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Approval to commence development and operation of the hematite mining operation (as defined in
the Extension Hill Hematite Project Mining Proposal 2 February 2010) was granted by the Department
of Mines and Petroleum on 30th March 2010.
Approval to operate a sewage facility, landfill and ore beneficiation facility under Part V of the
Environmental Protection Act 1986 was granted by the Department of Environment and Conservation
on 20th January 2011 with the issuing of Prescribed Premises Licence L8495/2010/1. This Licence was
amended during the period to accommodate proposed changes to the landfill and waste types
accepted for burial.
The Project is located approximately 350km north east of Perth in Western Australia (Figure 1). The
site is located immediately adjacent to the Great Northern Highway, approximately 80km north of
Wubin, and includes deviation of a 5km section of the existing Great Northern Highway to maintain a
safe distance between public traffic and the mine blasting area.
Mining of approximately 14.9 million tonnes of hematite will occur over an expected mine life of 5
years, as direct shipping grade ore. Minimal processing of the ore (crushing and screening) is required
before it is transported by road and rail to Geraldton Port for shipping. Hematite transport is
addressed in a separate approval (Ministerial Statement 786).
The magnetite component of the Project has an expected mine life of 40 years and involves the
mining of approximately 1,000 million tonnes of magnetite. Magnetite will be processed by crushing,
grinding and magnetic separation to produce a concentrate which will be transported as magnetite
slurry through a pipeline to Geraldton Port for shipping.
Mine infrastructure required includes; administration areas, workshops, crushers and processing plant,
and accommodation camps (Error! Reference source not found.). The vegetation disturbance
footprint for the Project is not to exceed 1,179 hectares at the mine site, 112 hectares for the services
corridor, and 39 hectares for a power line corridor.
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Figure 1 Project Location
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Figure 2 Hematite Site Layout
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2.

PROJECT SUMMARY
2.1.

Hematite Operation

The Extension Hill Hematite Operation commenced mining operations in the previous reporting period,
with hematite being mined and stockpiled on site. Commissioning of the crushing and screening plant
was largely completed in November 2011. Road haulage of ore to the rail siding at Perenjori
commenced on 1st November 2011. Rail haulage from Perenjori to the Geraldton Port facility
commenced in December and the first shipment of iron ore from the Extension Hill Hematite
Operation left Geraldton Port on 21st December 2011. A summary of works to date (as per the DMP
requirements) is included in Table 3.
Table 3 DMP Site Summary (Hematite Operation)
Estimated Life of Mine
Current Status
Time since project commenced
Total disturbed footprint to date (ha), excluding
pits that do not require rehabilitation
Total approved footprint (ha)
Area rehabilitated (ha)
1) Preliminary earthworks – reshaping and
drainage design
2) Completed earthworks – growth media
spread, ripped, demonstrated stability
3) Revegetation – native vegetation
established but not yet self-sustaining
4) Relinquished – completion criteria met
Total area under rehabilitation (ha) (i.e.
sum of all rehab. stages)
% Rehabilitation (total rehabilitation/total
disturbed footprint x 100)
Materials Balance
 Volume of Waste rock (t)
 Volume of Topsoil (m3)
 Volume of other Growth Medium* (m3)
 Volume of suitable capping material
Current total bond amount for Site
Closure Plan
 Stage
 Date of last version


DMP approval date

5 years
Active
2.25 years
165.7
246
1.13
1.13
0.52
Total
4,616,261
155,332
140,824
-

Available (tested and verified as
appropriate)
N/A
$1,661,000

Preliminary
24th March 2006 (Conceptual Closure Plan); 10th
July 2008 (Environmental Management Plan)
Plans sent to DMP 24th September 2008 – no
response received

Minor outstanding construction items from the previous period, including the security gatehouse and
boom gate installation, were completed in this reporting period.
The vegetation strips which were previously left in the waste dump footprint to act as wind breaks
while the waste dump was being constructed, were removed during this period to accommodate the
expansion of the waste dump. A total area of approximately 2.6ha (based on on-ground survey data)
was cleared of native vegetation at the mine site during the period (Figure 3; Table 4). Additional
topsoil and growth media recovery was undertaken during the period. The rehabilitation materials
(topsoil, subsoil, and tritter – mulched vegetation) recovered to date is quantified in Section 5.
The rail siding facility was commissioned during this period.
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Refer to Appendix A for the site environmental data sheets as required by the Department of Mines
and Petroleum.
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Figure 3 Cleared and Rehabilitated Areas
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Table 4 Vegetation Clearing by Lease/Disturbance Type Table
Disturbance Type*

Tenement

G59/30

G59/33

G59/34

L59/63

L59/69
L59/87

M59/338

Mine Haul Roads
Hematite Waste Dump
Topsoil/Tritter Stockpile
Total
Accommodation Camp
Mine Roads
Potable Water Pipeline
Total
ROM/Crusher/Stockpile
Mine Haul Roads
Mine Roads
Security Gatehouse
Offices/Workshop
Mine Haul Road within tenements
Decommissioned Great Northern Hwy
Site Security Fencing
Total
ROM/Crusher/Stockpile
Mine Roads
Offices/Workshop
Total
Sewage Pond
Mine Roads
Total
Mine Roads
Total
Mine Roads
Hematite Explosives Depot
Potable Water Pipeline
Decommissioned Great Northern Hwy
Total

Project Disturbance (Ha)
Total Previous Reporting Period
Total
Disturbance
Disturbance
Disturbance
0.5
0.5
42.7
2.4
45.1
8.8
8.8
52
2.4
54.4
5.4
5.4
5.4
5.4
5.8#
0.1
5.9
0.6
0.6
2.6
2.6
0.2
0.2
2.8^
2.8
2
2
0.3
0.3
14.3
0.1
14.4
2.2
2.2
2.5
2.5
4.7
4.7
2.1
2.1
2.1
2.1
3.0
3.0
3.0
3.0
0.1
0.1
0.5
0.5
0.6
0.6
7
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Approved
Disturbance
(Ha)
1
45
9
55
5
1
1
7
6
1
7
3
2
1
20
3
1
3
7
2
1
3
4
4
1
1
1
1
4

Disturbance
Planned for next
12 months (Ha)
-
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Tenement

M59/339

M59/526
G70/
232**
G70/
238**

Disturbance Type

*

ROM/Crusher/Stockpile
Mine Haul Roads
Mine Roads
Turkey’s Nest
Borrow Pit
Hematite Mine Pit
Hematite Waste Dump
Tritter/Topsoil Stockpile
Decommissioned Great Northern Hwy
Site Security Fencing
Total
Mine Roads
Putrescible Landfill Facility
Total
Rail Siding
Total
Rail Siding
Total
Total for Project

Project Disturbance (Ha)
Total Previous Reporting Period
Total
Disturbance
Disturbance
Disturbance
3.7
3.7
9.8
9.8
2.3
2.3
2.4
2.4
5.5
5.5
49.8
49.8
8.9
0.1
9.0
12.2
12.2
0.1
0.1
94.7
0.1
94.8
0.3
0.3
0.3
0.3
22.1
22.1
22.1
22.1
13.7
13.7
13.7
13.7
212.9
2.6
215.5

Approved
Disturbance
(Ha)
5
14
3
2
14
48
11
12
4
113
1
1
2
21
21
10
10
246

Disturbance
Planned for next
12 months (Ha)
-

*

‘Disturbance Type’ is listed as per the Mining Proposal – some items fall within other approved clearing areas for Ministerial Statement 753, i.e. the ‘Borrow Pit’ is located
within the area approved for clearing for the Magnetite Waste Dump under MS 753. All clearing undertaken this period was conducted within the boundaries approved by the
DEC.

#

For the purposes of reporting under Ministerial Statement 753, 4.1ha of this area was cleared under a separate approval.

^

For the purposes of reporting under Ministerial Statement 753, 2.7ha of this area was cleared under a separate approval.

**

MGM is the tenement holders for these leases. The rail siding disturbance area was predominantly in previously disturbed agricultural land, with the exception of 0.3ha at the
Mullewa Wubin Road crossing. For the purposes of DEC reporting, this area is reported under the requirements of Ministerial Statement 786.
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The quantities of material mined and crushed during the reporting period are summarised in Table 5.
The quantities of iron ore moved by road and rail during the reporting period are shown in Table 6.
Table 5 Quantities of Material Mined and Crushed (Hematite Operation)
Material

Mined (t)

Crushed (t)

Iron Ore
Sub-grade
Waste
Total

2,454,191
1,062,313
2,699,704
6,216,208

2,273,972
37,459
N/A
2,311,431

Table 6 Quantities of Material Moved (Hematite Operation)
Material

Road Haulage (t)

Railed (t)

Lump
Fines
Total

1,410,462
684,953
2,095,415

947,549
361,859
1,309,408

2.2.

Magnetite Operation

RC Drilling
During the period February to June 2012, 77 reverse circulation (RC) drill holes were completed for a
total of 14,540m of drilling. The holes were drilled to delineate the northern extension of the
Extension Hill Magnetite ore body. This work was carried out under Programme of Works (POW)
registration nos 31585 & 31586; and subsequently POW no 35379 which replaced 31586. Total
clearing under the PoW was 2.5 hectares.
All 77 RC drill holes were capped immediately after drilling of each hole was completed. The drilling
programme was completed in mid-June and after survey pick up of the holes they were all cut below
the ground surface plugged and buried as per the DMP guideline. All artificial debris has been
removed from the drill sites and appropriately disposed of.
Full rehabilitation of the drilling sites is scheduled to occur within the prescribed 6 months
rehabilitation period.
Exploration Camp Construction E59/1179 (subsequently amended to G59/41)
The “Little Gunduwa” village was constructed under PoW Reg ID 31768 on tenement E59/1179
(subsequently revised to G59/41). Total area cleared under the POW was 2 hectares.
Subsequently the village was expanded under mining proposal Reg ID 33188 using the 2 hectare
footprint already cleared under the original PoW. Construction of the village is complete.
Combined topsoil and trittered vegetation (approximately 1460 m3) has been stockpiled around the
village within the cleared footprint.
In September 2012 a spray field for disposal of treated effluent was constructed on the south side of
Wanarra East Road on tenement G59/45 under Mining Proposal REG ID 33188, MS 753 and DEC
Works Approval W5237/2012/1.
Total cleared area for the spray field access track, fencing and
pipeline is 0.45 hectares. Topsoil was left insitu within the spray field area and vegetation will be
allowed to regenerate with the exception of the access track which will be left open for maintenance.
Commissioning commenced on 28 September 2012.
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Magnetite Stockpile
Under the terms of Hematite Agreement between EHPL and MGM signed in August 2006, MGM is
required to store any Magnetite found in the Hematite pit in an area nominated by EHPL.
It is anticipated that in the remaining life of Hematite mining approximately 300,000 tonnes of
Magnetite will stockpiled.
The stockpile will be used to store magnetite ore prior to beneficiation in the proposed Magnetite
Processing Facility that will be built by EHPL and will be the subject of a separate Mining Proposal.
Up to 2 hectares will be cleared for the stockpile; the footprint does not contain any known
conservation significant flora or fauna.
Table 7 DMP Site Summary (Magnetite Project site studies)
Estimated Life of Mine
Current Status
Time since project commenced
Total disturbed footprint to date (ha), excluding
pits that do not require rehabilitation
Total approved footprint (ha)
Area rehabilitated (ha)
1) Preliminary earthworks – reshaping and
drainage design
2) Completed earthworks – growth media
spread, ripped, demonstrated stability
3) Revegetation
–
native
vegetation
established but not yet self-sustaining
4) Relinquished – completion criteria met
Total area under rehabilitation (ha) (i.e.
sum of all rehab. stages)
%
Rehabilitation
(total
rehabilitation/total
disturbed footprint x 100)
Materials Balance
 Volume of Waste rock (t)
 Volume of Topsoil (m3)
 Volume of other Growth Medium* (m3)
 Volume of suitable capping material
Current total bond amount for Site
Closure Plan
 Stage
 Date of last version
 DMP approval date

40 years
Not commenced
N/A
6.57
1179 (under MS 753)
1.55
1.55
23.5 %
Total

Available (tested and verified as
appropriate)
N/A
1460
Village
$275,000*
Preliminary
24th March 2006 (Conceptual Closure Plan); 10th
July 2008 (Environmental Management Plan)

* EHPL as tenement holder is responsible for bonds site wide. The bonds reported in this table are in
addition
to
the
bonds
reported
as
part
of
the
hematite
component
of
the
Project.
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Table 8 Magnetite Component Vegetation Clearing by Lease/Disturbance Table
Tenement

Disturbance
Type

G59/32
G59/34
G59/40

Geotechnical
Investigations

M59/339

Geotechnical
Investigations
Drill lines &
pads
Exploration
camp
Spray field
tracks and
fence

M59/339
G59/41
G 59/45

Total
Previous
Disturbance
(Ha)

Reporting
Period
Disturbance
(Ha)

Total
Disturbance
(Ha)

Approved
Disturbance
(Ha)

Disturbance
Planned for
next 12
months
(Ha)

1.19*

0

1.19

3.28

0

0.5*

0

0.5

0.5

0

0

2.43

2.43

8

0

0

2

2

2

0

0

0.45

0.45

40

0

*Correction from previous reporting period where a total of 1.45 Ha was reported.
Please refer to section 7 for information on future work proposed for EHPL Magnetite project.

3.

COMPLIANCE
3.1

Department of Mines and Petroleum

Compliance
The tenement approvals associated with each of the mining leases stipulate a number of conditions in
relation to the environmental management of operations and activities occurring on the leases. There
were no non-compliances recorded in relation to these conditions during the reporting period.
There were some potential non-conformance issues identified during a DMP site inspection in the
previous reporting period. These relate to the requirement to carry out ‘the construction and operation

of the project and measures to protect the environment . . . generally in accordance with the
document titled “Extension Hill Hematite Project Mining Proposal dated 2 February 2010” . This was
addressed in the previous reporting period through the creation and implementation of an action plan
which met the requirements of the DMP. Further to this, ongoing discussions with DMP throughout the
current reporting period culminated in the submission of a Revised Mining Proposal on 5 th April 2012.
This has subsequently been re-formatted into an addendum to the existing Mining Proposal and, at
the end of the reporting period, was still under assessment by the DMP.

Inspections
The environmental management branch of the DMP did not undertake any further site inspections
during the reporting period.

Internal Review
Following an informal review of the compliance of the hematite operation with the Extension Hill
Hematite Project Mining Proposal 2 February 2010 two key items were identified as being outstanding
at the end of the previous reporting period. These items were both addressed during this reporting
period.


An automated ground water bore abstraction system was installed.



A vertebrate fauna monitoring survey was undertaken and the results compared with the
baseline data (see Section 4.6). This survey will be conducted biennially.
11
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3.2

Department of Environment and Conservation (Ministerial Statement 753)

Compliance
Ministerial Statement 753 imposes a number of conditions that the proponent must meet in order to
minimise detrimental impacts of the Project on the environment. The status of these conditions, as
defined in Performance and Compliance Reporting – Guidelines for Proponents (DEC 2007), is
described in the Audit Table attached as Appendix B of this document.
The Proponent was advised that the requirement to make documents publicly available no longer
includes the requirement to send a copy to the DEC library if the document is publically available from
the Proponent’s website (pers. correspondence, C. Adams 17/04/2012) – Appendix B has been
updated to reflect this change.
No additional conditions were ‘Completed’ during this reporting period. Evidence of the completion of
items is presented in the Annual Environmental Report for the period that it was completed in.
Condition 13 of MS753 (items 753:M13.1 – 753:M13.12) are all classified as ‘No longer relevant’.
These conditions are all superseded by Condition 13 (items 889:M13.1 – 889:M13.10) of Ministerial
Statement 889 (MS889). These conditions have been added to the audit table in Appendix B but are
not required at this stage as the construction of the services corridor is yet to commence.
Condition 15 of MS753 (items 753:M15.1 – 753:M15.3) are ‘No longer relevant’, as per MS889. The
requirement for a DEC bond for the services corridor area has been nullified by the granting of DMP
tenements over this area. A DMP bond will be applied prior to the disturbance of this area instead.
Condition 16-1 of MS753, relating to the offsets package remained ‘In process’ during this reporting
period. There are two offsets which are yet to be implemented, specifically the funding of the position
of a DEC officer and the Biodiversity Offsets payment to the Australian Wildlife Conservancy. The
Proponents have been corresponding with both of these organisations during the reporting period in
order to finalise the contracts and implement the offsets. It is anticipated that the Biodiversity Offsets
payment to the Australian Wildlife Conservancy will be made within the first quarter of the next
reporting period.
The remaining conditions of MS753 were classified as either ‘Satisfactory during this period’, ‘No
longer relevant’ or ‘Not required at this stage’.

Internal Audit
A comprehensive risk assessment for safety, business and environment was conducted during the
reporting period.

External Audit
The Office of the Environmental Protection Authority commenced a desktop audit of the Project
against the approval conditions of Ministerial Statements 753 and 889 in June 2012. This audit was
completed in July 2012. The Project was found to be compliant with the implementation conditions of
Ministerial Statements 753 and 889 (Letter from I. Munro, 17 July 2012).

3.3

Department of Environment and Conservation (Licence L8495/2010/1)

Compliance
Licence L8495/2010/1 was amended during the reporting period to include additional waste types for
burial and relocate the landfill facility. An assessment of compliance against the conditions of the
amended Licence L8495/2010/1 is included in Appendix C.
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A number of conditions relating to the construction of the new landfill and the burial of the additional
waste types, were classified as ‘Not required at this stage’ because the new landfill facility is yet to be
constructed and the new waste types will not be buried on site until such time as the new landfill is
operational.
There were no compliance issues in relation to DEC Licence L8495/2010/1 during the reporting period.
There were a number of minor hydrocarbon spills, as identified in Section 3.5.

Inspections
The DEC conducted a site inspection on 8th August 2012. No compliance issues were identified during
this inspection (Letter from N. Sercombe, 14 August 2012).

3.4

Department of Sustainability, Environment, Water, Population and
Communities

Compliance
An assessment of compliance against the conditions of the federal Project approval (EPBC Act Ref
2005/2381) is included in Appendix D. Conditions 1 and 2 of this approval were classified as ‘In
progress’. These conditions relate to the requirement to write and implement management plans for
Darwinia masonii and Malleefowl. Both management plans have been written, approved by DSEWPAC
and implemented, however both plans require review, which will be undertaken in the next reporting
period.
Condition 5 relating to the requirement to undertake an independent audit of the Project against the
approval conditions was also classified as ‘In progress’. The audit was undertaken in November 2011,
within the required timeframe; however the report was not finalised until September 2012 and was
submitted to the Department early in October 2012.
All other conditions were classified as either ‘Satisfactory during this period’, ‘Not required at this
stage’ or ‘Completed’.

External Audit
An independent audit of compliance of the Project against the approval conditions of EPBC Act Ref
2005/2381 was undertaken by an auditor (MBS Environmental) approved by the Minister in November
2011. The report was finalised in September 2012 and will be submitted to the Department early in
the next reporting period.
The audit identified two technical non-compliances with Conditions 1 and 2. These related to the
detail contained in the management plans for Darwinia masonii and Malleefowl. The approval
conditions stipulate that the management plans shall identify potential response and mitigation
measures to be taken in the event that an impact on these species is detected. This is not specifically
addressed in the management plans, although both plans have been approved by DSEWPAC as
meeting the requirements of the approval conditions. The current procedure in the event of a
detrimental impact, is to contact the relevant Departments and determine the appropriate course of
action. The auditor acknowledged compliance with the implementation of the approved plans.

3.5

Incidents

There were 8 environmental incidents recorded during the period, as detailed in Error! Reference
source not found.. With the exception of one weed sighting, all of these incidents were hydrocarbon
spills. Note that fauna deaths are reported separately in Section 4.6.
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Due to the ‘moderate’ biodiversity rating of one of the weed species discovered on site, the weed
related incident was classified as minor. The site weed hygiene procedures were reiterated site wide.
It was noted that a site wide weed survey had been planned for September 2012.
There were four insignificant (<20L) hydrocarbon spills during the period and three minor (<80L)
hydrocarbon spills during the period. More than half of these spills resulted from the failure of
hydraulic hoses. All vehicles and equipment undergo regular maintenance and servicing. One spill
resulted from a mechanical fault with the slow fill system on the service truck and the remaining spill
was operator related – overfilling the service truck before parking it on a slight slope. Immediate
corrective actions predominantly involved containment and clean-up of the spills and contaminated
material was removed to the site bioremediation pad.

Table 9 Table of environmental incidents recorded.
Incident
Date
7/10/2011

Incident
Rank*

Incident Description
15L hydraulic oil spill from blown
hose on drill rig.

The spill was cleaned up and the
hose replaced. Contaminated
material was taken to the
bioremediation pad.
22/12/2012 A hose on the rock breaker failed,
5
The hose was replaced and the
spilling 3L of hydraulic oil.
spill cleaned up.
13/1/2012
Failure of the service truck slow fill
5
Contaminated material removed to
system resulted in a 15L diesel spill
the bioremediation pad and the
at the crusher genset.
slow fill system was repaired.
12/3/2012
The slew hose on the tyre handler
4
The spill was cleaned up using spill
failed, spilling 20L of hydraulic oil
pads and soil. The soil was then
on the concrete pad at the tyre bay.
disposed of at the bioremediation
pad.
13/3/2012
A hose failed on the tyre handler,
4
Spill was cleaned up and
spilling 20L of hydraulic oil on the
contaminated pads were disposed
concrete pad at the tyre bay.
of in the hydrocarbon bin.
Additional crimps were applied to
the hose.
13/3/2012
5L of diesel leaked out of the
5
The contaminated material was
breather of the service truck when
taken to the bioremediation pad.
it was parked on a slight hill after
Personnel were instructed to be
being overfilled.
aware of the capacities of
equipment when re-fuelling.
23/5/2012
A main suction hose on the grader
4
The spill was cleaned up, the hose
split, spilling 50 litres of hydraulic oil
was replaced and contaminated
on the ground.
material removed to
bioremediation pad.
25/8/2012
Weeds (Arctotheca calendula &
4
Removed and disposed of the
Emex australis) were discovered at
weeds. A site notice was
the communications tower.
distributed reminding all personnel
of the weed hygiene requirements
of the site. Note that a site weed
survey is scheduled for September.
* Incidents are ranked according to the consequences listed in Table 8 of the Extension Hill and Extension Hill
North Environmental Management Plan (2008) where 1 = catastrophic; 2 = major; 3 = moderate; 4 = minor;
5 = insignificant.
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4.

ENVIRONMENTAL MANAGEMENT AND MONITORING
4.1

Weather Monitoring

Rainfall
An Envirostation™ weather station is located in an open area near the administration building to
record weather data. The total rainfall recorded over the reporting period was 357.8mm (Figure 4).
April and February were the driest months. Rainfall occurred sporadically throughout the year
although Winter was still the wettest period. July and August both had less rainfall than in the
previous year, however June had significantly more than in the previous year (Figure 4 and Figure 5).
The greatest intensity rainfall event occurred in May 2012 when 34.4mm was recorded in an hour
during a 9 hour rainfall event that resulted in a total of 43.6mm. The estimated average recurrence
interval for a rainfall event of 34.4mm in an hour, in the Project area, is 20 to 50 years (BOM 2012).
The longest rainfall event that occurred during the reporting period lasted 16 hours during June 2012
and resulted in 35mm of rainfall.

Figure 4 Rainfall Data 2012
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Figure 5 Rainfall Data 2011

Temperature
The average temperature over the reporting period weather station was 19.740C. The maximum
temperature was 40.680C recorded at 4pm on 28th January 2012. The minimum temperature was
minus 0.020C recorded at 7am on 25th July 2012.

Wind Data
The average wind speed over the reporting period was 2.34m/s, with the dominant direction being
north west (3000) (Figure 6). Calm winds (less than 1 knot or 0.514m/s) constituted 8.20% of the
total recorded measurements.
The monthly wind data is summarised in Table 10. Monthly wind roses are included as Appendix E to
this document.
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WIND ROSE PLOT:

Station #

DISPLAY:

Wind Speed
Flow Vector (blowing to)

1

NORTH

10%
8%
6%
4%
2%
WEST

EAST

WIND SPEED
(m/s)

Resultant Vector

>= 11.1

SOUTH

300 deg - 20%

8.8 - 11.1
5.7 - 8.8
3.6 - 5.7
2.1 - 3.6
0.5 - 2.1
Calms: 8.20%

COMMENTS:

DATA PERIOD:

COMPANY NAME:

Start Date: 1/10/2011 - 08:00
End Date: 30/09/2012 - 23:00
MODELER:

CALM WINDS:

TOTAL COUNT:

8.20%

8428 hrs.

AVG. WIND SPEED:

DATE:

2.34 m/s

7/10/2012

WRPLOT View - Lakes Environmental Software

Figure 6 Wind Rose (Oct 2011 – Sept 2012)
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Table 10 Monthly Wind Data Summary
Month
October 2011
November 2011
December 2011
January 2012
February 2012
March 2012
April 2012
May 2012
June 2012
July 2012
August 2012
September 2012

4.2

Average Wind
Speed (m/s)
2.38
2.50
2.96
3.12
2.81
2.90
1.74
1.81
1.97
1.75
1.71
2.32

Calm Winds
(%)
4.44
4.72
1.21
1.88
3.59
2.69
14.44
12.50
14.58
15.99
15.59
6.67

Dominant Wind Direction
(blowing to)
North (348o)
North (9o)
North west (319o)
West (283o)
North west (317o)
West (268o)
North west (342o)
West (266o)
South (176o)
South west (243o)
North east (24o)
North east (24o)

Dust Monitoring

The mine site dust monitoring program includes a combination of dust deposition gauges to monitor
dust deposition on vegetation and Dustrak II 8530 airborne dust monitors to monitor ambient dust
concentrations (Figure 7).
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Legend
Dustrak Monitors
Dust Deposition Gauges

Dust Monitor Locations
Figure 7 Dust Monitor Locations
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In the absence of a Western Australian standard for settled dust, the standard was set at
4g/m2/month (ATA Environmental et al 2008). This is the same standard as set by the New South
Wales Department of Environment and Conservation (2005), which defines ‘Deposited dust’ as
‘insoluble solids as defined by AS 3580.10.1-1991’ (since superseded by AS 3580.10.1-2003). The
highest insoluble solids measurement recorded during the reporting period was 2.1g/m2/month in
January 2012 at DM2 (Figure 8).

* The DM10 dust deposition collected in March 2012 was dropped and broken before reaching the laboratory so was not
analysed.

Figure 8 Dust Deposition Data
The mine site has three Dustrak monitor sites, Extension Hill South (EHSouth), Iron Hill (IH) and Great
Northern Highway (GNH) (Figure 7). The rail siding currently has one Dustrak monitor site (Rail1). As
a result of significant technical issues with the Dustrak units during this period, the EHSouth, IH and
Rail1 sites do have valid data for the greater part of the reporting period. The GNH site was prioritised
as it measures the dust crossing the Great Northern Highway and is required as a Prescribed Premises
licence condition. These technical issues with the monitors are believed to have been resolved through
the purchase and installation of new sample inlets specifically designed to prevent moisture ingress.
Results recorded during periods where the unit has registered an error have been excluded from
further assessment.
Due to the absence of any one set target for airborne dust in Western Australia, the Dustrak results
were assessed against the Environmental Protection (Kwinana Atmospheric Wastes) Policy 1992 and
the DEC Pilbara Air Quality Study Port Hedland interim target level of PM10 <150 µg/m3 during the
previous period. It has since been determined that total suspended particles (TSP) would be a more
appropriate measure and monitoring for this period was assessed against the Environmental
Protection (Kwinana Atmospheric Wastes) Policy 1992 and the DEC Pilbara Air Quality Study Port
Hedland interim target level of TSP <290 µg/m3 (ATA Environmental et al 2008).
The Dustrak monitors log TSP readings at five minute intervals. The daily average of these readings is
assessed against the target level. The valid results for each monitor are shown in Figure 9 to Figure
12 below.
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There were three occurrences of TSP concentrations above 290 µg/m3 during the reporting period. On
the 16th January 2012 the reading jumped from 25 µg/m3 at 9.06pm to 405 µg/m3 at 9.11pm. The
reading remained at a high level until the 19th of January when the data was downloaded and the unit
reset. The unit did not record an error during this period, however these high readings are believed to
be due to an equipment fault. This unit recorded an error for the period immediately following (which
recorded similar results) and when the unit was swapped on the 14 th February the new unit
immediately measured concentrations less than 30 µg/m3.
The other two exceedences were short term (up to 10 minutes) spikes, occurring on 23rd February
and 23rd June. The cause of these spikes is undetermined, however the daily averages for these days
were 78 µg/m3 and 22 µg/m3, respectively (Figure 9), which is within the target levels.

Figure 9 Great Northern Highway Dustrak Data
There were no exceedences of the airborne dust target recorded at Iron Hill during the periods that
the Dustrak unit was working effectively (Figure 10).

Figure 10 Extension Hill South Dustrak Data
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There were no exceedences of the airborne dust target recorded at Iron Hill during the periods that
the Dustrak unit was working effectively (Figure 11).

Figure 11 Iron Hill Dustrak Data
The Rail Siding Dustrak recorded dust concentrations in excess of the target value consistently over an
8 hour period from 9pm on the 14th February to 5am on the 15th February (Figure 12). The cause of
this high dust event was not identified. These daily averages for these days were below the target
value (182 µg/m3 on 14th February and 199µg/m3 on 15th February). No detrimental impacts were
detected and no public complaints were received as a result of this high dust event.

