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ENVIRONMENTAL MONITORING IN THE DONCASTER AREA
OF THE NATIONAL COAL BOARD

ABSTRACT

In the British coal mining industry, during
the last decade, a great deal of environmental
monitoring experience was acquired, particularly
in the Doncaster Area of the Yorkshire coal-
field, which had a long history of spontaneous
combustion and gas emission problems. This
paper summarises the experience obtained and
shows how the introduction and operation of
these systems has resulted in improved technigqu-
es for fire detection and control.
these systems are described in detail with

Some of

emphasis placed on the uses to which output
data are put, and their impact upon management
at colliery level. Reference is also made to
the problems encountered in the development of
such systems and how they were solved.

The paper also makes reference to the
recent Research and Development work of the
NCB's
earch Development Establishment (MRDE), which
was directed to the design and application of

Scientific Department and Mining Res-

a range of underground sensors, and so ensured
continuing progress in this field. The paper
refers briefly to a new comprehensive monitoring

unit and an integrated fire detection and data

___transmitting system which are currently being

assessed in the Yorkshire coalfield.
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The present status of environmental monitor-
ing in the UK is discussed, with particular
reference to its viability and relationship with
other computerised systems.

INTRODUCTION

In the early 1970's MRDE began investigating
the use of computers in operational systems.
Bagworth Colliery in Leicestershire was chosen as
the development site for coal clearance systems
and Brodsworth Colliery in the Doncaster Area
was selected as the site for environmental
monitoring developments. From these early
exercises gradually grew the concept of Mine®
Operating Systems (MINOS) which were developed
by MRDE and operated by standard software
packages purpose-written for those systems.

The NCB's Scientific Department has also
made valuable contributions in this field, and
is continuing to do so - the Department was
solely responsible for pioneering and developing
the tube bundle type environmental monitoring
system for its first ever installation in 1969
at Markham Main Colliery in Doncaster Area.
Since then a great deal of experience has been
acquired with such systems at all Doncaster Area

_Collieries and at many others throughout Yorkshire
S - G

and in the UK. Since the mid 1970's parallel
developments into fire detectors, microcomputer
control and data handling have provided new
understanding of the problems of fire and spon-
taneous combustion detection leading to improved
equipment becoming available,

The choice of Doncaster Area as the testing
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ground for the new equipment was influenced as
much by its history of spontaneous combustion
and gas emission as by the willingness of senior
management to cooperate in attempting to resolve
the problems., While the first three tube bundle
systems in the Area were at Markham, Hatfield and
Bentley and were controlled by electromechanical
timers, the fourth one at Friekley was the first
to incorporate a microprocessor. Ultimately all
the pits in the Doncaster Area were equipped
with tube bundle monitoring systems. The first
MINOS system was installed at Brodsworth to
monitor general body methane, ventilation rates
and methane drainage flows and gas concentrations,
while data from the tube bundle system with its
own Visual Display Unit (VDU) were linked to
the microcomputer to enable tube bundle readings
to be included in the MINOS information display.
In the late 1970's a number of new fixed point
fire detectors, or sensors, for Products of
Combustion (POC) and carbon monoxide were
developed by the Scientific Department and later
installed at Askern, Bentley, Brodsworth, Hatfield
and Rossingtom collieries for underground trials
while hand held versions of carbon monoxide
detectors were tried at several collieries during
spontaneous combustion incidents. An updated
tube bundle dual system, using a DEC LSI 23
microcomputer to store and display data from a
dual Analyser system and up to ten underground
fixed point POC detectors, and a similar number
of carbon monoxide detectors, have now been
installed at Markham Main.
Brodsworth, being the selected development
-site, as well as being one of the larger
_collieries in the Area, is particularly well

equipped and all the above mentioned environment-
al systems are operating at this Colliery. In
addition, the colliery is equipped with MINOS
Coal Clearance and Face Information Disgested
On-line (FIDOD) Installations, the data from all
these systems being processed not only by the
relevant primary computer but also being further

processed and stored as required in a common
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secondary device. Consequently it is at this
colliery that the biggest fund of management
experience and knowledge of environmental systems

has been accumulated.

PHILOSOPHY OF ENVIRONMENTAL
MONITORING
THE REQUIREMENTS
What does a Manager require from an

environmental monitoring system? This will vary
with the circumstances but the requirements can

be summarised as follows:-

1. The earliest possible warning that abnormal
heating is occurring.

25 If, despite the early warning, a fire
develops then the Manager needs to be
informed about the levels of gases in which
men are working,

3 If sealing off has been necessary informat-
ion about changes in atmospheric conditions
behind the seals is

4, The earliest possible indication of the
build up of undesirable concentrations
of CHq.

needed,

It is considered that there are different
requirements for each of these various situations

FIRE DETECTION
Experience over the last decade in the
Doncaster Area has demonstrated the value of
the tube bundle system for giving early warning
of the onset of spontaneous combustion. Where
spontaneous combustion was not detected early
enough it was due te human failings rather than
=to an?"#ﬁiﬁ%?ections in the system. Nevertheless
the need for a fire detector to give a more
rapid indication of fire was demonstrated and the
instruments that were developed for this purpose
are referred to later in this paper.

