air)
Rg = gas constant (0,287 kJ/kg'K

for air)
T = absolute temperature.

Re-arrangement of this equation yields

V
m- P- RgT

.

Thus, the mass of gas (or air) present in an
area is directly proportional to the absolute
pressure and, as a result, the change in the mass
of gas present in the area, Mn, is also directly
proportional to the change in the absolute
pressure, bP.

&n = ~ M.
RgT

This very simple equation can be applied directly
to the situation where the area is not sealed-a
longwall goaf for example-and can be further
extended to give the mass flowrate of gas, M, in
terms of the rate of change in barometric pressure

dP
dt

.

M=~.dP.
RgT d t
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When an area is sealed, the pressure in the

area is not necessarily the same as the pressure

in the adjacent mine workings, and an analysis

of the situation must allow for the pressure-flow

characteristics of the seals.
Some measurements of air-stopping resistance

in bord-and-pillar coal mines have been reported
by Deglon and Hemp". The results are summarized

in Table I. The measurements resulting in these

flow relationships covered pressure differentials

from about 40 Pa up to about 1200 Pa, and it is
interesting that, in all cases, the flow relationship

follows a square law, or is close to a square law. It

is not known whether the square-law relationship
continues to apply at much lower differential

pressures and flows.

Table I

Air-stopping resistance in a bord-and-pillar coal mine
(after Deglon and Hemp5)

Type of stopping

Concrete block wall, as constructed in a colliery
where ground conditions are poor

Plastic brattice

Wall as in 1 above, but sealed

Well-constructed and sealed concrete-block wall
in a colliery with good ground conditions

~ 138

.Q represents cubic metres per second (m'/s)
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These simple relationships were used'in the
development of a computer program that used a
given variation in barometric pressure in the
calculation of leakage flows into and out of a
sealed area. Such flows are analogous to the
flow of electric current in a series resistance-
capacitance circuit, and this gave some useful
indications as to methods for the analysis of the
results.

Computer Simulations

In view of the analogy to the flow of electric
current, the fIrst simulations involved sinusoidal
variations in barometric pressure. As most
electrical circuits are linear, the simulation
started with an assumption of laminar flow
through the seals. Additional work was done
using a square-law relationship, which was
indicated by the measurements of Table I for
stoppings subjected to moderate pressures.

The results of the simulations are shown in
Figure 8, which is a log-log graph, the ordinate
showing the maximum flowrate (in m3/s) into or
out of the sealed area divided by the volume of
the sealed area (in m3). The abscissa is the
product of seal resistance and volume in the case
of laminar flow, and the product of the square
root of seal resistance and volume when there is
a square-law flow relationship.

This fIgure yields the following valuable
relationships.

(1) The ratio of the maximum flowrate to the
volume of the sealed area depends upon
the product of seal resistance and volume
for laminar flow, and upon the product of
the square root of seal resistance and
volume for square-law flow.

(2) At low values of the resistance-volume
product, the ratio of maximum flowrate to
volume is independent of the seal
resistance and the volume, and has a
value given by the universal gas equation:

Q/V = .!!.- = ~ (dP)
wV wRgT (dt)max'

where Q = maximum flowrate
w = density.

(3) At high values of the resistance-volume
product, the ratio of maximum flowrate to
volume decreases by a factor of 10 for
each tenfold increase in the resistance-
volume product.

(4) There is a comparativelysmall region
where the actual values depart from the
two straight-line relationships.

The Joumal of The South African Institute of Mining and Metallurgy
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Further work shows that the abscissa can, in
more general terms, be plotted in terms of a
dimensionless number. When the flow through
the seals is laminar, the dimensionless number
is

R V
2:n:f--,

wRgT

wherefis the frequency ofthe sinusoidal change
in pressure. For square-law flow through the
seals, the dimensionless number is

2:n:fffi ~~,
w RgT

where /).p is the magnitude of the sinusoidal
change in pressure. (The barometric pressure
varies from Po - /).pto Po+ fJJ. )

In both these equations, the density value
applies to the gas leaking through the seals,
whereas the RgT term describes the condition of
the gas present in the sealed area. For both
leakage-flow situations, the dimensionless
number has a value of 1 at the intersection of
the two straight-line portions of the graphs, as
mentionedearlier. .

