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1 INVESTIGATION TEAM MEMBERS

Name Role Designation

Logan Mohr Tech Services Manager Sponsor

Hayden Hearne Ventilation and Gas Superintendent | Investigation Lead / Facilitator

Ray Kostowski Technical Services Superintendent | Technical / Operational Expert

Stephen Giese Geology and Geotechnical Technical / Operational Expert
Superintendent

Adam Maggs ERZ Controller Technical / Operational Expert

2 KEY WITNESSES

List of Key Withesses

Name

Adam Maggs

Designation

ERZ Controller

3 METHODOLOGY AND TOOLS USED

An investigation has been conducted in accordance with the Anglo American investigation
methodology known as the Learning from Incidents model, supported by various investigative and

analytical tools.

The analysis tools used for this investigation are:

Analysis Tool Attached as Appendix if
applicable - Yes/No

Time Series Events Chart Yes — mandatory tool
Control Analysis Yes
Behaviour Analysis No
Change Analysis Yes
Why Analysis Yes
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4 DESCRIPTION OF INCIDENT

On Thursday the 7% of November during normal production, the shearer on the LW103 face was travelling to
the MG (cutting bi-directional) when at roof support #9, a floor blower became active at roof supports #22
and #55 after mining past the area and advancing the face. The tailgate drive sensors at 03:04 went above
2.0% tripping face power. The methane monitor in the TG roadway peaked at 2.73% at 03:08am.

The methane calculated to have released into the mine’s general body atmosphere was approximately
1,504m3 after 2 hours before returning to normal background levels.

4.1 Geotechnical Assessment

Floor fracturing behind/underneath a longwall face has not been studied extensively due to the operational
limitations surrounding such research. No specific study has been performed for Grosvenor to date that
identifies the extent of potential floor fracturing; as such a literature review has been performed to identify
how deep floor fractures can reasonable extend under a longwall retreat scenario.

A paper by Bai & Tu, 2019 titled A General Review on Longwall Mining-Induced Fractures in Near-Face
Regions discusses this issue in some detail. This paper discussed that field observations indicated that there
are two main types of primary floor failure, namely shear failure along bedding planes in the floor which
causes horizontal fractures, and the formation of subvertical fractures parallel to the longwall face ahead of
the longwall shield supports. Observations also indicated that vertical fractures play a dominating role within
the failure zones, with numerical simulations confirming these observations. These vertical fractures are what
can act as a conduit for gas/water to flow through from underlying reservoirs.

This paper, which primarily focuses on longwall operations in China, discusses that many operations there
work above confined aquifers, hence determining failure scope within the floor is an important factor. An
empirical formula was developed to predict the depth of ‘water-conducting failure zones’ for Chinese
operations, however it is proposed that this is applicable as well for Grosvenor to provide indicative values of
depth of fracturing that may provide a conduit for gas flow.

This empirical formula is as follows:
Hy = 0.303L)°
Where:

Ht is the depth of fracturing into the floor that can act as a hydraulic conduit
Lx is the width of the longwall panel.

Using this relationship for Grosvenor, the approximate depth of fracturing is 29m. It is acknowledged that this
relationship is an empirical one derived from longwall operations in China, however the database contains
cases with a varying range of cover depths (103m to 560m), hence can be used to provide a baseline value.

In addition to this, there are varying models that can be used for the prediction of the degree of gas
emissions from overlying and underlying seams in a longwall operation. One such model is the Flugge
model, as shown below.
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Figure 1 - Flugge Model for Predicting Gas Emission Degrees

This model suggests that the deepest below the floor that a seam may emit emissions from is 40m. This is in
a similar range to the value derived from the empirical model by Bai & Tu for estimating floor fracturing
creating a hydraulic conduit for gas to flow from underlying seams. As such it can be concluded that seams
up to 40m below the seam floor should be considered for potential to emit gas into the LW working
area/goaf. In the zone for this LFI, this would include the GML and the Harrow Creek Lower Measures (see
Appendix: Stratigraphy).

It is important to note that geological structures can create localized anomalous conditions that may lead to a
zone of fracturing that can act as a conduit for gas emissions, or the fault plane itself can act as a conduit.
The figure below shows the LW face at the time of the incident and highlights the major structure in the area.
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Figure 2 — Geological Conditions During Event

This section shows that the face was not affected by any geological discontinuities at the time of the event,
with the only major structure within the area located approximately 80m outbye in the maingate at the time of
the event. This information suggests the this event was not caused by a localized geological structure.

In addition to this, the diagram above also shows gas compliance holes within the area of the event, however

none of these holes took samples of the underlying seams below the GM.

5 CRITICAL CONTROL FAILURE

(List any identified critical control failures that contributed to this event)

What / which critical controls Nil

failed? (List CT number)
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6 EVENT FACTORS

Review data from LF| Tools and record into the identified factors below. This data is required for the
Enablon summary.

