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1 EXECUTIVE SUMMARY 

Mining of coal beneath Metromix’s Teralba Quarry has been undertaken for over 
100 years.  This has included operations over the Great Northern Seam in the Northern 
Extended Colliery.  Mining ceased at about the time when extraction of conglomerate 
commenced within the Teralba Quarry. 
 
With the proposed extension of the Teralba Quarry boundary, a review of the current 
drill and blast procedures, stand-off distances and gas or spontaneous combustion 
risks was undertaken. 
 
Previous reporting by G E Holt & Associates (GHA) provided an initial stand-off distance 
and confirmed that the Great Northern Seam provided the only risk for collapse.  Mining 
Operation Services (MOS) has confirmed this risk profile. 
 
Using the Record Tracing  of workings within the Great Northern Seam as a base, a 
four-level risk rating for void risk has been prepared, with stand-off distances ranging 
from 0 to 17.5 metres. 
 
As plan accuracy may be an issue, use of higher risk requirements within 20 metres of 
a boundary should be used where adequate plan accuracy cannot be achieved.  
Provided that personnel work within the stand-off distance requirements and use 
appropriate equipment and undertake minimal gas and temperature monitoring, 
existing procedures (with minor changes) are considered adequate for extraction of 
conglomerate to the top of the seam level.   
 
[It should be clearly noted that the stand-off distances provided and use of other 
controls is based on the potential for cavities (0.5 – 0.75 metres) to occur at or near the 
surface.] 
 
This same approach/methodology is currently in use at numerous mine sites across 
Australia and New Zealand.   
 
Establishment of gas/temperature monitoring holes at the same time as initial drilling 
to confirm coal seam levels will provide essential information for all other quarry 
operations.  Use of personal gas monitors, if required, will provide the minimum 
necessary level of protection for personnel if hazardous gas levels occur. 
 
The gas/temperature monitoring holes will also provide an early warning should a 
spontaneous combustion event develop.  Given the low propensity for spontaneous 
combustion of the Great Northern Seam and the often flooded workings, this risk is 
considered to be low. 
 
Development of a Trigger Action Response Procedure (TARP) and revision of operating 
procedures should occur when adequate background/baseline information is available. 
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2 INTRODUCTION 

MOS was approached to assist/work with GHA on the Teralba Quarry, particularly with 
regard to drill, blast and extraction processes above underground workings, and 
management of spontaneous combustion and gas hazards. 
 
An inspection of the quarry area was made with Mr W Sanderson on 29 November 
2012. 
 
3 BACKGROUND 

Metromix Pty Ltd is in the process of having its application for an extension of operating 
area assessed by Department Planning and Infrastructure.  As part of this assessment 
process, the Department has required Metromix to provide information on: 
 

♦ an extraction procedure detailing how drilling, blasting and extraction operations 
in the Lower Level resource are currently undertaken, while avoiding all safety 
risks to quarry workers (eg, fall or tipping of equipment into roadways, noxious 
gas risks and spontaneous combustion risks).1 

MOS, as part of its review process, has: 
 

♦ inspected the quarry area, discussed the current procedures and how these 
procedures have been used to manage operations; 

♦ received a copy of the Plan of the Northern Extended Colliery, Great Northern 
Seam Record Tracing and the Fassifern Seam Record Tracing; 

♦ reviewed the current operating procedures with regard to drilling, stand-off 
distanced, hot blasting, etc; 

♦ reviewed reports and recommendations from GHA: 

 Teralba Quarry Extension Geotechnical Assessment, March 2006; and 

 Preliminary comments on Quarry Operations – Interactions with On site Coal 
Resource, 28 November 2012; 
 

♦ provided revised stand-off distance recommendations; 
 

♦ provided recommendations for gas and temperature monitoring; and 
 

♦ provided options for selection and use of personal gas detectors. 

  

                                           
1 Letter from Department Planning & Infrastructure to Metromix Pty Ltd, 8 November 2012 
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4 REVIEW PROCESS FOR CURRENT OPERATIONS 

As part of the review process, the relevant risk factors, as they pertain to stand-off 
distance and required controls, were examined.  These factors are: 
 

♦ seam/extraction thickness; 
♦ pillar extraction type and recovery, and likely subsidence effects; 
♦ potential for additional roadways (not shown on Record Tracing); 
♦ interburden material type and actual in situ strength; 
♦ seam dip; 
♦ width and number of roadways in intersections; and 
♦ effect of spontaneous combustion, ie, heat level and duration, impact of steam. 