Figure 9 shows the data of Figure 8 plotted
in terms of these dimensionless numbers on the
abscissa. In Figure 9, the ordinate is the ratio of
maximum flowrate to that at low values of seal
resistance.
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Figure 9- Relative response of the sealed area to sinusoidal variations in barometric
pressure
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A final conclusion from the work on
sinusoidally varying pressures is that, for
laminar- and turbulent-flow respectively, when
the dimensionless number is equal to 1, the
maximum ratio of flowrate to volume is 70,7 and
75 per cent of the value when the resistance-
volume product is low.

The former observations all apply to
sinusoidal variations in barometric pressure.
Actual changes in barometric pressure were
investigated in five separate 'test periods'
selected from the recorded barometric-pressure
data. Each of the periods was selected so as to
include a long-term fall in barometric pressure.
The data shown in Figure 1 apply to a typical
test period (number 3). In all cases, smoothed
data were used. (All the Fourier-analysis terms
for a period of 1 hour or longer were used in the
reconstruction of the barometric-pressure data.)

Table n gives some statistical information on
the five test periods selected. The short-term
data refer to the highest rate of fall in pressure
(both average rate and maximum rate) during
the test period.

The effect of these changes in barometric
pressure on the leakage in sealed areas is
perhaps best illustrated through the initial
assumption of a fairly low seal-resistance value.
Figures 10 and 11 show the results of this
simulation for a volume of 250000 m3, and refer
to test period no. 3 (Figure 1).

Figure 10 shows the flowrate for a portion of
the test period covering the short-term data
listed in Table n. If leakage from the area is of
concern, one value that could characterize the
short-term situation is the maximum flowrate
from the area. This occurs at about 227,5 days
and has a value of about 0,11 m3/s.

The effect of the long-term fall in pressure is
illustrated in Figure 11, which shows the
cumulative flow. A comparison of this figure with
Figure 1 reveals that the cumulative flow, when
the seals have a low resistance, exactly follows
the barometric pressure. Initially, as the pressure
rises to its peak value of just over 85 kPa, air
flows into the sealed area but, during the
150,7 -hour fall in pressure, there is a cumulative
outflow of just over 6500 m3 from the sealed
area. This cumulative outflow could be used to
characterize the long-term situation.

Further work was therefore concentrated on
these two measures of the response of a sealed
area to changes in barometric pressure: the
maximum flowrate out of the area in response to
a short-term fall in pressure, and the cumulative
outflow from the area in response to a long-term
fall in pressure. As both these values depend
directly on the volume of the sealed area, the
results are best expressed in terms of the ratio of
the flowrate (or flow) to the volume of the sealed
area.
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Figure 12 shows this ratio, again for test
period 3. In this figure, the two upper graphs
show the cumulative flow, while the lower
graphs show the maximum flowrate. In each
group, the upper line shows the results for
turbulent flow through the seals, and the lower
line for laminar flow.

These graphs all have the same form as the
graphs obtained for sinusoidal changes in
pressure (Figure 8). At low values of
resistance-volume product, there is no change
but, at higher values, the effect of the complex
nature of the changes in barometric pressure is
apparent. There is, however, a general tenfold
reduction in both cumulative flow and maximum
flowrate for each tenfold increase in
resistance-volume product.

Some interesting relationships emerge from a
more detailed examination of the results for all
five test periods. As noted earlier, for a sinusoidal
variation in pressure, the dimensionless seal-
resistance number has a value of 1 when the
'response' is 70,7 and 75 per cent of the low
resistance value for laminar and turbulent flow
respectively. If it is assumed that the same ratios
apply when actual variations in barometric
pressure are simulated, then it is possible to
obtain values for the effective frequency of the
fluctuations in barometric pressure from the
laminar-flow simulations, and values for the
effective magnitude of fluctuations in barometric
pressure from the turbulent-flow simulations.
The results of these calculations are illustrated in
Figures 13 and 14.