Figure 12 Rail Siding Dustrak Data
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4.3

Groundwater Monitoring

Mine Site
There are four production bores (EH1P, EH2P, EH3P and EH4P) and three monitoring bores (WB1,
IHMB1 and MB1) located on the mining tenements. Water abstraction from the four production bores
was approved by the Department of Water with the issuing of groundwater license GWL 166067 (valid
from 1st October 2008). Bores EH1P and EH2P supply the potable water for the Project, whilst bores
EH3P and EH4P will provide the raw water required for dust suppression and other site uses.
The required monitoring regime for the mine site bores are described in Table 11.
Table 11 Groundwater Monitoring Regime
Monitored Item

Monitor
Type
Flow

Raw Water Bores
EH3P and EH4P

Level
Quality
Flow

Sub-Potable Water
Bores
EH1P and EH2P

Level

Quality
Pipeline and delivery
infrastructure for
mine site
Monitoring bores
IH1, WB1, MB1

Visual
inspection
Level
Quality

Frequency
Weekly (flow
meter)
Weekly
Monthly
Weekly
Annually
Weekly (flow
meter)
Weekly
Monthly
Weekly
Monthly
Six Monthly
Weekly (including
pressure
monitoring)
Monthly
Monthly
Annual

Parameters
Pump run hours,
Cumulative flow
Water levels (un-rested)
Standing water level rested 12hrs prior
to monitoring
Field EC, pH, Eh, temperature
Independent Laboratory analysis
Pump run hours,
Cumulative flow
Water levels (un-rested)
Standing water level rested 24hrs prior
to monitoring
Salinity (EC) and pH
Field EC, pH, Eh, temperature
Independent Laboratory analysis
Leakage, restricted operation
Standing water level
Field EC, pH, Eh, temperature
Independent Laboratory analysis

The total quantity of groundwater abstracted from the mine site production bores during the reporting
period was 238,353kL. The groundwater was abstracted from bores EH1P (10,153kL), EH2P
(2,966kL), EH3P (140,874kL) and EH4P (84,360kL). GWL 166067 allows the abstraction of
500,000kL/year.
Water abstraction from EH1P commenced in November 2011 to relieve the pressure on EH2P and
allow the water level in EH2P to recover. Average daily abstraction from this bore remained steady
over the period, approximately 27kL/day.
Water abstraction from EH2P decreased with the commissioning of EH1P in November 2011. The
average daily abstraction from EH2P decreased over the period November 2011 to January 2012 and
averaged 8kL/day over the reporting period.
The standing water level in EH1P was decreased by approximately 1.5m over the reporting period
(Figure 13). The standing water level in EH2P recovered over the period, with the final standing water
level at the end of the period being only approximately 2m below its original level based on prepumping data from 2010.
Water abstraction from EH3P bore increased steadily to reach a maximum towards the beginning of
June 2012 and then decreased steadily until the end of the reporting period. Water abstraction from
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EH4P steadily increased throughout the reporting period. The daily average abstraction from bores
EH3P and EH4P over the reporting period was 386kL/day and 231kL/day, respectively.
The standing water levels in bores EH3P and EH4P both decreased by approximately 6m over the
reporting period (Figure 13).
There was no impact detected in monitoring bore WB1 over the reporting period (Figure 13).
The water level recorded in IHMB1 on 17th November 2011 was 6.5m below the 2010 water level for
this bore. This appears to be a drawdown impact from EH1P bore which was pumping at the time of
monitoring and had a similar water level. IHMB1 monitoring bore is located approximately 10m from
EH1P production bore. There has been a slight overall decrease (<2m) in the water level of IHMB1
since the commencement of pumping from EH1P (Figure 13).
There was a 2m water level decrease in MB1 in March 2012 (Figure 13). The water level in this bore
has remained steady since then (within approximately 0.5m).

Figure 13 Standing Water Levels – Mine Site
The temperature, pH, electrical conductivity and total dissolved solids (TDS) measurements were
recorded weekly for the production bores and monthly for WB1 and IHMB1 monitoring bores (Figure
14). Due to difficulties in obtaining a sample from MB1 monitoring bore, only five samples were
obtained for this analysis over the reporting period. These measurements were taken in the field,
using an Aquaread Aquaprobe and Aquaread Aquameter.
The TDS for EH1P increased slightly since the commencement of abstraction and generally ranged
between 2,000mg/L to 5,000mg/L, with one high reading of 5,794mg/L recorded on 12th June 2012.
The TDS for EH2P fluctuated significantly over the period, with measurements in excess of 10g/L
recorded. Investigations into the high TDS revealed that the TDS remained high until the approximtae
volume of the bore pipe was removed, after which time it generally ranged from 3,000mg/L to
5,000mg/L. This water is treated through a reverse osmosis plant prior to consumption.
The TDS for EH3P ranged from 6,100mg/L to 8,700mg/L. The TDS for EH4P ranged from 3,200mg/L
to 6,600mg/L. This water is used primarily for dust suppression.
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Figure 14 Field analysis – physical parameters
Independent laboratory analysis of samples from the mine site bores was conducted on 4th January
2012 and 22nd May 2012 (WB1 samples taken 16th January 2012 and 31st July 2012 due to bore
accessibility issues) (Appendix F).

Rail Siding
The groundwater required for construction works at the rail siding (on leases G70/232 and G70/238)
was abstracted from groundwater bores SOL4P and SOL10P, as approved by groundwater licence
GWL 166651. A total of 25,313kL was abstracted from these bores during the reporting period
(18,345kL from SOL4P and 6,968kL from SOL10P).
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The pumping rates and pumping periods for both bores was carefully managed and large rest periods
were incorporated into the abstraction program. The standing water levels for both bores fluctuated
over the period, as shown in Figure 15.

Figure 15 Standing Water Levels – Rail Siding Bores
Temperature, pH, electrical conductivity and total dissolved solids (TDS) measurements must be
recorded biannually for SOL4P and SOL10P, in accordance with GWL 166651 (Table 12). An additional
sample was taken in October 2011.
Table 12 Analysis Results - SOL4P and SOL10P
Bore

SOL4P

SOL10P

4.4

Date
6/10/2011
26/3/2012
10/9/2012
6/10/2011
26/3/2012
10/9/2012

Temperature
(oC)
23.7
26.6
25.1
23.3
24
25.2

pH
7.47
7.52
7.79
7.82
7.37
7.88

Electrical
Conductivity
(µS/cm)
4987
3737
4312
2617
1868
2286

Total Dissolved
Solids (mg/L)
3240
2434
2825
1701
1214
1485

Vegetation Monitoring

The Mt Gibson Ranges host two species of Declared Rare Flora (DRF), Darwinia masonii and
Lepidosperma gibsonii. Monitoring activity concentrates on ensuring that mining activity does not
impact on populations of these two species. Monitoring of surrounding vegetation at DRF monitoring
sites is included as part of the routine vegetation monitoring activities.
During this reporting period nine permanent quadrats (est. 2008) were monitored for DRF plant health
& condition and surrounding vegetation health & condition. The quadrat site locations are detailed in
figure 17. Plant and surrounding vegetation health & condition are physically assessed and scored
against a pre-determined qualitative health score matrix as detailed in tables 13 & 14. Vegetation
health & condition scores are based on the scoring matrix for D. masonii detailed in (Table 13).
Photographs of monitored plants and surrounding vegetation are taken concurrently with the physical
assessment.
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DRF & surrounding vegetation quadrat monitoring sites

Figure 16 Permanent DRF & surrounding vegetation monitoring sites
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DRF Plant and Surrounding Vegetation Health and Condition Scoring matrices
Table 13 Darwinia masonii and surrounding vegetation health and condition scoring
matrix

0 Near death
1 Poor

Plant
vigour
Dead or
nearly
Very low

Absent or
nearly
Thin

2 Poor

Moderate

Moderate-full

3 Fine

Good

Full

Score

Canopy

Leaf colour

New growth

Yellow/brown
Yellow/brown
Grey-green
some yellowbrown
Blue-green

Absent
Absent
Absent
Present

Table 14 Lepidosperma gibsonii plant health and condition scoring matrix

0 Near death

Plant
vigour
Dead or
nearly

1 Poor

Very low

2 Good

Moderate

Score

Leaf colour

New
growth

Yellow/brown

Absent

Yellow/brown
Grey-green
some yellowbrown

Absent
Absent

Reproduction
Little or none
Few
inflorescences
Many
inflorescences

Monitoring Results
Between 1st October 2011 and 30th September 2012 three permanent quadrats were monitored on a
weekly basis. These quadrats are the closest quadrats to the hematite mining operation and are
therefore the most likely to be affected by mining operations. A weekly monitoring frequency was
considered appropriate and is designed to detect any impacts to plant population health & condition
as soon as possible. The remaining six permanent quadrat monitoring sites are monitored on a
monthly basis. Owing to staffing issues in late 2011, October, November and December 2011 monthly
monitoring data was not collected. In addition weekly monitoring data was not collected for 12th, 27th
October and 7th, 14th December.
During the above reporting period a total of 47 weekly monitoring events were recorded for each of
the three permanent weekly monitoring sites. A further total of nine monthly monitoring events for
each of the remaining permanent monthly monitoring sites were recorded. The results of the
monitoring activities are represented graphically below in figures 17 to 25. Tabulated data is also
included in Appendix K.
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Figure 17 (D1) D. masonii & surrounding vegetation weekly monitoring health score
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Figure 18 (D16) D. masonii & surrounding vegetation weekly monitoring health scores
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Figure 19 (L16) L. gibsonii and surrounding vegetation weekly monitoring health scores.
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Figure 20 (D21) D. masonii and surrounding vegetation monthly monitoring health scores
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Figure 21 (D9) D. masonii and surrounding vegetation monthly monitoring health scores
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Figure 22 (L18) L. gibsonii and surrounding vegetation monthly monitoring health scores
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Figure 23 (L20) L. gibsonii and surrounding vegetation monthly monitoring health scores
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Figure 24 (L23) L. gibsonii and surrounding vegetation monthly monitoring health scores
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Figure 25 (L20) L. gibsonii and surrounding vegetation monthly monitoring health scores
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DRF plant health and condition can be seen to closely track the health and condition of the
surrounding vegetation, and appears to follow a seasonal pattern related to temperature and water
availability. It is known that Darwinia masonii has the ability to cease growth and photosynthetic
activity, in parts of the plant, when water stress occurs. A certain amount of loss of condition and
health thus appears to be a natural adaption to extreme temperature and low plant water availability
occurring on the BIF ridge lines at the end of the summer season. Monitoring data generally indicates
an increase in plant health and condition once the first rains of the winter season arrive.
No significant statistical differences were detected in DRF plant health and condition between
monitoring results for reporting periods 2010-2011 and 2011-2012. Further, no direct or indirect
impacts to DRF populations from mining activity have been noted or observed in this reporting period.
One area of concern is quadrat L18 which has the lowest average health & condition score of all of
the L. gibsonii monitoring quadrats at 1.4. However, this sites plant health scores appear to be
affected most significantly by heavy grazing by either rabbits or kangaroos. Anecdotal evidence, as
well as evidence from scats, would suggest that rabbits are the main culprits, typically grazing 95% of
some plants in the monitoring plots to almost ground level. Lepidosperma gibsonii does appear to be
able to regenerate once grazing pressure reduces and soil moisture levels increase. Unfortunately a
program to trial the effect of fencing and animal exclusion on plant health, planned to start late 2011early 2012 was not commenced. In the meantime, more evidence gathered has suggested that a
rabbit control program may be needed.
Extension Hill environmental staff are currently discussing methodologies for rabbit control with the
local office of the Agricultural Protection Board / Dept. of Agriculture and Food. It is hoped that a
program for rabbit control can begin before the end of the summer, it is further hoped this control
program can be synchronised with similar control programs conducted by immediate mining lease
neighbours, Bush Heritage Australia (Charles Darwin Reserve) and Australian Wildlife Conservancy (Mt
Gibson Wildlife Reserve). The control methodology most favoured is the use of 1080 poison baited
oats. Implementation of a program on the mining lease is contingent on appropriate training in the
use of 1080 poison baits and a successful risk assessment of the proposed baiting program to be
conducted by the local biosecurity officer of the APB/DAFF.

Annual Weed Survey
An annual weed survey has been conducted. Only one serious infestation of a new weed species was
noted. A population (locally restricted to a very small area > 0.5 hectares) of approximately 500+
plants of Brassica tourniforte (Mediterranean Turnip) was found in September. The majority of plants
had not reached flowering stage, and were either manually removed or received a spray treatment
with glyphosate. All weeds and weed locations on the leases that have been found have been logged
for special attention at the beginning of the next growing season. The results of weeds surveying for
this reporting period are detailed in Appendix K.

Seed collection Program
A seed collection program was conducted at the beginning of December 2011. The program collected
a total of 34.43Kg of seed from 33 plant species with local provenance. Another seed collection
program has been budgeted for December 2012.
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4.5

Malleefowl Management and Monitoring

Secure Habitat
A Restricted Access system has been implemented around known active Malleefowl mounds on site,
since the commencement of ground disturbing activities in 2010. These procedures are discussed with
all personnel in the site induction and periodically via site communications. Signage demarcates the
areas within 250m of known active Malleefowl mounds as a ‘Restricted Access Area’ for which an
Environmental Permit is required. These permits are issued only after assessing the risk to the mound
and setting conditions designed to minimise the potential impact on the Malleefowl in the area. A
request for an Environmental Permit to enter a Restricted Access Area is rejected if the activity poses
a significant risk to the Malleefowl.

Reduce the Threat of Fire
To assist in reducing the potential for fire to impact on the local Malleefowl population through direct
death, and mound and habitat destruction, the mine site has a trained Emergency Response Team,
with fire fighting capabilities. The site fire truck was decommissioned during the reporting period and
replaced with a ‘Fast Attack’ light vehicle. The site has two 20kL capacity water carts which also have
fittings to attach hoses for use in fire fighting. All personnel are instructed in the techniques to
minimise fire risk and procedures for reporting fires, during their induction. Fire breaks were installed
as part of the construction process and are regularly inspected, and maintained as required.

Reduce Number of Road Deaths
Personnel are advised in site inductions to be wary of Malleefowl on the roads, to ensure the site
speed limits are not exceeded and to report all Malleefowl sightings (Figure 26). When Malleefowl are
sighted on high traffic roads on the mine site, the person that first sights them notifies all other road
users of their presence via the two-way radio. In the event that Malleefowl are regularly seen in
certain areas, personnel that regularly travel into those areas are notified and advised to be extra
cautious.

Figure 26 Site Induction Malleefowl Slide
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Malleefowl Mound Monitoring
The Proponents conduct an Annual Malleefowl Mound Monitoring survey of the known Malleefowl
mounds within the tenement area. The survey for this reporting period was conducted in late
November/early December 2011. Fourteen mounds were recorded as active in this breeding season.
No detrimental impact on Malleefowl as a result of mining activities was detected. The results of this
survey are discussed in the survey report, attached as Appendix G to this document and depicted in
Figure 27.
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Legend
Impact Area
Active
Inactive
Not Found

Malleefowl (Leipoa ocellata)
Mound Map
Status as at December 2011

Figure 27 Malleefowl Mound Map December 2011
41
Mount Gibson Mining Limited ©

ANNUAL ENVIRONMENTAL REPORT 2012
Mt Gibson Iron Ore Mine and Infrastructure Project

Malleefowl Sightings
Photographs of Malleefowl are presented in the site induction and posted a wall in each of the crib
rooms on site to ensure that all site personnel are able to correctly identify a Malleefowl. Personnel
are issued with a pad of flora/fauna sighting forms and are required to report any sightings of
Malleefowl that they encounter.
A total of 59 Malleefowl sightings were recorded during the reporting period (Figure 28). Fifty
individuals and 4 pairs of Malleefowl were sighted on the mine tenements during the reporting period.
Five individual Malleefowl were reported off the mine tenements during the period.

*

Off site refers to Malleefowl sightings not on the mining tenements. Four of these sightings were on Wanarra
Road and one was sighted at the an old gold mine camp, approximately 20km south of the Project.

Figure 28 Malleefowl Sightings

Malleefowl Deaths
No Malleefowl deaths were recorded on the mine site or the rail siding during the reporting period.
One Malleefowl was killed by a road train on Wanarra Road and was reported as part of the Annual
Environmental Report for Ministerial Statement 786, which covers the Hematite Haulage Road and Rail
Siding Project. It is noted that Wanarra Road was re-opened to the public in February 2011 and
remains a public road.

4.6

General Fauna Monitoring

Terrestrial Vertebrate Fauna Survey
A terrestrial vertebrate fauna survey was conducted in December 2011 and compared to the baseline
survey conducted in 2008 to determine if there was an impact on the abundance, diversity,
geographic distribution and productivity of native fauna, as a result of mining activities. The survey
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found that ‘There was no obvious or significant change in the vertebrate fauna assemblage recorded
in the eucalypt woodland or sand plain sites. Similarly, there was no obvious or detectable change in
the vertebrate fauna assemblage on the impact ridge, except that Woolley’s Pseudantechinus is now
present on the control ridge (Terrestrial Ecosystems 2012). The complete survey report is included as
Appendix H. This survey will be repeated biennially.

Significant Fauna Sightings
There were nine sightings of Major Mitchell’s Cockatoos recorded during the reporting period. These
sightings ranged from individual birds to pairs and flocks of up to 6. The locations of these sightings
are recorded and will be taken into account as part of the pre-clearance procedures for future clearing
activities on site.

Native Fauna Deaths
There were 14 native vertebrate fauna killed on the mine site in the reporting period (Table 15). This
consisted of 7 reptiles, 4 birds and 3 mammals. The cause of death was vehicle impact in all cases
except two. Some fauna road deaths are unavoidable, however incident investigations identified
preventative actions in some cases, which included raising awareness of particular species in certain
areas and installing a physical barrier to fauna ingress on to a particular highly trafficked area of a
haul road.
An Australian Shelduck (Tadorna tadornoides) chick was killed when it was drawn into an uncovered
inlet pipe at the turkey’s nest dam. The standpipe was tagged out and not used again until a guard
was installed over the inlet pipe. An unidentified dove was also discovered dead in the turkey’s nest
dam, cause of death unknown.
Table 15 Native Vertebrate Fauna Deaths
Date

Species

Cause of Death

7/10/2011

Ringed Brown Snake (Pseudonaja modesta)

Vehicle impact

8/10/2011

Dwarf Bearded Dragon (Pogona minor)

Vehicle impact

4/11/2011

Unidentified Snake

Vehicle impact

16/11/2011

Australian Shelduck (Tadorna tadornoides)

Drawn into an open inlet
pipe at turkey’s nest dam

21/11/2011

Sand Goanna (Varanus gouldii)

Vehicle impact

3/01/2012

Lozenge-marked Dragon (Ctenophorus scutulatus)

Vehicle impact

9/01/2012

Echidna (Tachyglossus aculeatus)

Dump Truck impact

16/01/2012

Southern Shovel nosed Snake (Brachyurophis
semifasciatus)

Vehicle impact

24/02/2012

Sandy Inland Mouse (Pseudomys hermannsburgenis)

Vehicle impact

5/05/2012

Mitchell's Hopping Mouse (Notomys mitchelli)

Vehicle impact

15/07/2012

Australian Owlet-Nightjar (Aegotheles cristatus)

Vehicle impact

12/08/2012

Crested Pigeon (Ocyphaps lophotes)

Vehicle impact

21/09/2012

Sand Goanna (Varanus gouldii)

Vehicle impact

24/09/2012

Unidentified Dove

Undetermined

Non-Native Species
A monitoring program for non-native species was implemented during the reporting period. This
involved a 4 night, baited camera trap survey which included 13 cameras located at control and
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impact sites across the three key fauna habitats of the area. During the initial survey round in August
2012, only 1 cat and 1 rabbit were recorded. A number of native fauna were also recorded, including
a kangaroo, an eagle, a native hopping mouse, an echidna and multiple ravens.
Table 16 Non-Native Fauna Deaths
Species

Number

Cat (Felis catus)

3

Cause of Death
1 apparent drowning (in turkey’s nest)
2 trapped and shot
1 vehicle Impact

Rabbit (Oryctolagus cuniculus)

3

1 predation (taken by a bird of prey)
1 found sick - caught and euthanased

House Mouse (Mus musculus)

4.7

106

Trapped/killed

Waste Management

The site waste management hierarchy is depicted in Figure 29. Examples of waste reduction
strategies implemented on site are the shift to purchasing bulk sugar, rather than individual sachets
and the purchase of a large set of ceramic mugs and subsequent removal of disposal paper cups for
visitors to site. All full time employees are issued with a re-usable travel mug upon arrival.

Figure 29 Waste Management Hierarchy
There is a recycling system in place to minimise the waste to landfill, which includes facilities for
recycling of paper and cardboard, scrap metal, glass bottles, aluminium cans and recyclable plastics,
including ANFO bulk bags (Table 17).
Table 17 Quantities of Waste Recycled
Item

Quantity (t)

Cardboard/Paper

11.7

Mixed Plastic

2.78

Aluminium Cans

0.21

Polystyrene

0.22

Glass

7 cages

Scrap Metal

6.26
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Non-hazardous, inert waste that cannot be avoided, reused or recycled is disposed of at the site
landfill facility. An application to expand the scope of waste types approved for onsite burial was
approved by DEC during the reporting period. A weekly litter pick up is conducted around the facility.
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5.

REHABILITATION AND CLOSURE PLANNING
Rehabilitation
No additional rehabilitation was undertaken during the reporting period. Table 18 shows the areas
rehabilitated to date for the Project. The Project is only in its second year of operational mining, thus
there is limited scope for rehabilitation as the disturbed areas are predominantly still active.
Disturbance and rehabilitation data was verified by on ground surveying.
Preparation for a rehabilitation trial has commenced, as discussed below.
Table 18 Rehabilitation Summary

Tenement

M59/339
P59/1857
G59/34

*

G59/63
Total

Disturbance
Type
Decommissioned
highway
Decommissioned
highway
Decommissioned
highway
Old Airstrip

Total
Disturbance*
(Ha)

Total Rehabilitation
(Ha)
(Stage of rehab)**
1
2
3 4 Total

Rehabilitation
Stages verified by
DMP (Yes- Stage
reached & date
verified / No)

-

-

0.2

-

-

0.2

No

-

-

0.1

-

-

0.1

No

-

-

0.23

-

-

0.23

No

-

-

0.6
1.13

- - -

0.6
1.13

No

These items were disturbed prior to the Project but were rehabilitated as part of the Project.
1 = Preliminary earthworks; 2 = Completed earthworks; 3 = Revegetation; 4 = Relinquished.

**

Closure Planning
There were no changes to the operation during the reporting period that are likely to have a
significant impact on mine closure. The hematite waste dump design was refined in accordance with
recommendations made by Landloch (2012) following erosion modelling (discussed further below).
The revised hematite waste dump design has been submitted to DMP for approval.
A summary of the legal obligations and proponent commitments relating to mine closure is included in
Appendix I.
MGM engaged a consultant to conduct a high level closure costing assessment of the hematite
operation, during the reporting period. The outcomes of the assessment will be incorporated into the
revised Hematite Mine Closure Plan which is due for submission to DMP in October 2014.
In preparation for mine closure, additional rehabilitation material was collected during the period
(Table 19).
Table 19 Rehabilitation Material Available
Location
Waste Dump
Waste Dump Cell 1
Mine Pit (Community FCT 10-01)

Component
Tritter
Topsoil
Subsoil
Tritter
Topsoil
Subsoil
Tritter
Topsoil
Regolith/Subsoil
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Location
Mine Pit (Community FCT 10-02)
Village
Sewage Pond
Admin/workshop/crusher
Admin/crusher rd.
Turkeys nest

Component
Tritter
Topsoil
Subsoil
Topsoil/subsoil
Topsoil/subsoil
Topsoil/subsoil
Topsoil/subsoil
Topsoil/subsoil
Total

Volume (m3)
6,067
21,272
14,564
8,273
1,685
17,730
792
827
296,156

Research
Landloch Pty Ltd were commissioned by MGM to ‘undertake erodibility studies and develop an
erosionally stable final landform design’ (Landloch 2012). This study incorporated material
characterisation, erosion modelling and resulted in recommendations regarding waste dump design,
construction and monitoring. The current waste dump design was refined in accordance with the
recommendations made regarding berms, batters and drainage. This refined design has been
submitted to DMP for review and approval.
Preparations were commenced during the reporting period to conduct rehabilitation trials on a section
of the waste dump to further investigate Landloch’s recommendations regarding waste dump
construction and soil treatment. Seed application requirements will also be trialled as part of this
program. The trial will commence in the next reporting period.
The complete Landloch (2012) report is included as Appendix J.
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6.

STAKEHOLDER CONSULTATION
MGM host an Annual Stakeholder Liaison Meeting to update key stakeholders on the Project progress
and discuss significant environmental issues, including Malleefowl, introduced species, weeds and fire.
Closure planning is included on the agenda biennially and was discussed at this year’s meeting, held
on 3rd May 2012. Invitees meetings include representatives of the local shires, the North Central
Malleefowl Preservation Group, Australian Wildlife Conservancy, Pindiddy Aboriginal Corporation, Bush
Heritage Australia, the Department of Environment and Conservation, and the tenement holders
(Extension Hill Pty Ltd). All attendees were encouraged to participate in discussions relating to these
issues and then the floor was opened for discussions of any other issues.
The second meeting of the Gundawah Regional Conservation Association was held on site in October
2011 and was attended by the Proponents, Bush Heritage Australia, the Australian Wildlife
Conservancy, the North Central Malleefowl Preservation Group, the Northern Agricultural Conservation
Council, and the Shires of Dalwallinu, Perenjori and Yalgoo.
The Proponents also provided sponsorship for the Perenjori Agricultural Show held on the 18th August
2012, taking the opportunity to set up an exhibit and discuss the Project with interested members of
the local community.
The Proponents also attended the Annual General Meeting of the North Central Malleefowl
Conservation Group and MGM provided financial assistance for members of the group to attend the
National Malleefowl Forum held in Renmark, South Australia.
The first Biodiversity Offsets payments were made to Bush Heritage Australia and Pindiddy Aboriginal
Corporation – the results of this expenditure will be reported in the next reporting period.
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7.

FUTURE WORK PROGRAM
Hematite Operation
Key activities proposed for the next period include the construction of a new landfill and
bioremediation facility within the waste dump footprint and further expansion of the hematite waste
dump to the south and east. No additional vegetation disturbance is required for these activities. DMP
approval is for the landfill and bioremediation facility relocation is pending.
The existing environmental management system will continue to be implemented (including a
continuous improvement cycle) throughout the next period.

Magnetite Operation
Under the terms of Hematite Agreement between EHPL and MGM signed in August 2006, MGM is
required to store any Magnetite found in the Hematite pit in an area nominated by EHPL.
EHPL has nominated a 2 hectare site. It is anticipated that in the remaining life of Hematite mining
approximately 300,000 tonnes of Magnetite will be stored in this location.
The stockpile will be used to store magnetite ore prior to treatment in the proposed Magnetite
Processing Facility that will be built by EHPL and will be the subject of a separate Mining Proposal.
Up to 2 hectares will be cleared for the stockpile; the footprint does not contain any known conservation significant flora or
fauna.
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APPENDIX A
Site Environmental Data Sheets

Mount Gibson Mining Limited ©

SECTION 1: SITE ENVIRONMENTAL MONITORING AND REPORTING DATA SHEET

A.

MONITORING

WATER

Groundwater Sampling

VEGETATION

DRF Monitoring

FAUNA

Visual / Fatality-injury recording / Terrestrial Vertebrate Survey / Malleefowl Mound Survey

DUST

Site or regional sampling / background

B.

REPORTING

Agency

Report Topic
(eg. geotechnical, water quality, air quality, compliance)

OEPA
DEC
DSEWPC
DMP
DoW

Annual Environmental Report (Compliance
and environmental monitoring)

Groundwater Monitoring and Compliance

App A Environmental Data Sheets.docx - Perth
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Date
(Month)
October
2012

Report period
(Months)
12

Data unique or
shared
Shared

October
2012

12

Shared

Release Classification: - Departmental Use Only

SECTION 2. WASTE DUMP ENVIRONMENTAL DATA SHEET (6pp)

PROJECT: Extension Hill Hematite Operations SITE: Extension Hill
WASTE DUMP NAME: MGM Waste Dump

TENEMENT(S): M59/339, G59/30

RELEVANT MINING PROPOSAL REGISTRATION ID(S)*: 25961

(* If unknown, please provide titles of Mining Proposals & Notices of Intents approved)
A. REPRESENTATIVE WASTE DUMP PHOTO(S)
(Attach additional photos on separate pages as necessary)

Photo Origination/Direction: Photo of waste dump – taken from the lookout (south west), facing north east.
Date: 18/10/2012
Notes (if relevant): The photo shows the waste dump and the low grade stockpiles north of the waste dump.

Photo Origination/Direction: Photo of waste dump – taken from the south east, facing north west.
Date: 18/10/2012
Notes (if relevant):

Photo Origination/Direction: Photo of waste dump – taken from the north east, facing south west.
Date: 28/10/2012
Notes (if relevant):

B. COMPLIANCE
Has the landform been constructed in accordance with the approved Mining proposal(s) Y
If No, please detail alternations and provide an explanation:
__________________________________________________________________________________________

C. DESIGN
Year of Construction:

2010

Year of Completion (earthworks):

Not complete

Landform Footprint (Ha)

22.6

Waste Rock Mineralogy (types)

Banded Iron Formation

*Detail hostile material present (eg.
ARD. highly-saline, heavy metals,
asbestoform, radioactive)

None present

Volume of hostile material ( BCM or
m3)

None present

Percentage of hostile material per
total landform volume

None present

Design limitations/constraints:

Surface water flows – must be managed to reduce potential for erosion
and sedimentation.

(e.g., hostile materials, physical and
chemical characteristics of waste
material(s), natural topography,
surface water flows, DRF, tenement
boundaries, other infrastructure)

Design and Specifications:
(eg backsloping berms (size), batter
length, batter angle, dump height,
surface geometry, surveying of
berms and contour ripping,
compartmentalisation, drains, toe
bunds)
Include details of all measures
designed to address the identified
waste dump limitations/constraints.

Current design criteria is as follows (it is noted that MGM have indicated
an intent to revise this in the next reporting period):
• Maximum height - 365mAHD
• Length - 1200m
• Width - 500m
• Bench height - 10m
• Berm width - 10m
• Batter angle - 20°
• Total area - 60Ha
• Storage capacity - 8,100,000m3
An addendum to the approved mining proposal has been submitted to
DMP which includes an updated waste dump design. Approval is
pending.

Erosion control and water
management features:

Interim surface water management bunding has been installed.

(e.g., rock mulching, backsloping
berms, rock drains,
compartmentalising, surveyed
ripping)
Detail management of all hostile
materials (eg, capping,
encapsulation, containment).

None present

Detail rehabilitation trial(s) results:

Refer to BGPA (2010)

Include detail of whether trial results
will result in waste dump design
changes.
*Please include the location of all hostile material on the plan of the Waste Dump in Section H of this data sheet.
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D. EROSION MANAGEMENT
Erosion present: N
Type (circle):

Rilling/ Sheet/ Gullying/ Dusting/ Piping/ Other: N/A

Cause of erosion (circle): Water/ Wind/ Waste Material Properties/ Surface water flows/ Other: N/A
Severity (0-6): 0
(This is a subjective erosion rating were 0=none and 6 = severe, ie > 2m deep)
Detail corrective actions proposed:
N/A___________________________________________________________________________________
______________________________________________________________________________________
______________________________________________________________________________________

E. REHABILITATION
Year Rehabilitation Commenced: Not commenced

Year Completed: Not completed

Percentage of total dump footprint (plan view) rehabilitated: 0
Area of rehabilitation completed during reporting period (Ha): 0
Surface material type (circle): Competent rock / Oxidised rock / Lateritic / Clay / Shale / Other: N/A
Topsoil Replaced: N

Topsoil Depth (mm): N/A

Progressive rehabilitation conducted: (e.g. reshaping to final batter angles (include final batter angle), installing
erosion control features, replacing cleared vegetation, contour ripping (include ripping depth), seeding and /or
planting (include provenance of seed), seed treatment, surface treatment etc.). Please detail:
Nil________________________________________________ ___________________________________
______________________________________________________________________________________
______________________________________________________________________________________

Weeds present: N
Weed Control Measures:
N/A______________________________________________________________________________________
______________________________________________________________________________________
______________________________________________________________________________________

Rehabilitation limitations (e.g., soil chemistry, weeds, pathogens, grazing, climate, lack of topsoil, lack of seed):
N/A___________________________________________________________________________________
______________________________________________________________________________________

Measures to address identified rehabilitation limitations:
Monitoring of waste dump rehabilitation areas will be conducted once waste dump rehabilitation commences.
______________________________________________________________________________________
______________________________________________________________________________________
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F. CLOSURE
Landform Rehabilitation Stage (1-4): N/A
(In accordance with the Department’s Bond Policy 1 July 2008 – Bond reductions and retirement, see further Box
2 in these guidelines, p.10)
Status of completion criteria (tick as appropriate):



ü

Yet to be developed
Being developed (in consultation with all relevant stakeholders)
Developed/Approved by the Department.
(sent to the Department in 2008 – no response was received)

Do the completion criteria allow for changes in knowledge / requirements over time? Y
What are the criteria based on: Other Agency Standards - Strategic Framework for Mine Closure (ANZMEC/MCA
2000)
What Assessment basis is used: Numeric / Subjective
Some completion criteria are based on numeric results of monitoring, whilst other are based on observations and
discussions with the Department and the stakeholder reference group.