4.1 SEAM/EXTRACTION THICKNESS 

The Record Tracing shows that the Great Northern Seam in this area is 18’ 1” 
(5.5 metres) in thickness.  The Record Tracing also outlines the working thickness 
as 14’ (4.27 metres) with a number of sections (shafts) to the Fassifern Seam 
shown in Figure 1. 
 

 
Figure 1 

There does not appear to be any actual seam thickness data except for the Record 
Tracing log.  Experience has shown that seam thicknesses can vary considerably 
and, given that bottom coal was mined instead of/in conjunction with pillar 
extraction (see Section 4.2), there is no substantiation of this being the maximum 
seam or extraction thickness, particularly in the quarry area. 
 
The Record Tracing shows mining the roadways in the 1920’s and 1930’s to a 
stone roof (Teralba sandstone).   
 
The Fassifern Record Tracing shows: 
 

♦ a working height of 13’ 2¾” (4 metres) 
♦ no pillar extraction in or adjacent to the quarry area; and 
♦ an interseam distance of approximately 30’ (9 metres). 
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4.2 PILLAR EXTRACTION/SECOND WORKINGS 

The Record Tracing in the Great Northern Seam shows that there was a 
combination of full pillar extraction, partial pillar extraction and floor stripping 
with some areas, particularly main road pillars, remaining intact.  The pillar 
extraction/second workings were undertaken during World War II and, from a 
risk assessment perspective, raises questions as to the seam and extraction 
thickness and, therefore, total potential void issues, ie, if the seam was thicker 
than shown, and/or the bottom coal was mined, the total void height could be six 
metres or greater. 
 
4.3 POTENTIAL FOR ADDITIONAL ROADWAYS 

Experience in open cut mining of underground workings of this era has shown 
that any roadway not “closed off” needs to be regarded with some level of 
suspicion.  In the quarry area, the roadways that fit into this category are those 
mining into the dyke zone.  These are, therefore, of localised concern. 
 
4.4 OVERBURDEN/INTERBURDEN MATERIAL TYPE AND THICKNESS 

The strata overlying the Great Northern Seam is the Teralba Conglomerate.  This 
has a strength of 5 – 30 MPa (see Table 12), which is regarded as a low to medium 
strength rock. 
 

 
Table 1:  Summary of Strength Test Results on Conglomerate from Quarry Floor 

 
Mr Holt, in his report, states: 
 

“The massive, bedded nature of the conglomerate conceals the fact that the 
conglomerate is not a “strong” rock.  Its makeup of rock pebbles set in a 
weak matrix means that it can crack readily over unsupported old 
workings.”3 
 

The “collapse profile” of the conglomerate can be seen in Photo 14. 
 

                                           
2 Table 1, page 8-9, Teralba Quarry Extension Geotechnical Assessment by G E Holt & Associates, March 
2006 
3 page 8-9, Teralba Quarry Extension Geotechnical Assessment by G E Holt & Associates, March 2006 
4 Figure 2, page 8-16, Teralba Quarry Extension Geotechnical Assessment by G E Holt & Associates, March 
2006 
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Photo 15 

 
In assessing collapse risk, it is necessary to examine both the ability of the rock 
strata to safely span any open voids and the propagation of any void upwards 
towards the surface until bulking of fallen roof strata fills the void preventing 
further collapse. 
 
The reasons as to why bottom coal was taken instead of mining the pillars is not 
known but, given the: 
 

a) size of the goaf area; 
b) long period of time between forming of the pillars (approximately 1920’s) 

and extraction (1940’s); 
c) narrow nature of the pillars; 
d) relatively high working height (four metres); and 
e) relatively slow extraction rate with hand mining, 

roof weighting/pillar crush may have developed and precluded further pillar 
extraction.  With the bottom coal extracted and resultant higher pillars, at least 
parts of this area have almost certainly “crushed out”, resulting in minimal or 
much smaller voids. 
 
4.5 SEAM DIP 

Whilst seam dip can, in extreme cases, have a dramatic effect on stand-off 
distance calculations, in this case, with a seam dip of 2-3°, there is negligible 
influence on any calculation. 
 