Figure 13 shows the results from the
laminar-flow simulations, In this figure, the
effective frequency is expressed in terms of the
period of the fluctuation. The figure shows a
poor correlation between the effective period and
the observed duration of the fall in pressure for
long-term falls in pressure. A better correlation
is evident for short-term falls in pressure.

Figure 14 gives the results from the
turbulent-flow simulations, which show a
reasonable correlation between the effective
pressure change and the observed fall in
pressure. In the case of long-term falls in
pressure, the effective pressure change is some
40 per cent of the observed fall in pressure
whereas, for short-term falls in pressure, there is
good agreement between the two sets of values.

The Joumal of The South African Institute of Mining and Metallurgy
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Figure 12-Variation of both maximum flowrate and cumulative flow with seal resistance in
response to observed variations in barometric pressure

Practical Applications

The practical applications of the simulation work
fall into three categories:

~ the estimation of possible leakages, and
the associated assessment of seal
requirements to achieve a given reduction
in leakage

0 20 40 60 80 100 120 140 160 180 200 220 240

Duration of fall in pressure. hours

0 Long term falis + Short term falls

Figure 13-Correlation between the effective period obtained from the simulation work and
the observed duration of fall in pressure during five incidents of both short- and long-term
falls in pressure
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~ the assessment of the performance of
existing seals

~ the determination of sampling times for
obtaining reliable gas samples from sealed
areas.

These applications are now considered in
more detail.

Leakage Flows and Seal Requirements

As mentioned earlier, these are closely
associated problems, and there are two steps in
the calculation procedure.

The first step involves the calculation of
leakage flow when the seal resistance is very
low. The calculations are straight-forward, and
involve the application of the universal gas
equation as described earlier. Information on
likely changes in barometric pressure is
obviously needed, and the statistical information
summarized in Figures 3 to 5 can be used.

When the seal resistance is high enough for
the dimensionless seal-resistance number to be
greater than 1, or where it is necessary to
determine the seals required to reduce the
leakage to an acceptable level, the second step
becomes necessary.

Two approaches are possible.
The first is based on theoretical grounds.

Figure 9, based upon sinusoidal changes in
pressure, shows how the ratio of leakage flow to
volume varies with the dimensionless seal
resistance, relative to the ratio at very low values
of the seal resistance. This figure can be used in
a determination either of the value of the
dimensionless seal resistance necessary to
reduce leakage flows to a given value, or of the
flows that will result from a given seal
resistance. Both involve the substitution of
known values in the equations given earlier for
dimensionless seal resistance.

This approach has obvious limitations.
Firstly, as shown by a comparison of Figure 10
with Figure 8, the response of sealed areas to
actual variations in barometric pressure, while
showing obvious similarities to the situation
where barometric pressure varies sinusoidally,
also shows important differences in detail.
Secondly, the analysis of the results from the five
test-period simulations (summarized in Figures
13 and 14) indicates problems, some of them
severe, in obtaining effective period and
magnitude values from the characteristic data for
the changes in barometric pressure.

An alternative approach involves the direct
use of the results obtained from the five test-
period simulations.
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Figure 14-Correlation between the effective pressure change obtained from the simulation
work and the observed fall in pressure during five incidents of both short- and long-term
falls in pressure
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Figure 15 shows the values of the product of
resistance (or square-root resistance) and
volume necessary to obtain leakage flows of one
tenth of the maximum possible flows, These
values vary but, while there is a generally fairly
consistent difference between the laminar - and
turbulent-flow simulations, there is an even
larger difference between the results for the
different test periods. It appears that test-period
2 requires the highest seal resistance to give the
90 per cent reduction in short-term flows, whilst
test-period 4 requires the highest seal resistance
for a 90 per cent reduction in long-term flows.

The test periods were selected so as to cover
some of the highest falls in barometric pressure
recorded during the measurement programme. If
these test periods are considered to be a fair
representation of likely changes in barometric
pressure on the highveld, then the results given
in Figure 15 indicate the following requirements
for a 90 per cent reduction in flow:

Short-term falls: Laminar flow
RV =21 X 106 kPa's
Turbulent flow
../RV = 22 x 106 kPa'/z.s

Laminar flow

RV =310 X 106 kPa's
Turbulent flow

"./RV = 390 x 106 kPa'/z.s.

