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ABSTRACT: The coal mining industry in the United Kingdom has long recognized the importance of
monitoring underground environmental parameters. These mainly include, methane, carbon dioxide, carbon
monoxide, hydrogen sulphide, temperature, humidity and air velocity. To comply with legislation
underground environmental monitoring in UK Collieries was initially developed by British Coal in the late
1960's. Regulations in the UK are amongst the strictest in the world and this has led to the development of
sophisticated monitoring equipment. Environmental monitoring is now a routine for all mines and is carried
out not only to satisfy legal requirements but to increase the safety of the mine in general.

OZET: Ingiltere'de komiir madenciligi yeralti ocak havasi parametrelerinin gozlenmesinin 6nemini uzun
siiredir bilmektdir. Bu gozlemler bashca; metan, karbondioksit, karbonmonoksit, kiikiirtlii hidrojen, sicaklik,
nem ve hava hizim icermektedir. Yonetmelik geregi, 196011 yillarn sonlarma dogru Ingiliz isletmeleri
tarafindan, komiir madenlerinde yerals hava gozlem sistemleri gelistirilmeye basglanmmstir.  Ingiliz

yonetmelikleri diinyadaki en kati olanlardandir, bu ise gelismis gozlem ekipmanlarinin yapilmasina imkan
saglamistir. Yeralt1 havasinin g6zlenmesi bugiin biitiin ocaklarda uygulanmakta olup, bu yamzca yasal bir
zorunlulugun yerine getirilmesi icin degil, ayni zamanda madenin genel anlamda emniyetinin artrmak icin

yapilmaktadir.

1. INTRODUCTION

On a purely safety basis it makes sense to use an
underground monitoring system. In the past miners
relied on the flame safety lamp to detect the presence
of dangerous gases and as technology developed
portable instruments became available. As time wore
on portable instruments became more sophisticated
and perhaps more importantly were supported by the
use of fixed instruments that were capable of
continuos monitoring. Fixed sensors were
introduced into British Coal Mines in the late 1960's
and within a decade there were approximately 8500
hand held methane detectors and some 300 fixed
methane detectors in use (Morris & Gray, 1977). It
quickly became evident that the development of fixed
sensors was the key to a mine wide environmental
monitoring system. They alleviated the difficulties
associated with the use of hand held instruments such
as, high cost of labour, the limited value of spot
readings and the frequency of the observations.

Opver the years fixed sensors became more numerous
and are now in common use in every large coal mine.
This paper presents a description of some of the state
of the art monitoring equipment that is currently
available within the UK.

2. UNDERGROUND ENVIRONMENTAL
MONITORING

Coal mining in the UK has undergone a radical
change and all of the former British Coal mines are
now in the private sector. British Coal initiated a
comprehensive environmental monitoring system that
was installed in the- 1970's recognizing the need to
monitor underground environmental parameters for
safety and production requirements. The quality and
state of the underground air must be tested for
contaminants according to mining legislation which
states that the quantities of noxious, asphyxiant or
inflammable gases must be less than a specified level.
Environmental monitoring is now a routine for all
mines and is carried out not only to satisfy the legal
requirement but to increase the safety of the mine in
general.

There are now two main forms of environmental

monitoring in use and these are fixed and portable
systems.

3. FDCED SYSTEMS

An older form of environmental monitoring is that
provided by the tube-bundle system. In this system
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Diagram of aRed-Time Automated Monitoring

and Control Sysem (after Hormozdi, 1979).

mine ar is drawn through small diameter plastic
tubes and analysed at the surface. A tube istaken to
aparticular sampling point and athough each sample
stays discrete a number of tubes are dustered as a
bundle for easier sample transportation. The mgjor
drawback of this sysem is the dday associated with
the travelling and Sampling time of the gas. Thiscan
be up to 2 hours long 90 the syslem cannot be
regarded as providing red-time knowledge of the
mine&l e

The mog important environmentd information isthet
provided by ared-time sysem. Theserey on the
useof dec%]rm%ansrunﬂﬂsth%tfpég;lelnrf&rlnmm
covering the whole spectrum us pollutants
(Hormngzdi,_ 1979). By us n% transducers and
electronic sgnal transmission the colliery control
room knows ingtantly the condition of the mine
aimosphere and there can be no doubt that such
systems are invaluable to the ssfe and productive
operation of any mine (Figure 1).