                                           
5 Figure 2, Teralba Quarry Extension Geotechnical Assessment by G E Holt & Associates, March 2006 
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4.6 ROAD AND INTERSECTION WIDTH 

The Record Tracing shows that, while main roadways were approximately six 
metres in width, panel roadways were in the range of 7 – 13 metres, with some 
areas (outside the quarry area) up to fifteen metres wide.  These large roadways 
and narrow pillars allowed a high percentage of recovery on first workings and 
were able to be achieved with the span provided by the conglomerate roof. 
 
Because the widest roadways have a greater roof exposure than “standard” 
intersections, a figure of thirteen metres has been used in the stand-off 
calculations. 
 
4.7 EFFECTS OF SPONTANEOUS COMBUSTION 

There has been no history or other evidence of spontaneous combustion in the 
Great Northern Seam in or adjacent to the quarry area and this potential adverse 
effect is not relevant in this situation. 
 
4.8 STAND-OFF DISTANCE REQUIREMENTS 

Previous calculations of stand-off distances were made by GHA and were based 
upon: 
 

♦ a 2004 drilling program: 

“The Rangott drill program in early 2004 indicated that collapsed 
conglomerate over fully mined out Great Northern Seam workings 
can be affected for some 40m, and that cavities in the collapsed rock 
can be encountered up to 15m above the former roof level of the 
seam.”6 

 
♦ a rock strength testing program; and 

“The rock testing program demonstrated that the conglomerate rock 
has variable strength in the Moderate to Low Strength range, so a 
considerable thickness of intact rock is required to form a safe 
working floor above intact coal workings.”7 

 
♦ a review of underlying workings: 

“The Fassifern Seam underground mine workings are confined to the 
eastern side of the quarry where extraction is almost complete, and 
consist almost entirely of first workings beneath a strong Awaba tuff 
roof that separates the Fassifern coal from the overlying Great 
Northern coal.  The deeper longwall workings in the Young Wallsend 
Seam have no impact on the present quarry as subsidence from 
these workings has ceased.”8 
 

As a result, GHA concluded: 
 

                                           
6 page 8-6, Teralba Quarry Extension Geotechnical Assessment by G E Holt & Associates, March 2006 
7 page 8-6, Teralba Quarry Extension Geotechnical Assessment by G E Holt & Associates, March 2006 
8 page 8-6, Teralba Quarry Extension Geotechnical Assessment by G E Holt & Associates, March 2006 
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“A minimum safe working level for quarry workings above the roof of the 
Great Northern Seam is recommended to avoid interaction between 
underground mine workings, and the roof strata overlying the workings 
that may be affected by collapse of workings. 
 
“It is recommended that level be set at 16m above the Great Northern Seam 
roof.”9 
 

By comparison, the collapse potential methodology used as the basis for 
determining a safe stand-off distance incorporating: 
 

♦ a 30% bulking factor; 
♦ roadway/opening widths of thirteen metres; 
♦ negligible dip effect; 
♦ an assumption that in non-pillar extraction areas, there has been no pillar 

crush; 
♦ no adverse effect for underlying workings; 
♦ no adverse effect from spontaneous combustion; and 
♦ an operational recognition of up to 0.75 metre cavity at the surface, 

showed that for standard working height (ie, 4.2 metres, or 14’) the safe stand-off 
distance is twelve metres. 
 
Where the extraction height is higher (ie, where bottoms have been extracted) and 
may be up to six metres (+18’), the safe stand-off distance increases to 
17.5 metres.   
 

  

                                           
9 page 8-7, Teralba Quarry Extension Geotechnical Assessment by G E Holt & Associates, March 2006 
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5 PRACTICAL APPLICATION OF STAND-OFF DISTANCE 

5.1 RECORD TRACING PLAN 

Using a similar zoning protocol as recommended by GHA, viz: 
 

“Four Subsidence Management Zones are recommended to work safely 
within the 16m standoff.  These are: 
 

♦ Management Zone 1 – No Coal Workings 
♦ Management Zone 2 – Standing Coal Pillars Considered Stable 
♦ Management Zone 3 – Standing Small or Tall Pillars 
♦ Management Zone 4 – Areas with Coal Pillars Removed.”10 

an assessment of the risk levels was made. 
 
Based upon the Record Tracing of Great Northern Seam workings within the 
current and planned quarry shell (see Figure 2), the following areas have been 
defined (see Figure 3 and Figure 4). 
 