Individual Factors Nil individual factors identified
Workplace Factors LTA pre-drainage program in lower seam(s)
Organisational Factors Gas make (SGE) greater than expected in excess of system

capacity (Floor release)

Less than adequate methane pre-drainage / recovery / dilution

7 FINDINGS AND CONCLUSIONS

Through the LFI Investigation process, the following were found to have contributed to the unwanted event:

The floor blowers located at #22 and #55 roof support released approximately 1,504m?3 after 2 hours.
Mining past the area stimulated the release of gas into the mine atmosphere from a reservoir from
beneath the target mining seam.

e The release of gas was substantial enough to trip power to the face and exceed 2.5% in the tailgate
return.

e Underlying seams up to 40m below the GM seam should be considered for the potential to emit gas
into the longwall working section

8 PREVENTATIVE ACTIONS / RECOMMENDATIONS

The following key actions were identified to prevent recurrence and have been assigned as detailed
below in Enablon.

Hierarchy of Task

Control Assignee Due Date Task ID

Task Description

Trial of GML holes underway Havden
in LW105 to target immediate Engineering He);me 05/02/2020 TS.01166665
Gas Reservoir in floor horizon.

Conduct a detailed investigation Havden
to try and identify the source of | Administration H Y 05/02/2020 TS.01166669
the methane eame

9 TEST FOR EFFECTIVENESS

Post Implementation Action Plan

Test of effectiveness is to be done to ensure that the above actions to prevent recurrence have worked
as intended. (Nominally scheduled 3,6 or 12 months after completion of preventative action plan)

Enablon Action Description Responsible  Due Date Completed
Person Date
Task No.
TS.01166671 Review effectiveness of action Logan 08/05/2020
close out from Incident Mohr
INC.00211941
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10  INVESTIGATION REPORT SIGN -OFF

The Incident Investigation Team submits this report as a true reflection of the information gathered. To
maximize the preventive potential of the investigation report, the findings, conclusions and learning’s of the

report should be distributed as appropriate.

Acceptance of Final Report for Management Sign Off

Department Superintendent
Da'e

g )
N o Qnature

MEMEEM Sign Off (if applicable)

Electrical Engineering Manager or  Mechanical Engineering Manager (tick)

Management Sign Off

MHead of Operations
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11 APPENDIX: SEQUENCE OF EVENTS

Date Time Event or Condition
20:00 Start of Night Shift (communications and travel)
06/11/2019
21:40 Production
12:20 - .
12:30 Production Delay — Removed structure
12:30- .
02:00 Production
02:00- .
02:10 TG Inspection
02:10- .
7111/2019 02:15 | Production
02:15- ) .
0220 Delay: BSL Pilot Fault
02:20- .
03:00 Production
03:04 Production stoppage due to tailgate drive sensor >2.0% CH4 — Lost
’ Face Power

Post

71112019 | Incident

ERZ Controller informed UM, UM informed UMM

A floor blower was found at #22 and #55 Roof Support

Setup Venturis @ #22 Roof Support

04:07

Power restored to face
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12 APPENDIX: CONTROL ANALYSIS

From the description of what happened and the sequence of events, what were the absent or failed controls?

Consider:
> What would have prevented the incident?

> What would have decreased the severity of the incident?

Unwanted Event: Methane in excess of 2.5%
Hazard: Elevated methane

Absent of Failed How did they Why did they fail or Outcome of failed or absent Site critical
control and support oHform? vere abaent? controls and support control
systems P ) : systems.
Yes or No?

Methane reported to
general body
atmosphere greater

Isolated region of

Gas Pre-drainage gas relieving into

Process At mine atmosphere than acceptable limits No
after induced .
from adjacent
stresses

seam/strata

APPENDIX: CHANGE ANALYSIS

Change is anything which alters the planned operating process or system. The Change Analysis technique
identifies how new risks which were a direct result of change in the work environment were managed prior to
the incident occurring.

Basic Methodology: -
> Describe the situation before the change was made
» Describe situation at the time incident occurred
» Conduct a gap analysis by comparing steps 1 & 2
» ldentify the impact of the gap

Situation or practice at

Normal Practice the time of the Gap (difference) Impact of Difference
incident
General body
' Pre-drainage of GM and Flogr Blowers ' concentrgtions of CH4
Pre-drainage system P Seam connecting to reservoir exceeding 2.0% at
below GM Seam Tailgate drive and 2.5%

in tailgate roadway

General body

Mine ventilation . Increased gas make — concentrations of CH4
Normal operation : o ¢
system Floor blower exceeding 2.5% in
tailgate roadway
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APPENDIX: WHY TREE ANALYSIS