3.1 Reguirements and Components of a Red-
ime Monitoring Sysem

Some essential requirements of a real-time
environmental monitoring sysemare,

1 reliable dectronic transducers,

2 fagt responsetime to changing
environmentd parameters,

3. ingantaneous data transmisson.

Thisligt ishot exhaugtive and the find sysem should
dodl thetis to achieveinformation thet isa
true reflection of the underground conditions a an
ingant intime.

The basic components of a redl-time environmenta
monitoring sysem are,

1. adetector or sendng head,
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Figure 2

Typical Satus Scentific Environmental Monitors.

Top left - methane  Topright - carbon monoxide
Middle- air vdodity

Bottom |eft-oxygen

2. adata trangmisson sysem,
3. acomputer sysem for datadisplay,
analyses, recording and storage.

Detector heads are used to test for a particular
parameter e.g. methane concentration and provide an
electrical output thet is in aknown proportion to the
guantity of contaminant in the sample. Thissgnd is
then sent by adatatrangmisson sysem to the surface
where it iS received by a computer and stored for
further use.

32

The sgnd or voltage produced by an environmentdl
monitor as a response to the presence of a
contaminant istranamitted to the surface by amedium
known as mult|ple<|n?. Multiplexing is a method
whereby a number of signals are combined and
transmitted together along a single line. The
andogue voltage from the monitor is converted into a
digit s%nal. Two forms of multiplexing can be
used and these are,

Data Trangmission Sysem

1 ]Eimedivis'gn multipleiing (TDM),
2 requency divison multiplexi
(I%M). o

In time divison multiplexing the sgnd from each
monitor is transmitted digital ¥_as asgries of pulses
aong with an identity pulse. The number of Sgnds

Boattom right - POC's

thet can be transmitted depends on the frequency of
the pulses. Only information from onetrggmluce_r is
trangmitted at any one time, Freqfuency divison
multiplexing is Smilar but varies the frequency of the
tranamitted signal. Each transducer sgnd "has its
own encoder with an associated frequency. M
sgnds can be tranamitted at the same time in FDM.
The FDM sygem ismore expengive than TDM but is
less susceptible to dectricd interference.

4, INSTRUMENT CALIBRATION

It is imperative that a comprehensive cdibration
policy isin effect otherwise substantial benefit from
the sensors will be lost. There are a number of
factors that can affect the cdibration of an insrument
In the case of a methane detector its use in a high
methane environment can cause poisoning of the
sensor and the presence of other hydrocarbons can
cause the sensor to indicate a fase reading of
methane. A vane-type anemometer may Jose its
cdlibration due to dust on the vanes or have Suffered
some mechanical damage. Whatever the possible
cause of an ingrument losing its calibration the only
solution is to regularly check it. Tr;;(?ene_rdly
involves removing the insrument and ing it for
calibration teging to either the manufacturer of a

suitable technical service centre.  This can be
expendve and necessitates a store of replacement

ingruments. Idedlly, a portable cdibration sysem
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would be favourable since it would reduce the need
to remove ingruments that may be in caibration for
checking. With the inevitable strive for cost cutting
such afadlity would beinvaduable.

5. TYPICAL ENVIRONMENTAL SENSORS

A number of instruments are now available to
monitor a large range of gases and it is intended to
concentrate on a detailed description of two very
common types of sensor, the methane sensor and the
ar velocity sensor.  Figure 2 shows a number of
different insruments that form the Status Scientific
Control ingrument family.

51 Mehae
Concantration

For the purpose of this
paper information on
Instruments  were
supplied from Status
Saentific Controls Ltd.
This com) designs
and manuractures a full
range of modern, fixed
and portable gas
detection, equipment, air
velocity — equipment,
power and battery units
and outdtations.