(Rg = 0,287 kJ/kg'K and the temperature is
20°C.)

Figure 9 can be used with reasonable
confidence to give corresponding values for
other reductions in flow. For example, a
reduction in flow of 99 per cent would require
values ten times higher than the given ones.

An examination of these pressure values and
the stopping-resistance values given in Table I
indicates that stoppings, as generally used for air
control in bord-and-pillar collieries, even if of a
high standard, will be effective in reducing
leakage only if a small number are needed to
seal a very large area.

This can be illustrated by a situation in
which 4 stoppings, each with a flow relationship
of p

= 40 Q2 (fairly close to P = 23 Qt,7), are used
to seal an area. The combined resistance of the
four seals is 2,5. Ifleakage as a result of short-
term falls in barometric pressure is to be reduced
to 10 per cent of its unsealed value, then the
sealed area must have a volume of just under
14 x 106 m3. This volume is very much higher if
a 90 per cent reduction is required in flows
resulting from long-term falls in pressure.

Long-term falls:

The Joumal of The South African Institute of Mining and Metallurgy
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AssessmentofSealPedormance

The simulation work for the five test periods
yielded two methods that can be used in the
assessment of the performance of the seals in an
existing sealed area.

The first method results from an analysis of
the differential pressures existing across the
seals during the five test periods. Figure 16
shows one of the results of this analysis. In this
graph, the ordinate is the seal differential
pressure that is exceeded by only 10 per cent of
the readings, while the abscissa is the
dimensionless seal-resistance number. of the
two groups of lines in this figure, the upper pair
refer to laminar flow, while the lower pair refer
to turbulent flow. In each case, the two plotted
lines are the extremes of the results obtained for
the five test periods.

An obvious difference between the graphs
for laminar and turbulent flow is the very
different pattern when the dimensionless seal-
resistance number is less than 1. As there is no
way of knowing whether the seal flow charac-
teristic is laminar or turbulent (other than from a
comprehensive set of leakage measurements,
which would on their own provide a full
assessment of seal performance), this method
cannot be used to establish dimensionless seal-
resistance values that are less than 1.

-1 0 1

Log 10 (Dimensionless seal resislance)

Laminar (upper) Turbulent (lower)

2

Figure 1~Vari~o~ of se~1 differential pressure exceeded by 10 per cent of the

observations With dlmenslonless seal resistance
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The method involves the collection of a set of
seal differential-pressure measurements,
preferably spaced reasonably uniformly in time
and covering a period when reasonably large
changes in barometric pressure occurred. The
differential pressure exceeded by 10 per cent of
the measurements is easily determined, and
reference to Figure 16 will yield an approximate
value for the dimensionless seal-resistance
number.

As already mentioned, this does not work for
values less than 1, but such values imply that
the seals are doing very little to reduce leakage
into or out of the sealed area, and this is an
important finding.

The second method for the assessment of
seal performance requires more detailed
measurements. If both barometric pressures and
seal differential pressures are measured over a
reasonable period of time, several techniques can
be used in the evaluation of the seal resistance.
One possibility is the use of the observed
barometric pressures in a simulation of the
response of the sealed area. A trial-and-error
approach would establish the value of seal
resistance that would give the best agreement
between the observed and the predicted seal
differential pressures. A similar procedure would
involve the use of the phase relationships
between the barometric pressure and the seal
differential pressure to establish an approximate
value for the dimensionless seal-resistance
number.

The last-mentioned method is best illustrated
by the assumption of a simple sinusoidal
variation in barometric pressure. Figures 17 to
19 show the results of a simulation involving
three different values of the dimensionless seal-
resistance number: 0,316 (IIVlO), 1,0, and
3,162 (vl0). Figure 17 shows the assumed
sinusoidal variation in barometric pressure,
Figure 18 illustrates the resulting variation in
seal differential pressure for the three values of
the dimensionless seal-resistance number for
laminar flow, and Figure 19 gives the
corresponding variations for turbulent flow. In
these three figures, the vertical lines mark the
period during which the barometric pressure was
falling.
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The change in the phase re1ationship~ as the

dimensionless seal-resistance number increased

is readily seen. The barometric pressure

decreased from 3 to 9 hours. When the

dimensionless seal resistance had a value of

0,316, there was only a very slight lag in the

seal differential pressure, and this had a

negative value (implying leakage from the sealed

area) for virtually the same period. When the

dimensionless seal resistance was increased to 1,

the lag increased to between 1 and 1,5 hours,

and the further increase in dimensionless seal

resistance to 3,162 resulted in the lag increasing

to about 2,5 hours, the seal differential pressure

then being almost in phase with the barometric

pressure.