The Event
CH4 Greater Than 2.5% in Tailoate Return

Gas Drainage and Ventilation
System LTA

Floor blower uncovered by production ]

Floor blower released methane under }

pressure
-

P

Gas released greater than dilution capacity of
system

-

Ventilation and Gas Management System
unable to accommodate sudden spikes in

general body concentration
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APPENDIX: INCIDENT REPORT
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APPENDIX: EVENT CITECT TREND

12 Hour Period

8/11/2018 10:00:00 P M

74112019 12:00:00 AM

AIOES1/209 2108382 o @

71112018 2:00:00 AM

Object Tree Maximum Average Current Value  Cursor Cursor Time
[ Ml Pressure hPa) 988.85 987.08 586.52 71172019 2:10:01 AM
A Longwall Shearer CH4 Sensor A 138 007 023 741172019 2:10:01 AM
¥“[J]  Longwall Shearer CH4 Sensor B 076 012 0.34 7/11/2019 2:10:01 AM
L[] Shearer Edemal Feedback - High CH4 0 n/a 7/11/2019 2:10:01 AM
[ Longwall TG CH4 Sensor B 161 056 064 741172019 2:10:01 AM
[ ShrSpeed 14 2 1 71172019 210:01 AM
[ Machine Speed 0o 0o nfa 7/11/2019 2:10:01 AM
. [7/ [l LOC 68 Methane (CH4) 273 072 78 71172019 2:10:01 AM
[ [l LOC 70 Methane (CH4) = nfa 741172019 2:10:01 AM
[ Shr Meters From MG Auto 2988 91.5 2045 7/11/2019 2:10:01 AM
v [T Shr Meters From MG Manual 298.7 98.1 Gated 71172019 2:10:01 AM

TH11/2015 4:00:00 Al

7112018 §:00:00 AM

20191107-HPI-CH4 Exceedance

LW103-LFlI

Original Issue Date:
06/12/2019

Version:

1

Printed: 09/12/2019

Date of Issue:

06/12/2019

Page 14 of 16

PRINTED COPIES OF THIS DOCUMENT ARE UNCONTROLLED AND DEEMED VALID ONLY ON THE DAY OF PRINTING

AAMC.001.009.0565

TH11/2018 2:00:00 AM

0741172019 09.06:38812

~



AngloAmerican

AAMC.001.009.0566

GROSVENOR COAL MINE

REP-CH4 Exceedance LW103

16  APPENDIX: GAS MAKE CALCULATION
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17  APPENDIX: STRATIGRAPHY

FOEMATION MU COAL SEAMS -
] —_ Depth (m) Thickness (m) | Proximity
TEIRTIARY STRATA -----‘ Seam o GM
) ) ) FH 30 | 330 | 200 | 000 | 5000 | 4500 | 160
FORT COOPER r
e rirmerpeiges Fr Ml Saam (70-60m) ‘E QA 30 | 380 | 230 |020| 460 | 2.00 140
QB 30 37 260 1020 | 425 | 2950 120
0
wee R | [S0 50 | 415 | 275 [100| 250 | 175 | 100
5= GR 65 | 455 | 320 | 150 | 200 | 200 60
Q3em | —
el | 1T 65 | 465 | 320 [325| 425 | 400 | 7
— PL1 65 | 465 | 320 | 150 | 200 | 150 57
= PL2 72 | 470 | 325 |030| 120 | 1.00 55
PSeerm (54500
. el GMR 75 | 500 | 360 |030| 0.70 | 0.50 30
COAL MEASURES ,’a -,»ﬁ-,\ :.m 7 @ = >
Foihant e sarviviore wbstere | 1 1R 1 ) { ‘ .-
and shate, sl bearvg Wuste oralls iy fiompe e R e e
wp %o 320m Suck Cosmyela Mistle (CM) - GML 100 | 530 | 400 | 000 | 1.00 | 0.20 B
HL1 130 | 560 | 410 |030| 120 | 050 20
Harrpw Ok Lower (MCL)
- HL2 132 | 562 | 415 |030| 1.70 | 060 30
HL3 135 | 565 | 420 |0.30| 1.70 | 0.60 35
Dysart Upper 1 (DT -
— DYU1 140 | 575 | 425 |030| 220 | 0.75 50
Dysan Upper 2
- DYU2 145 | 580 | 440 |0.10| 1.80 | 0.80 55
Sysen Mider (VRS2 - DVUS | 746 | 560 | 450 |030| 170 | 100 | 0
Geonretia Lewer (L) "DYR1 165 | 600 | 455 | 080 | 1.30 | 1.00 70
DYR2 180 | 605 | 460 |030| 1.30 | 0.70 75
CARMAN CRIEK FORMATION
Quartrite Sanstone GL 190 | 625 | 475 |300| 400 | 350 a5
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