A typical generd air body
methane concentration
detector isthe Satustype
CH4/O3 methane system,
illustrated bg Figure 3.
The CH4/03 system is
comlpn?gglpl of ang
reguletor/di unit

:g methane sensoa] r head
which can be placed up
to 3I m (;Ias;a)lnt from the
regulator/display section.
Theregulator/diplay unit
contains the circuitry to perform power supply
regulation, and tranamit its signa to an outstation.
The CHA4/03 monitors continuousy and a relay
circuit within it has the ability to shut-down dectrica
power in adistrict when methane levels reach apre-
st darm point.  The instrument range is 0 to 3%

methane a an accuracy of +0.1% methane by
volume, or +8% of the true value, whichever isthe
larger. The CH4/03 monitor utilizes the standard
British Cod 0.4 - 2 VV andogue output (to BS5754)
for deta transmisson purposes. It dso features an
LCD display which can indicate the methane
concentration, ‘power’, ‘fault’ and ‘over-range
conditions. The CH4/03 can be powered by a
number of external power sources.

Figure 3.

A Status Methane Unit and
Sensor.

The sending head of the CH4/03 contains a pair of
Pelllstors housed behind a pair of sintered metal
ilters between which is sandwiched an active carbon
cloth filter. A filter is used as protection against
substances which may poison the pdllistors. Gasis
adlowed to reach the pédlistor by naturdl diffusion.
Electrical current flows through the cataytic dements
(pellistors) which are arranged into a Whesatstone
bridge. The methane present in the senaing chamber
is oxidised and the heet from this reaction incresses
the temperature of the catalytic dementsresultingina
change of their electrical resistance. One of the
pelistors is an active catalytic detector whilst the
other is non-active and ‘provides temperature
compensationr  The methane concentration is
proportiona to the change in resistance and in the
_ _ case of the CH4/03 is
' ' ¥ |inear over the 0 - 3%
messurement range. This
type of sensing head is
only suitable for methane
concentrations of less
than 5% in air dthough
heads to measure
concentrations from O -
100% are available. At
concentrations in excess
of 5% methane, oxygen
content can be decreased
which may result in an
incorrect reading. If the
(])g/qen content 1s below
2%, perhgps dueto very
high levels of methane or
another gas such as
carbon dioxide, a fase
low reading will be
obtained. Responsetime
of the sensor head is
gpproximatdy 10 seconds
to reach 90% of a find
reading. A dummy head
is avallable to check the
regulator unit output
voltages, the calibrated
offset zero and a zero to
greater than full-range

vaiablesgnd-voltage.

In circumstances where the methane concentration is
likely to exceed 5% sensors employ amethod based
on the principle of thermal conductivity. Two
thermal conductivity sensorsareincorporated into the
sensing head and arranged as a Wheatstone bridge.
Ore is kept as areference and is seded in ar while

the other, the active sensor, is ex to the
ar/methane mixture. Current is through both
sensors and if methane is present the active sensor
cools down. The cooling-effect depends on the
concentration of methane and causes the current
flowing through the active sensor to drop resulting in
an imbalance In the bridge from which the methane
concentration can be determined.

18



Problems were experienced with early versons of
methane sensing heads in the late s and early
1970s when it was found that sensor reliability
deteriorated if th% were subjected to methane
concentrations >0.8% and high relative humidities
for long periods of time (Nationa Cod Board,
_198012. “This situation was resolved by the
introduction of more robust pellistors. Méthane
concentration values are very often characterized by
rgpid fluctuationsin level. This can be a problem due
to the inertia of the sensing head which can have a
profound effect on the accul
time interval between
observationsis smdl and
the methane level is |
fluctuating  rapidly.
Research work
(Krzystolik & Swiergrt,
198S) has identified
factors that influence a B
sensng heads response
time. These can be
classified as external
influences such as the
ventilation ram effect
whereby the response
time is reduced due to
ventilation pressure and
correct siting of the
sensing head, and
interna influences such
asthe condruction of the
sengng heed.

52 Air Veodty

A typicd ar velocity
Sengor is the Status type
AV/02/030 velocity
monitor, shown in
Figure 4. Similar to the
CH4/03 it is comprised
of aregulator/display unit
and addatchable sensing
head. The monitor can
mesasure velocity in a
number of ranges from

racy of readings if the

pecidly designed to cope with out of dignment
variations and yaw angles of up to +15° from normd
do not adversdy affect the velocity measurement.
The control unit has a switched powered output tor
an externdly intrinsically ssfe flaneproof rlay so
that power can be cut-off If the measured air velocity
fdlsbdow apre-st levd.