Area Stand-Off Distance Colour Code 

No underground workings Negligible risk, no stand-off 
distance applicable Green 

First workings only 12 metres Yellow 
Pillar extraction only  12 metres Orange 
Floor stripping and some 
associated pillar extraction 
with a higher risk from 
workings up to 18’ (6m) high  

17.5 metres Red 

Table 2 

 

                                           
10 page 8-7, Teralba Quarry Extension Geotechnical Assessment by G E Holt & Associates, March 2006 
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Figure 2:  Footprint of the current and proposed extension 

in relation to the underground workings 
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Figure 3:  Shows the specific stand-off distance requirement areas on the mine 

Record Tracing within the southern area of the quarry footprint 

 



Risk Review of Current and Planned Operations 
at Teralba Quarry for Stand-Off Distances, 

Gases and Spontaneous Combustion 
 
 

11 

 
Figure 4:  Shows the specific stand-off distance requirement areas on the mine  

Record Tracing within the northern area of the quarry footprint 

 
5.2 TARGETED DRILLING 

(As Record Tracing plan accuracy is not well defined, the higher hazard level 
should be used when quarry operations are within 20 metres of a zone boundary.) 
 
Initial drilling should be undertaken once the extraction floor within the 
extraction area reaches the 17.5 – 20.0 metre level to ascertain: 
 

♦ the coal seam roof level; 
♦ the presence of any voids and cavities, and their distance from the surface; 
♦ an estimate of the void height;  
♦ any indication that the pillars have “crushed out”; and 
♦ establishment of a gas monitoring hole. 

Refer to Figure 5, Figure 6 and Figure 7. 
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Figure 5:  Plan view of pillars 

 
 
 
 
 

 
Figure 6:  Cross-section through Figure 5 if pillars are intact 

and roof is not collapsed 
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Figure 7:  Cross-section through Figure 5 if pillars have “crushed out” 

 
The recommended level for initial drilling equates to 41m AHD within the 
Southern Extension and 44m AHD within the Mid Pit Extraction Area and 
Northern Extension. 
 
Once drilling confirms the risk level and gas sampling has been established (see 
Section 6), quarry operations can be undertaken in accordance with current 
procedures, subject to an appropriate review. 
 
 

  

Small pillars 
crushed out 

Small cavities 
(≈0.5m) 

Targeted drill holes 
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6 NOXIOUS GASES AND SPONTANEOUS COMBUSTION 

Gases that may be encountered from underground coal workings can be categorised as 
follows. 
 

Gas Level 

Support human life  Oxygen (O2) 
Minimum level for operational purposes 
is 19.5% 

Inert gases – do not 
support life but is 
not poisonous 
(extinctive) 

Nitrogen (N2) 
Argon 

Nitrogen makes up 78.9% of normal 
atmosphere and Argon is ≈1% 

Other extinctive 
gases Carbon dioxide (CO2) 

Normal air constituent is ≈0.04% and 
the TWA for an 8-hour shift is 0.5%.  
May be given off by coal seams or mine 
fires 

Explosive gases 

Hydrogen (H2) 
Methane (CH4) 
Ethane (C2H6) 
Ethylene (C2H4) 
Higher hydrocarbons 

Hydrogen is given off from spontaneous 
combustion. 
Methane may be generated from 
spontaneous combustion or given off 
from coal seams. 
Ethane, ethylene and higher 
hydrocarbons, are produced by mine 
fires 

Poisonous gases 
Sulphur dioxide (SO2) 
Hydrogen sulphide (H2S) 
Carbon monoxide (CO) 

These gases are all highly toxic.  They 
are all produced from spontaneous 
combustion, although small amounts of 
H2S can be associated with 
underground water.   
 
See APPENDIX 1 for summary. 
 
(Note, CO and H2S are explosive at 
levels well above that which would be 
fatal to human beings.) 

Table 3 

 
Table 3 shows that, apart from carbon dioxide and methane, which may be liberated 
from within the coal seam, other poisonous and explosive gases are associated with 
spontaneous combustion/fires. 
 
Spontaneous combustion is a process where self-heating of broken coal may occur in an 
environment where there is sufficient oxygen for combustion but not enough air flow to 
cool the combustion. 
 
Under these circumstances, a rise in temperature occurs until the process becomes 
self-propagating (at 70-80°C).  At these temperatures, low levels of gases start to be 
given off, starting with carbon monoxide, then hydrogen, ethane and ethylene (see 
Figure 8). 
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Figure 8 

 
Because temperature rises are very localised but gases, particularly hydrogen, move 
quickly through any interconnected mine workings, gas sampling and analysis is the 
quickest and easiest way to identify a spontaneous combustion event when it is in its 
earliest (incipient) stage.  An actual example of this is shown in exponential increase in 
gas levels is shown in Figure 9. 
 