G. MONITORING
Monitoring Systems in place:
N
Analogue/comparison sites identified and monitored

N

Detail of monitoring system(s) [Note: these systems must provide verification of the landform; safety, stability,
pollution control and ecosystem establishment (self sustaining vegetative cover and fauna establishment).
Insufficient monitoring systems may hinder bond retirement(s)].
Rehabilitation is yet to be commenced.
TYPE

YES/NO

FREQUENCY & COMMENTS

Topsoil Regeneration
Fauna Monitoring
Slope Stability
Dump Drainage
Internal Waste Dump Processes
Plant Species Diversity
Plant Density
Plant Cover (%)
Vegetation Productivity
Dieback
Soil Loss (erosion)
Soil Properties
Ecological function
Grazing
Other
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H. Plan of the Waste Dump.
(Plan should include: photo points and direction of any photos detailed in Section A of this data sheet, specific
dump features such as encapsulation cells, rehabilitation trials and other relevant features as Detailed in Section C
of this data sheet.)

Photo 3

Photo 1
Photo 2

Summary of proposed actions to address limitations associated with this waste landform (within the next reporting
period).
An addendum to the approved mining proposal has been submitted to DMP which includes an updated waste
dump design. Approval is pending. This erosion potential will be addressed as part of this.

Department Use Only - Inspection/Verification
Waste Dump constructed in accordance with relevant approval(s), Registration ID __________

Y/N

If NO, detail compliance action proposed:
___________________________________________________________________________________________
___________________________________________________________________________________________

Environmental Data sheet information verified as accurate:

Y/N

Detail discrepancies (found during inspection) :
___________________________________________________________________________________________
___________________________________________________________________________________________
Stage of rehabilitation achieved (1-4 as per bond policy): ______________________________________________
Senior Environmental Officer who verified rehabilitation status: _________________________________________
Main issues (rehabilitation, erosion, lack of trials, poor material placement, weed control etc)
___________________________________________________________________________________________
___________________________________________________________________________________________
___________________________________________________________________________________________
___________________________________________________________________________________________

App A Environmental Data Sheets.docx - Perth

Page 8 of 14

Release Classification: - Departmental Use Only

SECTION 3. TAILINGS STORAGE FACILITY / SALINE WATER DAM
ENVIRONMENTAL DATA SHEET (3 pp)

SALINE WATER DAM

PROJECT: Extension Hill Hematite Operations TENEMENTS: M59/339
FACILITY NAME /ID: Turkey’s nest
FACILITY TYPE (eg, paddock, valley, in-pit, lined/unlined) : Lined dam
LAST GEOTECHNICAL REVIEW (if relevant)
Month / Year

___N/A_______ Reviewer’s name / Company _N/A__________________________________

A. DESIGN & MANAGEMENT
Discharge Method (single point, multi point/spigot, central): Single point (standpipe)
Are pipelines fitted with an automatic shut down system in event of pipeline or system failure: Y
If No, detail other systems in place to prevent uncontrolled discharge of tailings/saline water:
Water Recovery and Return System (circle as appropriate):
Underdrainage / Central Decant / Floating decant / Wall decant / Other: Back slope under fill point into the turkey’s
nest.
Who is the designated person(s) responsible for Saline Water Management.
Name/Position: Steven Churchill / HSEC Manager Phone: (08) 6314 0213
Emergency response procedure in place for serious incidents: Y
Feedback Management Systems in place to evaluate incidents and effect a remedy: Y
Incident reporting systems in place to notify relevant state departments: Y
Frequency of inspections (faculties and associated pipelines): Daily inspections of dam and weekly inspections of
pipelines.
Fauna injury/mortality records maintained: Y
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B. REHABILITATION - WALLS/SURFACE
Year of Construction:

2010

Year of Completion (earthworks):

2010

Progressive rehabilitation conducted:

Nil – the area is still in use.

(Topsoil and stockpiled vegetation
respread, rehabilitation of starter
embankment/ wall raises/ tailing
surface, etc)
Details of Surface Closure Strategy

Closure of the turkey’s nest will involve the removal of infrastructure and liner,
reshaping the area and respread of topsoil.

(Capping / Sealing / Direct Seeding /
Rock Armouring / Water Shedding /
Water Harvesting / Encapsulation)
Has the Rehabilitation/Closure
strategy been approved by DMP for
this facility:

No

Are rehabilitation trials being
conducted?

Rehabilitation trials conducted to date have focussed on the reestablishment of
the two Declared Rare Flora species, Darwinia masonii and Lepidosperma
gibsonii. These species are unsuitable for the turkey’s nest area and will be reestablished in the waste dump area instead.

( If Yes, provide detail of trials)

C. MONITORING
Water Balance Monitoring Undertaken: N

Frequency: _______________________________

Approximate Percentage of Water Loss through Seepage (per annum): 0 (turkey’s nest is lined)
Percentage Seepage Recovered (per annum): 0 (0 seepage lost)

Groundwater Monitoring Conducted: Y
How: Sampling from groundwater bores___________________________ Frequency: Weekly

Surface Water Monitoring Conducted: Y
How: Visual observations_________________________________ Frequency: Weekly

Fauna Monitoring Conducted: Y
How: Malleefowl mound monitoring

Frequency: Annually

Terrestrial Vertebrate Survey

Biennially

Rehabilitation Monitoring Conducted: N
How: _____________________________________________
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Frequency _________________
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D. CLOSURE
Landform Stage Rehabilitation Stage (1-4): N/A
(See Box 2 on p. 10 of these guidelines for definition of rehabilitation stages)
Status of completion criteria (tick as appropriate):



ü

Yet to be developed
Being developed (in consultation with all relevant stakeholders)
Developed/Approved by DMP.
(sent to the Department in 2008 – no response was received)

Do the completion criteria allow for changes in knowledge / requirements over time? Y
What are the criteria based on: Other Agency Standards - Strategic Framework for Mine Closure (ANZMEC/MCA
2000)
What Assessment basis is used: Numeric / Subjective
Some completion criteria are based on numeric results of monitoring, whilst other are based on observations and
discussions with the Department and the stakeholder reference group.

COMMENTS:
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SECTION 3. TAILINGS STORAGE FACILITY / SALINE WATER DAM
ENVIRONMENTAL DATA SHEET (3 pp)

SEWAGE EVAPORATION POND

PROJECT: Extension Hill Hematite Operations TENEMENTS: L59/69
FACILITY NAME /ID: Sewage Evaporation Pond
FACILITY TYPE (eg, paddock, valley, in-pit, lined/unlined) : Lined dam
LAST GEOTECHNICAL REVIEW (if relevant)
Month / Year

___N/A_______ Reviewer’s name / Company _N/A__________________________________

E. DESIGN & MANAGEMENT
Discharge Method (single point, multi point/spigot, central): Evaporation
Are pipelines fitted with an automatic shut down system in event of pipeline or system failure: N
If No, detail other systems in place to prevent uncontrolled discharge of tailings/saline water: Manual management
Water Recovery and Return System (circle as appropriate):
Underdrainage / Central Decant / Floating decant / Wall decant / Other: None required.
Who is the designated person(s) responsible for Saline Water Management.
Name/Position: Steven Churchill / HSEC Manager Phone: (08) 6314 0213
Emergency response procedure in place for serious incidents: Y
Feedback Management Systems in place to evaluate incidents and effect a remedy: Y
Incident reporting systems in place to notify relevant state departments: Y
Frequency of inspections (faculties and associated pipelines): Weekly.
Fauna injury/mortality records maintained: Y
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F. REHABILITATION - WALLS/SURFACE
Year of Construction:

2010

Year of Completion (earthworks):

2010

Progressive rehabilitation conducted:

Nil – the area is still in use.

(Topsoil and stockpiled vegetation
respread, rehabilitation of starter
embankment/ wall raises/ tailing
surface, etc)
Details of Surface Closure Strategy

Closure of the evaporation pond will involve the removal of infrastructure and
liner, reshaping the area and respread of topsoil.

(Capping / Sealing / Direct Seeding /
Rock Armouring / Water Shedding /
Water Harvesting / Encapsulation)
Has the Rehabilitation/Closure
strategy been approved by DMP for
this facility:

No

Are rehabilitation trials being
conducted?

Rehabilitation trials conducted to date have focussed on the reestablishment of
the two Declared Rare Flora species, Darwinia masonii and Lepidosperma
gibsonii. These species are unsuitable for the evaporation pond area and will
be re-established in the waste dump area instead.

( If Yes, provide detail of trials)

G. MONITORING
Water Balance Monitoring Undertaken: N

Frequency: _______________________________

Approximate Percentage of Water Loss through Seepage (per annum): 0 (turkey’s nest is lined)
Percentage Seepage Recovered (per annum): 0 (0 seepage lost)

Groundwater Monitoring Conducted: Y
How: Sampling from groundwater bores___________________________ Frequency: Weekly

Surface Water Monitoring Conducted: Y
How: Visual observations_________________________________ Frequency: Weekly

Fauna Monitoring Conducted: Y
How: Malleefowl mound monitoring

Frequency: Annually

Terrestrial Vertebrate Survey

Biennially

Rehabilitation Monitoring Conducted: N
How: _____________________________________________

App A Environmental Data Sheets.docx - Perth
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Frequency _________________

Release Classification: - Departmental Use Only

H. CLOSURE
Landform Stage Rehabilitation Stage (1-4): N/A
(See Box 2 on p. 10 of these guidelines for definition of rehabilitation stages)
Status of completion criteria (tick as appropriate):



ü

Yet to be developed
Being developed (in consultation with all relevant stakeholders)
Developed/Approved by DMP.
(sent to the Department in 2008 – no response was received)

Do the completion criteria allow for changes in knowledge / requirements over time? Y
What are the criteria based on: Other Agency Standards - Strategic Framework for Mine Closure (ANZMEC/MCA
2000)
What Assessment basis is used: Numeric / Subjective
Some completion criteria are based on numeric results of monitoring, whilst other are based on observations and
discussions with the Department and the stakeholder reference group.

COMMENTS:

App A Environmental Data Sheets.docx - Perth
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Release Classification: - Departmental Use Only

ANNUAL ENVIRONMENTAL REPORT 2012
Mt Gibson Iron Ore Mine and Infrastructure Project

APPENDIX B
Ministerial Statement 753 Audit Table

Mount Gibson Mining Limited ©

AUDIT TABLE
Proposal Implementation Monitoring Section
PROJECT: MT GIBSON IRON ORE MINE &
INFRASTRUCTURE PROJECT SHIRE OF YALGOO
PROPONENTS:MOUNT GIBSON MINING LIMITED and
EXTENSION HILL PTY LTD
Note:
•
•
•
•
•

Phases that apply in this table = Pre-Construction, Construction, Operation, Decommissioning, Overall (several phases)
This audit table is a summary and timetable of conditions and commitments applying to this project. Refer to the Minister’s Statement for full detail/precise wording of individual elements.
Code prefixes: M = Minister’s condition; P = Proponent’s commitment; A = Audit specification; N = Procedure.
Any elements with status = “Audited by proponent only” are legally binding but are not required to be addressed specifically in compliance reports, if complied with.
Acronyms list:- Min for Env = Minister for the Environment; CEO = Chief Executive Officer of DEC; DEC = Department of Environment and Conservation; DMP = Department of Mining
and Petroleum (formerly DoIR = Department of Industry and Resources); EPA = Environmental Protection Authority; DoAF= Department of Agriculture and Food; DoH = Department of
Health; DoW = Department of Water; LGA = local Government Authority; AWH = Australian Wildlife Conservancy; ABHF = Australian Bush Heritage Fund; BGPA = Botanic Parks &
Gardens Authority; EHPL = Extension Hill Pty Ltd; PAC = Pindiddy Aboriginal Corporation; MGI = Mount Gibson Iron.

Number
753:G
753:M1.1

Subject

Action

How

Evidence

Proposal
Implementation

The proponent shall
implement the proposal as
documented and
described in schedule 1 of
this statement subject to
the conditions and
procedures of this
statement.

Project
implemented in
accordance with
these criteria

Compliance
Report (CR)

753:M2.1

Proponent
Nomination
and Contact
Details

The proponent for the time
being nominated by the
Minister for the
Environment under
sections 38(6) or 38(7) of
the Environmental
Protection Act 1986 is
responsible for the
implementation of the
proposal.
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Satisfy
Min for Env

Min for Env

Advice

Phase

When

Status

Overall

Satisfactory
during this
period

Overall

Satisfactory
during this
period

AUDIT TABLE
Proposal Implementation Monitoring Section
PROJECT: MT GIBSON IRON ORE MINE &
INFRASTRUCTURE PROJECT SHIRE OF YALGOO
PROPONENTS:MOUNT GIBSON MINING LIMITED and
EXTENSION HILL PTY LTD
Number
753:M2.2

Subject
Proponent
Nomination
and Contact
Details

Action
The proponent shall notify
the Chief Executive Officer
of the Department of
Environment and
Conservation (CEO) of
any change of the name
and address of the
proponent for the serving
of a notice or other
correspondence within 30
days of such change.

753:M3.1

Time Limit of
Authorisation

753:M3.2

Time Limit of
Authorisation

The authorisation to
implement the proposal
provided for in this
statement shall lapse and
be void within five years
after the date of this
statement if the proposal
to which this statement
relates is not substantially
commenced.
The proponent shall
provide the CEO with
written evidence which
demonstrates that the
proposal has substantially
commenced on or before
the expiration of five years
from the date of this
statement.
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How
Letter notifying the
CEO of any change
in proponent
contact details.

Letter notifying the
CEO that the
proposal has
substantially
commenced.

Evidence
Letter notifying
the CEO of
any change in
proponent
contact details.

Letter notifying
the CEO that
the proposal
has
substantially
commenced.

Satisfy
CEO

Advice

Phase
Overall

When
Within 30
Days of such
Change

Status
Not
required at
this stage

Min for Env

Construction

No longer
relevant

CEO

Construction

Five years
after the date
of statement
753 if the
proposal to
which this
statement
relates is not
substantially
commenced
On or before
the expiration
of five years
from the date
of statement
753 (24
October
2007).

Completed

AUDIT TABLE
Proposal Implementation Monitoring Section
PROJECT: MT GIBSON IRON ORE MINE &
INFRASTRUCTURE PROJECT SHIRE OF YALGOO
PROPONENTS:MOUNT GIBSON MINING LIMITED and
EXTENSION HILL PTY LTD
Number
753:M4.1

Subject
Compliance
Reporting

Action
The proponent shall
submit to the CEO
environmental compliance
reports annually reporting
on the previous twelvemonth period, unless
required by the CEO to
report more frequently.

How
Submit to the CEO
annual compliance
reports, covering
the conditions of
this audit table.

Evidence
CR

Satisfy
CEO

753:M4.2

Compliance
Reporting –
Prepare Audit
Program

The environmental
compliance reports shall
address each element of
an audit program
approved by the CEO and
shall be prepared and
submitted in a format
acceptable to the
CEO.

The annual
compliance reports
will cover the
conditions of this
audit table.

CR

753:M4.3

Compliance
Reporting

Submit to the CEO
environmental compliance
reports annually

The environmental
compliance reports
shall: 1. be
endorsed by
signature of the
proponent's
Managing Director
or a person,
approved in writing
by the CEO,
delegated to sign
on behalf of the

CR
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Advice

Phase
Overall

When
Annually
unless
required by
the CEO to
report more
frequently

Status
Satisfactory
during this
period

CEO

Overall

Annually

Completed

CEO

Overall

Annually
unless
required by
the CEO to
report more
frequently

Satisfactory
during this
period

AUDIT TABLE
Proposal Implementation Monitoring Section
PROJECT: MT GIBSON IRON ORE MINE &
INFRASTRUCTURE PROJECT SHIRE OF YALGOO
PROPONENTS:MOUNT GIBSON MINING LIMITED and
EXTENSION HILL PTY LTD
Number

Subject

Action

How
proponent's
Managing Director;
2. state whether the
proponent has
complied with each
condition and
procedure
contained in this
statement; 3.
provide verifiable
evidence of
compliance with
each condition and
procedure
contained in this
statement; 4. state
whether the
proponent has
complied with each
key action
contained in any
environmental
management plan
or program
required by this
statement; 5.
provide verifiable
evidence of
conformance with
each key action
contained in any

Page 4 of 55

Evidence

Satisfy

Advice

Phase

When

Status

AUDIT TABLE
Proposal Implementation Monitoring Section
PROJECT: MT GIBSON IRON ORE MINE &
INFRASTRUCTURE PROJECT SHIRE OF YALGOO
PROPONENTS:MOUNT GIBSON MINING LIMITED and
EXTENSION HILL PTY LTD
Number

753:M4.4

Subject

Action

The proponent shall make
the environmental
compliance reports
required by condition
4-1 publicly available in a
manner approved by the

Page 5 of 55

How
environmental
management plan
or program
required by this
statement; 6.
identify all noncompliances and
non-conformances
and describe the
corrective and
preventative
actions taken in
relation to each
non-compliance or
non conformance;
7. provide an
assessment of the
effectiveness of all
corrective and
preventative
actions taken; and
8. describe the
state of
implementation of
the proposal.
The compliance
reports will be
made publicly
available on MGI’s
website.

Evidence

Satisfy

CR

CEO

Advice

Phase

Overall

When

Status

Satisfactory
during this
period

AUDIT TABLE
Proposal Implementation Monitoring Section
PROJECT: MT GIBSON IRON ORE MINE &
INFRASTRUCTURE PROJECT SHIRE OF YALGOO
PROPONENTS:MOUNT GIBSON MINING LIMITED and
EXTENSION HILL PTY LTD
Number

Subject

Action
CEO.

How

Evidence

Satisfy

753:M5.1

Performance
Review

The proponent shall
submit a Performance
Review report every five
years after the start
of ground-disturbing
activities to the
Environmental Protection
Authority,

Addresses: 1. the
major
environmental
issues associated
with implementing
the project; the
environmental
objectives for those
issues; the
methodologies
used to achieve
these; and the key
indicators of
environmental
performance
measured against
those objectives; 2.
the level of
progress in the
achievement of
sound
environmental
performance,
including industry
benchmarking, and
the use of best
available
technology where
practicable; 3.

Performance
Review report

EPA
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Advice

Phase

When

Status

Overall

Every five
years after
the start
of grounddisturbing
activities

Not
required at
this stage

AUDIT TABLE
Proposal Implementation Monitoring Section
PROJECT: MT GIBSON IRON ORE MINE &
INFRASTRUCTURE PROJECT SHIRE OF YALGOO
PROPONENTS:MOUNT GIBSON MINING LIMITED and
EXTENSION HILL PTY LTD
Number

Subject

Action

753:M5.2

Performance
Review

The proponent shall make
the Performance Review
reports required by
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How
significant
improvements
gained in
environmental
management,
including the use of
external peer
reviews; 4.
stakeholder and
community
consultation about
environmental
performance and
the outcomes of
that consultation,
including a report of
any on-going
concerns being
expressed; and 5.
the proposed
environmental
objectives over the
next five years,
including
improvements in
technology and
management
processes.
The Performance
Review reports will
be made publicly

Evidence

Satisfy

CR

CEO

Advice

Phase

Overall

When

Status

Not
required at
this stage

AUDIT TABLE
Proposal Implementation Monitoring Section
PROJECT: MT GIBSON IRON ORE MINE &
INFRASTRUCTURE PROJECT SHIRE OF YALGOO
PROPONENTS:MOUNT GIBSON MINING LIMITED and
EXTENSION HILL PTY LTD
Number

Subject

753:M6.1

Darwinia
masonii
Research and
Recovery
Plans

Action
condition 5-1
publicly available in a
manner approved by the
CEO.
Prior to the
commencement of grounddisturbing activities for the
mine site, the
proponent shall prepare a
Darwinia masonii
Research Plan to the
requirements of the
Minister for the
Environment on advice of
the Environmental
Protection Authority and
the and the Department of
Environment and
Conservation.

Page 8 of 55

How
available on MGI’s
website.

Evidence

Satisfy

Advice

Phase

When

Status

This Plan shall set
out a timetable,
objectives and
methodologies for
research and
measures to: 1.
monitor the
numbers of
individuals of the
species, their
health, and
reproductive
success; 2.
investigate the
requirements for
maintaining or
improving the
viability of the
population through
genetic and
ecological factors
relating to the
conservation,
management,
restoration,
propagation and
translocation of the

Conservation
and
Restoration
Research
Proposal
Darwinia
masonii and
Lepidosperma
gibsonii

Min for Env

EPA, DEC

PreConstruction

Prior to the
commencem
ent of
grounddisturbing
activities for
the mine site

Completed

AUDIT TABLE
Proposal Implementation Monitoring Section
PROJECT: MT GIBSON IRON ORE MINE &
INFRASTRUCTURE PROJECT SHIRE OF YALGOO
PROPONENTS:MOUNT GIBSON MINING LIMITED and
EXTENSION HILL PTY LTD
Number

Subject

Action

How
species; 3. provide
a scientifically
robust analysis of
the habitat
requirements of the
species; 4. offset
the direct impacts
of the proposal on
the local population
of the species by
regeneration, reestablishment or
translocation of
additional plants or
subpopulations on
suitable unimpacted areas of
banded ironstone
formations in the Mt
Gibson area; and 5.
provide information
which, combined
with the results of
monitoring activities
required by
condition 8, assists
in ensuring that
mining and other
activities of the
proposal,
particularly the
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Evidence

Satisfy

Advice

Phase

When

Status

AUDIT TABLE
Proposal Implementation Monitoring Section
PROJECT: MT GIBSON IRON ORE MINE &
INFRASTRUCTURE PROJECT SHIRE OF YALGOO
PROPONENTS:MOUNT GIBSON MINING LIMITED and
EXTENSION HILL PTY LTD
Number

Subject

Action

753:M6.2

Darwinia
masonii
Research and
Recovery
Plans

Prior to the
commencement of grounddisturbing activities for the
mine site, the proponent
shall prepare an Interim
Recovery Plan for
Darwinia masonii, to the
requirements of the
Minister for the
Environment on advice of
the Environmental
Protection Authority and
the Department of
Environment and
Conservation.

753:M6.3

Darwinia
masonii

Within four years following
the commencement of
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How
generation of dust,
do not lead to a
further decline in
the local population
of the species.
This Plan shall
include a timetable
for and actions to:
1. locate and report
any additional
populations of the
species;
2. enhance the
survival of existing
populations of the
species; and 3.
expand the existing
populations or
establish new
populations;
based on currently
available
information and the
results of early
research and
experimentation
undertaken in
accordance with
condition 6-1.
This Plan shall
identify: 1. habitats

Evidence

Satisfy

Advice

Phase

When

Status

Darwinia
masonii Interim
Recovery Plan

Min for Env

EPA, DEC

PreConstruction

Prior to the
commencem
ent of
grounddisturbing
activities for
the mine site

Completed

Darwinia
masonii

Min for Env

EPA, DEC

Construction

Within four
years

Not
required at

AUDIT TABLE
Proposal Implementation Monitoring Section
PROJECT: MT GIBSON IRON ORE MINE &
INFRASTRUCTURE PROJECT SHIRE OF YALGOO
PROPONENTS:MOUNT GIBSON MINING LIMITED and
EXTENSION HILL PTY LTD
Number

Subject
Research and
Recovery
Plans

Action
ground-disturbing activities
for the mine site, the
proponent shall prepare a
Recovery Plan for
Darwinia masonii to the
requirements of the
Minister for the
Environment on advice of
the Environmental
Protection Authority and
the Department of
Environment and
Conservation.
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How
which are critical to
the survival of the
species and the
actions needed to
protect those
habitats; 2. threats
to the species, and
areas and
populations under
threat; 3. objectives
to be achieved; 4.
criteria against
which achievement
of the objectives is
to be measured; 5.
management
actions, based on
the outcomes of the
implementation of
the
Research Plan
referred to in
Condition 6-1 and
the Interim
Recovery Plan
referred to in
Condition 6-2 that
will remediate the
impacts of the
project and provide
for a net

Evidence
Recovery Plan

Satisfy

Advice

Phase

When
following the
commencem
ent of
grounddisturbing
activities for
the mine site

Status
this stage

AUDIT TABLE
Proposal Implementation Monitoring Section
PROJECT: MT GIBSON IRON ORE MINE &
INFRASTRUCTURE PROJECT SHIRE OF YALGOO
PROPONENTS:MOUNT GIBSON MINING LIMITED and
EXTENSION HILL PTY LTD
Number

Subject

Action

How
improvement on
the pre-mining
conservation status
of the species; and
6. further research
required into the
management or
recovery of the
species, and shall
be consistent with
the requirements of
the current version
of the “Recovery
Plan Guidelines for
Nationally Listed
Threatened
Species and
Ecological
Communities under
the Commonwealth
Environment
Protection and
Biodiversity
Conservation Act
1999” (published
on the
Commonwealth
Department of
Environment and
Heritage website).
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Evidence

Satisfy

Advice

Phase

When

Status

AUDIT TABLE
Proposal Implementation Monitoring Section
PROJECT: MT GIBSON IRON ORE MINE &
INFRASTRUCTURE PROJECT SHIRE OF YALGOO
PROPONENTS:MOUNT GIBSON MINING LIMITED and
EXTENSION HILL PTY LTD
Number
753:M6.4

Subject
Darwinia
masonii
Research and
Recovery
Plans

Action
The proponent shall
implement the Darwinia
masonii Research Plan
required by condition 6-1.

753:M6.5

Darwinia
masonii
Research and
Recovery
Plans

The proponent shall
implement the Interim
Recovery Plan for
Darwinia masonii required
by condition 6-2.

753:M6.6

Darwinia
masonii
Research and
Recovery
Plans

The proponent shall
implement the Recovery
Plan for Darwinia masonii
required by
condition 6-3.

753:M6.7

Darwinia
masonii
Research and
Recovery
Plans

The proponent shall
review and revise the
Darwinia masonii
Research and Recovery
Plans required by
conditions 6-1, 6-2 and 6-3
as and when directed by
the CEO.
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How
BGPA has been
commissioned to
undertake the
Research outlined
in the Conservation
and Restoration
Research Proposal
Darwinia masonii
and Lepidosperma
gibsonii.
Implementation of
the relevant
recovery actions,
as detailed in the
Darwinia masonii
Interim Recovery
Plan.
Implementation of
the relevant
recovery actions,
as detailed in the
Darwinia masonii
Recovery Plan.
The proponent will
review and revise
the Conservation
and Restoration
Research Proposal
Darwinia masonii
and Lepidosperma
gibsonii; Darwinia

Evidence
CR, BGPA
reports.

Satisfy
Min for Env

Advice

Phase
Overall

When

CR

Min for Env

Overall

In process

CR

Min for Env

Overall

Not
required at
this stage

Conservation
and
Restoration
Research
Proposal
Darwinia
masonii and
Lepidosperma

CEO

Overall

When
directed by
the CEO.

Status
Satisfactory
during this
period

Not
required at
this stage

AUDIT TABLE
Proposal Implementation Monitoring Section
PROJECT: MT GIBSON IRON ORE MINE &
INFRASTRUCTURE PROJECT SHIRE OF YALGOO
PROPONENTS:MOUNT GIBSON MINING LIMITED and
EXTENSION HILL PTY LTD
Number

Subject

Action

How
masonii Interim
Recovery Plan and
Darwinia masonii
Recovery Plan, as
and when directed
by the CEO.

753:M6.8

Darwinia
masonii
Research and
Recovery
Plans

The proponent shall
implement revisions of the
Darwinia masonii
Research and Recovery
Plans required by
condition 6-7.

753:M6.9

Darwinia
masonii
Research and
Recovery
Plans

The proponent shall make
the Darwinia masonii
Research Plan required by
condition 6-1 and revisions
required by condition 6-7
publicly available in a
manner approved by the
CEO.

The revised
Conservation and
Restoration
Research Proposal
Darwinia masonii
and Lepidosperma
gibsonii; Darwinia
masonii Interim
Recovery Plan and
Darwinia masonii
Recovery Plan, will
be implemented if
and when these
revisions are
finalised.
The Conservation
and Restoration
Research Proposal
Darwinia masonii
and Lepidosperma
gibsonii is publicly
available on MGI’s
website.
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Evidence
gibsonii;
Darwinia
masonii Interim
Recovery
Plan;
Darwinia
masonii
Recovery Plan
CR

Satisfy

Advice

Phase

When

Status

CEO

Overall

Not
required at
this stage

CR, Access to
the plan from
the MGI
website

CEO

Overall

Satisfactory
during this
period

AUDIT TABLE
Proposal Implementation Monitoring Section
PROJECT: MT GIBSON IRON ORE MINE &
INFRASTRUCTURE PROJECT SHIRE OF YALGOO
PROPONENTS:MOUNT GIBSON MINING LIMITED and
EXTENSION HILL PTY LTD
Number
753:M6.10

Subject
Darwinia
masonii
Research and
Recovery
Plans

753:M6.11

Darwinia
masonii
Research and
Recovery
Plans

753:M7.1

Lepidosperma
sp. Mt Gibson Research and
Recovery
Plans

Action
The proponent shall make
the Interim Recovery Plan
for Darwinia masonii
required by condition 6-2
and revisions required by
condition 6-7 publicly
available in a manner
approved by the CEO.
The proponent shall make
the Recovery Plan for
Darwinia masonii required
by condition 6-3 and
revisions required by
condition 6-7 publicly
available in a manner
approved by the CEO.
Prior to the
commencement of grounddisturbing activities for the
mine site, the proponent
shall prepare a
Lepidosperma sp. Mt
Gibson Research Plan to
the requirements of the
Minister for the
Environment on advice of
the Environmental
Protection Authority and
the Department of
Environment and
Conservation.
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How
The Darwinia
masonii Interim
Recovery Plan is
publicly available
on MGI’s website.

Evidence
CR, Access to
the plan from
the MGI
website

Satisfy
CEO

The Darwinia
masonii Recovery
Plan will be made
publicly available
on MGI’s website.