PORTABLE INSTRUMENTS
The smplest and that
which gives only a
limited indication of
environmenta conditions
is the use of portable
detection instruments.
These' range from the
flame ssfety lamp which
can be used to provide an
indication of the presence
of methane ormllack ha%
o to portable
o?géectorsfor arange
of gases. The latest
electronic  instruments
feature  integrated
capabilities that replace
the flame safety lamp,
Spot-reading
methanometers, aspirated
chemicd tubes, portable
oxygen meters and the
canary (for carbon
monoxide testing) by a
sngleunit.

6.1 The SSC Portable
Gas Detector

The Status Scientific
Controls portable %as
detector (Figure 5),
known asthe Mentor, isa
Stete of the art instrument
offering a host of

features. It is a smdl
05 to 30 m/s a an _ gggrn]pact Uglit Ejhat- hgg
accuracy of £10%. The . : i lesign
sensr%y head opergmson Figued. A SausAirVeodty for unﬁgrou%d e ond
the vortex shedding Instrument. is certified for al UK

principle and requires no moving parts. The vortex
shedding pr|nC||oIe_|s where ar flowing past an
obstruction results in the cregtion of vortices in a
region downstream of the obstruction. The vortex
frequency is proportional to air speed and by
messuring thisfreq it is possbleto produce an
electrical output Sgnal thet is proportiond to air
velocity. It Is advantageous to use this type of
sendng heed rather than an anemometer type sensing
head where damage to the vanes by dugt or tampering
can dter the velocity vaue. The sensor has been

mining gpplications.

The unit can be fitted with up to 3 sensors in any
combination of toxic, oxygen and flammable. It can
be calibrated on Ste usng a dedicated automatic
cdibration unit that aso gives ainformation relating
to the performance of the sensors and whether they
need' replacing.  Automatic calibration can be
@'form_ed in 8 minutes and so each insrument can
kept in top condition. A further fegture is the units

datalogging capability. Depending on the frequency
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of each logged reading
the unit can store up to
16 hours worth of data
from 3 sensors. This
data can be downloaded
toaPC (Figure6). This
facility hasbeen used by
the authors to monitor
methane emission
patterns along long wall
coal faces and is mus a
valuableresearch aid.

These instruments are
now gaining popularity

in the
telecommunications
industry, sewer

maintenance and petro-
chemical industries.

7. FACTORS

roadway. The value of
velocity measured in this
part of the roadway is
only a point value and
would not be the truest

possible. In fact the
sensor is in the worst
position for accurate

measurement of velocity.
In the area close to the
rib or roof large changes
in the true airflow may
not be apparent in the
values measured by the
sensing head placed in a
low-flow boundary
layer. Ideally it should
be placed close to the
middle of the roadway
but usually this is not
possible. A method to
overcome this difficulty
is to assume that a

INFLUENCING constant  relationship
THESITING exists between the
OF MONITORS Figure5. The Status Portable Gas velocity measured by

Detect«-. fixed sensing head and

It is to be expected that

the positioning of the

sensing heads of monitors is an important criteriain
achieving representative data.

Recommendations by the US Bureau of Mines advise
that themethane sensing head beplaced at least 30cm
from the roof and well away from the ribsde (Welsh
et al, 1987). Thisisbecause methaneis lighter than
air and the highest concentrations are likely to be
found near theroof. When measuring air velocity the
best placeisthe geometric centre of the airway cross-
section. The sensing head should also be placed in
an area free of obstructions both upstream and
downstream.

For example, consider the placing of an air velocity
sensor in the middle to top right-hand corner of a

the average velocity at

that airway cross-section
(Fisher & Cohen, 198S). If thisis assumed then the
velocity measured by the sensing head can be related
to the true average velocity at the specific cross-
section by a constant. This constant changes with
velocity level. Periodically the vortex-shedding head
of the air velocity monitor was cleaned with a small
brush to removedugt and dirt.

8. ERRORSDUE TO DATA
TRANSMISSION

Once the ingtruments have sent their signal to an
outstation this then sends the data to the surface.
Errors in data transmission can be caused by
interference from eectromagnetic noise. Thiscan be

Fifui»6.