FIRE FIGHTING
At this stage Managers need to be informed
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about the toxic levels of gases in which men
are working. Thus a high precision of analysis
and knowledge of the exact location of sampling
points are important. Provided there is some
local monitoring protection, speed in checking
analyses is not essential and tube bundles

would provide the most reliable results.

ATMOSPHERE BEHIND SEALS
During this operation of sealing off, the

information required by the Manager must be
complete, i.e., methane and other combustibles,
oxygen and inerts are required. Again, speed
is not essential but accuracy of analysis is of
paramount importance. Here, tube bundles can
provide the necessary information with the
required reliability, by ensuring adequate
sample tube purging followed by high quality

analytical instrumentation.

METHANE CONTROL

There are a number of instruments available
for the detection of methane and these are well
known worldwide. In the UK the BM1 is the
methane detector most used with data transmission
systems but these instruments can also be used
for switching off the power to machinery,

Clearly no one system will satisfy all the
requirements of a colliery and in order to be
able to meet all the above requirements for
monitoring, a system is required which combines
the tube bundle technigque with its advantages
in terms of comprehensiveness, accuracy and
value in abnormal circumstances (e.g., sealing
off), with the underground transducers which
give instantaneous readings capable of being
transmitted to the surface. The tube bundle
system also offers a routine check on the
accuracy of the underground transducers, e.g.,
BM1, BM2H and electrochemical cells measuring
carbon monoxide.

EXPERIENCES WITH MONITORING SYSTEMS
IN THE DONCASTER AREA
THE BRODSWORTH SYSTEM
The Brodsworth system of environmental
monitoring is considered in some detail in this

paper because, by virtue of the comprehensive
nature of the installation, it has generated
the greatest level of management and technical
experience. This experience can be said to
reflect in total that gained at all the other
pits in the Doncaster Area where the systems
based on the tube bundle principle have been
less comprehensive than that at Brodsworth.

ENVIRONMENTAL MONITORING AT BRODSWORTH COLLIERY
Description of the Colliery

Four seams are being worked at Brodsworth
Colliery from two levels (Table 1).

1. At the 580 m level the Barnsley and Dunsil
seams are worked.

a) The Barnsley seam is a fairly gassy
seam (200 litres/s) and liable to
spontaneous combustion.

b) The Dunsil seam, which is being worked
under areas of extracted Barnsley seam,
does not present a firedamp problem,
However, where it is worked under
Barnsley pillars, then a local firedamp
drainage system is required.

2. At the 762 m level the Parkgate and

Thorncliffe seams are worked.

a) The Parkgate seam is fairly gassy
(200 litres/s).
when it is worked in virgin ground and

Wet conditions arise

these, combined with higﬁ temperatures,
produce environmental problems. There
is a sandstone above and below the seam
which creates a frictional ignition risk.
A1l face shearers are equipped with

hollow shaft ventilators.
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TABLE 1
ENVIRONMENTAL CONDITIONS AT BRODSWORTH

Barnsley Dunsil Parkgate Thorncliffe
Seam Section 3.05 151 1.53 1.52
Extraction 2.13 132 1.37 AN 34
No. of Faces 1 2 2 3
Gas Make (General body)% 0.40 0.20-0.90 0.40-0.50 0.30-0.50
*CH
Total Gas Make q2%* 14-75 64-107 100-166
Airflow 10.5 6.80-8.35 12.60-12.80 14,40-17.70
Probability of Highly Rare Not Not
Spontaneous Combustion Probable Probable Probable
Methane Drainage Main Local Main Main
in Operation System System System System
Probability of Low High Moderate
Frictional Ignition

* Conditions vary in the same seam because workings are diverse and the
effects of interaction from other seams varies.

**  The methane drainage on the new unit is not yet effective

b) The Thorncliffe seam is extremely gassy
in the SE section of the take where
sudden emissions of firedamp have
occurred. There are risks of friction-

al ignitions in certain areas of the

take. All face shearers are equipped

with hollow shaft ventilators.

There are 15 general body methane sampling
points using BM1 transducers, 6 airflow measur-
ing stations using either BA2 or BA4 sensing

. heads and 24 _tiibe bundle sampling stations

which providé'a full mine air analysis for each
location.

Methane drainage is practised on one
Barnsley face, two Parkgate faces and two
Thorncliffe faces. The methane is extracted
by surface methane pumps and the gas is utilised

on the surface boilers. BM2H sensors are used

on the input side to the extractor pumps and an
infra-red analyser is used on the output side
of the pumps for monitoring the purity of the
gas.

Description of the Environmental Monitoring

System
The monitoring system comprises two

independent systems.

The Tube Bundle System. This is a standard
Corex tube bundle mine air analysis system which
is controlled by a DEC LS1 11/23 microprocessor,
which has an interface with the MINOS primary
Samples from 24

computer at the colliery.
underground locations are analysed every 30
minutes on a sequential basis. The sample
recovery times vary from 15 to 150 minutes.