 

 
Figure 9 
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6.1 GAS SAMPLING 

6.1.1 Gas Monitoring Hole Requirements 

Establishment of gas sampling holes is quick and simple.  Sample holes 
can use one of the voided holes drilled to determine underground collapse 
zone risk levels.   
 

♦ Drill into underground roadway. 
♦ Install 50mm PVC pipe from surface to underground so both 

temperature and gas samples can be taken. 
♦ Gas bag/cement tubing in place using clamps if required. 
♦ Cap PVC tubing off. 
♦ Use hand pump to take gas samples (see Photo 3). 

 
 

 
Figure 10 

 

♦ The hand pump is connected via a socket fitting (see Photo 4). 
 

Quick-set 
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Photo 2 

 

Blast hole voided 
into underground 
workings 



Risk Review of Current and Planned Operations 
at Teralba Quarry for Stand-Off Distances, 

Gases and Spontaneous Combustion 
 
 

18 

 
Photo 3 

 

 
Photo 4 

(A draft Safe Work Procedure on sampling is attached in APPENDIX 2.) 

Blast hole voided 
into underground 
workings 

“Quick set” 
bagged cement 
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6.2 GAS SAMPLING RESULTS 

Where there is no spontaneous combustion with associated noxious gases and 
minimal or no inflammable gas present, typical analyses are: 
 

Date CO2 O2 CH4 CO H2 N2 
1.7.2010 21.0 3.15 0.05 <0.0001 <0.001 75.8 

 Table 4 

 
Sampling of an area would initially be done on a 14-day basis on both a rising 
and falling barometer.  If no gases, other than oxygen, carbon dioxide and 
nitrogen were present, the sampling interval could be extended to at least 
monthly.   
 
As there was a greater interaction with the underground, this interval may need 
to be increased, particularly if carbon monoxide or other gases were then 
detected.   
 
Typical gas sample in the very early stages of spontaneous combustion 
development is shown in Figure 11. 
 

 
Figure 11 

 
Figure 11 shows the increase in carbon monoxide (with barometric effects) as 
heating develops.  (Note, calculation of carbon monoxide (air free) levels allows 
comparison of carbon monoxide with different oxygen levels.) 
 

 
The quarry should also have personal gas monitors available for use by both 
supervisors and workmen, particularly those who have an interaction with the 
underground and where there is low oxygen, an extinctive level of carbon dioxide 
and noxious/inflammable gases.   
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There are many gas monitors available and a selection advice summary will be 
provided separately. 
 
The minimum number of gases to be monitored are: 
 

♦ oxygen 
♦ carbon 
♦ methane 

As most units have a four-head capability, the last gas may be either hydrogen 
sulphide or carbon dioxide.  Some underground gas sampling may be necessary 
prior to unit selection. 
 
A draft Safe Work Procedure for the use of gas monitoring is provided in 
APPENDIX 2). 
 

7 SPONTANEOUS COMBUSTION 

As the development of spontaneous combustion is the most likely source of any noxious 
or inflammable gases in any sample, its potential should be assessed.  The relevant 
factors include: 
 

♦ propensity for spontaneous combustion (ie, how likely is this to occur?); 
♦ availability of fire/broken coal; 
♦ oxygen availability; and 
♦ other factors, eg, underground water. 

7.1 PROPENSITY FOR SPONTANEOUS COMBUSTION 

Across the Newcastle Coalfield, the Great Northern Seam has a well-demonstrated 
low propensity for spontaneous combustion.  This does not mean that 
spontaneous combustion cannot occur, particularly if the seam is heated by 
external sources to +70°C, however, the risk level is considered low. 
 
The Northern (Rhondda) Colliery is a likely example of this.  Reference to 
information available at the time of reporting was inconclusive as to the cause of 
the fire at Rhondda. 
 
7.2 AVAILABILITY OF BROKEN COAL 

Whilst there is little, if any, roof coal present, the level of broken coal from pillar 
extraction and/or crushed out small pillars, is high. 
 
7.3 OXYGEN AVAILABILITY 

While no gas readings have been taken, the level of oxygen can be expected to be 
low, however, higher oxygen is not expected to materially change the risk profile. 
 
