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GUIDELINES FOR THE MONITORING OF SEALED AREAS
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APPROVED STANDARD
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THE MONITORING OF SEALED AREAS

QMD 98 7433

INTRODUCTION

This Standard provides advice and guidance for the monitoring of atmospheres within sealed areas of underground coal mines. 

A key feature of this Standard is the adoption of a philosophy that classifies atmospheres according to their potential explosion risk. 

Gasses monitored in a sealed area can only represent a small part of a large volume. It is therefore been necessary to place a Factor of Safety around the traditional Coward Triangle methane/air explosive zone and define it as an Explosion Risk Buffer Zone. 

The boundaries of the Explosion Risk Buffer Zone are defined -

Methane

2½ %
   to
22 %

(50% L.E.L ( 150% U.E.L.) and

Oxygen 

( 8 %



(75% Nose Point).

Four separate monitoring regimes have been detailed. Three relate to the potential of an atmosphere to enter the Explosion Risk Buffer Zone, the fourth addresses the hazard of spontaneous combustion.

Type 1 : Non-Explosive Atmospheres : Atmospheres which cannot enter the Explosion Risk Buffer Zone due to the nature of the seam gasses present. These areas require the least intensive sampling and monitoring.

Type 2 : Explosion Risk Atmospheres : Atmospheres that may enter the Explosion Risk Buffer Zone. These areas require intense monitoring and the results actioned in accordance with the relevant Hazard Management Plan.

Type 3 : Potentially Explosive (Fuel Rich) Atmospheres : Atmospheres that have passed through the Explosion Risk Buffer Zone are re-classified and allow monitoring to be sequentially reduced.  

Type 4 : Abnormal Oxidation or Spontaneous Combustion : Atmospheres that exhibit abnormal levels of coal oxidation or spontaneous combustion. Monitoring and sampling will relate directly to the Spontaneous Combustion Management Plan commensurate with ensuring the safety of the atmosphere.

The Explosion Risk Buffer Zone is illustrated in the attached Appendix which features the Explosion Risk Buffer Zone superimposed on a standard methane–air Coward Triangle. Also shown on this diagram are the explosibility zones normally defined on the Ellicott Diagram.

This chart gives a clear illustration of 

· the paths taken by various atmospheres as they progress from essentially fresh air through to their eventual steady states, and
· the indicative sampling regimes applicable to each atmosphere as it progresses.
· Note : Whilst it is recognised that Coward’s Triangle has limitations in the definitive trending of atmospheres, it is the illustrative nature of the model that is stressed.  

Finally, I commend this Standard for use in the coal mining industry and thank those who have worked on its development.

BRIAN LYNE

Chief Inspector of Coal Mines


    



2nd  November 1998
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1 OBJECTIVE

Monitoring of sealed areas should be carried out in order to adequately predict and define the potential for an explosive atmosphere to occur within a sealed area.  Sufficient samples should be taken to delineate both the size of any explosive zone and the time that the zone will be within the explosive range.

In addition, monitoring is to be carried out to identify any occurrence of spontaneous combustion within the sealed area, as a potential ignition source of possible explosive gas mixtures.

Gas monitoring protocols relating to sealed areas are to be integrated into the existing mine gas monitoring system and to include suitable alarm levels which have been established and maintained in accordance with the “Approved Standard for the Use of Gas Monitoring Systems”.

These guidelines should be used to define the minimum requirements for the sampling of sealed areas.

It is recognised that monitoring locations, in general, will be limited to the periphery of the sealed area area.  Gas concentrations in the deep sealed area will have to be estimated from these measurements and relevant trends over time.  Necessarily this will require conservative extrapolation of data erring on the side of safety.

2 LOCATION OF MONITORING POINTS

The mine manager, and by delegation, the ventilation officer, are responsible for the location of suitable monitoring sites of relevance to the area being sealed.  They are to ensure that sufficient monitoring points are installed to enable as complete an understanding as possible of the behaviour of the gases within sealed areas and to facilitate the early identification of explosive mixtures of gases and / or the development of a spontaneous combustion event.

The number and location of such monitoring points will depend on a variety of factors including:

· the history of previously sealed areas in the mine;

· the number, quality and type of existing seals;

· any induced air flows through the sealed areas – induced air currents;

· the degree of hazard posed by sealed areas eg. explosibility;

· rate of ingress / diffusion of seam gas and its nature ie. methane and / or carbon dioxide;

· seam contours within the sealed areas;

· the topographical variation in gas concentration within the sealed area;

· gases to be monitored;  and

· any layering of gases, for example, hot spontaneous combustion gases tend to layer toward the roof.