Downloading Data from the Portable Gas Detector to the PC and Printer.
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aproblem in mining but can be minimized by careful
cable shidding and the use of a system whereby once
the colliery control computer receives asignal it asks
the transmitting device to verify the signal. Most
colliery data transmisson systems subject incoming
signalsto anumber of tests to decide whether it is
valid data. However, it was found that most errors
wer e caused not by the data tranamisson system but
by the colliery information syssem computer. It may
have been that actual values for a monitored
parameter were erroneous, i.e. if methane
concentration of 1.01% was observed but the control
computer reported it as 1.11% and this sort of error
cannot be detected without signal verification. This
type of error occurs because the data contains
transmission noise that can be missread as a
different value on de-multiplexing. Tests carried out
by MRDE at Bedlay Calliery to investigate data
inaccuracies of the mines environmental management
system identified two main sources of error (National
Coal Board, 1983). The first was due to the
fluctuating behaviour of some monitored parameters
such as methane concentration and air velocity where
additional signal noise could be enough to produce
erroneous values. The second was caused by
electrical noise and this was identified as the most
significant problem. This problem was resolved by
better earthing and cable shielding. Ultimately, for
the purpose of data analysis, errors associated with
data security during transmission are ignored unless
it is obvious that a reading is vastly different to its
preceding and succeeding values.

In most mines, the monitors send ther information or
signal to an outgtation which waits for ingructions
from the control room computer to send data. The
actual data transmission is usually by time division
multiplexing. The outdation receives asignal from a
monitor continuously but does not send a mean
value, for the time interval that has passed since the
last transmission. This means that the transmitted
data are actually spot values. Thisisno real problem
s0 long asthe level of the monitored parameter has
been fairly congtant over thetimeinterval between the
data transmission. If a parameter is known to be
fluctuating then it would be better to use ingruments
that transmitted a mean value to smooth the
fluctuations. For example (Dixon, 1992), methane
concentration and air velocity often show marked
fluctuations in value and there was no way of
knowing how much variation in value occurred
during the monitoring time interval. Thisisnot ideal
and unfortunatdy is a difficult problem to resolve.

9. CONCLUSION

This paper has briefly reviewed some typical
equipment for use in underground environmental
monitoring systems. A mine is dependent on its
ability to monitor the underground environment and
without the use of modern equipment safety cannot
be guaranteed and lives are put at risk. Thereisa

large range of both fixed and portable equipment
available for what is a relatively small cost when
compared to the overall budget of amine. Thisisa
low priceto pay for safety and knowledge of the sate
of the underground environment.

10. ACKNOWLEDGEMENTS

The authors wish to thank Status Scientific Contral
Ltd for the provision of photographic and technical
material.

11. REFERENCES

MORRIS, LH. and GRAY, G.W. Environmental
Monitoring and Control in the United Kingdom
International Conference on Remote Control &
Monitoring in Mining, United Kingdom, pp. 10.1 -
10.16, 1977.

HORMOZDI, I. A Review of the Developments in
Automatic Monitoring and Control of Mine
Atmospheric Environment. Mineral Engineering
Department, Pennsylvania State University, USA,
1979.

NATIONAL COAL BOARD. Application of
Computer-Based Environmental Monitoring. Mining
Research and Development Establishment, Bretby,
ECSC Research Project 7220-AS/807 (January 1978
- December 1982), 1983.

KRZYSTOLIK, P. and SWIERGOT, F. "
Investigations on the Influence of Some Elements
Determining the Response Time of CH4 Detectors .
Proceedings of the 21st International Conference of
Safety in Mines Research Ingtitutes, Sydney,
Audralia, 10/21-25/1985.

WELSH, J.H., COHEN, A.E. and CHILTON, J.E.

Suggested Minimum Performance Specificationsfor
Underground Coal MineEnvironmental Monitoring
Systems. US Bureau of Mines, Information Circular

9157, pp. 39, 1987.

DKON, D.W. A Statistical Analysis of Monitored
Data for Methane Prediction. PhD thesis, Universty
of Nottingham, 1992.

121