CR, Access to
the plan from
the MGI
website

CEO

This Plan shall set
out a timetable,
objectives and
methodologies for
research and
measures to: 1.
monitor the
numbers of
individuals of the
species, their
health, and
reproductive
success; 2.
investigate the
requirements for

Conservation
and
Restoration
Research
Proposal
Darwinia
masonii and
Lepidosperma
gibsonii
Plan

Min for Env

Advice

Phase
Overall

When

Overall

EPA, DEC

PreConstruction

Status
Satisfactory
during this
period

Not
required at
this stage

Prior to the
commencem
ent of
grounddisturbing
activities for
the mine site

Completed

AUDIT TABLE
Proposal Implementation Monitoring Section
PROJECT: MT GIBSON IRON ORE MINE &
INFRASTRUCTURE PROJECT SHIRE OF YALGOO
PROPONENTS:MOUNT GIBSON MINING LIMITED and
EXTENSION HILL PTY LTD
Number

Subject

Action

How
maintaining or
improving viability
of the population
through genetic
and ecological
factors relating to
the conservation,
management,
restoration,
propagation and
translocation of the
species; 3. provide
a scientifically
robust analysis of
the habitat
requirements of the
species; 4. offset
the direct impacts
of the proposal on
the local population
of the species by
regeneration, reestablishment or
translocation of
additional plants or
subpopulations on
suitable unimpacted areas of
banded ironstone
formations in the Mt
Gibson area; and 5.
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Evidence

Satisfy

Advice

Phase

When

Status

AUDIT TABLE
Proposal Implementation Monitoring Section
PROJECT: MT GIBSON IRON ORE MINE &
INFRASTRUCTURE PROJECT SHIRE OF YALGOO
PROPONENTS:MOUNT GIBSON MINING LIMITED and
EXTENSION HILL PTY LTD
Number

Subject

Action

753:M7.2

Lepidosperma
sp. Mt Gibson Research and
Recovery
Plans

Prior to the
commencement of grounddisturbing activities for the
mine site, the proponent
shall prepare an Interim
Recovery Plan for
Lepidosperma sp. Mt
Gibson, to the
requirements of the
Minister for the
Environment on advice of
the Environmental
Protection Authority and
the Department of
Environment and
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How
provide information
which, combined
with the results of
monitoring activities
required by
condition 8, assists
in ensuring that
mining and other
activities of the
proposal,
particularly the
generation of dust,
do not lead to a
further decline in
the local population
of the species.
This Plan shall
include a timetable
for and actions to:
1. locate and report
any additional
populations of the
species; 2.
enhance the
survival of existing
populations of the
species; and 3.
expand the existing
populations or
establish new
populations;

Evidence

Satisfy

Advice

Phase

When

Status

Lepidosperma
gibsonii Interim
Recovery Plan

Min for Env

EPA, DEC

PreConstruction

Prior to the
commencem
ent of
grounddisturbing
activities for
the mine site

Completed

AUDIT TABLE
Proposal Implementation Monitoring Section
PROJECT: MT GIBSON IRON ORE MINE &
INFRASTRUCTURE PROJECT SHIRE OF YALGOO
PROPONENTS:MOUNT GIBSON MINING LIMITED and
EXTENSION HILL PTY LTD
Number

Subject

Action
Conservation.

753:M7.3

Lepidosperma
sp. Mt Gibson Research and
Recovery
Plans

Within four years following
the commencement of
ground-disturbing activities
for the mine site, the
proponent shall prepare a
Recovery Plan for
Lepidosperma sp. Mt
Gibson to the
requirements of the
Minister for the
Environment on advice of
the Environment
Protection Authority and
the Department of
Environment and
Conservation.
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How
based on currently
available
information and the
results of early
research and
experimentation
undertaken in
accordance with
condition 7-1.
This Plan shall
identify: 1.
habitats which are
critical to the
survival of the
species and the
actions needed to
protect those
habitats; 2. threats
to the species, and
areas and
populations under
threat; 3. objectives
to be achieved; 4.
criteria against
which achievement
of the objectives is
to be measured; 5.
management
actions, based on
the outcomes of the
Research Plan

Evidence

Satisfy

Advice

Phase

When

Status

Lepidosperma
gibsonii
Recovery Plan

Min for Env

EPA, DEC

Construction

Within four
years
following the
commencem
ent of
grounddisturbing
activities for
the mine site

Not
required at
this stage

AUDIT TABLE
Proposal Implementation Monitoring Section
PROJECT: MT GIBSON IRON ORE MINE &
INFRASTRUCTURE PROJECT SHIRE OF YALGOO
PROPONENTS:MOUNT GIBSON MINING LIMITED and
EXTENSION HILL PTY LTD
Number

Subject

Action

How
referred to in
Condition 7-1 and
the Interim
Recovery Plan
referred to in
Condition 7-2 that
will to remediate
the impacts of the
project and provide
for a net
improvement on
the pre-mining
conservation status
of the species; and
6. further research
required into the
management or
recovery of the
species, and shall
be consistent with
the requirements of
the current version
of the “Recovery
Plan Guidelines for
Nationally Listed
Threatened
Species and
Ecological
Communities
under the
Commonwealth
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Evidence

Satisfy

Advice

Phase

When

Status

AUDIT TABLE
Proposal Implementation Monitoring Section
PROJECT: MT GIBSON IRON ORE MINE &
INFRASTRUCTURE PROJECT SHIRE OF YALGOO
PROPONENTS:MOUNT GIBSON MINING LIMITED and
EXTENSION HILL PTY LTD
Number

Subject

Action

753:M7.4

Lepidosperma
sp. Mt Gibson Research and
Recovery
Plans

The proponent shall
implement a
Lepidosperma sp. Mt
Gibson Research Plan
required by condition 7-1.

753:M7.5

Lepidosperma
sp. Mt Gibson Research and
Recovery
Plans

The proponent shall
implement the Interim
Recovery Plan for
Lepidosperma sp. Mt
Gibson required by
condition 7-2.

753:M7.6

Lepidosperma
sp. Mt Gibson Research and

The proponent shall
implement the Recovery
Plan for Lepidosperma sp.
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How
Environment
Protection and
Biodiversity
Conservation Act
1999” (published
on the
Commonwealth
Department of
Environment and
Heritage
website).
BGPA has been
commissioned to
undertake the
Research outlined
in the Conservation
and Restoration
Research Proposal
Darwinia masonii
and Lepidosperma
gibsonii.
Implementation of
the relevant
recovery actions,
as detailed in the
Lepidosperma
gibsonii Interim
Recovery Plan.
Implementation of
the relevant
recovery actions,

Evidence

Satisfy

Advice

Phase

When

Status

CR, BGPA
reports.

Min for Env

Overall

Satisfactory
during this
period

CR

Min for Env

Overall

In process

CR

Min for Env

Overall

Not
required at
this stage

AUDIT TABLE
Proposal Implementation Monitoring Section
PROJECT: MT GIBSON IRON ORE MINE &
INFRASTRUCTURE PROJECT SHIRE OF YALGOO
PROPONENTS:MOUNT GIBSON MINING LIMITED and
EXTENSION HILL PTY LTD
Number

Subject
Recovery
Plans

Action
Mt Gibson required by
condition 7-3.

753:M7.7

Lepidosperma
sp. Mt Gibson Research and
Recovery
Plans

The proponent shall
review and revise the
Lepidosperma sp. Mt
Gibson Research and
Recovery Plans required
by conditions 7-1, 7-2 and
7-3 as and when directed
by the
CEO.

753:M7.8

Lepidosperma
sp. Mt Gibson Research and
Recovery
Plans

The proponent shall
implement revisions of the
Lepidosperma sp. Mt
Gibson Research and
Recovery Plans required
by condition 7-7.
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How
as detailed in the
Lepidosperma
gibsonii Recovery
Plan.
The proponent will
review and revise
the Conservation
and Restoration
Research Proposal
Darwinia masonii
and Lepidosperma
gibsonii;
Lepidosperma
gibsonii Interim
Recovery Plan and
Lepidosperma
gibsonii Recovery
Plan as and when
directed by the
CEO.
The revised
Conservation and
Restoration
Research Proposal
Darwinia masonii
and Lepidosperma
gibsonii;
Lepidosperma
gibsonii Interim
Recovery Plan and
Lepidosperma

Evidence

Satisfy

Conservation
and
Restoration
Research
Proposal
Darwinia
masonii and
Lepidosperma
gibsonii;
Lepidosperma
gibsonii Interim
Recovery
Plan;
Lepidosperma
gibsonii
Recovery Plan
CR

Advice

Phase

When

Status

CEO

Overall

When
directed by
the CEO

Not
required at
this stage

CEO

Overall

Not
required at
this stage

AUDIT TABLE
Proposal Implementation Monitoring Section
PROJECT: MT GIBSON IRON ORE MINE &
INFRASTRUCTURE PROJECT SHIRE OF YALGOO
PROPONENTS:MOUNT GIBSON MINING LIMITED and
EXTENSION HILL PTY LTD
Number

Subject

Action

753:M7.9

Lepidosperma
sp. Mt Gibson Research and
Recovery
Plans

753:M7.10

Lepidosperma
sp. Mt Gibson Research and
Recovery
Plans

The proponent shall make
the Lepidosperma sp. Mt
Gibson Research Plan
required by condition 7-1
and revisions required by
condition 7-7 publicly
available in a manner
approved by the CEO.
The proponent shall make
the Interim Recovery Plan
for Lepidosperma sp. Mt
Gibson required by
condition 7-2 and revisions
required by condition 7-7
publicly available in a
manner approved by the
CEO.

753:M7.11

Lepidosperma
sp. Mt Gibson Research and
Recovery
Plans

The proponent shall make
the Recovery Plan for
Lepidosperma sp. Mt
Gibson required
by condition 7-3 and
revisions required by
condition 7-7 publicly
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How
gibsonii Recovery
Plan, will be
implemented if and
when these
revisions are
finalised.
The Conservation
and Restoration
Research Proposal
Darwinia masonii
and Lepidosperma
gibsonii is publicly
available on MGI’s
website.
The Lepidosperma
gibsonii Interim
Recovery Plan is
publicly available
on MGI’s website.

Evidence

Satisfy

Advice

Phase

When

Status

CR, Access to
the plan from
the MGI
website

CEO

Overall

Satisfactory
during this
period

CR, Access to
the plan from
the MGI
website

CEO

Overall

Satisfactory
during this
period

The Lepidosperma
gibsonii Recovery
Plan will be made
publicly available
on MGI’s website.

CR, Access to
the plan from
the MGI
website

CEO

Overall

Not
required at
this stage

AUDIT TABLE
Proposal Implementation Monitoring Section
PROJECT: MT GIBSON IRON ORE MINE &
INFRASTRUCTURE PROJECT SHIRE OF YALGOO
PROPONENTS:MOUNT GIBSON MINING LIMITED and
EXTENSION HILL PTY LTD
Number

Subject

753:M8.1

Conservation
of Significant
Flora and
Communities

Action
available in a manner
approved by the CEO.
Prior to the
commencement of grounddisturbing activities, the
proponent shall prepare a
Significant Flora Species
and Communities
Management Plan to the
requirements of the
Minister for the
Environment on advice of
the Environmental
Protection Authority and
the Department of
Environment and
Conservation. Note:
“Significant flora species”
include: Declared Rare
Flora; Priority Listed Flora;
geographically restricted
flora; and newly
discovered and
undescribed flora.
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How

Evidence

Satisfy

Advice

Phase

When

Status

The following
species shall be
addressed in the
Plan:
• Darwinia masonii;
• Lepidosperma sp.
Mt Gibson;
• Acacia cerastes;
• Grevillea aff.
yorkrakinensis;
• Cryptandra
imbricata;
• Podotheca
uniseta; and
• Psammomoya
implexa.
Note: “Significant
communities”
include:
Threatened
Ecological
Communities;
Priority
Ecological
Communities; and
geographically
restricted
ecological
communities.

Extension Hill
& Extension
Hill North
Environmental
Management
Plan (Rev 2)

Min for Env

EPA, DEC

PreConstruction

Prior to the
commencem
ent of
grounddisturbing
activities

Completed

AUDIT TABLE
Proposal Implementation Monitoring Section
PROJECT: MT GIBSON IRON ORE MINE &
INFRASTRUCTURE PROJECT SHIRE OF YALGOO
PROPONENTS:MOUNT GIBSON MINING LIMITED and
EXTENSION HILL PTY LTD
Number

Subject

Action

How
This Plan shall: 1.
provide the results
of targeted flora
and vegetation
surveys where
surveys have not
been completed or
where the result of
previous surveys
are no longer
current, to provide
further information
on the conservation
and baseline
conservation
status of each of
the significant flora
species and
communities within
the project area; 2.
describe details of
monitoring and
management
activities to ensure
that the proposal
does not lead,
directly or
indirectly, to the
taking of significant
flora beyond the
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Evidence

Satisfy

Advice

Phase

When

Status

AUDIT TABLE
Proposal Implementation Monitoring Section
PROJECT: MT GIBSON IRON ORE MINE &
INFRASTRUCTURE PROJECT SHIRE OF YALGOO
PROPONENTS:MOUNT GIBSON MINING LIMITED and
EXTENSION HILL PTY LTD
Number

Subject

Action

How
approved area of
direct disturbance,
including:
• monitoring of the
numbers and
population
distribution of
Darwinia masonii
and Lepidosperma
sp. Mt Gibson, their
health and
reproductive
success; and • a
detailed risk
management plan
setting out
monitoring and
management
procedures,
parameters, and
schedules, and
defining response
triggers and
acceptable
performance
criteria for the
avoidance and
management of
potential indirect
impacts of mining
activities, including,
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Evidence

Satisfy

Advice

Phase

When

Status

AUDIT TABLE
Proposal Implementation Monitoring Section
PROJECT: MT GIBSON IRON ORE MINE &
INFRASTRUCTURE PROJECT SHIRE OF YALGOO
PROPONENTS:MOUNT GIBSON MINING LIMITED and
EXTENSION HILL PTY LTD
Number

Subject

Action

How
the impacts of dust
deposition, fire,
weeds, altered
hydrology and
unauthorised
disturbance, on the
populations of
Darwinia masonii
and Lepidosperma
sp. Mt Gibson
outside the mining
footprint; Note: See
also Weed
Management Plan
(condition 9) and
Bush Fire
Management
Plan (condition 10).
3. describe
measures to
ensure that direct
and indirect
impacts on
significant flora
species and
communities within
the mine site and
along the services
corridor are
minimised; 4.
describe measures
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Evidence

Satisfy

Advice

Phase

When

Status

AUDIT TABLE
Proposal Implementation Monitoring Section
PROJECT: MT GIBSON IRON ORE MINE &
INFRASTRUCTURE PROJECT SHIRE OF YALGOO
PROPONENTS:MOUNT GIBSON MINING LIMITED and
EXTENSION HILL PTY LTD
Number

Subject

Action

How
to manage impacts
of the mining
operation on
vegetation
downstream of the
mine site; 5. set out
monitoring
parameters,
methods and
criteria for
establishing impact
on significant flora
species and
communities within
the mine site and
along the services
corridor; 6. outline
the regeneration or
revegetation
strategies which
may be required for
significant flora
species and
components of
communities,
including
completion criteria
to be met; 7. outline
management or
mitigation actions
required to address
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Evidence

Satisfy

Advice

Phase

When

Status

AUDIT TABLE
Proposal Implementation Monitoring Section
PROJECT: MT GIBSON IRON ORE MINE &
INFRASTRUCTURE PROJECT SHIRE OF YALGOO
PROPONENTS:MOUNT GIBSON MINING LIMITED and
EXTENSION HILL PTY LTD
Number

Subject

Action

753:M8.2

Conservation
of Significant
Flora and
Communities

The proponent shall
implement the Significant
Flora Species and
Communities Management
Plan required by condition
8-1.
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How
any failure to
achieve
regeneration
completion criteria
arising from item 6
above; and 8.
outline further
investigations into
the regeneration
and reproductive
ecology of affected
significant flora
species and
components of
communities, in
order to determine
appropriate
regeneration
methodologies, if
the completion
criteria are not
being achieved.
Implementation of
the Extension Hill &
Extension Hill North
Environmental
Management Plan
and underlying
procedures and
protocols.

Evidence

Satisfy

CR

Min for Env

Advice

Phase

Overall

When

Status

Satisfactory
during this
period

AUDIT TABLE
Proposal Implementation Monitoring Section
PROJECT: MT GIBSON IRON ORE MINE &
INFRASTRUCTURE PROJECT SHIRE OF YALGOO
PROPONENTS:MOUNT GIBSON MINING LIMITED and
EXTENSION HILL PTY LTD
Number
753:M8.3

Subject
Conservation
of Significant
Flora and
Communities

Action
The proponent shall
review and revise the
Significant Flora Species
and Communities
Management Plan
required by condition 8-1
as and when directed by
the CEO.

753:M8.4

Conservation
of Significant
Flora and
Communities

The proponent shall
implement revisions of the
Significant Flora Species
and
Communities Management
Plan required by condition
8-3.

753:M8.5

Conservation
of Significant
Flora and
Communities

753:M9.1

Weeds

The proponent shall make
the Significant Flora
Species and Communities
Management
Plan required by condition
8-1 and revisions required
by condition 8-3 publicly
available in a manner
approved by the CEO.
Prior to the
commencement of grounddisturbing activities, the
proponent shall prepare, in
consultation with the
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How
The proponent will
review and revise
the Extension Hill &
Extension Hill North
Environmental
Management Plan,
as and when
directed by the
CEO.
Revisions of the
Extension Hill &
Extension Hill North
Environmental
Management Plan
will be implemented
if and when they
are finalised.
The Extension Hill
& Extension Hill
North
Environmental
Management Plan
is publicly available
on MGI’s website.

Evidence
Extension Hill
& Extension
Hill North
Environmental
Management
Plan

Satisfy
CEO

Advice

CR

CEO

Overall

Not
required at
this stage

CR, Access to
the plan from
the MGI
website

CEO

Overall

Satisfactory
during this
period

This Plan shall: 1.
identify the location
and approximate
number of each
weed species

Extension Hill
& Extension
Hill North
Environmental
Management

Min for Env

DoAF,
DEC

Phase
Overall

PreConstruction

When
When
directed by
the CEO

Prior to the
commencem
ent of
grounddisturbing

Status
Not
required at
this stage

Completed

AUDIT TABLE
Proposal Implementation Monitoring Section
PROJECT: MT GIBSON IRON ORE MINE &
INFRASTRUCTURE PROJECT SHIRE OF YALGOO
PROPONENTS:MOUNT GIBSON MINING LIMITED and
EXTENSION HILL PTY LTD
Number

Subject

Action
Department of
Environment and
Conservation and the
Department of Agriculture
and Food, a Weed
Management Plan.
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How
recorded within the
mine site and along
the services
corridor, during
previous vegetation
surveys, while
having regard for
weed species
outside the project
area; 2. identify
weeds of
environmental
significance in the
project area as
target weeds in
collaboration with
the Department of
Environment and
Conservation; 3.
map the presence
of target weeds; 4.
implement
appropriate
hygiene practices
for all plant and
vehicle equipment
operated by the
proponent; 5.
control and
eradicate target
weeds during

Evidence
Plan (Rev 2)

Satisfy

Advice

Phase

When
activities

Status

AUDIT TABLE
Proposal Implementation Monitoring Section
PROJECT: MT GIBSON IRON ORE MINE &
INFRASTRUCTURE PROJECT SHIRE OF YALGOO
PROPONENTS:MOUNT GIBSON MINING LIMITED and
EXTENSION HILL PTY LTD
Number

Subject

Action

753:M9.2

Weeds

The proponent shall
implement the Weed
Management Plan
required by condition 9-1.

753:M9.3

Weeds

The proponent shall
review and revise the
Weed Management Plan
required by condition 9-1
as and when directed by
the CEO.
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How
construction and
operation of the
mine
site and
construction of the
services corridor; 6.
identify
performance
indicators for weed
management; and
7. monitor the
success of weed
control.
Implementation of
the Extension Hill &
Extension Hill North
Environmental
Management Plan
and underlying
procedures and
protocols.
The proponent will
review and revise
the Extension Hill &
Extension Hill North
Environmental
Management Plan,
as and when
directed by the
CEO.

Evidence

Satisfy

Advice

Phase

CR

Min for Env

Overall

Extension Hill
& Extension
Hill North
Environmental
Management
Plan

CEO

Overall

When

Status

Satisfactory
during this
period

When
directed by
the CEO

Not
required at
this stage

AUDIT TABLE
Proposal Implementation Monitoring Section
PROJECT: MT GIBSON IRON ORE MINE &
INFRASTRUCTURE PROJECT SHIRE OF YALGOO
PROPONENTS:MOUNT GIBSON MINING LIMITED and
EXTENSION HILL PTY LTD
Number
753:M9.4

Subject
Weeds

Action
The proponent shall
implement revisions of the
Weed Management Plan
required by condition 9-3.

753:M9.5

Weeds

753:M10.1

Bush Fires

The proponent shall make
the Weed Management
Plan required by condition
9-1 and revisions required
by condition 9-3 publicly
available in a manner
approved by the CEO.
Prior to the
commencement of grounddisturbing activities, the
proponent shall prepare, in
consultation with the
Department of
Environment and
Conservation and the
relevant Local
Governments, a Bush Fire
Management Plan.
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How
Revisions of the
Extension Hill &
Extension Hill North
Environmental
Management Plan
will be implemented
if and when they
are finalised.
The Extension Hill
& Extension Hill
North
Environmental
Management Plan
is publicly available
on MGI’s website.
This Plan shall set
out the provision of
resources and
measures to: 1.
prevent bushfires in
the vicinity of the
mine site;
2. detect bushfires
in the vicinity of the
mine site; 3. train
personnel to fight
fires in the vicinity
of the mine site;
and 4. respond to
bush fire
emergencies.

Evidence
CR

Satisfy
CEO

CR, Access to
the plan from
the MGI
website

CEO

Extension Hill
& Extension
Hill North
Environmental
Management
Plan (Rev 2)

DEC

Advice

Phase
Overall

When

Overall

LGA

PreConstruction

Status
Not
required at
this stage

Satisfactory
during this
period

Prior to the
commencem
ent of
grounddisturbing
activities

Completed

AUDIT TABLE
Proposal Implementation Monitoring Section
PROJECT: MT GIBSON IRON ORE MINE &
INFRASTRUCTURE PROJECT SHIRE OF YALGOO
PROPONENTS:MOUNT GIBSON MINING LIMITED and
EXTENSION HILL PTY LTD
Number

Subject

Action

How

Evidence

Satisfy

753:M10.2

Bush Fires

The proponent shall
implement the Bush Fire
Management Plan
required by condition
10-1.

CR

CEO

Overall

753:M10.3

Bush Fires

The proponent shall
review and revise the
Bush Fire Management
Plan required by condition
10-1 as and when directed
by the CEO.

Extension Hill
& Extension
Hill North
Environmental
Management
Plan

CEO

Overall

753:M10.4

Bush Fires

The proponent shall
implement revisions of the
Bush Fire Management
Plan required by condition
10-3.

CR

CEO

Overall

Not
required at
this stage

753:M10.5

Bush Fires

The proponent shall make
the Bush Fire
Management Plan
required by condition 10-1

Implementation of
the Extension Hill &
Extension Hill North
Environmental
Management Plan
and underlying
procedures and
protocols.
The proponent will
review and revise
the Extension Hill &
Extension Hill North
Environmental
Management Plan,
as and when
directed by the
CEO.
Revisions of the
Extension Hill &
Extension Hill North
Environmental
Management Plan
will be implemented
if and when they
are finalised.
The Extension Hill
& Extension Hill
North
Environmental

CR, Access to
the plan from
the MGI
website

CEO

Overall

Satisfactory
during this
period
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Advice

Phase

When

Status

Satisfactory
during this
period

When
directed by
the CEO.

Not
required at
this stage

AUDIT TABLE
Proposal Implementation Monitoring Section
PROJECT: MT GIBSON IRON ORE MINE &
INFRASTRUCTURE PROJECT SHIRE OF YALGOO
PROPONENTS:MOUNT GIBSON MINING LIMITED and
EXTENSION HILL PTY LTD
Number

Subject

753:M11.1

Malleefowl
Leipoa ocellata

Action
and revisions required by
condition 10-3 publicly
available in a manner
approved by the
CEO.
Prior to the
commencement of grounddisturbing activities, the
proponent shall prepare,
in consultation with the
Department of
Environment and
Conservation, a
Malleefowl
Conservation Plan.
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How
Management Plan
is publicly available
on MGI’s website.

Evidence

Satisfy

This Plan shall: 1.
identify the
distribution and
abundance of
Leipoa ocellata
(Malleefowl) within
and around the
project area,
including the
services corridor; 2.
Identify the threats
to the Malleefowl
populations in the
areas identified in
item 1 above; 3.
Identify
management
objectives and
actions to minimise
impacts on
Malleefowl from the
threats identified in
item 2 above,
including feral
animal control and
investigations into

Extension Hill
& Extension
Hill North
Environmental
Management
Plan (Rev 2)

CEO

Advice

Phase

When

Status

PreConstruction

Prior to the
commencem
ent of
grounddisturbing
activities

Completed

AUDIT TABLE
Proposal Implementation Monitoring Section
PROJECT: MT GIBSON IRON ORE MINE &
INFRASTRUCTURE PROJECT SHIRE OF YALGOO
PROPONENTS:MOUNT GIBSON MINING LIMITED and
EXTENSION HILL PTY LTD
Number

Subject

Action

753:M11.2

Malleefowl
Leipoa ocellata

The proponent shall
implement the Mallee fowl
Conservation Plan
required by condition
11-1.

753:M11.3

Malleefowl
Leipoa ocellata

The proponent shall
review and revise the
Mallee fowl Conservation
Plan required by condition
11-1 as and when directed
by the CEO.
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How
avoiding mounds
being used by
Mallee fowl;
4.identify a
monitoring program
to assess the
Mallee fowl
population and any
impacts as a result
of the proposal;
and 5. Identify
measures for
community
involvement in
Mallee fowl
conservation.
Implementation of
the Extension Hill &
Extension Hill North
Environmental
Management Plan
and underlying
procedures and
protocols.
The proponent will
review and revise
the Extension Hill &
Extension Hill North
Environmental
Management Plan,
as and when

Evidence

Satisfy

Advice

Phase

CR

CEO

Overall

Extension Hill
& Extension
Hill North
Environmental
Management
Plan

CEO

Overall

When

Status

Satisfactory
during this
period

When
directed by
the CEO.

Not
required at
this stage

AUDIT TABLE
Proposal Implementation Monitoring Section
PROJECT: MT GIBSON IRON ORE MINE &
INFRASTRUCTURE PROJECT SHIRE OF YALGOO
PROPONENTS:MOUNT GIBSON MINING LIMITED and
EXTENSION HILL PTY LTD
Number

Subject

Action

753:M11.4

Malleefowl
Leipoa ocellata

The proponent shall
implement revisions of the
Mallee fowl Conservation
Plan required by condition
11-3.

753:M11.5

Malleefowl
Leipoa ocellata

753:M12.1

Fauna
Management at
the Mine Site

The proponent shall make
the Mallee fowl
Conservation Plan
required by condition 11-1
and revisions required by
condition 11-3 publicly
available in a manner
approved by the
CEO.
Prior to the
commencement of grounddisturbing activities for the
mine site, the
proponent shall prepare in
consultation with the
Department of
Environment and
Conservation, a Mine Site
Fauna Management Plan.
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How
directed by the
CEO.
Revisions of the
Extension Hill &
Extension Hill North
Environmental
Management Plan
will be implemented
if and when they
are finalised.
The Extension Hill
& Extension Hill
North
Environmental
Management Plan
is publicly available
on MGI’s website.

Evidence

Satisfy

Advice

Phase

When

CR

CEO

Overall

Not
required at
this stage

CR, Access to
the plan from
the MGI
website

CEO

Overall

Satisfactory
during this
period

This Plan shall
address
management and
monitoring to: 1.
demonstrate that
the effects of
vegetation clearing,
noise and vibration,
light overspill and
vehicle movement
on fauna are
minimised; and 2.

Extension Hill
& Extension
Hill North
Environmental
Management
Plan (Rev 2)

CEO

PreConstruction

Prior to the
commencem
ent of
grounddisturbing
activities for
the mine site

Status

Completed

AUDIT TABLE
Proposal Implementation Monitoring Section
PROJECT: MT GIBSON IRON ORE MINE &
INFRASTRUCTURE PROJECT SHIRE OF YALGOO
PROPONENTS:MOUNT GIBSON MINING LIMITED and
EXTENSION HILL PTY LTD
Number

Subject

Action

753:M12.2

Fauna
Management at
the Mine Site

The proponent shall
implement the Mine Site
Fauna Management Plan
required by condition 12-1.

753:M12.3

Fauna
Management at

The proponent shall
review and revise the Mine
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How
in particular,
management and
monitoring of
Egernia stokesii
badia (Western
spiny-tailed skink);
Falco peregrinus
(Peregrine Falcon);
Cacatua
leadbeateri
(Major Mitchell’s
Cockatoo); and
Merops ornatus
(Rainbow Beeeater). Note: The
management of
Mallee fowl is
considered in a
separate Mallee
fowl Conservation
Plan (condition 11).
Implementation of
the Extension Hill &
Extension Hill North
Environmental
Management Plan
and underlying
procedures and
protocols.
The proponent will
review and revise

Evidence

Satisfy

Advice

Phase

CR

CEO

Overall

Extension Hill
& Extension

CEO

Overall

When

Status

Satisfactory
during this
period

When
directed by

Not
required at

AUDIT TABLE
Proposal Implementation Monitoring Section
PROJECT: MT GIBSON IRON ORE MINE &
INFRASTRUCTURE PROJECT SHIRE OF YALGOO
PROPONENTS:MOUNT GIBSON MINING LIMITED and
EXTENSION HILL PTY LTD
Number

Subject
the Mine Site

Action
Site Fauna Management
Plan required by condition
12-1 as and when directed
by the CEO.

753:M12.4

Fauna
Management at
the Mine Site

The proponent shall
implement revisions of the
Mine Site Fauna
Management Plan
required by condition 12-3.

753:M12.5

Fauna
Management at
the Mine Site

753:M13.1

Fauna
Management
along the
Services
Corridor

The proponent shall make
the Mine Site Fauna
Management Plan
required by condition 12-1
and revision required by
condition 12-3 publicly
available in a manner
approved by the CEO.
Prior to ground-disturbing
activities of the Services
Corridor, the proponent
shall clearly delineate on
the ground the boundaries
of the services corridor,
being up to 20 metres
wide from Geraldton Port
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How
the Extension Hill &
Extension Hill North
Environmental
Management Plan,
as and when
directed by the
CEO.
Revisions of the
Extension Hill &
Extension Hill North
Environmental
Management Plan
will be implemented
if and when they
are finalised.
The Extension Hill
& Extension Hill
North
Environmental
Management Plan
is publicly available
on MGI’s website.

Evidence
Hill North
Environmental
Management
Plan

Satisfy

CR

CEO

Overall

Not
required at
this stage

CR, Access to
the plan from
the MGI
website

CEO

Overall

Satisfactory
during this
period

Ministerial
Statement 889

Advice

Phase

When
the CEO.

Status
this stage

No longer
relevant

AUDIT TABLE
Proposal Implementation Monitoring Section
PROJECT: MT GIBSON IRON ORE MINE &
INFRASTRUCTURE PROJECT SHIRE OF YALGOO
PROPONENTS:MOUNT GIBSON MINING LIMITED and
EXTENSION HILL PTY LTD
Number

Subject

753:M13.2

Fauna
Management
along the
Services
Corridor

753:M13.3

Fauna
Management
along the
Services
Corridor

753:M13.4

Fauna
Management
along the
Services
Corridor

Action
to Monger’s Lake
(agricultural section) and
up to 15 metres wide from
Monger’s Lake to the mine
site (pastoral section).
The proponent shall not
cause or allow disturbance
of vegetation outside the
delineated services
corridor referred to in
condition 13-1, unless
authorised by the Minister
for the Environment.
The proponent shall
undertake open trench
works in the pastoral
section of the services
corridor from April to
September (inclusive)
unless otherwise
authorised by the CEO.
Prior to vegetation
clearing, the proponent
shall mark significant
habitat trees of sufficient
age to form nesting
hollows for hollow-nesting
birds and mammals, and
Mallee fowl mounds, in
consultation with the
Department of
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How

Evidence

Satisfy

Advice

Phase

When

Status

Ministerial
Statement 889

No longer
relevant

Ministerial
Statement 889

No longer
relevant

Ministerial
Statement 889

No longer
relevant

AUDIT TABLE
Proposal Implementation Monitoring Section
PROJECT: MT GIBSON IRON ORE MINE &
INFRASTRUCTURE PROJECT SHIRE OF YALGOO
PROPONENTS:MOUNT GIBSON MINING LIMITED and
EXTENSION HILL PTY LTD
Number

Subject

753:M13.5

Fauna
Management
along the
Services
Corridor

753:M13.6

Fauna
Management
along the
Services
Corridor

753:M13.7

Fauna
Management
along the
Services
Corridor
Fauna
Management
along the
Services
Corridor

70
753:M13.8

Action
Environment and
Conservation.
The proponent shall not
fell marked trees or disturb
mounds referred to in
condition 13-4, except in
the case where habitat
trees or mounds occur in
the direct line of the
proposed pipeline and
cannot reasonably be
avoided.