3
GASSES TO BE MONITORED

Sealed areas should be monitored for carbon monoxide, carbon dioxide, methane and oxygen on a routine basis.  Where abnormal conditions are detected, or expected, analysis should be extended to include hydrogen and higher hydrocarbon gases as a minimum to detect the possible occurrence of spontaneous combustion.

Where potentially hazardous atmospheres may occur in a sealed area, it should be recognised that remote continuous monitoring systems (eg. tube bundle) allow sampling at a frequency much higher than normally needed and from a safe position.  Manual sampling does not enjoy this benefit, and therefore, is inherently more hazardous.

In the absence of better mine specific information, a sampling regime should be based on every second seal accessible, concentrating on those on the return side of sealed areas and up dip.

The design of the sampling regime will be influenced by previous experience at the mine in monitoring of sealed areas AND must conform to and meet the requirements of the mines Spontaneous Combustion Management Plan and all other relevant Hazard Management Plans.

4
SAMPLING FREQUENCY

Samples are to be taken from the sealed areas at a frequency commensurate with the anticipated rate of change of the gas mixture behind the seal.  This must be at a rate sufficient to adequately predict explosibility and identify leakage.  Any potentially highly hazardous areas should be sampled intensively and extensively; for example – areas where explosive mixtures or spontaneous combustion could occur.

The sampling frequency of sealed areas may differ from point to point dependent on the objective of the sample point. Points being used to check for the presence or absence of layering may be sampled less frequently than those designated for monitoring the explosive state of the sealed area.

The sampling frequency of these points will be determined by the safety of the atmosphere within the sealed area.

There are four sealed area types considered in this guideline:

	Type 1

Non-Explosive
	A sealed area where the atmosphere progresses from essentially fresh air to an inert atmosphere without going through the Explosion Risk Buffer Zone.  A subset of this type is the sealed area atmosphere that does not go inert but retains an oxygen concentration above 8% even though there is NOT sufficient methane to generate an explosive atmosphere.


	Type 2

Explosion Risk


	A sealed area where the atmosphere progresses from essentially fresh air into the Explosion Risk Buffer Zone.



	Type 3

Potentially Explosive (Fuel Rich)


	A sealed area where the atmosphere has progressed beyond the Explosion Risk Buffer Zone into a Potentially Explosive (Fuel Rich) atmosphere.



	Type 4

Abnormal Oxidation and/or Spontaneous Combustion


	A sealed area which is, or is suspected to be, undergoing abnormal oxidation and/or spontaneous combustion.  Such sealed areas will interact not only with the seam gas, but may liberate their own explosive mixture of gas.




Abnormal oxidation and spontaneous combustion can be indicated by a variety of means including:

· Abnormal levels of carbon monoxide – including make, concentration and rate of concentration increase.

· Abnormal values of specific indicator ratios such as CO – O2 deficiency ratio or CO – CO2 ratio.

· Detection of hydrogen, ethylene and other higher hydrocarbons should be used to confirm an intense (high temperature) spontaneous combustion is occurring.

4
SAMPLING FREQUENCY (cont.)

Note : Recent quantum improvements in the detection capabilities of new generation gas chromatographs are indicating that small concentrations of hydrogen may be liberated as naturally occurring seam gas.

Hydrogen  may also be generated by chemical reactions in the sealed area (eg. acid mine water in galvanised iron) and exist in the boiler gases produced by faulty or incorrectly operating inert gas generators.

As such, hydrogen should only be used to confirm a heating in conjunction with significant changes in the concentrations of carbon monoxide and in conjunction with other indicators of abnormal oxidation.

The required sampling frequency will depend on the condition and potential of the atmosphere within the sealed area.

The presence or otherwise of persons underground will be a critical factor in the determination of sampling frequency.

Experience from previous panel sealings may provide an indication of the initial sampling frequency and the types of gases likely to be detected.

4.1
Type 1 – Non-Explosive Atmospheres

Some sealed areas may go directly from essentially fresh air to an inert atmosphere due to the minimal occurrence of flammable gases in the mine. The levels of flammable gas are such that should the sealed area atmosphere be diluted with fresh air, the resultant gases could not form an explosive mixture.  Such areas will require minimal sampling, other than to confirm that there is no evidence of the presence of spontaneous combustion.

Where the atmosphere behind a sealed area cannot form an explosive atmosphere, sampling need not be on a continuous basis.  Daily sampling would be adequate until oxygen concentration remains below 8% for three consecutive days, OR, in the event that the oxygen concentration remains above 8% it is established by the daily sampling trends that the methane concentration cannot exceed 2.5%.

Example

A sealed area with carbon dioxide seam gas needs to be monitored daily until three consecutive samples indicate that the entire sealed area is below 8% oxygen.