Put in another way, when the dimensionless

seal resistance had a value of much less than 1,

leakage occurred into the area during periods of

rising barometric pressure, and from the area

during periods of falling barometric pressure.

When the dimensionless seal resistance was

much greater than 1, there was a considerable

delay from the start of a rising barometric

pressure before the leakage reversed and started

flowing into the area, and a similar delay from

the start of a falling barometric pressure before

the leakage again reversed and started flowing

out of the area.

While these features are easily recognized for

the simple case of a sinusoidally varying

barometric pressure, they are not as easy to

recognize in practice, particularly during periods

when there is a long-term general increase or

decrease in barometric pressure. However, when

the general long-term trend is steady, the

features can be recognized. This is illustrated by

simulation results from a sixth test period, which

was selected so as to cover a period when the

long-term trend was fairly steady.

Figure 20 shows the observed (but

smoothed) barometric pressures recorded on one

day of the six days covered by the test period. In

this, and in Figures 21 to 23, the two vertical

lines again mark the period during which the

major fall in barometric pressure of the day took

place.

Figure 21 shows the rate of change in

barometric pressure, while Figures 22 and 23

show the seal differential pressure for the three

different values of the dimensionless seal-

resistance number (0,316, 1,000, and 3,162) for

laminar and turbulent flow through the seal,

respectively. The progressive increase in the lag

as the seal resistance increased is easily seen.

The Joumal of The South Afncan Institute of Mining and Metallurgy
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Optimum Sampling Times

The pioneering work of Fauconnier and
Beukes4,s in this area was referred to earlier. Gas

samples, which are reasonably representative of

the atmosphere present in a sealed area, must be

drawn from behind a seal during a period when

leakage is taking place from the sealed area. The

samples should preferably be taken towards the

end of the period, when it is most likely that

fresh air that leaked into the area during the

preceding cycle has already been expelled.

The measurement of seal differential

pressure provides a simple direct means of

determining the direction of leakage, and a

series of such measurements will establish the

pattern of leakage flows. However, if for any

reason it is not possible to make these

measurements, observations of barometric

pressure can be used.

Figures 22 and 23 show that, irrespective of

the value of the dimensionless seal resistance,

flow is always out of the sealed area when the

barometric pressure is at its minimum. Leakage

continues out of the sealed area after the

barometric-pressure minimum, but the time

during which this occurs depends upon the

dimensionless seal resistance. Figures 22 and 23

show that this period is very short at low values

of dimensionless seal resistance, but can extend

to more than an hour at high values.

Conclusions

Changes in barometric pressure are just one of
the many factors that can influence atmospheric

conditions in mines. However, that they do have
an influence is not open to question. This being
so, it is important that managements should

have a knowledge of the way in which
barometric pressures change, and an
understanding of how these changes can affect
underground conditions

The first part of this paper, describing the
collection of barometric-pressure measurements
and their statistical analysis, has provided what
is hoped is a substantial body of information on
barometric pressures on the highveld. The
statistical information presented is obviously not
exhaustive.
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The second part of the paper, dealing with
the development of an understanding of how
changes in barometric pressure affect conditions
in mines, is obviously only a preliminary
examination of the problem. Areas for future
work include underground measurements to
provide data for comparison with simulated
results, a more comprehensive examination of
the problem of gas emission from strata, and
investigations into the two areas for which the
simulation program had to make assumptions:
the flow law for leakage through seals, and the
mixing of leakage flows into a sealed area with
the gas already present there.

Notwithstanding these reservations, it is felt
that the simulation exercises have led both to a
better understanding of the problem of leakage
flows into and out of sealed and unsealed areas,
and to methods for the design and assessment of
seals. .
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