How

Evidence

Satisfy

Advice

Phase

When

Status

Ministerial
Statement 889

No longer
relevant

The proponent shall limit
the length of open trench
to a maximum length of 10
kilometres at any time in
the pastoral section and
20 kilometres at any time
in the agricultural section
of the services corridor.
No part of the trench shall
remain open for more than
seven days, unless
authorised by the CEO.

Ministerial
Statement 889

No longer
relevant

Ministerial
Statement 889

No longer
relevant

The proponent shall install
ramps at intervals of 500
metres along the entire
route of the open trench to
allow trapped animals to

Ministerial
Statement 889

No longer
relevant
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AUDIT TABLE
Proposal Implementation Monitoring Section
PROJECT: MT GIBSON IRON ORE MINE &
INFRASTRUCTURE PROJECT SHIRE OF YALGOO
PROPONENTS:MOUNT GIBSON MINING LIMITED and
EXTENSION HILL PTY LTD
Number

Subject

753:M13.9

Fauna
Management
along the
Services
Corridor

753:M13.10

Fauna
Management
along the
Services
Corridor

753:M13.11

Fauna
Management
along the
Services

Action
escape, except in remnant
vegetation patches in the
agricultural section, where
each remnant vegetation
patch shall have at least
one ramp.
The proponent shall
employ at least two “fauna
clearing persons” per ten
kilometres of open trench
to remove fauna from the
trench. The “fauna clearing
persons” shall be able to
demonstrate suitable
experience to obtain a
fauna handling licence
issued by the Department
of Environment and
Conservation.
The open trenches shall
be inspected by the “fauna
clearing persons” for
trapped fauna each day by
no later than three hours
after sunrise and half an
hour prior to backfilling of
the trench.
In the event of significant
rainfall, the proponent
shall, following the clearing
of fauna from the trench,
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How

Evidence

Satisfy

Advice

Phase

When

Status

Ministerial
Statement 889

No longer
relevant

Ministerial
Statement 889

No longer
relevant

Ministerial
Statement 889

No longer
relevant

AUDIT TABLE
Proposal Implementation Monitoring Section
PROJECT: MT GIBSON IRON ORE MINE &
INFRASTRUCTURE PROJECT SHIRE OF YALGOO
PROPONENTS:MOUNT GIBSON MINING LIMITED and
EXTENSION HILL PTY LTD
Number

Subject
Corridor

Action
pump out any pooled
water in the open trench
(with the exception of
groundwater) and
discharge it via a mesh (to
dissipate energy) to
adjacent areas.

How

Evidence

753:M13.12

Fauna
Management
along the
Services
Corridor

The proponent shall
produce monthly
performance monitoring
reports on fauna
management.

Ministerial
Statement 889

753:M14.1

Closure

Prior to ground-disturbing
activities, the proponent
shall prepare a Preliminary
Closure Plan in
consultation with the
Department of
Environment and
Conservation, the
Department of Industry
and Resources, the

These reports shall
include a Fauna
Register on the
fauna found in the
trenches, and
fatalities. These
reports are to be
provided to the
Department of
Environment and
Conservation each
month, and made
publicly available.
Provides: 1. the
rationale for the
siting and design of
plant and
infrastructure as
relevant to
environmental
protection; 2. a
conceptual
description and
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Extension Hill
& Extension
Hill North
Environmental
Management
Plan (Rev 2)

Satisfy

Advice

Phase

When

Status

No longer
relevant

DEC

DMP
(DoIR),
DoW,
ABHF,
AWC, PAC
and LGA’s

PreConstruction

Prior to
grounddisturbing
activities.

Completed

AUDIT TABLE
Proposal Implementation Monitoring Section
PROJECT: MT GIBSON IRON ORE MINE &
INFRASTRUCTURE PROJECT SHIRE OF YALGOO
PROPONENTS:MOUNT GIBSON MINING LIMITED and
EXTENSION HILL PTY LTD
Number

Subject

Action
Department of Water, the
Australian Bush Heritage
Fund, the Australian
Wildlife Conservancy, the
Pindiddy Aboriginal
Corporation and the
relevant Local
Governments, which
describes the framework
to ensure that the mine
area and the services
corridor are left in an
environmentally
acceptable condition
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How
design of the final
landform at closure;
3. for the long-term
management of
groundwater and
surface water
systems affected
by the mining
operations and
services corridor; 4.
for the
management of
noxious materials
to avoid the
creation of
contaminated areas
(including acidgenerating
materials); 5. a
rehabilitation
program, which
aims to restore the
original vegetation
communities to
areas disturbed by
the mining
operations and
construction within
the services
corridor, and
includes completion

Evidence

Satisfy

Advice

Phase

When

Status

AUDIT TABLE
Proposal Implementation Monitoring Section
PROJECT: MT GIBSON IRON ORE MINE &
INFRASTRUCTURE PROJECT SHIRE OF YALGOO
PROPONENTS:MOUNT GIBSON MINING LIMITED and
EXTENSION HILL PTY LTD
Number

Subject

Action

753:M14.2

Closure

753:M14.3

Closure

The proponent shall make
the Preliminary Closure
Plan required by condition
14-1
publicly available in a
manner approved by the
CEO.
At least two years prior to
the anticipated date of
closure, or at a time
agreed with the
Environmental Protection
Authority, the proponent
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How
criteria to be met;
and 6. for the
monitoring and
response to the
progress towards
the reestablishment of
the floristic
communities as
part of the
rehabilitation of the
area, including
studies
on the composition
of the floristic
communities on
Extension Hill
North.
The Extension Hill
& Extension Hill
North
Environmental
Management Plan
is publicly available
on MGI’s website.
The Final Closure
Plan shall set out
details and
measures for: 1.
removal or, if
appropriate,

Evidence

Satisfy

CR, Access to
the plan from
the MGI
website

CEO

Final Closure
Plan

Min for Env

Advice

Phase

When

PreConstruction

EPA

Operation

Status

Satisfactory
during this
period

At least two
years prior to
the
anticipated
date of
closure, or at

Not
required at
this stage

AUDIT TABLE
Proposal Implementation Monitoring Section
PROJECT: MT GIBSON IRON ORE MINE &
INFRASTRUCTURE PROJECT SHIRE OF YALGOO
PROPONENTS:MOUNT GIBSON MINING LIMITED and
EXTENSION HILL PTY LTD
Number

Subject

Action
shall prepare a Final
Closure Plan, to the
requirements of the
Minister for the
Environment on advice of
the Environmental
Protection Authority.

Page 45 of 55

How
retention of plant
and infrastructure
in consultation with
relevant
stakeholders; 2.
final landforms and
the extent of the
mine void; 3.longterm management
of groundwater and
surface water
systems affected
by the waste rock
dumps, the mine
void and the
services corridor; 4.
identification of
contaminated
areas, including
provision of
evidence of
notification and
proposed
management
measures to
relevant statutory
authorities; and 5.
rehabilitation of all
disturbed areas,
including the mine
area and the

Evidence

Satisfy

Advice

Phase

When
a time agreed
with the
Environment
al Protection
Authority

Status

AUDIT TABLE
Proposal Implementation Monitoring Section
PROJECT: MT GIBSON IRON ORE MINE &
INFRASTRUCTURE PROJECT SHIRE OF YALGOO
PROPONENTS:MOUNT GIBSON MINING LIMITED and
EXTENSION HILL PTY LTD
Number

Subject

Action

753:M14.4

Closure

The proponent shall
implement the Final
Closure Plan required by
condition 14-3 until such
time as the Minister for the
Environment determines,
on advice of the CEO, that
the proponent's closure
responsibilities have been
fulfilled.
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How
services corridor, to
ensure
establishment of
sustainable
vegetation
communities with
local species and
local provenance,
consistent with the
reconstructed
landscape and
surrounding
vegetation and in
accordance with
the completion
criteria.
The proponent will
implement the Final
Closure Plan until
notified by the Min
for Env, or their
delegate, that the
proponent’s closure
responsibilities
have been fulfilled.

Evidence

Satisfy

Advice

Phase

When

Status

CR

Min for Env

CEO

Decommissio
ning

Until such
time as the
Minister for
the
Environment
determines,
on advice of
the CEO, that
the
proponent's
closure
responsibilitie
s have been
fulfilled.

Not
required at
this stage

AUDIT TABLE
Proposal Implementation Monitoring Section
PROJECT: MT GIBSON IRON ORE MINE &
INFRASTRUCTURE PROJECT SHIRE OF YALGOO
PROPONENTS:MOUNT GIBSON MINING LIMITED and
EXTENSION HILL PTY LTD
Number
753:M14.5

Subject
Closure

753:M15.1

Performance
Bond

Action
The proponent shall make
the Final Closure Plan
required by condition 14-3
publicly available, in a
manner approved by the
CEO.
As security for the due and
punctual observance and
performance by the
proponent of the
requirement to rehabilitate
that part of the services
corridor that lies outside
mining tenure, as required
by conditions 14-1(5) and
14-3(5), the proponent
shall lodge with
the CEO on demand prior
to commencement of
operations of the mine, an
irrevocable Unconditional
Performance Bond as
nominated and approved
by the CEO in his sole
unfettered discretion to a
cash value and in a form
acceptable to the CEO
(“the Security”) which
Security at the date hereof
being $5,000 per hectare
of disturbance from
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How
The Final Closure
Plan will be made
publicly available
on MGI’s website.

Evidence
CR, Access to
the plan from
the MGI
website

Satisfy
CEO

Ministerial
Statement 889

CEO

Advice

Phase
Operation

When

Status
Not
required at
this stage

No longer
relevant

AUDIT TABLE
Proposal Implementation Monitoring Section
PROJECT: MT GIBSON IRON ORE MINE &
INFRASTRUCTURE PROJECT SHIRE OF YALGOO
PROPONENTS:MOUNT GIBSON MINING LIMITED and
EXTENSION HILL PTY LTD
Number

Subject

753:M15.2

Performance
Bond

Action
Geraldton Port to Mongers
Lake (agricultural section)
and $7,000 per hectare of
disturbance from Mongers
Lake to the mining tenure
at the Mt Gibson mine site
(pastoral section). The
proponent shall lodge with
the CEO an Unconditional
Performance Bond
executed by a Bank or
other approved financial
institution for due
compliance with the
environmental conditions
in the sum of $576,000.
The CEO may review the
Security required by
condition 15-1 at any time
or times and if, on such
review, the CEO considers
that a security has ceased
to be acceptable to the
CEO, then the CEO may,
with the approval of the
Minister for the
Environment, require the
proponent to furnish
replacement or additional
security for performance
by the proponent of its
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How

Evidence

Satisfy

Ministerial
Statement 889

CEO

Advice

Phase

When

Status

No longer
relevant

AUDIT TABLE
Proposal Implementation Monitoring Section
PROJECT: MT GIBSON IRON ORE MINE &
INFRASTRUCTURE PROJECT SHIRE OF YALGOO
PROPONENTS:MOUNT GIBSON MINING LIMITED and
EXTENSION HILL PTY LTD
Number

Subject

753:M15.3

Performance
Bond

Action
obligations to rehabilitate
that part of the services
corridor that lies outside
mining tenure, as required
by conditions 14-1(5) and
14-3(5).
The proponent shall within
fourteen days after written
request by the CEO
furnish
replacement or additional
security in such sum as
the CEO shall nominate, in
a form and upon terms
and conditions approved
by the CEO, which
approval shall not be
unreasonably withheld. On
receipt of approved
replacement security the
CEO shall release and
discharge the original
security. Note:
1. In the preparation of
advice to the CEO in
relation to conditions 15-1,
15-2 and
15-3, the Environmental
Protection Authority
expects that the advice of
the
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How

Evidence

Satisfy

Ministerial
Statement 889

CEO

Advice

Phase

When

Status

No longer
relevant

AUDIT TABLE
Proposal Implementation Monitoring Section
PROJECT: MT GIBSON IRON ORE MINE &
INFRASTRUCTURE PROJECT SHIRE OF YALGOO
PROPONENTS:MOUNT GIBSON MINING LIMITED and
EXTENSION HILL PTY LTD
Number

Subject

753:M16.1

Offsets

889:M13.1

Fauna
Management
along the
Services
Corridor

Action
Department of
Environment and
Conservation and the
Department of Industry
and Resources will be
obtained.
2. The rehabilitation of the
services corridor referred
to in conditions 15-1 and
15-2 is required by
conditions 14-1(5) and 143(5).
The proponent shall
implement the offset
package set out in
Schedule 2 to the
requirements of the
Minister for the
Environment on advice of
the Department of
Environment and
Conservation.
Prior to ground-disturbing
activities of the Services
Corridor, the proponent
shall clearly delineate on
the ground the boundaries
of the services corridor,
being up to 20 metres
wide from Geraldton Port
to Monger’s Lake
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How

Evidence

Satisfy

Advice

Phase

CR

Min for Env

DEC

Overall

CR, Extension
Hill &
Extension Hill
North
Environmental
Management
Plan (Rev 2)

CEO

PreConstruction

When

Status

In process

Prior to
grounddisturbing
activities of
the Services
Corridor.

Not
required at
this stage

AUDIT TABLE
Proposal Implementation Monitoring Section
PROJECT: MT GIBSON IRON ORE MINE &
INFRASTRUCTURE PROJECT SHIRE OF YALGOO
PROPONENTS:MOUNT GIBSON MINING LIMITED and
EXTENSION HILL PTY LTD
Number

Subject

889:M13.2

Fauna
Management
along the
Services
Corridor

889:M13.3

Fauna
Management
along the
Services
Corridor

889:M13.4

Fauna
Management
along the
Services
Corridor

Action
(agricultural section) and
up to 15 metres wide from
Monger’s Lake to the mine
site (pastoral section).
The proponent shall not
cause or allow disturbance
of vegetation outside the
delineated services
corridor referred to in
condition 13-1, unless
authorised by the CEO.
Prior to vegetation
clearing, the proponent
shall mark significant
habitat trees of sufficient
age to form nesting
hollows for hollow-nesting
birds and mammals, and
Malleefowl mounds, in
consultation with the
Department of
Environment and
Conservation.
The proponent shall not
fell marked trees or disturb
mounds referred to in
condition 13-3 except in
the case where habitat
trees or mounds occur in
the direct line of the
proposed pipeline and
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How

Evidence

Satisfy

Advice

Phase

CR

CEO

Construction

CR, Extension
Hill &
Extension Hill
North
Environmental
Management
Plan (Rev 2)

DEC

PreConstruction

CR, Extension
Hill &
Extension Hill
North
Environmental
Management
Plan (Rev 2)

CEO

Construction

When

Status

Not
required at
this stage

Prior to
vegetation
clearing

Not
required at
this stage

Not
required at
this stage

AUDIT TABLE
Proposal Implementation Monitoring Section
PROJECT: MT GIBSON IRON ORE MINE &
INFRASTRUCTURE PROJECT SHIRE OF YALGOO
PROPONENTS:MOUNT GIBSON MINING LIMITED and
EXTENSION HILL PTY LTD
Number

Subject

889:M13.5

Fauna
Management
along the
Services
Corridor

889:M13.6

Fauna
Management
along the
Services
Corridor

Action
cannot reasonably be
avoided.
Open trench lengths shall
not exceed a length
capable of being inspected
and cleared by fauna
clearing persons employed
on the pipeline
construction project within
the times required by
Condition 13-8. The “fauna
clearing persons” shall be
able to demonstrate
suitable experience to
obtain a fauna handling
licence issued by the
Department of
Environment and
Conservation. Note:
“Fauna clearing persons”
means employees whose
responsibility is to daily
walk the open trench to
recover and record fauna
found within the trench.
The proponent shall install
ramps at intervals of not
more than 500 metres
along the entire route of
the open trench to allow
trapped animals to
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How

Evidence

Satisfy

Advice

Phase

When

Status

CR

CEO

Construction

Not
required at
this stage

CR

CEO

Construction

Not
required at
this stage

AUDIT TABLE
Proposal Implementation Monitoring Section
PROJECT: MT GIBSON IRON ORE MINE &
INFRASTRUCTURE PROJECT SHIRE OF YALGOO
PROPONENTS:MOUNT GIBSON MINING LIMITED and
EXTENSION HILL PTY LTD
Number

Subject

889:M13.7

Fauna
Management
along the
Services
Corridor

889:M13.8

Fauna
Management
along the
Services
Corridor

889:M13.9

Fauna
Management
along the
Services

Action
escape, except in remnant
vegetation patches in the
agricultural section, where
each remnant vegetation
patch shall have at least
one ramp.
The proponent shall
employ sufficient “fauna
clearing persons” to
ensure compliance with
Condition 13-8. The “fauna
clearing persons” shall be
able to demonstrate
suitable experience to
obtain a fauna handling
licence issued by the
Department of
Environment and
Conservation.
The open trenches shall
be inspected by the “fauna
clearing persons” for
trapped fauna each day by
no later than three hours
after sunrise and half an
hour prior to backfilling of
the trench.
In the event of significant
rainfall, the proponent
shall, following the clearing
of fauna from the trench,
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How

Evidence

Satisfy

Advice

Phase

When

Status

CR

CEO

Construction

Not
required at
this stage

CR, Extension
Hill &
Extension Hill
North
Environmental
Management
Plan (Rev 2)

CEO

Construction

Not
required at
this stage

CR, Extension
Hill &
Extension Hill
North

CEO

Construction

Not
required at
this stage

AUDIT TABLE
Proposal Implementation Monitoring Section
PROJECT: MT GIBSON IRON ORE MINE &
INFRASTRUCTURE PROJECT SHIRE OF YALGOO
PROPONENTS:MOUNT GIBSON MINING LIMITED and
EXTENSION HILL PTY LTD
Number

Subject
Corridor

Action
pump out any pooled
water in the open trench
(with the exception of
groundwater) and
discharge it via a mesh (to
dissipate energy) to
adjacent areas.

How

Evidence
Environmental
Management
Plan (Rev 2)

Satisfy

889:M13.10

Fauna
Management
along the
Services
Corridor

The proponent shall
produce monthly
performance monitoring
reports on fauna
management.

These reports shall
include a Fauna
Register on the
fauna found in the
trench, and
fatalities. These
reports are to be
provided to the
Department of
Environment and
Conservation each
month, and made
publicly available.

CR, Extension
Hill &
Extension Hill
North
Environmental
Management
Plan (Rev 2)

CEO

Advice

Phase

Construction

When

Status

Not
required at
this stage

Notes
1. Where a condition states "on advice of the Environmental Protection Authority", the Environmental Protection Authority will provide that advice to the
Department of
Environment and Conservation for the preparation of written notice to the proponent.
2. The Environmental Protection Authority may seek advice from other agencies or organisations, as required, in order to provide its advice to the Department of
Environment and Conservation.
3. The Minister for the Environment will determine any dispute between the proponent and the Environmental Protection Authority or the Department of
Environment and
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AUDIT TABLE
Proposal Implementation Monitoring Section
PROJECT: MT GIBSON IRON ORE MINE &
INFRASTRUCTURE PROJECT SHIRE OF YALGOO
PROPONENTS:MOUNT GIBSON MINING LIMITED and
EXTENSION HILL PTY LTD
Conservation over the fulfilment of the requirements of the conditions.
4. The proponent is required to apply for a Works Approval and Licence for this project under the provisions of Part V of the Environmental Protection Act 1986.

Page 55 of 55

ANNUAL ENVIRONMENTAL REPORT 2012
Mt Gibson Iron Ore Mine and Infrastructure Project

APPENDIX C
DEC Licence L8495/2010/1 Audit Table

Mount Gibson Mining Limited ©

AUDIT TABLE
DEC Licence 8495/2010/1
PROJECT: EXTENSION HILL MINE SITE

Audit Code

Subject

Action

Evidence

Status

8495/2010/1:1

General Conditions

The new landfill facility is yet to be constructed.

Not required at this stage

8495/2010/1:2

Submission of Compliance
Document

The new landfill facility is yet to be constructed.

Not required at this stage

8495/2010/1:3

Surface Water Management SOP.

The licensee shall ensure that vehicle wash down areas are equipped with fuel and/or oil traps and provision to ensure hydrocarbon contaminated waters are not discharged to the environment.

Satisfactory during this
reporting period
Satisfactory during this
reporting period
Satisfactory during this
reporting period
Satisfactory during this
reporting period
Satisfactory during this
reporting period
Satisfactory during this
reporting period

8495/2010/1:9(a)

Emission to Air

The licensee shall store environmentally hazardous chemicals including fuel, oil or other hydrocarbons (where the total volume of each substance stored on the premises exceeds 250 litres) in
accordance with Australian Standard 1940-2004 (Storage and Handling of Flammable and Combustible Liquids).
The licensee shall immediately recover, or remove and dispose of, any liquid resulting from spills or leaks of chemicals including fuel, oil or other hydrocarbons, whether inside or outside the low
permeability compound(s).
The licensee shall employ measures to ensure that dust emissions from the crushing circuit, haul roads, access roads, stockpiles and active work areas are minimised. These may include but are not
limited to:
(i)
water sprays
(ii)
water trucks to maintain roads in a damp condition;
(iii)
approved chemical dust suppressants;
(iv)
rehabilitation of disturbed areas; and
(v)
engineered structures (i.e. covers on conveyors).
The licensee shall operate the premises for the control of dust in accordance with the Dust Management Plan (as depicted in Attachment 3).

Washdown bay equipped with triple interceptor system and
oil/water separator.
Drainage system designed and implemented to prevent
contaminated discharges to the environment.
Hazardous chemicals and hydrocarbons stored in bunded
areas, as required.
Annual Environmental Report

8495/2010/1:8

Submission of Compliance
Document
Submission of Compliance
Document
Submission of Compliance
Document
Submission of Compliance
Document
Submission of Compliance
Document
Emission to Air

The licensee shall construct the works in accordance with the application to transfer or amend a licence, works approval or registration form dated 4 June 2012 and the following documentation:
(i)
Email transmittal dated 4 June 2012, titled Licence Amendment Application, Jessica Sackmann, Mount Gibson Mining Limited; and
(ii)
Extension Hill Hematite Operation Health and Safety Standard – Waste Management SOP, 4 June 2012, Mount Gibson Mining Limited.
Subject to condition (1), the licensee shall submit a compliance document to the Director following the construction of the works outlined in the application to transfer or amend a licence, works
approval or registration and supporting documentation, and prior to commissioning of the same. The Compliance Document shall certify that the works were constructed in accordance with
condition 1 of this licence and documentation supporting the application to construct the works, and shall be signed by an authorised officer of Mount Gibson Mining Limited, with the printed name
and position of that person within the company, and preferably will contain the Company seal.
The licensee shall ensure uncontaminated stormwater on site is diverted away from areas where it has the potential to become contaminated.

8495/2010/1:9(b)

Emission to Air

The licensee shall ensure that the dust monitoring referred to in the Dust Management Plan (as depicted in Attachment 3) is conducted in accordance with AS 2922-1987 and AS 3580.10.1:2003.

Annual Environmental Report

8495/2010/1:10

Solid Waste Control
Conditions – Acceptance and
Burial of Waste

Currently only accepting inert wastes and putrescibles wastes.

8495/2010/1:11

Solid Waste Control
Conditions – Acceptance and
Burial of Waste

8495/2010/1:12

Solid Waste Control
Conditions – Acceptance and
Burial of Waste
Solid Waste Control
Conditions – Acceptance and
Burial of Waste
Solid Waste Control
Conditions – Acceptance and
Burial of Waste
Solid Waste Control
Conditions – Acceptance and
Burial of Waste
Solid Waste Control
Conditions – Contaminated
Solid Waste
Solid Waste Control
Conditions – Contaminated
Solid Waste

The licensee shall only accept the following types of wastes on the premises:
(i)
Type 1 inert wastes;
(ii)
Type 2 inert wastes;
(iii)
Type 2 special wastes;
(iv)
Putrescible wastes that are generated on the premises
(v)
Contaminated solid wastes meeting waste acceptance criteria specified for class I or II landfills, as detailed in the current version of the document entitled “Landfill Waste
Classification and Waste Definitions 1996 (As amended December 2009)”.
The licensee shall ensure that:
(i)
waste is disposed of in a defined trench or within an area enclosed by earthen bunds;
(ii)
waste in the tipping area is covered with at least 200mm of cover fortnightly;
(iii)
there is enough cover material stored to allow waste to be covered for at least a two month period;
(iv)
waste is covered with soil or with another dense, inert and incombustible material;
(v)
waste is totally covered so that no waste is left exposed;
(vi)
the tipping area is no greater than two meters in height above ground level;
(vii)
the tipping area is restricted to a linear length no greater than 30 metres; and
(viii)
adequate fire fighting equipment is readily available to extinguish any fire at the landfill site.
The licensee shall ensure that no waste is burnt at the premises.

8495/2010/1:4
8495/2010/1:5
8495/2010/1:6
8495/2010/1:7

8495/2010/1:13

8495/2010/1:14

8495/2010/1:15

8495/2010/1:16

8495/2010/1:17

8495/2010/1:18

30/09/2012

Solid Waste Control
Conditions – Contaminated
Solid Waste

The licensee shall ensure mechanical workshops and refuelling areas are constructed and maintained to prevent hydrocarbons from being discharged to the environment.

Water sprays, enclosed transfer points and dust covers on
crushing and screening plant; and
Two water carts on site.

Annual Environmental Report

Satisfactory during this
reporting period
Satisfactory during this
reporting period
Satisfactory during this
reporting period

Waste Management SOP.

Satisfactory during this
reporting period

Waste Management SOP.

Satisfactory during this
reporting period

The licensee shall securely lock any entrance to the designated disposal area when it is unattended.

Padlocked.

Satisfactory during this
reporting period

The licensee shall ensure that any waste that has been washed or blown outside the active landfill area is collected and returned to the tipping area on a weekly basis.

10.15FM01 Weekly Environmental Monitoring & Inspection
Form

Satisfactory during this
reporting period

The licensee shall ensure that stormwater that has come into contact with waste is retained on the premises.

Surface Water Management SOP.

Satisfactory during this
reporting period

The licensee shall keep written or electronic records of all contaminated solid wastes accepted for burial at the premises.

None buried to date.

Not required at this stage

The written or electronic records required by condition 16 of this licence shall include but not be limited to:
(i)
the time and date the waste was received;
(ii)
the type of contaminated solid waste;
(iii)
the nature of the contaminated solid waste;
(iv)
the quantity of the contaminated solid waste;
(v)
the disposal location by grid reference; and
(vi)
the source of the contaminated solid waste.
The licensee shall ensure that the written or electronic records required by condition 16 of this licence are kept at the premises, and that these records or a complete copy of these records are
available for inspection by an authorised person or inspector upon request.

None buried to date.

Not required at this stage

None buried to date.

Not required at this stage
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AUDIT TABLE
DEC Licence 8495/2010/1
PROJECT: EXTENSION HILL MINE SITE

Audit Code

Subject

Action

Evidence

Status

8495/2010/1:19

Solid Waste Control
Conditions – Special Waste
Type 2 Management

None buried to date.

Not required at this stage

8495/2010/1:20

Waste Management SOP.

Satisfactory during this
reporting period

8495/2010/1:21(a)

Solid Waste Control
Conditions – Disposal of NonConforming Waste
Reporting Conditions

The licensee shall ensure that Special Waste Type 2 (clinical waste and biomedical and related waste) is deposited at the premises according to the following requirements:
(i)
accept only Special Waste Type 2 which is bagged, packaged or containerised in the appropriate colour coded container in accordance with AS/NZS 3816 as appropriate;
(ii)
as soon as practicable and before compaction, cover the Special Waste Type 2 with a layer of dense, inert and incombustible material at least one metre thick;
(iii)
record as grid references on a premises plan all locations used for the disposal of Special Waste Type 2 and keep this plan as a permanent record;
(iv)
keep a permanent register of each load of Special Waste Type 2 deposited at the premises, including the date, the name of person that deposited the Special Waste Type 2;
(v)
witness the disposal and covering of the Special Waste Type 2 and sign the register referred to above within two hours of the covering taking place;
(vi)
not deposit any Special Waste Type 2 within two metres of the final tipping surface of the landfill;
(vii)
operate the landfill such that any existing Special Waste Type 2 deposited at the premises remains undisturbed; and
(viii)
make all records available for viewing or copying by an authorised person or inspector upon request.
The licensee shall ensure that any waste that does not conform with condition 10 of this licence is separated out immediately and placed into an enclosed bin and directed to an appropriately
licensed landfill for disposal as soon as practicable.
The licensee shall by 31 October each year, provide to the Director and Annual Environmental Report which covers the previous 12 month period from 1 October to 30 September.

Annual Environmental Report 2011

8495/2010/1:21(b)

Reporting Conditions

Annual Environmental Report 2011

8495/2010/1:22

Reporting Conditions

The licensee shall ensure that the Annual Environmental Report required by condition 14(a) of this licence contains but is not limited to:
(i)
results of dust monitoring required by condition 9(b);
(ii)
a summary table of any environmental incident which has caused or is likely to cause pollution, and a discussion of any significant responses taken to minimise the likelihood of
recurrence;
(iii)
the characteristics, volume and effects of discharges to the environment and on the characteristics of the receiving environment within the vicinity of the premises; and
(iv)
a current plan of the premises including all areas covered by this licence.
The licensee shall by 31 October in each year, provide to the Director an Annual Audit Compliance Report in the form in Attachment 1 to this licence, signed and certified in the manner required by
Section C of the form, indicating that extent to which the licensee has complied with the conditions of this licence, and any previous licence issued under Part V of the Act for the premises, during
the period beginning 1 October the previous year and ending 30 September in the reporting year.

Satisfactory during this
reporting period
Satisfactory during this
reporting period

30/09/2012
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Annual Audit Compliance Report 2011

Satisfactory during this
reporting period

ANNUAL ENVIRONMENTAL REPORT 2012
Mt Gibson Iron Ore Mine and Infrastructure Project

APPENDIX D
EPBC Ref 2005/2381 Audit Table

Mount Gibson Mining Limited ©

AUDIT TABLE
EPBC 2005/2381

Extension Hill Pty Ltd

PROJECT: MT GIBON IRON ORE PROJECT

Audit Code

Subject

Action

Evidence

Status

EPBC/2005/
2381:1

Darwinia masonii

The person taking the Action must prepare a management plan (or plans) including a monitoring program for Darwinia
masonii. The plan(s) must take into account the advice of the Department of the Environment, Water Heritage and the Arts
(DEWHA), the Western Australian Department of Environment and Conservation and the Environmental Protection Authority.