For atmospheres where the oxygen concentration remains above 8% and the methane concentration, as established by the daily sampling trends, cannot exceed 2.5%, sampling frequency may be sequentially reduced to a level commensurate with ensuring the safety of the atmosphere.

4
SAMPLING FREQUENCY (cont.)

4.2
Type 2 – Explosion Risk Atmospheres

For Type 2 sealed area atmospheres that lie within the Explosion Risk Buffer Zone where the oxygen concentration is greater than 8% and the methane concentration is between 2½% and 22%, sampling is to conducted either by 

i. A suitably calibrated continuous monitoring system, or

ii. A regular sampling regime such that a maximum change in the methane concentration of  0.5% CH4  absolute can be detected between samples

 until either the oxygen concentration falls below 8%, or the methane concentration exceeds 22%.
When the oxygen concentration drops below 8% or the methane concentration exceeds 22%, the sampling rate may be reduced as defined in Section 4.3 below for Type 3 sealed areas.

Example

Sealed area with a methane seam gas, where predicted rate of methane ingress is sufficient to generate an atmosphere that will become explosive after 2 days.  The predicted rate of rise of methane is 0.1% per hour, therefore, 5 hourly sampling is sufficient, until Section 4.3 applies.  Of course, should the measured rate of rise differ from predicted, then the sampling rate would be adjusted accordingly.

4.3
Type 3 – Potentially Explosive (Fuel Rich) Atmospheres

Atmospheres which have progressed through the Explosion Risk Buffer Zone into the Potentially Explosive (Fuel Rich) zone containing less than 8% oxygen or greater than 22% methane, may be reclassified as Type 3 sealed area atmospheres. 

They should be sampled on a minimum daily basis until the sealed atmosphere contains less than 5% oxygen for a minimum of 5 consecutive days. Sampling frequency may then be sequentially reduced to a level commensurate with ensuring the safety of the atmosphere

Example

The Type 2 sealed area atmosphere in Section 4.2, having exceeded 22% methane is to be sampled, as a minimum, every day until less than 5% oxygen is maintained for at least 5 consecutive days.

4
SAMPLING FREQUENCY (cont.)

4.4
Type 4 – Areas Subject to Abnormal Oxidation and/or Spontaneous Combustion

A sealed area which is, or is suspected to be, undergoing abnormal oxidation shall be sampled by a suitably calibrated continuous monitoring system.

The mine-site Spontaneous Combustion Management Plan shall define the limits of normal oxidation. 

Such continuous monitoring shall continue for 5 days AFTER the atmosphere has moved into the ranges detailed under Type 1 or Type 3 sealed areas.  Sampling frequency may then be sequentially reduced to a level commensurate with ensuring the safety of the atmosphere.

5
SEAL MAINTENANCE

A maintenance program with respect to seal quality must be implemented to remove the possibility of significant air leakage into a sealed area which could create an explosive atmosphere.  This program should be augmented by regular gas analysis of the atmosphere behind seals under conditions where any such leakage would be detected – that is when the seals would be adversely affected by atmospheric pressure changes eg. diurnal pressure swings.  This should continue on a three to six monthly basis, dependent on the quality of the seals and the nature of the gases behind the seal (inert, potentially explosive and oxygen concentration).

Pressure differentials across seals and sealed areas are to be minimised.

Should monitoring data indicate significant air leakage through seals, the sampling regimes appropriate to the relevant atmosphere types will need to be reintroduced.

6
GENERAL PROCEDURES

Sampling is to be undertaken to avoid the possibility of contamination of samples or the collection of spurious samples eg. air ingress or from condensation reacting with galvanised pipes, and due consideration is given to the potential for layering or stratification of the gases within the sealed area.  As a general rule, a minimum of three times the volume of gas occupying a sample pipe should be extracted from the pipe before a sample for analysis is taken.

Sample collection devices (bags or GFG tubes) should be flushed at least three times with the gas being sampled before the bag is finally filled.

Sampling locations must be consistent to enable a meaningful comparison of time separated data to be undertaken.  Sample locations within the sealed areas should extend as far as practicable into the sealed area to minimise the effects of breathing seals and dilution with air caused by diurnal pressure changes.

A heating may cause gas layering and comprehensive sampling should be undertaken in these circumstances at three heights:  near the roof, mid height and near the floor.

Once the area is sealed it is not possible to inspect the location of a sampling point.  To ensure accurate sampling there must be redundancy built into the system with additional sample pipes fitted to duplicate critical monitoring points.

A regular maintenance and testing program should be established to guard against blockages and ensure that samples are not being diluted through leakage.

Bag samples should be analysed as soon as possible after collection to avoid loss of volatile components and possible conversion of others.

Care should be taken not to overfill sample bags, especially where offsite analysis via air transport is involved.