The full mine air analysis is displayed on
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the tube bundle VDU in the Control Room. However,
the MINOS display shows only the latest methane
and carbon monoxide levels for each location
(Table 2) and this display is updated every
five minutes.

The microprocessor has a rolling storage
facility for each sampling point of:
ta the last 25 readings,
2, the last 7 days (1 hourly averages), and
3.  the last 14 days (2 hourly averages).

A1l this stored information may be dis-
played in alpha-numeric form on the tube bundle
VDU or printer and 6 days of hourly average
readings or 12 days of 2 hourly average readings
in semi-graphical form on the VDU,

The interface with the MINOS primary
computer allows information from the tube
bundle system to be displayed on the MINOS
VDU's either by itself or with MINOS transducer
information,

The MINOS Environmental Monitoring System.

At present there are 40 transducers monitoring
the environmental state of 6 production units
and 2 outbye locations. A relevant selection
of the following parameters is monitored for
each unit.

- general body methane

- airflow

- methane drainage range - purity, suction,

flow

- smoke

- gaseous products of combustinn

- water consumption

Information from each transducer, received
by the primary comnuter every four seconds, can -
be displayed in a number of ways and the
information is updated continuously.

THE PRIMARY COMPUTER SYSTEM
The primary computer is a DEC PDP 11/34
with 128K bytes of memory, which provides a

seven day rolling memory for the information
from the tube bundle interface and the solid

state transducers. The primary computer stores
the following information from each parameter

and location.

8 hours of 10 minute average values,
2. 32 hours of 40 minute average values, and
3. 7 days of 4 hourly average values,

The information stored in the primary
computer is used for the day to day running of
the colliery, longer term storage is handled
by the secondary computer.

THE SECONDARY COMPUTER SYSTEM

This DEC PDP 11/34 equipment has a magnetic
disc data store, which holds environmental FIDO
and conveyor control information (Table 3);

each disc stores up to six months' data for all
three systems.

The environmental data stored consists of
the 10.00 and 20.00 hours daily readings of
At the end of the
week the carbon monoxide readings are scanned

methane, and carbon monoxide.

and that carbon monoxide reading which corresponds
to the 10%, 50% and 90% level of the range is
recorded. The purpose of obtaining this data

is to provide a statistical picture of any

change in trends to assist in setting alarm
levels.

COMPUTER DISPLAYS
General

The MINOS primary computer has two VDU's in
the Control Room, one VDU used for displaying
transducer or the tube bundle information, the

=l

other used as a "note pad" for recording recent ;
events, such as transducer failures, or methaneT
alerts, etc.

The environmental state of the mine is the
usual display on the "display" VDU, showing the
time, barometric pressure, methane and airflow
at the locations monitored (Table 4),
are also four other display options available on

There

request.
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TABLE 2

GENERAL DISPLAY TUBE BUNDLE SYSTEM

(SHOWING METHANE AND CARBON MONOXIDE ANALYSIS)

CURRENT SYSTEM FAULT CONDITIONS

SYSTEM O STATUS

25 JUNE 1982 10:04

TIME CHAHNEL CH, co TIME CHANNEL CHy co
10:02 INTK4 0.02 0.0004 9:40 RET06 0.19 0.0004
9:42 SP7 0.02 0.0003 9:44 RET08 0.37 0.0005
9:46 RETO10 0.26 0.0011 9:48 INTK11 0.06 0.0004
9:50 INTK12 0.01 0.0003 9:51 NW13 0.04 0.0004
9:53 INTK14 0.10 0.0005 9:56 NW16 a.19 0.0008
9:57 122/17 0.01 0.0003 9:59 STHE18 0.38 0.0010
10:00 ZERO 0 0.00 0.0000 6:35 CALO 2:59 0.0073

CURRENT SYSTEM FAULT CONDITIONS

SYSTEM 1 STATUS

25 JUNE 1982 10:04

TIME CHANNEL CHy co TIME CHANNEL CH4 Co
10: 00 DUNS21 0.10 0.0006 10:02 115/25 0.44 0.0008
9:40 RET026 1519 0.0006 9:42 up27 0.65 0.0008
9:44 DOWN28 0.47 0.0006 9.46 RET030 9352 0.0008
9:48 RET031 0.14 0.0005 9.49 RET032 0.53 0.0012
9=51 RET033 6..57 0.0014 2:53 RET034 0.47 0.0007
9155 RET036 0:47 0.0017 9:57 37 0.29 0.0008
9:58 38 0.40 0.0008 8:35 ZERO1 0.00 0. 0000
7:04 CAL1 2.59 0.0073

Transducer Display

This display option gives the state of all
the transducers on a unit in the form of either
a transducer reading (Table 5) or a failure
warning, together with a course of action for
the Control Room Staff,

e ————

Tube Bundle Display

This is a graphical display of the latest
gas analysis for all the tube bundle sampling
points on a district of the colliery (Fig. 1).
Unit Graphics

Six options are available on unit graphics
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