Extension Hill & Extension Hill North
Darwinia masonii Management and
Monitoring Plan (2008)

In progress

a) The aim of the plan(s) is to manage the impacts of the Action on Darwinia masonii and its habitat.
b) The plan shall be implemented and reviewed throughout the life of the Action.
c) The plan shall:
i) Establish baseline information on the populations of Darwinia masonii within the Mt Gibson Ranges;
ii) Establish a monitoring program to identify significant impacts and monitor the numbers of individuals and areas of
suitable habitat for Darwinia masonii;
iii) Define the scope of studies aimed at understanding the ecology of Darwinia masonii;
iv) Specify design features, management measures and operating controls to minimise adverse impacts to Darwinia
masonii within the Mt Gibson Ranges; and
v) Identify potential response and mitigation measures in the event that monitoring detects Action-attributable change
in the abundance, distribution or reproductive success that is likely to cause significant impact to the viability of
Darwinia masonii within the Mt Gibson Ranges.

Letter – Approval of Management Plans
(3/10/2008) C. Skippington (DEWHA)
Mount Gibson Mining Limited and
Extension Hill Pty Ltd (2011) Annual
Environmental Report Mt Gibson Iron
Ore Project October 2010 – September
2011 – submitted 31 October 2011

The Plan has been
completed.
A review is in
progress.

The Darwinia masonii Management Plan
requires review

d) The management plan(s) for Darwinia masonii (including the monitoring program) must be approved by the Minister
prior to the commencement of ground disturbing activities.
e) The approved plan(s) must be implemented.
EPBC/2005/
2381:2

Malleefowl
(Leipoa ocellata)

The person taking the Action must prepare a management plan (or plans) including a monitoring program for the Malleefowl
(Leipoa ocellata). The plan must take into account the advice of DEWHA, the Western Australian Department of Environment
and Conservation and the Environmental Protection Authority.
a) The aim of the plan(s) is to manage the impacts of the Action on the Malleefowl and its habitat.
b) The plan shall be implemented and reviewed throughout the life of the Action.
c) The plan shall:
i) Establish baseline information on the populations of the Malleefowl in and around the project area, including the
services corridor;
ii) Establish a monitoring program to detect significant impacts and monitor the numbers of individuals and suitable
habitat for the Malleefowl in and around the project area, including the services corridor;
iii) Specify design features, management measures and operating controls to minimise adverse impacts; and
iv) Identify potential response and mitigation measures in the event that monitoring detects Action-attributable change
in the abundance, distribution or reproductive success that is likely to cause significant impact to the viability of the
Malleefowl in and around the project area, including the services corridor.
d) The management plan(s) for the Malleefowl (including the monitoring program) must be approved by the Minister prior
to the commencement of ground disturbing activities.
e) The approved plan(s) must be implemented.

30/09/2012

Page 1 of 2

Extension Hill & Extension Hill North
Malleefowl Management Plan (2008)
Letter – Approval of Management Plans
(3/10/2008) C. Skippington (DEWHA)
Mount Gibson Mining Limited and
Extension Hill Pty Ltd (2011) Annual
Environmental Report Mt Gibson Iron
Ore Project October 2010 – September
2011 – submitted 31 October 2011
The Malleefowl Management Plan
requires review

In progress

The Plan has been
completed.
A review is in
progress.

AUDIT TABLE
EPBC 2005/2381

Extension Hill Pty Ltd

PROJECT: MT GIBON IRON ORE PROJECT

Audit Code

Subject

Action

Evidence

Status

EPBC/2005/
2381:3

Environmental
Performance
Report

An Environmental Performance Report shall be submitted to DEWHA within 15 months from the date of approval of the Action
and each subsequent report on or before the 31st October each year. This report shall contain the results of, and the state of
implementation of the Darwinia masonii and Leipoa ocellate (malleefowl) management plan(s) and monitoring programs
(Conditions 1 and 2) and advice as to whether there have been revisions to previously approved plans.

Letter – Variation to Condition 3
(21/10/2011) J. Klaver (DSEWPAC)

Satisfactory during
this period

Mount Gibson Mining Limited and
Extension Hill Pty Ltd (2011) Annual
Environmental Report Mt Gibson Iron
Ore Project October 2010 – September
2011 – submitted 31 October 2011
Letter – Acceptance of Annual
Environmental Report (6/12/2011) M.
Smith (DSEWPC)

EPBC/2005/
2381:4

Revisions to
plans

If the person taking the Action wishes to carry out any activity otherwise than in accordance with a plan, program or system
referred to in this Approval, the person taking the Action must submit for the Minister’s approval a revised version of any such
plan, program or system. If the Minister approves a revised plan, program or system so submitted, the person taking the
Action must implement that plan, program or system instead of the plan, program or system as originally approved.

EPBC/2005/
2381:5

Compliance Audit

Within 18 months of the commencement of ground disturbing activities, the person taking the Action must ensure than an
independent audit of compliance with the Conditions of this Approval is conducted. The independent auditor must be approved
by the Minister. The audit criteria must be agreed by the Minister and the audit report must address the criteria to the
satisfaction of the Minister.

EPBC/2005/
2381:6

Compliance
Certificate

By 31 July of each year of the development, the Project Manager, Mt Gibson Iron Ore Project, of the person taking the Action
(Mount Gibson Mining Ltd), must provide a certificate to the Department indicating whether the person taking the Action has
complied with the conditions of this Approval.

EPBC/2005/
2381:7

Revisions to
plans

If the Minister believes that it is necessary or desirable for the better protection of the environment to do so, the Minister may
request the person taking the Action to make specified revisions to a plan or program approved pursuant to the Conditions and
to submit the revised plan or program for the Minister’s approval. The person taking the Action must comply with any such
request. If the Minister approves a revised plan or program pursuant to this condition, the person taking the Action must
implement that plan or program instead of the plan or program as originally approved.

EPBC/2005/
2381:8

Substantial
Commencement

Within five years of the date of this approval, the person taking the Action must, to the satisfaction of DEWHA, provide
evidence that the Action has been substantially commenced. If DEWHA is not satisfied that there has been substantial
commencement of the Action, the Action must not thereafter be commenced without the prior approval of the Minister.

30/09/2012
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Not required at this
stage

Letter – Approval of Independent
Auditor (18/11/2011) J. Barker
(DSEWPAC)
The audit was conducted in November
2011. The final report is being reviewed.

Compliance Certificate 2011 – submitted
4 July 2011

In progress
The audit was
conducted in
November 2011.
The final report is
being reviewed.
Satisfactory during
this period

Letter – Acceptance of Compliance
Certificate (18/8/2011) M. Smith
(DSEWPC)

Not required at this
stage

Letter – Notification of Substantial
Commencement (23/07/2010) D.
Quinlivan (MGM) & B. Mackenzie (EHPL)

Completed
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APPENDIX E
Monthly Wind Roses

Mount Gibson Mining Limited ©

WIND ROSE PLOT:

Station #

DISPLAY:

Wind Speed
Flow Vector (blowing to)

1

NORTH

15%
12%
9%
6%
3%
WEST

EAST

WIND SPEED
(m/s)

Resultant Vector

>= 11.1

SOUTH

348 deg - 33%

8.8 - 11.1
5.7 - 8.8
3.6 - 5.7
2.1 - 3.6
0.5 - 2.1
Calms: 4.44%

COMMENTS:

DATA PERIOD:

COMPANY NAME:

Start Date: 1/10/2011 - 08:00
End Date: 31/10/2011 - 23:00
MODELER:

WRPLOT View - Lakes Environmental Software

CALM WINDS:

TOTAL COUNT:

4.44%

729 hrs.

AVG. WIND SPEED:

DATE:

2.38 m/s

7/10/2012

PROJECT NO.:

WIND ROSE PLOT:

Station #

DISPLAY:

Wind Speed
Flow Vector (blowing to)

1

NORTH

15%
12%
9%
6%
3%
WEST

EAST

WIND SPEED
(m/s)

Resultant Vector

>= 11.1

SOUTH

9 deg - 35%

8.8 - 11.1
5.7 - 8.8
3.6 - 5.7
2.1 - 3.6
0.5 - 2.1
Calms: 4.72%

COMMENTS:

DATA PERIOD:

COMPANY NAME:

Start Date: 1/11/2011 - 00:00
End Date: 30/11/2011 - 23:00
MODELER:

WRPLOT View - Lakes Environmental Software

CALM WINDS:

TOTAL COUNT:

4.72%

712 hrs.

AVG. WIND SPEED:

DATE:

2.50 m/s

7/10/2012

PROJECT NO.:

WIND ROSE PLOT:

Station #

DISPLAY:

Wind Speed
Flow Vector (blowing to)

1

NORTH

15%
12%
9%
6%
3%
WEST

EAST

WIND SPEED
(m/s)

Resultant Vector

>= 11.1

SOUTH

319 deg - 32%

8.8 - 11.1
5.7 - 8.8
3.6 - 5.7
2.1 - 3.6
0.5 - 2.1
Calms: 1.21%

COMMENTS:

DATA PERIOD:

COMPANY NAME:

Start Date: 1/12/2011 - 00:00
End Date: 31/12/2011 - 23:00
MODELER:

WRPLOT View - Lakes Environmental Software

CALM WINDS:

TOTAL COUNT:

1.21%

736 hrs.

AVG. WIND SPEED:

DATE:

2.96 m/s

7/10/2012

PROJECT NO.:

WIND ROSE PLOT:

Station #

DISPLAY:

Wind Speed
Flow Vector (blowing to)

1

NORTH

25%
20%
15%
10%
5%
WEST

EAST

WIND SPEED
(m/s)

Resultant Vector

>= 11.1

SOUTH

283 deg - 50%

8.8 - 11.1
5.7 - 8.8
3.6 - 5.7
2.1 - 3.6
0.5 - 2.1
Calms: 1.88%

COMMENTS:

DATA PERIOD:

COMPANY NAME:

Start Date: 1/01/2012 - 00:00
End Date: 31/01/2012 - 23:00
MODELER:

WRPLOT View - Lakes Environmental Software

CALM WINDS:

TOTAL COUNT:

1.88%

741 hrs.

AVG. WIND SPEED:

DATE:

3.12 m/s

7/10/2012

PROJECT NO.:

WIND ROSE PLOT:

Station #

DISPLAY:

Wind Speed
Flow Vector (blowing to)

1

NORTH

15%
12%
9%
6%
3%
WEST

EAST

WIND SPEED
(m/s)

Resultant Vector

>= 11.1

SOUTH

317 deg - 26%

8.8 - 11.1
5.7 - 8.8
3.6 - 5.7
2.1 - 3.6
0.5 - 2.1
Calms: 3.59%

COMMENTS:

DATA PERIOD:

COMPANY NAME:

Start Date: 1/02/2012 - 00:00
End Date: 29/02/2012 - 23:00
MODELER:

WRPLOT View - Lakes Environmental Software

CALM WINDS:

TOTAL COUNT:

3.59%

696 hrs.

AVG. WIND SPEED:

DATE:

2.81 m/s

7/10/2012

PROJECT NO.:

WIND ROSE PLOT:

Station #

DISPLAY:

Wind Speed
Flow Vector (blowing to)

1

NORTH

20%
16%
12%
8%
4%
WEST

EAST

WIND SPEED
(m/s)

Resultant Vector

>= 11.1

SOUTH

268 deg - 63%

8.8 - 11.1
5.7 - 8.8
3.6 - 5.7
2.1 - 3.6
0.5 - 2.1
Calms: 2.69%

COMMENTS:

DATA PERIOD:

COMPANY NAME:

Start Date: 1/03/2012 - 00:00
End Date: 31/03/2012 - 23:00
MODELER:

WRPLOT View - Lakes Environmental Software

CALM WINDS:

TOTAL COUNT:

2.69%

716 hrs.

AVG. WIND SPEED:

DATE:

2.90 m/s

7/10/2012

PROJECT NO.:

WIND ROSE PLOT:

Station #

DISPLAY:

Wind Speed
Flow Vector (blowing to)

1

NORTH

10%
8%
6%
4%
2%
WEST

EAST

WIND SPEED
(m/s)

Resultant Vector

>= 11.1

SOUTH

342 deg - 7%

8.8 - 11.1
5.7 - 8.8
3.6 - 5.7
2.1 - 3.6
0.5 - 2.1
Calms: 14.44%

COMMENTS:

DATA PERIOD:

COMPANY NAME:

Start Date: 1/04/2012 - 00:00
End Date: 30/04/2012 - 23:00
MODELER:

WRPLOT View - Lakes Environmental Software

CALM WINDS:

TOTAL COUNT:

14.44%

720 hrs.

AVG. WIND SPEED:

DATE:

1.74 m/s

7/10/2012

PROJECT NO.:

WIND ROSE PLOT:

Station #

DISPLAY:

Wind Speed
Flow Vector (blowing to)

1

NORTH

20%
16%
12%
8%
4%
WEST

EAST

WIND SPEED
(m/s)

Resultant Vector

>= 11.1

SOUTH

266 deg - 35%

8.8 - 11.1
5.7 - 8.8
3.6 - 5.7
2.1 - 3.6
0.5 - 2.1
Calms: 12.50%

COMMENTS:

DATA PERIOD:

COMPANY NAME:

Start Date: 1/05/2012 - 00:00
End Date: 31/05/2012 - 23:00
MODELER:

WRPLOT View - Lakes Environmental Software

CALM WINDS:

TOTAL COUNT:

12.50%

744 hrs.

AVG. WIND SPEED:

DATE:

1.81 m/s

7/10/2012

PROJECT NO.:

WIND ROSE PLOT:

Station #

DISPLAY:

Wind Speed
Flow Vector (blowing to)

1

NORTH

15%
12%
9%
6%
3%
WEST

EAST

WIND SPEED
(m/s)

Resultant Vector

>= 11.1

SOUTH

176 deg - 21%

8.8 - 11.1
5.7 - 8.8
3.6 - 5.7
2.1 - 3.6
0.5 - 2.1
Calms: 14.58%

COMMENTS:

DATA PERIOD:

COMPANY NAME:

Start Date: 1/06/2012 - 00:00
End Date: 30/06/2012 - 23:00
MODELER:

WRPLOT View - Lakes Environmental Software

CALM WINDS:

TOTAL COUNT:

14.58%

607 hrs.

AVG. WIND SPEED:

DATE:

1.97 m/s

7/10/2012

PROJECT NO.:

WIND ROSE PLOT:

Station #

DISPLAY:

Wind Speed
Flow Vector (blowing to)

1

NORTH

15%
12%
9%
6%
3%
WEST

EAST

WIND SPEED
(m/s)

Resultant Vector

>= 11.1

SOUTH

243 deg - 34%

8.8 - 11.1
5.7 - 8.8
3.6 - 5.7
2.1 - 3.6
0.5 - 2.1
Calms: 15.99%

COMMENTS:

DATA PERIOD:

COMPANY NAME:

Start Date: 1/07/2012 - 00:00
End Date: 31/07/2012 - 23:00
MODELER:

WRPLOT View - Lakes Environmental Software

CALM WINDS:

TOTAL COUNT:

15.99%

685 hrs.

AVG. WIND SPEED:

DATE:

1.75 m/s

7/10/2012

PROJECT NO.:

WIND ROSE PLOT:

Station #

DISPLAY:

Wind Speed
Flow Vector (blowing to)

1

NORTH

10%
8%
6%
4%
2%
WEST

EAST

WIND SPEED
(m/s)

Resultant Vector

>= 11.1

SOUTH

24 deg - 14%

8.8 - 11.1
5.7 - 8.8
3.6 - 5.7
2.1 - 3.6
0.5 - 2.1
Calms: 15.59%

COMMENTS:

DATA PERIOD:

COMPANY NAME:

Start Date: 1/08/2012 - 00:00
End Date: 31/08/2012 - 23:00
MODELER:

WRPLOT View - Lakes Environmental Software

CALM WINDS:

TOTAL COUNT:

15.59%

664 hrs.

AVG. WIND SPEED:

DATE:

1.71 m/s

7/10/2012

PROJECT NO.:

WIND ROSE PLOT:

Station #

DISPLAY:

Wind Speed
Flow Vector (blowing to)

1

NORTH

15%
12%
9%
6%
3%
WEST

EAST

WIND SPEED
(m/s)

Resultant Vector

>= 11.1

SOUTH

24 deg - 21%

8.8 - 11.1
5.7 - 8.8
3.6 - 5.7
2.1 - 3.6
0.5 - 2.1
Calms: 6.67%

COMMENTS:

DATA PERIOD:

COMPANY NAME:

Start Date: 1/09/2012 - 00:00
End Date: 30/09/2012 - 23:00
MODELER:

WRPLOT View - Lakes Environmental Software

CALM WINDS:

TOTAL COUNT:

6.67%

678 hrs.

AVG. WIND SPEED:

DATE:

2.32 m/s

7/10/2012

PROJECT NO.:

ANNUAL ENVIRONMENTAL REPORT 2012
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APPENDIX F
Groundwater Analysis Laboratory Reports

Mount Gibson Mining Limited ©

CERTIFICATE OF ANALYSIS 118029
Client:
Mt Gibson Mining Ltd EHO
Extension Hill Operations
PO Box 55
West Perth
WA 6872
Attention:

Jessica Sackmann

Sample log in details:
Your Reference:
No. of samples:
Date samples received:
Date completed instructions received:
Location:

Groundwater/Potable Water Analysis
14 x Waters
4/1/12
4/1/12

Analysis Details:
Please refer to the following pages for results, methodology summary and quality control data.
Samples were analysed as received from the client. Results relate specifically to the samples as received.
Results are reported on a dry weight basis for solids and on an as received basis for other matrices.
Please refer to the last page of this report for any comments relating to the results.
Report Details:
Date results requested by:
11/01/12
Date of Preliminary Report:
Not issued
Issue Date:
12/01/12
NATA accreditation number 2901. This document shall not be reproduced except in full.
Accredited for compliance with ISO/IEC 17025.
Tests not covered by NATA are denoted with *.
Results Approved By:

MPL Reference:
Revision No:

118029
R 01

Page 1 of 15

Client Reference:

Groundwater/Potable Water Analysis

Miscellaneous Inorganics
Our Reference:

UNITS

118029-1

118029-2

118029-3

118029-4

Your Reference

-------------

WB1

IHMB1

EH3P

EH4P

EH1P

Date Sampled

------------

4/01/2012

4/01/2012

4/01/2012

4/01/2012

4/01/2012

Water

Water

Water

Water

Water

Type of sample

118029-5

Date prepared

-

9/01/12

9/01/12

9/01/12

9/01/12

9/01/12

Date analysed

-

9/01/12

9/01/12

9/01/12

9/01/12

9/01/12

pH in water

pH Units

6.9

6.9

7.3

7.4

7.0

Electrical Conductivity water

µS/cm

4,200

1,700

11,000

9,600

5,500

mg/L

2,800

1,100

7,800

6,800

3,800

Total Suspended Solids @ 103-105 C

mg/L

<1

<1

32

<1

<1

Total Organic Carbon

mg/L

7

<1

5

<1

1

Colour (True)

HZU

<3

<3

<3

<3

<3

Ammonia as N

mg/L

0.050

0.020

0.020

0.030

0.030

Bromide in water by HPLC

mg/L

4.0

2.0

15

9.0

5.5

Fluoride in water

mg/L

<0.5

<0.5

0.5

0.5

<0.5

Nitrate as NO3

mg/L

0.4

17

0.4

<0.1

5.8

Nitrite as NO2

mg/L

<0.1

<0.1

<0.1

<0.1

<0.1

118029-6

Total Dissolved Solids (grav)
O

Miscellaneous Inorganics
Our Reference:

UNITS

Your Reference

-------------

EH2P

Date Sampled

------------

4/01/2012

Type of sample

Water

Date prepared

-

9/01/12

Date analysed

-

9/01/12

pH in water

pH Units

7.3

Electrical Conductivity water

µS/cm

13,000

mg/L

8,600

Total Suspended Solids @ 103-105 C

mg/L

<1

Total Organic Carbon

mg/L

1

Colour (True)

HZU

<3

Ammonia as N

mg/L

0.040

Bromide in water by HPLC

mg/L

13

Fluoride in water

mg/L

<0.5

Nitrate as NO3

mg/L

2.5

Nitrite as NO2

mg/L

<0.1

Total Dissolved Solids (grav)
O

MPL Reference:
Revision No:

118029
R 01
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Client Reference:

Groundwater/Potable Water Analysis

Ionic Balance
Our Reference:

UNITS

Your Reference

-------------

WB1

IHMB1

EH3P

EH4P

EH1P

Date Sampled

------------

4/01/2012

4/01/2012

4/01/2012

4/01/2012

4/01/2012

Water

Water

Water

Water

Water

Type of sample

118029-1

118029-2

118029-3

118029-4

118029-5

Calcium

mg/L

26

12

45

38

59

Potassium

mg/L

37

19

97

80

51

Magnesium

mg/L

92

39

270

190

110

Sodium

mg/L

790

300

2,200

1,800

1,000

Bicarbonate, HCO3 as CaCO3

mg/L

310

190

340

310

200

Carbonate, CO32-

as CaCO3

mg/L

<1

<1

<1

<1

<1

Hydroxide, OH as CaCO3

mg/L

<1

<1

<1

<1

<1

Total Alkalinity as CaCO3

mg/L

310

190

340

310

200

-

Chloride in water

mg/L

1,400

500

4,300

3,000

1,700

Sulphate in water

mg/L

300

130

870

620

380

Ionic Balance

%

-8.2

-8.4

-9.7

-1.9

-1.8

Hardness as CaCO3

mg/L

440

190

1,200

870

620

118029-6

Ionic Balance
Our Reference:

UNITS

Your Reference

-------------

EH2P

Date Sampled

------------

4/01/2012

Type of sample

Water

Calcium

mg/L

140

Potassium

mg/L

82

Magnesium

mg/L

200

Sodium

mg/L

2,200

Bicarbonate, HCO3 as CaCO3

mg/L

210

Carbonate, CO32-

as CaCO3

mg/L

<1

Hydroxide, OH as CaCO3

mg/L

<1

Total Alkalinity as CaCO3

mg/L

210

Chloride in water

mg/L

4,800

Sulphate in water

mg/L

730

Ionic Balance

%

-13

Hardness as CaCO3

mg/L

1,200

-

MPL Reference:
Revision No:

118029
R 01

Page 3 of 15

Client Reference:

Groundwater/Potable Water Analysis

Dissolved Metals in Water
Our Reference:

UNITS

Your Reference

-------------

WB1

IHMB1

EH3P

EH4P

EH1P

Date Sampled

------------

4/01/2012

4/01/2012

4/01/2012

4/01/2012

4/01/2012

Water

Water

Water

Water

Water

Type of sample

118029-1

118029-2

118029-3

118029-4

118029-5

Date prepared

-

10/01/12

10/01/12

10/01/12

10/01/12

10/01/12

Date analysed

-

10/01/12

10/01/12

10/01/12

10/01/12

10/01/12

Aluminium

mg/L

<0.02

<0.02

<0.02

<0.02

<0.02

Arsenic

mg/L

0.017

<0.001

<0.005

<0.005

<0.005

Barium

mg/L

0.020

<0.005

0.013

0.014

0.008

Boron

mg/L

1.3

0.83

3.0

2.5

1.1

Cadmium

mg/L

<0.002

<0.002

<0.002

<0.002

<0.002

Chromium

mg/L

<0.005

<0.005

<0.005

<0.005

<0.005

Copper

mg/L

0.005

0.006

<0.005

<0.005

<0.005

Iron

mg/L

<0.02

<0.02

0.08

0.07

0.07

Lead

mg/L

<0.001

<0.001

0.007

0.033

<0.005

Manganese

mg/L

0.69

0.006

0.050

0.047

0.085

Mercury

mg/L

<0.0001

<0.0001

<0.0001

<0.0001

<0.0001

Nickel

mg/L

0.008

<0.005

<0.005

<0.005

<0.005

Phosphorus

mg/L

<0.05

<0.05

<0.05

<0.05

<0.05

Silica

mg/L

51

26

35

34

42

Zinc

mg/L

0.19

0.01

<0.01

<0.01

<0.01

Molybdenum

mg/L

[NA]

[NA]

[NA]

[NA]

<0.01

Selenium

mg/L

[NA]

[NA]

[NA]

[NA]

<0.005
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Client Reference:

Groundwater/Potable Water Analysis

Dissolved Metals in Water
Our Reference:

UNITS

Your Reference

-------------

EH2P

VKT

VOT

WCR

ACR

Date Sampled

------------

4/01/2012

4/01/2012

4/01/2012

4/01/2012

4/01/2012

Water

Water

Water

Water

Water

Type of sample

118029-6

118029-7

118029-8

118029-9

118029-10

Date prepared

-

10/01/12

[NA]

[NA]

[NA]

[NA]

Date analysed

-

10/01/12

[NA]

[NA]

[NA]

[NA]

Aluminium

mg/L

<0.02

[NA]

[NA]

[NA]

[NA]

Arsenic

mg/L

<0.005

[NA]

[NA]

[NA]

[NA]

Barium

mg/L

0.007

[NA]

[NA]

[NA]

[NA]

Boron

mg/L

1.6

[NA]

[NA]

[NA]

[NA]

Cadmium

mg/L

<0.002

<0.002

<0.002

<0.002

<0.002

Chromium

mg/L

<0.005

[NA]

[NA]

[NA]

[NA]

Copper

mg/L

<0.005

0.008

0.013

0.11

0.049

Iron

mg/L

0.06

[NA]

[NA]

[NA]

[NA]

Lead

mg/L

<0.005

0.003

<0.001

0.010

<0.001

Manganese

mg/L

0.73

[NA]

[NA]

[NA]

[NA]

Mercury

mg/L

<0.0001

[NA]

[NA]

[NA]

[NA]

Nickel

mg/L

<0.005

<0.005

<0.005

<0.005

<0.005

Phosphorus

mg/L

<0.05

[NA]

[NA]

[NA]

[NA]

Silica

mg/L

33

[NA]

[NA]

[NA]

[NA]

Zinc

mg/L

0.21

0.10

0.03

0.16

0.08

Antimony

mg/L

[NA]

<0.001

<0.001

<0.001

<0.001

Molybdenum

mg/L

<0.01

[NA]

[NA]

[NA]

[NA]

Selenium

mg/L

<0.005

[NA]

[NA]

[NA]

[NA]
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Client Reference:

Groundwater/Potable Water Analysis

Dissolved Metals in Water
Our Reference:

UNITS

Your Reference

-------------

CCR

Date Sampled

------------

4/01/2012

Type of sample

118029-11

Water

Cadmium

mg/L

<0.002

Copper

mg/L

0.009

Lead

mg/L

<0.001

Nickel

mg/L

<0.005

Zinc

mg/L

0.05

Antimony

mg/L

<0.001
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Client Reference:

Groundwater/Potable Water Analysis

Physical Characteristics
Our Reference:

UNITS

Your Reference

-------------

IDP

VDP

Date Sampled

------------

4/01/2012

4/01/2012

Water

Water

Type of sample

118029-12

118029-13

Calcium

mg/L

0.2

1.4

Magnesium

mg/L

0.3

2.2

Hardness as CaCO3

mg/L

2

13

pH in water

pH Units

7.1

6.7

Total Dissolved Solids (grav)

mg/L

140

220

Colour (True)

HZU

<3

<3

Turbidity

NTU

0.8

1.0
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Client Reference:

Groundwater/Potable Water Analysis

Other Inorganic Chemicals
Our Reference:

UNITS

Your Reference

-------------

IDP

VDP

Date Sampled

------------

4/01/2012

4/01/2012

Water

Water

Type of sample

118029-12

118029-13

Aluminium

mg/L

<0.02

<0.02

Ammonia as N

mg/L

0.020

0.050

Arsenic

mg/L

<0.001

<0.001

Chloride in water

mg/L

90

160

Chromium

mg/L

<0.005

<0.005

Total Cyanide

mg/L

<0.01

<0.01

Sulphide* in water

mg/L

<0.5

<0.5

Iron

mg/L

<0.02

<0.02

Manganese

mg/L

<0.005

<0.005

Nitrate as NO3

mg/L

1.9

2.2

Nitrite as NO2

mg/L

<0.1

<0.1

Sodium

mg/L

47

79

Sulphate in water

mg/L

<1

<1
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Client Reference:

Groundwater/Potable Water Analysis

Microbiological Testing
Our Reference:

UNITS

Your Reference

-------------

WDP

Date Sampled

------------

4/01/2012

Type of sample

118029-14

Water

Date testing started

-

4/01/12

Date testing completed

-

5/01/12

Total Coliforms

cfu/100mL

<10**

Thermotolerant Coliforms

cfu/100mL

<10**

E.Coli

cfu/100mL

<10**
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Client Reference:
Method ID

Groundwater/Potable Water Analysis

Methodology Summary

INORG-001

pH - Measured using pH meter and electrode in accordance with APHA 21st ED, 4500-H+.

INORG-002

Conductivity and Salinity - measured using a conductivity cell and dedicated meter, in accordance with APHA
21st ED 2510 and Rayment & Higginson.

INORG-018

Total Dissolved Solids - determined gravimetrically by drying the sample, in accordance with APHA 21st ED,
2540 C.

INORG-019

Suspended Solids - determined gravimetrically by filtration of the sample, in accordance with APHA 21st ED,
2540 D.

INORG-079

Total Organic Carbon using APHA 21st ED 5310B. DOC is filtered prior to determination.

INORG-028

Colour - measured by visual comparsion, in accordance with APHA 21st ED, 2120-B.

INORG-057

Ammonia by colourimetric analysis in accordance with APHA 21st ED 4500-NH3 F.

INORG-081

Bromide by Ion Exchange Chromatography in accordance with APHA 21st ED 4110B.

INORG-081

Fluoride by Ion Exchange Chromatography in accordance with APHA 21st ED 4110B.

INORG-081

Nitrate by Ion Exchange Chromatography in accordance with APHA 21st ED 4110B.

INORG-081

Nitrite by Ion Exchange Chromatography in accordance with APHA 21st ED 4110B.

METALS-020

Metals in soil and water by ICP-OES.

INORG-006

Alkalinity - determined titrimetrically in accordance with APHA 21st ED, 2320 B.

INORG-081

Chloride by Ion Exchange Chromatography in accordance with APHA 21st ED 4110B.

INORG-081

Sulphate by Ion Exchange Chromatography in accordance with APHA 21st ED 4110B.

INORG-040

Ion Balance Calculation: Cations in water by ICP-OES; Anions in water by IC; Alkalinity in water by Titration
using APHA methods.

METALS-008

Hardness calculated from Calcium and Magnesium as per APHA 21st ED 2340B.

METALS-024

Metals by GF-AAS.

INORG-022

Turbidity - measured nephelometrically using a turbidimeter, in accordance with APHA 21st ED, 2130 B.

INORG-013

Cyanide - total determined colourimetrically after distillation. Based on APHA 21st ED, 4500-CN C,E.

INORG-051

Determination of sulphide by titration and/or colourimetric determination.

MICRO-001

Total Coliforms: Microbial Water Analysis - in accordance with MICRO-001 (AS4276.5-2007). Recomended
maximums based on NHMRC and ARMC Australian Drinking Water Guidelines.

MICRO-001

Thermotolerant Coliforms: Microbial Water Analysis - in accordance with MICRO-001 (AS4276.7-2007).
Recomended maximums based on NHMRC and ARMC Australian Drinking Water Guidelines.