7.4 OTHER FACTORS 

While no underground water levels are available, ponded water in the bottom of 
the quarry is indicative of a standing water level that is at or above the top of the 
coal for much of the underground.  If this is correct, this would prevent any 
spontaneous combustion development, regardless of seam propensity. 



Risk Review of Current and Planned Operations 
at Teralba Quarry for Stand-Off Distances, 

Gases and Spontaneous Combustion 
 
 

21 

 
 

 

 
Photo 5:  Shows standing water level in the quarry 
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8 CONCLUSIONS/RECOMMENDATIONS 

1 Metromix has been operating adjacent to, and over, areas of the Great Northern 
Seam of Northern Extended Colliery for many years without issues with either 
voids/collapse or gas/spontaneous combustion.   
 
With regard to voids and collapse, the underground workings in the area 
currently extracted within the quarry have almost certainly collapsed and only 
relatively small cavities remain.   
 
With regard to gases and spontaneous combustion, the underground mining area 
appears to be flooded, thereby removing spontaneous combustion risk and 
precluding the build-up of gases. 
 

2 Future mining may not have such a favourable set of circumstances and a risk 
ranking criteria has been provided for the planned quarry “footprint”.  Safe stand-
off distances have been established for each of four risk levels.   
 
“Location” drilling to confirm risk levels referred to in Table 2 is recommended 
from at least 17.5 metres above the Great Northern Seam roof, ie, when 
extraction reaches 41 metres AHD in the Southern Extension and 44 metres AHD 
in the Mid Pit Extraction Area and Northern Extension. 

Because of the difficulty in achieving survey accuracy of the underground 
workings to a level that allows for “precision mining” (ie, survey control within 
±2 metres), adopting the higher risk option when approaching within 20 metres 
will provide the necessary level of control.   

 
3 Safe stand-off distances are predicated on the potential for cavity/cavities up to 

0.75 metres to propagate through to the surface.  Operations and equipment in 
such areas should reflect this potential.  Precautions should include: 
 

• exclusion of equipment such as rubber-tyred loaders; 
• preferential use of excavators; 
• possible use of “top side” loading close to the coal seam roof; and 
• filling of voids if and when they appear after checking the size and extent of 

cavity. 
 

4 Drill and blast of material from at or above the appropriate stand-off distance can 
be undertaken using Metromix’s current drilling and blasting procedures, which 
should be reviewed after stand-off risk levels and gas analyses for an area have 
been determined. 

Pattern sizes of 3 x 3 metres/3 x 4 metres or similar, if drilled to within 
1.0 - 1.5 metres of the seam workings roof and using an adequate powder factor 
(greater than 0.75), can be expected to collapse any workings present. 

 
5 In areas close to the subcrop of the Great Northern Seam, workings may be 

present with a depth of cover less than the recommended minimum safe stand-off 
distance.  In these circumstances: 
 

• the low cover areas should be inspected for surface “potholes” or 
subsidence; 

• drilling should initially be targeted from areas of higher cover; and 



Risk Review of Current and Planned Operations 
at Teralba Quarry for Stand-Off Distances, 

Gases and Spontaneous Combustion 
 
 

23 

• where voids are identified (ie, greater than 1.5 metres in height), it may be 
necessary to undertake localised probe drilling. 

 
6 Risks from seam workings other than the Great Northern Seam, ie, Fassifern and 

Young Wallsend Seam, are considered to be negligible, viz: 
 

“The Fassifern Seam underground mine workings are confined to the 
eastern side of the quarry where extraction is almost complete, and consist 
almost entirely of first workings beneath a strong Awaba tuff roof that 
separates the Fassifern coal from the overlying Great Northern coal.  The 
deeper longwall workings in the Young Wallsend Seam have no impact on 
the present quarry as subsidence from these workings has ceased.”11 

 
7 Establishment of gas monitoring holes in advance of operations (at least from a 

level at least 20 metres above the seam roof) will: 
 

• provide a regular gas analysis of the underground atmosphere; 
• allow a determination of potential extinctive gas risk to be made; 
• provide analyses of gases showing the level of oxygen (essential for 

spontaneous combustion to develop) and any gases associated with 
spontaneous combustion for early warning of any incipient heating; and 

• allow corrective action to be undertaken. 
 

8 Use on site of suitable gas monitors will ensure that the quarry has a capability 
for testing for relevant gases and protection of supervisory and operational 
personnel. 
 