7
BOREHOLE SAMPLING

Borehole sampling should be undertaken with great care to ensure that there is no contamination of the sample from other sources such as rider coal seams or air leakage from the surface.

Where the possible boreholes should be fully cased and fitted with an airtight collar.

Data obtained from a leaking borehole should be treated with caution and final results should be calculated on an “air-free” basis.

Boreholes that are “breathing in” should not be sampled.

8
OPERATIONAL PROTOCOLS

The design, installation and operation of gas monitoring systems for sealed areas needs to be clearly defined and documented as part of the mine safety management plan.

All staff involved in its implementation must be properly trained in the areas of their responsibility

High speed gas chromatography may be critical to the decision making process in the event of an incident. Prior arrangements for backup facilities through neighbouring mines or external providers should be in place.

There should be a sufficient number of trained staff available at the mine, or readily contactable at all times to ensure the proper operation of analytical equipment, interpretation of results and storage of gas monitoring data.

Gas analysis data and historical records should be available and readily accessible at all times.

9
ANALYSIS OF INFORMATION

Analysis of data should identify any deviation from the normal conditions expected in the mine.  Trigger levels based on ratios or derived indicators should take due cognisance of the possibility of multiple sources of emission and absorption of gases, particularly oxygen.  Thus, those ratios relying on oxygen deficiency must be used with extreme caution, eg. Graham’s ratio and Jones-Trickett ratio.  When relying on gas concentrations as a trigger, due concern for possible dilution should be exercised.  Trends in values are more important than the absolute values.  A rapid change in a gas concentration or indicator may indicate a potentially serious situation long before the trigger level is breached.  There is no substitution for setting of alarm levels based on the established norms of each pit individually.

Samples should be checked for reliability / consistency and, when in any doubt, the area in question should be re-sampled.  Ratios such as Jones-Trickett can often quickly identify spurious samples or bad analysis.

The trending of gas concentration data should compensate for the size of the volume enclosed by the sealed area, the rate of gas make, and the mine history. It must be recognised that sampling data is point analysis and may not be totally representative of the entire sealed area.

Where possible, trending information should be readily available in a user-friendly graphical format and freely available to all persons.

When analysing samples from sealed areas, due allowance should be made for the possible dilution of gas concentrations due to air leaking in through seals under barometric pressure fluctuations.

9
ANALYSIS OF INFORMATION (cont.)

Analysis based on hand held gas-monitoring instruments, particularly stain tubes, should be treated with extreme caution and substantiated wherever possible by more accurate methods.  These devices are best used to confirm or deny measurements by other devices where there is some uncertainty or ambiguity in the original measurement.

Example

Nitrous oxide has been detected in a number of sealed areas, this compound has an infrared spectrum overlapping that of carbon monoxide.  A stain tube or a portable carbon monoxide analyser may then provide confirmation or denial of the reality of a significant carbon monoxide concentration measurement in a sealed area.

Determination of the explosibility of mine airs should allow for the different lower explosive limits (LEL), and upper explosive limits (UEL) of the various potential explosive gases present and the variation in the LEL and UEL of complex mixtures of these gases.  Determination of explosibility should include an appropriate margin for error and uncertainty in the measurement.

This safety factor should be increased if interpolation of the data is required to other areas.  As stated earlier, it is the trend in explosibility that is more important than the absolute value.  It should be recognised that long before concentrations of hydrogen and carbon monoxide contribute significantly to the explosibility of the sealed area atmosphere, they would indicate a very severe spontaneous combustion event.

These guidelines are to be utilised in conjunction with the guidelines issued for gas monitoring systems.  In particular, note should be taken of the guidelines referring to the setting and altering of gas alarm levels.

The data should be stored against the time that they were collected not analysed, this includes adjusting for any lag times occurring in sampling tubes.

10
STORAGE OF INFORMATION

The data must be kept in such a form as to be readily accessible and useable for trending and interpretation.

Historical data is an important resource and should be analysed and kept available to allow accurate determination of the normal behaviour of sealed areas at that mine and allow early detection of any deviation from normality.

Such data should also used as a Training Resource for all persons at the mine.

Data routinely collected should include barometric pressure and pressure differentials around the mine.

11
RECORDS

Records are to be maintained for each seal for the life of the mine and made available as a historical database for future sealings.

12
REPORTING

Systems must be established to enable the display of information to the workforce.  

This display must be updated at a minimum of every shift and include information on any alarm that may have been initiated, the subsequent actions in response to that alarm and the current status of any alarm.

The display data should also include atmospheric measurements of temperature, barometric pressure and statutory inspection data and be accumulated and displayed to depict any significant trend.

Action levels, as specified within the relevant  parts of the mines Hazard Management Plans, should be clearly displayed.
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