MICRO-001

E. Coli: Microbial Water Analysis - in accordance with MICRO-001 (AS4276.7-2007). Recomended maximums
based on NHMRC and ARMC Australian Drinking Water Guidelines.
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Client Reference:
QUALITY CONTROL

UNITS

PQL

METHOD

Groundwater/Potable Water Analysis

Blank

Duplicate Sm#

Miscellaneous Inorganics

Duplicate results

Spike Sm#

Spike %
Recovery

Base ll Duplicate ll %RPD

Date prepared

-

9/01/12

[NT]

[NT]

LCS

9/01/12

Date analysed

-

9/01/12

[NT]

[NT]

LCS

9/01/12

pH in water

pH Units

INORG-001

[NT]

[NT]

[NT]

LCS

100%

Electrical Conductivity
water

µS/cm

1

INORG-002

<1

[NT]

[NT]

LCS

83%

Total Dissolved Solids
(grav)

mg/L

1

INORG-018

<1

[NT]

[NT]

LCS

87%

Total Suspended Solids
@ 103-105 OC

mg/L

1

INORG-019

<1

[NT]

[NT]

LCS

92%

Total Organic Carbon

mg/L

1

INORG-079

<1

[NT]

[NT]

LCS

73%

Colour (True)

HZU

3

INORG-028

<3

[NT]

[NT]

[NR]

[NR]

Ammonia as N

mg/L

0.005

INORG-057

<0.005

[NT]

[NT]

LCS

98%

Bromide in water by
HPLC

mg/L

0.5

INORG-081

<0.5

[NT]

[NT]

LCS

101%

Fluoride in water

mg/L

0.5

INORG-081

<0.5

[NT]

[NT]

LCS

103%

Nitrate as NO3

mg/L

0.1

INORG-081

<0.1

[NT]

[NT]

LCS

101%

Nitrite as NO2

mg/L

0.1

INORG-081

<0.1

[NT]

[NT]

LCS

101%

QUALITY CONTROL

UNITS

PQL

METHOD

Blank

Duplicate Sm#

Ionic Balance

Duplicate results

Spike Sm#

Spike %
Recovery

Base ll Duplicate ll %RPD

Calcium

mg/L

0.1

METALS-02
0

<0.1

[NT]

[NT]

LCS

99%

Potassium

mg/L

0.1

METALS-02
0

<0.1

[NT]

[NT]

LCS

92%

Magnesium

mg/L

0.1

METALS-02
0

<0.1

[NT]

[NT]

LCS

99%

Sodium

mg/L

0.5

METALS-02
0

<0.5

[NT]

[NT]

LCS

92%

Bicarbonate, HCO3
as CaCO3

mg/L

1

INORG-006

<1

[NT]

[NT]

LCS

100%

Carbonate, CO32as CaCO3

mg/L

1

INORG-006

<1

[NT]

[NT]

LCS

100%

Total Alkalinity as
CaCO 3

mg/L

1

INORG-006

<1

[NT]

[NT]

LCS

100%

Chloride in water

mg/L

1

INORG-081

<1

[NT]

[NT]

LCS

102%

Sulphate in water

mg/L

1

INORG-081

<1

[NT]

[NT]

LCS

100%

Ionic Balance

%

INORG-040

[NT]

[NT]

[NT]

[NR]

[NR]

Hardness as CaCO3

mg/L

METALS-00
8

[NT]

[NT]

[NT]

[NR]

[NR]
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Client Reference:
QUALITY CONTROL

UNITS

PQL

METHOD

Groundwater/Potable Water Analysis

Blank

Duplicate Sm#

Dissolved Metals in
Water

Duplicate results

Spike Sm#

Spike %
Recovery

Base ll Duplicate ll %RPD

Date prepared

-

10/01/1
2

[NT]

[NT]

LCS

10/01/12

Date analysed

-

10/01/1
2

[NT]

[NT]

LCS

10/01/12

Aluminium

mg/L

0.02

METALS-02
0

<0.02

[NT]

[NT]

LCS

96%

Arsenic

mg/L

0.001

METALS-02
4

<0.001

[NT]

[NT]

LCS

89%

Barium

mg/L

0.005

METALS-02
0

<0.005

[NT]

[NT]

LCS

98%

Boron

mg/L

0.05

METALS-02
0

<0.05

[NT]

[NT]

LCS

70%

Cadmium

mg/L

0.002

METALS-02
0

<0.002

[NT]

[NT]

LCS

96%

Chromium

mg/L

0.005

METALS-02
0

<0.005

[NT]

[NT]

LCS

98%

Copper

mg/L

0.005

METALS-02
0

<0.005

[NT]

[NT]

LCS

95%

Iron

mg/L

0.02

METALS-02
0

<0.02

[NT]

[NT]

LCS

98%

Lead

mg/L

0.001

METALS-02
4

<0.001

[NT]

[NT]

LCS

112%

Manganese

mg/L

0.005

METALS-02
0

<0.005

[NT]

[NT]

LCS

97%

Mercury

mg/L

0.0001

METALS-02
4

<0.000
1

[NT]

[NT]

LCS

113%

Nickel

mg/L

0.005

METALS-02
0

<0.005

[NT]

[NT]

LCS

96%

Phosphorus

mg/L

0.05

METALS-02
0

<0.05

[NT]

[NT]

LCS

84%

Silica

mg/L

0.1

METALS-02
0

<0.1

[NT]

[NT]

LCS

104%

Zinc

mg/L

0.01

METALS-02
0

<0.01

[NT]

[NT]

LCS

100%

Antimony

mg/L

0.001

METALS-02
4

<0.001

[NT]

[NT]

LCS

103%

Molybdenum

mg/L

0.01

METALS-02
0

<0.01

[NT]

[NT]

LCS

94%

Selenium

mg/L

0.001

METALS-02
4

<0.001

[NT]

[NT]

LCS

130%
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Client Reference:
QUALITY CONTROL

UNITS

PQL

METHOD

Groundwater/Potable Water Analysis

Blank

Physical Characteristics
Calcium

mg/L

0.1

METALS-02
0

<0.1

Magnesium

mg/L

0.1

METALS-02
0

<0.1

Hardness as CaCO3

mg/L

METALS-00
8

[NT]

pH in water

pH Units

INORG-001

[NT]

Total Dissolved Solids
(grav)

mg/L

1

INORG-018

<1

Colour (True)

HZU

3

INORG-028

<3

Turbidity

NTU

0.1

INORG-022

<0.1

QUALITY CONTROL

UNITS

PQL

METHOD

Blank

Other Inorganic
Chemicals
Aluminium

mg/L

0.02

METALS-02
0

<0.02

Ammonia as N

mg/L

0.005

INORG-057

<0.005

Arsenic

mg/L

0.001

METALS-02
4

<0.001

Chloride in water

mg/L

1

INORG-081

<1

Chromium

mg/L

0.005

METALS-02
0

<0.005

Total Cyanide

mg/L

0.01

INORG-013

<0.01

Sulphide* in water

mg/L

0.5

INORG-051

<0.5

Iron

mg/L

0.02

METALS-02
0

<0.02

Manganese

mg/L

0.005

METALS-02
0

<0.005

Nitrate as NO3

mg/L

0.1

INORG-081

<0.1

Nitrite as NO2

mg/L

0.1

INORG-081

<0.1

Sodium

mg/L

0.5

METALS-02
0

<0.5

Sulphate in water

mg/L

1

INORG-081

<1
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Client Reference:
QUALITY CONTROL

UNITS

PQL

METHOD

Groundwater/Potable Water Analysis

Blank

Microbiological Testing
Date testing started

-

[NT]

Date testing completed

-

[NT]

Total Coliforms

cfu/100
mL

1

MICRO-001

[NT]

Thermotolerant Coliforms

cfu/100
mL

1

MICRO-001

[NT]

E.Coli

cfu/100
mL

1

MICRO-001

[NT]
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Client Reference:

Groundwater/Potable Water Analysis

Report Comments:
** - High background growth of non-coliform bacteria may underestimate the Total, Thermotolerant Coliform and
E.coli Count.
Australian Drinking Water Guidelines recommend that Thermotolerant Coliform & E.coli levels are less than 1cfu/100mL.
The recommended maximums are taken from "Australian Drinking Water Guidelines", published by NHMRC& ARMC 2011.
INS: Insufficient sample for this test; NT: Not tested; PQL: Practical Quantitation Limit; <: Less than; >: Greater than
RPD: Relative Percent Difference; NA: Test not required; LCS: Laboratory Control Sample; NR: Not requested
NS: Not specified; NEPM: National Environmental Protection Measure

Quality Control Definitions
Blank: This is the component of the analytical signal which is not derived from the sample but from reagents,
glassware etc, can be determined by processing solvents and reagents in exactly the same manner as for samples.
Duplicate : This is the complete duplicate analysis of a sample from the process batch. If possible, the sample
selected should be one where the analyte concentration is easily measurable.
Matrix Spike : A portion of the sample is spiked with a known concentration of target analyte. The purpose of the matrix
spike is to monitor the performance of the analytical method used and to determine whether matrix interferences exist.
LCS (Laboratory Control Sample) : This comprises either a standard reference material or a control matrix (such as a blank
sand or water) fortified with analytes representative of the analyte class. It is simply a check sample.
Surrogate Spike: Surrogates are known additions to each sample, blank, matrix spike and LCS in a batch, of compounds
which are similar to the analyte of interest, however are not expected to be found in real samples.
Laboratory Acceptance Criteria
Duplicate sample and matrix spike recoveries may not be reported on smaller jobs, however were analysed at a frequency
to meet of exceed NEPM requirements. All samples are tested in batches of 20. The duplicate sample RPD a matrix
spike recoveries for the sample batch were within laboratory acceptance criteria.
Duplicates: <5xPQL - any RPD is acceptable; >5xPQL - 0-50% RPD is acceptable.
Matrix Spike and LCS: Generally 70-130% for inorganics/metals; 60-140% for organics and
10-140% for SVOC and Speciated Phenols is acceptable.
Surrogates: 60-140% is acceptable for general organics and 10-140% for SVOC and Speciated Phenols.
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CERTIFICATE OF ANALYSIS 118393
Client:
Mt Gibson Mining Ltd EHO
Extension Hill Operations
PO Box 55
West Perth
WA 6872
Attention:

Jess Sackmann

Sample log in details:
Your Reference:
No. of samples:
Date samples received:
Date completed instructions received:
Location:

Groundwater/Potable Water Analysis
6 x Waters
17/1/12
17/1/12

Analysis Details:
Please refer to the following pages for results, methodology summary and quality control data.
Samples were analysed as received from the client. Results relate specifically to the samples as received.
Results are reported on a dry weight basis for solids and on an as received basis for other matrices.
Please refer to the last page of this report for any comments relating to the results.
Report Details:
Date results requested by:
24/01/12
Date of Preliminary Report:
prelim 18/01/12
Issue Date:
24/01/12
NATA accreditation number 2901. This document shall not be reproduced except in full.
Accredited for compliance with ISO/IEC 17025.
Tests not covered by NATA are denoted with *.
Results Approved By:
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Client Reference:

Groundwater/Potable Water Analysis

Miscellaneous Inorganics
Our Reference:

UNITS

Your Reference

-------------

MB1

Date Sampled

------------

16/01/2012

Type of sample

118393-1

Water

Date prepared

-

16/01/12

Date analysed

-

16/01/12

pH in water

pH Units

6.0

Total Dissolved Solids (grav)

mg/L

6,100

Total Suspended Solids @ 103-105OC

mg/L

130

Electrical Conductivity water

µS/cm

9,800

Bromide in water by HPLC

mg/L

11

Fluoride in water

mg/L

<0.5

Total Organic Carbon

mg/L

400

Colour (True)

HZU

1,800
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Revision No:

118393
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Client Reference:

Groundwater/Potable Water Analysis

Ionic Balance
Our Reference:

UNITS

Your Reference

-------------

MB1

EH2P

RO (EH2P)

Date Sampled

------------

16/01/2012

16/01/2012

16/01/2012

Water

Water

Water

Type of sample

118393-1

118393-2

118393-3

Calcium

mg/L

43

[NA]

[NA]

Potassium

mg/L

76

[NA]

[NA]

Magnesium

mg/L

200

[NA]

[NA]

Sodium

mg/L

1,900

5,600

580

Bicarbonate, HCO3 as CaCO3

mg/L

870

[NA]

[NA]

Carbonate, CO32-

as CaCO3

mg/L

<1

[NA]

[NA]

Hydroxide, OH as CaCO3

mg/L

<1

[NA]

[NA]

Total Alkalinity as CaCO3

mg/L

870

[NA]

[NA]

-

Chloride in water

mg/L

3,000

10,000

940

Sulphate in water

mg/L

<1

1,200

9

Ionic Balance

%

-0.27

[NA]

[NA]

Hardness as CaCO3

mg/L

920

[NA]

[NA]
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Client Reference:

Groundwater/Potable Water Analysis

Nutrients in Water
Our Reference:

UNITS

Your Reference

-------------

MB1

Date Sampled

------------

16/01/2012

Type of sample

118393-1

Water

Nitrate as N

mg/L

0.12

Nitrite as N

mg/L

<0.005

Ammonia as N

mg/L

0.010
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Client Reference:

Groundwater/Potable Water Analysis

Dissolved Metals in Water
Our Reference:

UNITS

Your Reference

-------------

MB1

EH2P

RO (EH2P)

WCR

WIce

Date Sampled

------------

16/01/2012

16/01/2012

16/01/2012

16/01/2012

16/01/2012

Water

Water

Water

Water

Water

Type of sample

118393-1

118393-2

118393-3

118393-4

118393-5

Date prepared

-

18/01/12

[NA]

[NA]

[NA]

[NA]

Date analysed

-

18/01/12

[NA]

[NA]

[NA]

[NA]

Aluminium

mg/L

<0.02

[NA]

[NA]

[NA]

[NA]

Arsenic

mg/L

0.002

[NA]

[NA]

[NA]

[NA]

Barium

mg/L

0.79

[NA]

[NA]

[NA]

[NA]

Boron

mg/L

2.8

[NA]

[NA]

[NA]

[NA]

Cadmium

mg/L

<0.002

[NA]

[NA]

[NA]

[NA]

Chromium

mg/L

<0.005

[NA]

[NA]

[NA]

[NA]

Copper

mg/L

<0.005

[NA]

[NA]

[NA]

[NA]

Iron

mg/L

1.0

[NA]

[NA]

[NA]

[NA]

Lead

mg/L

<0.001

[NA]

[NA]

0.003

<0.001

Manganese

mg/L

19

0.67

0.011

[NA]

[NA]

Mercury

mg/L

<0.0001

[NA]

[NA]

[NA]

[NA]

Nickel

mg/L

0.018

[NA]

[NA]

[NA]

[NA]

Phosphorus

mg/L

0.25

[NA]

[NA]

[NA]

[NA]

Silica

mg/L

44

[NA]

[NA]

[NA]

[NA]

Zinc

mg/L

<0.01

[NA]

[NA]

[NA]

[NA]

Our Reference:

UNITS

118393-6

Your Reference

-------------

WCooler

Date Sampled

------------

16/01/2012

Dissolved Metals in Water

Type of sample

Water

Lead

MPL Reference:
Revision No:

mg/L
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Client Reference:
Method ID

Groundwater/Potable Water Analysis

Methodology Summary

INORG-001

pH - Measured using pH meter and electrode in accordance with APHA 21st ED, 4500-H+.

INORG-018

Total Dissolved Solids - determined gravimetrically by drying the sample, in accordance with APHA 21st ED,
2540 C.

INORG-019

Suspended Solids - determined gravimetrically by filtration of the sample, in accordance with APHA 21st ED,
2540 D.

INORG-002

Conductivity and Salinity - measured using a conductivity cell and dedicated meter, in accordance with APHA
21st ED 2510 and Rayment & Higginson.

INORG-081

Bromide by Ion Exchange Chromatography in accordance with APHA 21st ED 4110B.

INORG-081

Fluoride by Ion Exchange Chromatography in accordance with APHA 21st ED 4110B.

INORG-079

Total Organic Carbon using APHA 21st ED 5310B. DOC is filtered prior to determination.

INORG-028

Colour - measured by visual comparsion, in accordance with APHA 21st ED, 2120-B.

METALS-020

Metals in soil and water by ICP-OES.

INORG-006

Alkalinity - determined titrimetrically in accordance with APHA 21st ED, 2320 B.

INORG-081

Chloride by Ion Exchange Chromatography in accordance with APHA 21st ED 4110B.

INORG-081

Sulphate by Ion Exchange Chromatography in accordance with APHA 21st ED 4110B.

INORG-040

Ion Balance Calculation: Cations in water by ICP-OES; Anions in water by IC; Alkalinity in water by Titration
using APHA methods.

METALS-008

Hardness calculated from Calcium and Magnesium as per APHA 21st ED 2340B.

INORG-055

Nitrate by colourimetric analysis and calculation in accordance with APHA 21st ED 4500-NO3 F.

INORG-055

Nitrite by colourimetric analysis in accordance with APHA 21st ED 4500-NO2 B.

INORG-057

Ammonia by colourimetric analysis in accordance with APHA 21st ED 4500-NH3 F.

METALS-024

Metals by GF-AAS.
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Client Reference:
QUALITY CONTROL

UNITS

PQL

METHOD

Groundwater/Potable Water Analysis

Blank

Duplicate Sm#

Miscellaneous Inorganics

Duplicate results

Spike Sm#

Spike %
Recovery

Base ll Duplicate ll %RPD

Date prepared

-

16/01/1
2

[NT]

[NT]

LCS

16/01/12

Date analysed

-

16/01/1
2

[NT]

[NT]

LCS

16/01/12

pH in water

pH Units

INORG-001

[NT]

[NT]

[NT]

LCS

95%

Total Dissolved Solids
(grav)

mg/L

1

INORG-018

<1

[NT]

[NT]

LCS

89%

Total Suspended Solids
@ 103-105 OC

mg/L

1

INORG-019

<1

[NT]

[NT]

LCS

88%

Electrical Conductivity
water

µS/cm

1

INORG-002

<1

[NT]

[NT]

LCS

95%

Bromide in water by
HPLC

mg/L

0.5

INORG-081

<0.5

[NT]

[NT]

LCS

100%

Fluoride in water

mg/L

0.5

INORG-081

<0.5

[NT]

[NT]

LCS

101%

Total Organic Carbon

mg/L

1

INORG-079

<1

[NT]

[NT]

LCS

85%

Colour (True)
QUALITY CONTROL

HZU
UNITS

3
PQL

INORG-028
METHOD

<3
Blank

[NT]
Duplicate Sm#

Ionic Balance

[NT]
Duplicate results

[NR]
Spike Sm#

[NR]
Spike %
Recovery

Base ll Duplicate ll %RPD

Calcium

mg/L

0.1

METALS-02
0

<0.1

118393-1

43 || 43 || RPD: 0

LCS

112%

Potassium

mg/L

0.1

METALS-02
0

<0.1

118393-1

76 || 76 || RPD: 0

LCS

98%

Magnesium

mg/L

0.1

METALS-02
0

<0.1

118393-1

200 || 200 || RPD: 0

LCS

102%

Sodium

mg/L

0.5

METALS-02
0

<0.5

118393-1

1900 || 1900 || RPD: 0

LCS

101%

Bicarbonate, HCO3
as CaCO3

mg/L

1

INORG-006

<1

118393-1

870 || 890 || RPD: 2

LCS

98%

Carbonate, CO32as CaCO3

mg/L

1

INORG-006

<1

118393-1

<1 || <1

LCS

98%

Total Alkalinity as
CaCO 3

mg/L

1

INORG-006

<1

118393-1

870 || 890 || RPD: 2

LCS

98%

Chloride in water

mg/L

1

INORG-081

<1

118393-1

3000 || [N/T]

LCS

100%

Sulphate in water

mg/L

1

INORG-081

<1

118393-1

<1 || [N/T]

LCS

101%

Ionic Balance

%

INORG-040

[NT]

118393-1

-0.27 || [N/T]

[NR]

[NR]

Hardness as CaCO3

mg/L

METALS-00
8

[NT]

118393-1

920 || 930 || RPD: 1

[NR]

[NR]
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Client Reference:
QUALITY CONTROL

UNITS

PQL

METHOD

Groundwater/Potable Water Analysis

Blank

Duplicate Sm#

Nutrients in Water

Spike Sm#

Spike %
Recovery

Base ll Duplicate ll %RPD

Ammonia as N
QUALITY CONTROL

Duplicate results

mg/L
UNITS

0.005
PQL

INORG-057
METHOD

<0.005
Blank

[NT]
Duplicate Sm#

Dissolved Metals in
Water

[NT]
Duplicate results

LCS
Spike Sm#

112%
Spike %
Recovery

Base ll Duplicate ll %RPD

Date prepared

-

18/01/1
2

118393-1

18/01/12 || 18/01/12

LCS

18/01/12

Date analysed

-

18/01/1
2

118393-1

18/01/12 || 18/01/12

LCS

18/01/12

Aluminium

mg/L

0.02

METALS-02
0

<0.02

118393-1

<0.02 || <0.02

LCS

107%

Arsenic

mg/L

0.001

METALS-02
4

<0.001

118393-1

0.002 || [N/T]

LCS

97%

Barium

mg/L

0.005

METALS-02
0

<0.005

118393-1

0.79 || 0.79 || RPD: 0

LCS

109%

Boron

mg/L

0.05

METALS-02
0

<0.05

118393-1

2.8 || 2.8 || RPD: 0

LCS

97%

Cadmium

mg/L

0.002

METALS-02
0

<0.002

118393-1

<0.002 || <0.002

LCS

108%

Chromium

mg/L

0.005

METALS-02
0

<0.005

118393-1

<0.005 || <0.005

LCS

110%

Copper

mg/L

0.005

METALS-02
0

<0.005

118393-1

<0.005 || <0.005

LCS

106%

Iron

mg/L

0.02

METALS-02
0

<0.02

118393-1

1.0 || 1.0 || RPD: 0

LCS

109%

Lead

mg/L

0.001

METALS-02
4

<0.001

118393-1

<0.001 || 0.003

LCS

102%

Manganese

mg/L

0.005

METALS-02
0

<0.005

118393-1

19 || 19 || RPD: 0

LCS

111%

Mercury

mg/L

0.0001

METALS-02
4

<0.000
1

118393-1

<0.0001 || <0.0001

LCS

105%

Nickel

mg/L

0.005

METALS-02
0

<0.005

118393-1

0.018 || 0.017 || RPD: 6

LCS

109%

Phosphorus

mg/L

0.05

METALS-02
0

<0.05

118393-1

0.25 || 0.14 || RPD: 56

LCS

99%

Silica

mg/L

0.1

METALS-02
0

<0.1

118393-1

44 || 45 || RPD: 2

LCS

120%

Zinc

mg/L

0.01

METALS-02
0

<0.01

118393-1

<0.01 || <0.01

LCS

123%
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Client Reference:

Groundwater/Potable Water Analysis

Report Comments:

Australian Drinking Water Guidelines recommend that Thermotolerant Coliform & E.coli levels are less than 1cfu/100mL.
The recommended maximums are taken from "Australian Drinking Water Guidelines", published by NHMRC& ARMC 2011.
INS: Insufficient sample for this test; NT: Not tested; PQL: Practical Quantitation Limit; <: Less than; >: Greater than
RPD: Relative Percent Difference; NA: Test not required; LCS: Laboratory Control Sample; NR: Not requested
NS: Not specified; NEPM: National Environmental Protection Measure

Quality Control Definitions
Blank: This is the component of the analytical signal which is not derived from the sample but from reagents,
glassware etc, can be determined by processing solvents and reagents in exactly the same manner as for samples.
Duplicate : This is the complete duplicate analysis of a sample from the process batch. If possible, the sample
selected should be one where the analyte concentration is easily measurable.
Matrix Spike : A portion of the sample is spiked with a known concentration of target analyte. The purpose of the matrix
spike is to monitor the performance of the analytical method used and to determine whether matrix interferences exist.
LCS (Laboratory Control Sample) : This comprises either a standard reference material or a control matrix (such as a blank
sand or water) fortified with analytes representative of the analyte class. It is simply a check sample.
Surrogate Spike: Surrogates are known additions to each sample, blank, matrix spike and LCS in a batch, of compounds
which are similar to the analyte of interest, however are not expected to be found in real samples.
Laboratory Acceptance Criteria
Duplicate sample and matrix spike recoveries may not be reported on smaller jobs, however were analysed at a frequency
to meet of exceed NEPM requirements. All samples are tested in batches of 20. The duplicate sample RPD a matrix
spike recoveries for the sample batch were within laboratory acceptance criteria.
Duplicates: <5xPQL - any RPD is acceptable; >5xPQL - 0-50% RPD is acceptable.
Matrix Spike and LCS: Generally 70-130% for inorganics/metals; 60-140% for organics and
10-140% for SVOC and Speciated Phenols is acceptable.
Surrogates: 60-140% is acceptable for general organics and 10-140% for SVOC and Speciated Phenols.
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CERTIFICATE OF ANALYSIS 122646-A
Client:
Mt Gibson Mining Ltd EHO
Extension Hill Operations
PO Box 55
West Perth
WA 6872
Attention:

J Sackmann

Sample log in details:
Your Reference:
No. of samples:
Date samples received:
Date completed instructions received:
Location:

Groundwater/Potable Water Analysis
Additional testing on 2 samples
23/05/12
13/06/12

Analysis Details:
Please refer to the following pages for results, methodology summary and quality control data.
Samples were analysed as received from the client. Results relate specifically to the samples as received.
Results are reported on a dry weight basis for solids and on an as received basis for other matrices.
Please refer to the last page of this report for any comments relating to the results.
Report Details:
Date results requested by:
20/06/12
Date of Preliminary Report:
Not issued
Issue Date:
20/06/12
NATA accreditation number 2901. This document shall not be reproduced except in full.
Accredited for compliance with ISO/IEC 17025.
Tests not covered by NATA are denoted with *.
Results Approved By:

MPL Reference:
Revision No:

122646-A
R 00

Page 1 of 5

Client Reference:

Groundwater/Potable Water Analysis

Metals in Water - Low Level
Our Reference:

UNITS

122646-A-3

Your Reference

-------------

EH1P

EH2P

Date Sampled

------------

22/05/2012

22/05/2012

water

water

Type of sample

122646-A-4

Date prepared

-

15/6/12

15/6/12

Date analysed

-

15/6/12

15/6/12

Arsenic-Dissolved

mg/L

0.002

<0.001

Lead-Dissolved

mg/L

<0.001

<0.001

MPL Reference:
Revision No:

122646-A
R 00
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Client Reference:
Method ID

Methodology Summary

Metals-022
ICP-MS

Determination of various metals by ICP-MS.