Due to the low potential for gases and the use of boreholes, this capability can be 
limited to two monitors, at least until there is a proven need for additional units. 
 

9 Once initial data is available from this monitoring (ie, a background established), 
a TARP should be prepared so that people on site are aware of, and have, 
procedures to follow. 

 

                                           
11 page 8-6, Teralba Quarry Extension Geotechnical Assessment by G E Holt & Associates, March 2006 



 

APPENDIX 1 
GAS SUMMARY 

 
 
 
 
 

SUMMARY FOR CARBON MONOXIDE (CO) 

 Carbon monoxide is a very toxic, dangerous and inflammable gas. 

 It is slightly lighter than air with a density of 0.97. 

 It is explosive between 12.5% - 74%. 

 The alarm levels used comply with Australian and International Standards. 
 

L 
O 
W 

0 – 200 ppm 

 
TWA (8 hour shifts) – 30 ppm 
TWA (12 hour shifts) –  15 ppm 
No apparent effect 
STEL – 200 ppm 
 

M 
O 
D 

200 – 400 
ppm 

Maximum limit for immediate evacuation 
is 400 ppm 
Tightness in forehead and headache and 
weakness in the legs 
Nausea 

H 
I 
G 
H 

400 – 2000 
ppm 

Possible collapse 
Disturbed judgment and speech 
Convulsions 
Coma, and 
Death at high levels 

 

 NO PERSONNEL SHOULD BE EXPOSED TO CARBON MONOXIDE LEVELS 
ABOVE 400 PPM. 

 
 People who smoke and/or have cardiovascular issues are at higher risk. 

 
 

 



 

 
SUMMARY FOR HYDROGEN SULPHIDE (H2S) 

 
 Hydrogen sulphide is a very toxic, dangerous and inflammable gas. 

 It is 20% heavier than air with a density of 1.19. 

 It is explosive between 4.5% and 45%. 

 The alarm levels used comply with Australian and International Standards. 
 

L 
O 
W 

0 – 15 
ppm 

TWA (8 hour shift) – 10 ppm 
TWA (12 hour shift) – 5 ppm 
Irritation of the eyes, nose and throat 
STEL – 15 ppm 

M 
O 
D 

 
15 – 50 
ppm 

Maximum limit for immediate 
evacuation is 20 ppm 
Headache 
Dizziness 
Nausea and vomiting 
Coughing and breathing difficulty 

H 
I 
G 
H 

 
50 – 200 
ppm 

Severe respiratory tract irritation 
Eye irritation/acute conjunctivitis 
Shock 
Convulsions 
Coma 
Death in severe cases 

 
 DO NOT RELY ON SENSE OF SMELL TO DETECT 

HYDROGEN SULPHIDE – USE A GAS MONITOR. 

 NO PERSONNEL SHOULD BE EXPOSED TO HYDROGEN SULPHIDE LEVELS 
ABOVE 20 PPM. 

 
 People who smoke and/or are asthmatics are more sensitive 

to hydrogen sulphide than other people and, therefore, at 
higher risk of an adverse reaction. 
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SUMMARY FOR SULPHUR DIOXIDE (SO2) 

 Sulphur dioxide is an extremely toxic and dangerous gas. 

 It is much heavier than air with a density of 2.26. 

 The alarm levels used comply with Australian and International Legislation and 
Standards. 

 

L 
O 
W 

0 – 5 ppm 

TWA (8 hour shift) – 2 ppm 
TWA (12 hour shift) – 1 ppm 
SO2 detected by taste 
Irritation of the nose and throat 
STEL – 5 ppm 

M 
O 
D 

5 – 20 ppm 
Maximum limit for immediate 
evacuation is 10 ppm 
Irritation of eyes 

H 
I 
G 
H 

20 – 50 ppm 

Exposure for 5 – 15 minutes 
causes eye, nose and throat 
irritation, choking, coughing and 
bronchoconstriction 

 
 DO NOT RELY ON SENSE OF SMELL OR TASTE TO DETECT SULPHUR 

DIOXIDE – USE A GAS MONITOR. 

 NO PERSONNEL SHOULD BE EXPOSED TO SULPHUR DIOXIDE LEVELS 
ABOVE 10 PPM. 

 
 People who smoke and/or are asthmatics are more sensitive to sulphur dioxide 

than other people and, therefore, at higher risk of an adverse reaction. 
 

 

 



 

APPENDIX 2 
SAFE WORK PROCEDURE 
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