MPL Reference:
Revision No:

122646-A
R 00

Groundwater/Potable Water Analysis

Page 3 of 5

Client Reference:
QUALITY CONTROL

UNITS

PQL

METHOD

Groundwater/Potable Water Analysis

Blank

Duplicate Sm#

Metals in Water - Low
Level
Date prepared

Duplicate results

Spike Sm#

Spike %
Recovery

Base ll Duplicate ll %RPD

-

15/6/12

[NT]

[NT]

LCS

15/6/12

Date analysed

-

15/6/12

[NT]

[NT]

LCS

15/6/12

Arsenic-Dissolved

mg/L

0.001

Metals-022
ICP-MS

<0.001

[NT]

[NT]

LCS

107%

Lead-Dissolved

mg/L

0.001

Metals-022
ICP-MS

<0.001

[NT]

[NT]

LCS

105%

MPL Reference:
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Client Reference:

Groundwater/Potable Water Analysis

Report Comments:

INS: Insufficient sample for this test; NT: Not tested; PQL: Practical Quantitation Limit; <: Less than; >: Greater than
RPD: Relative Percent Difference; NA: Test not required; LCS: Laboratory Control Sample; NR: Not requested
NS: Not specified; NEPM: National Environmental Protection Measure

Quality Control Definitions
Blank: This is the component of the analytical signal which is not derived from the sample but from reagents,
glassware etc, can be determined by processing solvents and reagents in exactly the same manner as for samples.
Duplicate : This is the complete duplicate analysis of a sample from the process batch. If possible, the sample
selected should be one where the analyte concentration is easily measurable.
Matrix Spike : A portion of the sample is spiked with a known concentration of target analyte. The purpose of the matrix
spike is to monitor the performance of the analytical method used and to determine whether matrix interferences exist.
LCS (Laboratory Control Sample) : This comprises either a standard reference material or a control matrix (such as a blank
sand or water) fortified with analytes representative of the analyte class. It is simply a check sample.
Surrogate Spike: Surrogates are known additions to each sample, blank, matrix spike and LCS in a batch, of compounds
which are similar to the analyte of interest, however are not expected to be found in real samples.
Laboratory Acceptance Criteria
Duplicate sample and matrix spike recoveries may not be reported on smaller jobs, however were analysed at a frequency
to meet of exceed NEPM requirements. All samples are tested in batches of 20. The duplicate sample RPD a matrix
spike recoveries for the sample batch were within laboratory acceptance criteria.
Duplicates: <5xPQL - any RPD is acceptable; >5xPQL - 0-50% RPD is acceptable.
Matrix Spike and LCS: Generally 70-130% for inorganics/metals; 60-140% for organics and
10-140% for SVOC and Speciated Phenols is acceptable.
Surrogates: 60-140% is acceptable for general organics and 10-140% for SVOC and Speciated Phenols.
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CERTIFICATE OF ANALYSIS 122646
Client:
Mt Gibson Mining Ltd EHO
Extension Hill Operations
PO Box 55
West Perth
WA 6872
Attention:

J Sackmann

Sample log in details:
Your Reference:
No. of samples:
Date samples received:
Date completed instructions received:
Location:

Groundwater/Potable Water Analysis
8 x water
23/05/12
23/05/12

Analysis Details:
Please refer to the following pages for results, methodology summary and quality control data.
Samples were analysed as received from the client. Results relate specifically to the samples as received.
Results are reported on a dry weight basis for solids and on an as received basis for other matrices.
Please refer to the last page of this report for any comments relating to the results.
Report Details:
Date results requested by:
30/05/12
Date of Preliminary Report:
Not issued
Issue Date:
5/06/12
NATA accreditation number 2901. This document shall not be reproduced except in full.
Accredited for compliance with ISO/IEC 17025.
Tests not covered by NATA are denoted with *.
Results Approved By:

MPL Reference:
Revision No:

122646
R 00

Page 1 of 11

Client Reference:

Groundwater/Potable Water Analysis

Physical Characteristics
Our Reference:

UNITS

122646-1

122646-2

122646-3

122646-4

Your Reference

-------------

VDP

IDP

EH1P

EH2P

EH3P

Date Sampled

------------

22/05/2012

22/05/2012

22/05/2012

22/05/2012

22/05/2012

water

water

water

water

water

Type of sample

122646-5

Calcium

mg/L

0.3

0.3

73

16

43

Magnesium

mg/L

0.5

0.4

150

57

260

Hardness as CaCO3

mg/L

3

3

800

280

1,200

pH in water

pH Units

7.9

7.6

7.1

7.8

7.8

Total Dissolved Solids (grav)

mg/L

220

180

4,100

2,900

7,500

Colour (True)

HZU

<3

<3

<3

<3

<3

Turbidity

NTU

<0.1

<0.1

[NA]

[NA]

[NA]

Physical Characteristics
Our Reference:

UNITS

122646-6

122646-7

122646-8

Your Reference

-------------

EH4P

WB1

IHMB1

Date Sampled

------------

22/05/2012

22/05/2012

22/05/2012

water

water

water

Type of sample
Calcium

mg/L

36

25

12

Magnesium

mg/L

180

89

41

Hardness as CaCO3

mg/L

830

430

200

pH in water

pH Units

7.8

7.5

7.4

Total Dissolved Solids (grav)

mg/L

6,100

2,600

1,100

Colour (True)

HZU

<3

<3

<3
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Client Reference:

Groundwater/Potable Water Analysis

Miscellaneous Inorganics
Our Reference:

UNITS

Your Reference

-------------

VDP

IDP

EH1P

EH2P

EH3P

Date Sampled

------------

22/05/2012

22/05/2012

22/05/2012

22/05/2012

22/05/2012

water

water

water

water

water

Type of sample

122646-1

122646-2

122646-3

122646-4

122646-5

Date prepared

-

23/5/12

23/5/12

23/5/12

23/5/12

23/5/12

Date analysed

-

23/5/12

23/5/12

23/5/12

23/5/12

23/5/12

Sulphate in water

mg/L

<1

<1

440

360

800

Chloride in water

mg/L

100

95

2,200

1,400

4,000

mg/L

<0.1

<0.1

[NA]

[NA]

[NA]

Total Suspended Solids @ 103-105 C

mg/L

[NA]

[NA]

<5

<5

6

Electrical Conductivity water

µS/cm

[NA]

[NA]

6,700

4,900

12,000

Bromide in water by HPLC

mg/L

[NA]

[NA]

5.9

6.7

15

Iodide in water
O

Ammonia as N

mg/L

[NA]

[NA]

0.020

0.010

0.010

Fluoride in water

mg/L

[NA]

[NA]

<0.5

<0.5

<0.5

Nitrate as NO3

mg/L

[NA]

[NA]

6.9

9.3

<0.1

Nitrite as NO2 by HPLC

mg/L

[NA]

[NA]

<0.1

<0.1

<0.1

Total Phosphorus (Total P)

mg/L

[NA]

[NA]

<0.01

<0.01

0.01

Total Organic Carbon

mg/L

[NA]

[NA]

47

66

64

Miscellaneous Inorganics
Our Reference:

UNITS

122646-6

122646-7

122646-8

Your Reference

-------------

EH4P

WB1

IHMB1

Date Sampled

------------

22/05/2012

22/05/2012

22/05/2012

water

water

water

Type of sample
Date prepared

-

23/5/12

23/5/12

23/5/12

Date analysed

-

23/5/12

23/5/12

23/5/12

Sulphate in water

mg/L

640

290

130

mg/L

3,100

1,300

490

Total Suspended Solids @ 103-105 C

mg/L

<5

6

<5

Electrical Conductivity water

µS/cm

9,600

4,500

2,000

Bromide in water by HPLC

mg/L

10

<0.5

3.6

Chloride in water
O

Ammonia as N

mg/L

0.010

0.020

0.030

Fluoride in water

mg/L

<0.5

<0.5

<0.5

Nitrate as NO3

mg/L

<0.1

<0.1

17

Nitrite as NO2 by HPLC

mg/L

<0.1

<0.1

<0.1

Total Phosphorus (Total P)

mg/L

0.02

0.03

<0.01

Total Organic Carbon

mg/L

66

72

48
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Client Reference:

Groundwater/Potable Water Analysis

Alkalinity
Our Reference:

UNITS

Your Reference

-------------

EH1P

EH2P

EH3P

EH4P

WB1

Date Sampled

------------

22/05/2012

22/05/2012

22/05/2012

22/05/2012

22/05/2012

water

water

water

water

water

Type of sample

122646-3

122646-4

122646-5

122646-6

122646-7

Date prepared

-

24/5/12

24/5/12

24/5/12

24/5/12

24/5/12

Date analysed

-

24/5/12

24/5/12

24/5/12

24/5/12

24/5/12

Bicarbonate, HCO3 as CaCO3

mg/L

190

330

350

310

320

Carbonate, CO32-

as CaCO3

mg/L

<5

<5

<5

<5

<5

Hydroxide, OH as CaCO3

mg/L

<5

<5

<5

<5

<5

Total Alkalinity as CaCO3

mg/L

190

330

350

310

320

Our Reference:

UNITS

122646-8

Your Reference

-------------

IHMB1

Date Sampled

------------

22/05/2012

-

Alkalinity

Type of sample

water

Date prepared

-

24/5/12

Date analysed

-

24/5/12

Bicarbonate, HCO3 as CaCO3

mg/L

180

Carbonate, CO32-

as CaCO3

mg/L

<5

Hydroxide, OH as CaCO3

mg/L

<5

Total Alkalinity as CaCO3

mg/L

180

-
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Client Reference:

Groundwater/Potable Water Analysis

Dissolved Metals in Water
Our Reference:

UNITS

Your Reference

-------------

VDP

IDP

EH1P

EH2P

EH3P

Date Sampled

------------

22/05/2012

22/05/2012

22/05/2012

22/05/2012

22/05/2012

water

water

water

water

water

Type of sample

122646-1

122646-2

122646-3

122646-4

122646-5

Date prepared

-

[NA]

[NA]

28/5/12

28/5/12

28/5/12

Date analysed

-

[NA]

[NA]

28/5/12

28/5/12

28/5/12

Sodium

mg/L

61

53

1,200

1,000

2,200

Manganese

mg/L

<0.005

<0.005

0.098

<0.005

0.051

Aluminium

mg/L

[NA]

[NA]

<0.02

<0.02

<0.02

Arsenic

mg/L

[NA]

[NA]

<0.03

<0.03

<0.03

Barium

mg/L

[NA]

[NA]

0.009

<0.005

0.011

Boron

mg/L

[NA]

[NA]

1.4

1.9

3.3

Cadmium

mg/L

[NA]

[NA]

<0.002

<0.002

<0.002

Chromium

mg/L

[NA]

[NA]

<0.005

<0.005

<0.005

Copper

mg/L

[NA]

[NA]

0.007

<0.005

<0.005

Iron

mg/L

[NA]

[NA]

0.07

0.04

0.07

Lead

mg/L

[NA]

[NA]

<0.02

<0.02

<0.02

Mercury

mg/L

[NA]

[NA]

<5 x
10-005

<5 x
10-005

<5 x
10-005

Nickel

mg/L

[NA]

[NA]

<0.005

<0.005

<0.005

Potassium

mg/L

[NA]

[NA]

64

50

120

Silica

mg/L

[NA]

[NA]

43

48

36

Zinc

mg/L

[NA]

[NA]

0.02

0.04

<0.01
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Client Reference:

Groundwater/Potable Water Analysis

Dissolved Metals in Water
Our Reference:

UNITS

Your Reference

-------------

EH4P

WB1

IHMB1

Date Sampled

------------

22/05/2012

22/05/2012

22/05/2012

water

water

water

Type of sample

122646-6

122646-7

122646-8

Date prepared

-

28/5/12

28/5/12

28/5/12

Date analysed

-

28/5/12

28/5/12

28/5/12

Sodium

mg/L

1,800

810

340

Manganese

mg/L

0.044

0.24

<0.005

Aluminium

mg/L

<0.02

<0.02

<0.02

Arsenic

mg/L

<0.03

<0.03

<0.03

Barium

mg/L

0.013

0.021

<0.005

Boron

mg/L

2.7

1.7

1.2

Cadmium

mg/L

<0.002

<0.002

<0.002

Chromium

mg/L

<0.005

<0.005

<0.005

Copper

mg/L

<0.005

<0.005

<0.005

Iron

mg/L

0.1

<0.02

<0.02

Lead

mg/L

<0.02

<0.02

<0.02

Mercury

mg/L

<5 x
10-005

<5 x
10-005

<5 x
10-005

Nickel

mg/L

<0.005

<0.005

<0.005

Potassium

mg/L

94

38

21

Silica

mg/L

34

54

26

Zinc

mg/L

<0.01

0.03

<0.01
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Client Reference:
Method ID

Groundwater/Potable Water Analysis

Methodology Summary

METALS-020

Metals in soil and water by ICP-OES.

METALS-008

Hardness calculated from Calcium and Magnesium as per APHA 21st ED 2340B.

INORG-001

pH - Measured using pH meter and electrode in accordance with APHA 21st ED, 4500-H+.

INORG-018

Total Dissolved Solids - determined gravimetrically by drying the sample, in accordance with APHA 21st ED,
2540 C.

INORG-028

Colour - measured by visual comparsion, in accordance with APHA 21st ED, 2120-B.

INORG-022

Turbidity - measured nephelometrically using a turbidimeter, in accordance with APHA 21st ED, 2130 B.

INORG-081

Sulphate by Ion Exchange Chromatography in accordance with APHA 21st ED 4110B.

INORG-081

Chloride by Ion Exchange Chromatography in accordance with APHA 21st ED 4110B.

Ext-054

Analysed by Envirolab Services Sydney, accreditation number 2901

INORG-019

Suspended Solids - determined gravimetrically by filtration of the sample, in accordance with APHA 21st ED,
2540 D.

INORG-002

Conductivity and Salinity - measured using a conductivity cell and dedicated meter, in accordance with APHA
21st ED 2510 and Rayment & Higginson.

INORG-081

Bromide by Ion Exchange Chromatography in accordance with APHA 21st ED 4110B.

INORG-057

Ammonia by colourimetric analysis in accordance with APHA 21st ED 4500-NH3 F.

INORG-081

Fluoride by Ion Exchange Chromatography in accordance with APHA 21st ED 4110B.

INORG-081

Nitrate by Ion Exchange Chromatography in accordance with APHA 21st ED 4110B.

INORG-081

Nitrite by Ion Exchange Chromatography in accordance with APHA 21st ED 4110B.

INORG-060

Total Phosphorus by colourimetric analysis in accordance with APHA 21st ED 4500-P J.

INORG-079

Total Organic Carbon using APHA 21st ED 5310B. DOC is filtered prior to determination.

INORG-006

Alkalinity - determined titrimetrically in accordance with APHA 21st ED, 2320 B.

Metals-021
CV-AAS

Determination of Mercury by Cold Vapour AAS.
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Client Reference:
QUALITY CONTROL

UNITS

PQL

METHOD

Groundwater/Potable Water Analysis

Blank

Duplicate Sm#

Physical Characteristics

Duplicate results

Spike Sm#

Spike %
Recovery

Base ll Duplicate ll %RPD

Calcium

mg/L

0.1

METALS-02
0

<0.1

[NT]

[NT]

LCS

104%

Magnesium

mg/L

0.1

METALS-02
0

<0.1

[NT]

[NT]

LCS

105%

Hardness as CaCO3

mg/L

METALS-00
8

[NT]

[NT]

[NT]

[NR]

[NR]

pH in water

pH Units

INORG-001

[NT]

[NT]

[NT]

LCS

101%

Total Dissolved Solids
(grav)

mg/L

5

INORG-018

<5

[NT]

[NT]

LCS

99%

Colour (True)

HZU

3

INORG-028

<3

[NT]

[NT]

LCS

82%

Turbidity

NTU

0.1

INORG-022

<0.1

[NT]

[NT]

LCS

102%

QUALITY CONTROL

UNITS

PQL

METHOD

Blank

Duplicate Sm#

Miscellaneous Inorganics

Duplicate results

Spike Sm#

Spike %
Recovery

Base ll Duplicate ll %RPD

Date prepared

-

23/5/12

122646-1

23/5/12 || 23/5/12

LCS

23/5/12

Date analysed

-

23/5/12

122646-1

23/5/12 || 23/5/12

LCS

23/5/12

Sulphate in water

mg/L

<1

122646-1

<1 || <1

LCS

100%

Chloride in water
Iodide in water

1

INORG-081

mg/L

1

INORG-081

<1

122646-1

100 || 100 || RPD: 0

LCS

103%

mg/L

0.1

Ext-054

<0.1

122646-1

<0.1 || [N/T]

LCS

100%

Total Suspended Solids
@ 103-105 OC

mg/L

5

INORG-019

<5

[NT]

[NT]

LCS

40%

Electrical Conductivity
water

µS/cm

1

INORG-002

<1

[NT]

[NT]

LCS

98%

Bromide in water by
HPLC

mg/L

0.5

INORG-081

<0.5

[NT]

[NT]

LCS

100%

Ammonia as N

mg/L

0.005

INORG-057

<0.005

[NT]

[NT]

LCS

83%

Fluoride in water

mg/L

0.5

INORG-081

<0.5

[NT]

[NT]

LCS

97%

Nitrate as NO3

mg/L

0.1

INORG-081

<0.1

[NT]

[NT]

LCS

101%

Nitrite as NO2 by
HPLC

mg/L

0.1

INORG-081

<0.1

[NT]

[NT]

LCS

101%

Total Phosphorus (Total
P)

mg/L

0.01

INORG-060

<0.01

[NT]

[NT]

LCS

95%

Total Organic Carbon

mg/L

1

INORG-079

<1

[NT]

[NT]

LCS

102%

MPL Reference:
Revision No:

122646
R 00

Page 8 of 11

Client Reference:
QUALITY CONTROL

UNITS

PQL

METHOD

Groundwater/Potable Water Analysis

Blank

Duplicate Sm#

Alkalinity

Duplicate results

Spike Sm#

Spike %
Recovery

Base ll Duplicate ll %RPD

Date prepared

-

24/5/12

[NT]

[NT]

LCS

24/5/12

Date analysed

-

24/5/12

[NT]

[NT]

LCS

24/5/12

Bicarbonate, HCO3
as CaCO3

mg/L

5

INORG-006

<5

[NT]

[NT]

LCS

101%

Carbonate, CO32as CaCO3

mg/L

5

INORG-006

<5

[NT]

[NT]

LCS

101%

Total Alkalinity as
CaCO 3

mg/L

5

INORG-006

<5

[NT]

[NT]

LCS

101%

QUALITY CONTROL

UNITS

PQL

METHOD

Blank

Duplicate Sm#

Dissolved Metals in
Water
Date prepared

Duplicate results

Spike Sm#

Spike %
Recovery

Base ll Duplicate ll %RPD

-

28/5/12

[NT]

[NT]

LCS

28/5/12

Date analysed

-

28/5/12

[NT]

[NT]

LCS

28/5/12

Sodium

mg/L

0.5

METALS-02
0

<0.5

[NT]

[NT]

LCS

90%

Manganese

mg/L

0.005

METALS-02
0

<0.005

[NT]

[NT]

LCS

112%

Aluminium

mg/L

0.02

METALS-02
0

<0.02

[NT]

[NT]

LCS

111%

Arsenic

mg/L

0.03

METALS-02
0

<0.03

[NT]

[NT]

LCS

108%

Barium

mg/L

0.005

METALS-02
0

<0.005

[NT]

[NT]

LCS

116%

Boron

mg/L

0.05

METALS-02
0

<0.05

[NT]

[NT]

LCS

107%

Cadmium

mg/L

0.002

METALS-02
0

<0.002

[NT]

[NT]

LCS

114%

Chromium

mg/L

0.005

METALS-02
0

<0.005

[NT]

[NT]

LCS

111%

Copper

mg/L

0.005

METALS-02
0

<0.005

[NT]

[NT]

LCS

113%

Iron

mg/L

0.02

METALS-02
0

<0.02

[NT]

[NT]

LCS

99%

Lead

mg/L

0.02

METALS-02
0

<0.02

[NT]

[NT]

LCS

114%

Mercury

mg/L

0.0000
5

Metals-021
CV-AAS

<5 x
10-00
5

[NT]

[NT]

LCS

111%

Nickel

mg/L

0.005

METALS-02
0

<0.005

[NT]

[NT]

LCS

111%

Potassium

mg/L

0.1

METALS-02
0

<0.1

[NT]

[NT]

LCS

99%

Silica

mg/L

0.1

METALS-02
0

<0.1

[NT]

[NT]

LCS

109%

Zinc

mg/L

0.01

METALS-02
0

<0.01

[NT]

[NT]

LCS

114%
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Client Reference:
QUALITY CONTROL

UNITS

Dup. Sm#

Physical Characteristics

Groundwater/Potable Water Analysis
Duplicate

Spike Sm#

Spike % Recovery

Base + Duplicate + %RPD

Calcium

mg/L

[NT]

[NT]

122646-1

105%

Magnesium

mg/L

[NT]

[NT]

122646-1

106%

Hardness as CaCO3

mg/L

[NT]

[NT]

[NR]

[NR]

pH in water

pH Units

[NT]

[NT]

[NR]

[NR]

Total Dissolved Solids
(grav)

mg/L

[NT]

[NT]

[NR]

[NR]

Colour (True)

HZU

[NT]

[NT]

[NR]

[NR]

Turbidity

NTU

[NT]

[NT]

[NR]

[NR]

QUALITY CONTROL

UNITS

Dup. Sm#

Duplicate

Spike Sm#

Spike % Recovery

Dissolved Metals in Water

Base + Duplicate + %RPD

Date prepared

-

[NT]

[NT]

122646-1

28/5/12

Date analysed

-

[NT]

[NT]

122646-1

28/5/12

Sodium

mg/L

[NT]

[NT]

122646-1

86%

Manganese

mg/L

[NT]

[NT]

122646-1

113%

Aluminium

mg/L

[NT]

[NT]

[NR]

[NR]

Arsenic

mg/L

[NT]

[NT]

[NR]

[NR]

Barium

mg/L

[NT]

[NT]

[NR]

[NR]

Boron

mg/L

[NT]

[NT]

[NR]

[NR]

Cadmium

mg/L

[NT]

[NT]

[NR]

[NR]

Chromium

mg/L

[NT]

[NT]

[NR]

[NR]

Copper

mg/L

[NT]

[NT]

[NR]

[NR]

Iron

mg/L

[NT]

[NT]

[NR]

[NR]

Lead

mg/L

[NT]

[NT]

[NR]

[NR]

Mercury

mg/L

[NT]

[NT]

[NR]

[NR]

Nickel

mg/L

[NT]

[NT]

[NR]

[NR]

Potassium

mg/L

[NT]

[NT]

[NR]

[NR]

Silica

mg/L

[NT]

[NT]

[NR]

[NR]

Zinc

mg/L

[NT]

[NT]

[NR]

[NR]
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Client Reference:

Groundwater/Potable Water Analysis

Report Comments:
Iodide in water analysed by Envirolab Sydney, Report no: 73967
INS: Insufficient sample for this test; NT: Not tested; PQL: Practical Quantitation Limit; <: Less than; >: Greater than
RPD: Relative Percent Difference; NA: Test not required; LCS: Laboratory Control Sample; NR: Not requested
NS: Not specified; NEPM: National Environmental Protection Measure

Quality Control Definitions
Blank: This is the component of the analytical signal which is not derived from the sample but from reagents,
glassware etc, can be determined by processing solvents and reagents in exactly the same manner as for samples.
Duplicate : This is the complete duplicate analysis of a sample from the process batch. If possible, the sample
selected should be one where the analyte concentration is easily measurable.
Matrix Spike : A portion of the sample is spiked with a known concentration of target analyte. The purpose of the matrix
spike is to monitor the performance of the analytical method used and to determine whether matrix interferences exist.
LCS (Laboratory Control Sample) : This comprises either a standard reference material or a control matrix (such as a blank
sand or water) fortified with analytes representative of the analyte class. It is simply a check sample.
Surrogate Spike: Surrogates are known additions to each sample, blank, matrix spike and LCS in a batch, of compounds
which are similar to the analyte of interest, however are not expected to be found in real samples.
Laboratory Acceptance Criteria
Duplicate sample and matrix spike recoveries may not be reported on smaller jobs, however were analysed at a frequency
to meet of exceed NEPM requirements. All samples are tested in batches of 20. The duplicate sample RPD a matrix
spike recoveries for the sample batch were within laboratory acceptance criteria.
Duplicates: <5xPQL - any RPD is acceptable; >5xPQL - 0-50% RPD is acceptable.
Matrix Spike and LCS: Generally 70-130% for inorganics/metals; 60-140% for organics and
10-140% for SVOC and Speciated Phenols is acceptable.
Surrogates: 60-140% is acceptable for general organics and 10-140% for SVOC and Speciated Phenols.
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CERTIFICATE OF ANALYSIS 124882
Client:
Mt Gibson Mining Ltd EHO
Extension Hill Operations
PO Box 55
West Perth
WA 6872
Attention:

Jess Sackmann

Sample log in details:
Your Reference:
No. of samples:
Date samples received:
Date completed instructions received:
Location:

207663 Groundwater
1 Water
1/8/12
1/8/12

Analysis Details:
Please refer to the following pages for results, methodology summary and quality control data.
Samples were analysed as received from the client. Results relate specifically to the samples as received.
Results are reported on a dry weight basis for solids and on an as received basis for other matrices.
Please refer to the last page of this report for any comments relating to the results.
Report Details:
Date results requested by:
8/08/12
Date of Preliminary Report:
Not issued
Issue Date:
8/08/12
NATA accreditation number 2901. This document shall not be reproduced except in full.
Accredited for compliance with ISO/IEC 17025.
Tests not covered by NATA are denoted with *.
Results Approved By:
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Client Reference:

207663 Groundwater

Miscellaneous Inorganics
Our Reference:

UNITS

Your Reference

-------------

MB1

Date Sampled

------------

31/07/2012

Type of sample

124882-1

Water

Date prepared

-

2/8/12

Date analysed

-

2/8/12

pH in water

pH Units

7.0

Colour (True)

HZU

960

mg/L

4,700

Total Suspended Solids @ 103-105 C

mg/L

150

Electrical Conductivity water

µS/cm

10,000

Hardness as CaCO3

mg/L

760

Bromide in water by HPLC

mg/L

10

Fluoride in water

mg/L

<0.5

Total Organic Carbon

mg/L

260

Total Dissolved Solids (grav)
O
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Client Reference:

207663 Groundwater

Dissolved Metals in Water
Our Reference:

UNITS

Your Reference

-------------

MB1

Date Sampled

------------

31/07/2012

Type of sample

124882-1

Water

Date prepared

-

2/8/12

Date analysed

-

2/8/12

Aluminium

mg/L

<0.1

Barium

mg/L

1.1

Boron

mg/L

2.5

Arsenic

mg/L

<0.05

Cadmium

mg/L

<0.01

Chromium

mg/L

<0.01

Copper

mg/L

<0.01

Iron

mg/L

28

Lead

mg/L

<0.03

Manganese

mg/L

12

Mercury

mg/L

<5 x 10005

Nickel

mg/L

<0.02

Zinc

mg/L

<0.02

Silica

mg/L

37
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Client Reference:

207663 Groundwater

Nutrients in Water
Our Reference:

UNITS

Your Reference

-------------

MB1

Date Sampled

------------

31/07/2012

Type of sample

124882-1

Water

Total Nitrogen (Total N)

mg/L

2.9

Total Kjeldahl Nitrogen

mg/L

2.9

NOx as N

mg/L

<0.005

Nitrate as N

mg/L

<0.005

Nitrite as N

mg/L

<0.005

Ammonia as N

mg/L

0.010

Total Phosphorus (Total P)

mg/L

0.48

Phosphate as P

mg/L

<0.005
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Ionic Balance
Our Reference:

UNITS

Your Reference

-------------

MB1

Date Sampled

------------

31/07/2012

Type of sample

124882-1

Water

Date analysed

-

2/8/12

Calcium

mg/L

36

Potassium

mg/L

68

Magnesium

mg/L

160

Sodium

mg/L

1,800

Bicarbonate, HCO3 as CaCO3

mg/L

830

Carbonate, CO32-

as CaCO3

mg/L

<5

Hydroxide, OH as CaCO3

mg/L

<5

Total Alkalinity as CaCO3

mg/L

830

Chloride in water

mg/L

2,900

Sulphate in water

mg/L

<1

Ionic Balance

%

-2.1

Hardness as CaCO3

mg/L

760

-
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Methodology Summary

INORG-001

pH - Measured using pH meter and electrode in accordance with APHA 21st ED, 4500-H+.

INORG-028

Colour - measured by visual comparsion, in accordance with APHA 21st ED, 2120-B.

INORG-018

Total Dissolved Solids - determined gravimetrically. The solids are dried at 180±5°C

INORG-019

Suspended Solids - determined gravimetrically by filtration of the sample, in accordance with APHA 21st ED,
2540 D.

INORG-002

Conductivity and Salinity - measured using a conductivity cell and dedicated meter, in accordance with APHA
21st ED 2510 and Rayment & Higginson.

METALS-020

Metals in soil and water by ICP-OES.

INORG-081

Bromide by Ion Exchange Chromatography in accordance with APHA 21st ED 4110B.

INORG-081

Fluoride by Ion Exchange Chromatography in accordance with APHA 21st ED 4110B.

INORG-079

Total Organic Carbon using APHA 21st ED 5310B. DOC is filtered prior to determination.

Metals-021 CVAAS

Determination of Mercury by Cold Vapour AAS.

INORG-055

Total Nitrogen by colourimetric analysis in accordance with APHA 4500-P J, 4500-NO3 F.

INORG-062

TKN by calculation fromTotal Nitrogen and NOx using APHA methodology.

INORG-055

NOx by colourimetric analysis and calculation in accordance with APHA 21st ED 4500-NO3 F.

INORG-055

Nitrate by colourimetric analysis and calculation in accordance with APHA 21st ED 4500-NO3 F.

INORG-055

Nitrite by colourimetric analysis in accordance with APHA 21st ED 4500-NO2 B.

INORG-057

Ammonia by colourimetric analysis in accordance with APHA 21st ED 4500-NH3 F.

INORG-060

Total Phosphorus by colourimetric analysis in accordance with APHA 21st ED 4500-P J.

INORG-060

Phosphate by colourimetric analysis in accordance with APHA 21st ED 4500-P E.

INORG-006

Alkalinity - determined titrimetrically in accordance with APHA 21st ED, 2320 B.

INORG-081

Chloride by Ion Exchange Chromatography in accordance with APHA 21st ED 4110B.

INORG-081

Sulphate by Ion Exchange Chromatography in accordance with APHA 21st ED 4110B.

INORG-040

Ion Balance Calculation: Cations in water by ICP-OES; Anions in water by IC; Alkalinity in water by Titration
using APHA methods.

METALS-008

Hardness calculated from Calcium and Magnesium as per APHA 21st ED 2340B.
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Blank

Duplicate Sm#

Miscellaneous Inorganics

Duplicate results

Spike Sm#

Spike %
Recovery

Base ll Duplicate ll %RPD

Date prepared

-

2/8/12

[NT]

[NT]

LCS

2/8/12

Date analysed

-

2/8/12

[NT]

[NT]

LCS

2/8/12

pH in water

pH Units

INORG-001

[NT]

[NT]

[NT]

LCS

102%

Colour (True)

HZU

3

INORG-028

<3

[NT]

[NT]

LCS

82%

Total Dissolved Solids
(grav)

mg/L

5

INORG-018

<5

[NT]

[NT]

LCS

95%

Total Suspended Solids
@ 103-105 OC

mg/L

5

INORG-019

<5

[NT]

[NT]

LCS

100%

Electrical Conductivity
water

µS/cm

1

INORG-002

<1

[NT]

[NT]

LCS

112%

Hardness as CaCO3

mg/L

METALS020

[NT]

[NT]

[NT]

[NR]

[NR]

Bromide in water by
HPLC

mg/L

0.5

INORG-081

<0.5

[NT]

[NT]

LCS

98%

Fluoride in water

mg/L

0.5

INORG-081

<0.5

[NT]

[NT]

LCS

98%

Total Organic Carbon
QUALITY CONTROL

mg/L
UNITS

1
PQL

INORG-079
METHOD

<1
Blank

[NT]
Duplicate Sm#

Dissolved Metals in
Water
Date prepared

[NT]
Duplicate results

LCS
Spike Sm#

103%
Spike %
Recovery

Base ll Duplicate ll %RPD

-

2/8/12

[NT]

[NT]

LCS

2/8/12

Date analysed

-

2/8/12

[NT]

[NT]

LCS

2/8/12

Aluminium

mg/L

0.1

METALS020

<0.1

[NT]

[NT]

LCS

104%

Barium

mg/L

0.01

METALS020

<0.01

[NT]

[NT]

LCS

108%

Boron

mg/L

0.2

METALS020

<0.2

[NT]

[NT]

LCS

84%

Arsenic

mg/L

0.05

METALS020

<0.05

[NT]

[NT]

LCS

97%

Cadmium

mg/L

0.01

METALS020

<0.01

[NT]

[NT]

LCS

102%

Chromium

mg/L

0.01

METALS020

<0.01

[NT]

[NT]

LCS

101%

Copper

mg/L

0.01

METALS020

<0.01

[NT]

[NT]

LCS

101%

Iron

mg/L

0.02

METALS020

<0.02

[NT]

[NT]

LCS

99%

Lead

mg/L

0.03

METALS020

<0.03

[NT]

[NT]

LCS

100%

Manganese

mg/L

0.01

METALS020

<0.01

[NT]

[NT]

LCS

103%

Mercury

mg/L

0.0000
5

Metals-021
CV-AAS

<5 x
10005

[NT]

[NT]

LCS

100%

Nickel

mg/L

0.02

METALS020

<0.02

[NT]

[NT]

LCS

100%

Zinc

mg/L

0.02

METALS020

<0.02

[NT]

[NT]

LCS

96%
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Blank

Duplicate Sm#

Dissolved Metals in
Water

Spike Sm#

Spike %
Recovery

Base ll Duplicate ll %RPD

Silica
QUALITY CONTROL

Duplicate results

mg/L
UNITS

0.2
PQL

METALS020
METHOD

<0.2
Blank

[NT]
Duplicate Sm#

Nutrients in Water

[NT]
Duplicate results

LCS
Spike Sm#

106%
Spike %
Recovery

Base ll Duplicate ll %RPD

Total Nitrogen (Total N)

mg/L

0.1

INORG-055

<0.1

[NT]

[NT]

LCS

119%

Total Kjeldahl Nitrogen

mg/L

0.1

INORG-062

0.1

[NT]

[NT]

[NR]

[NR]

NOx as N

mg/L

0.005

INORG-055

<0.005

[NT]

[NT]

LCS

96%

Ammonia as N

mg/L

0.005

INORG-057

<0.005

[NT]

[NT]

LCS

97%

Total Phosphorus (Total
P)

mg/L

0.01

INORG-060

<0.01

[NT]

[NT]

LCS

103%

Phosphate as P
QUALITY CONTROL

mg/L
UNITS

0.005
PQL

INORG-060
METHOD

<0.005
Blank

[NT]
Duplicate Sm#

Ionic Balance

[NT]
Duplicate results

LCS
Spike Sm#

93%
Spike %
Recovery

Base ll Duplicate ll %RPD

Date analysed

-

2/8/12

124882-1

2/8/12 || 2/8/12

LCS

2/8/12

Calcium

mg/L

0.5

METALS020

<0.5

124882-1

36 || [N/T]

LCS

96%

Potassium

mg/L

0.5

METALS020

<0.5

124882-1

68 || [N/T]

LCS

97%

Magnesium

mg/L

0.5

METALS020

<0.5

124882-1

160 || [N/T]

LCS

102%

Sodium

mg/L

0.5

METALS020

<0.5

124882-1

1800 || [N/T]

LCS

98%

Bicarbonate, HCO3 as
CaCO 3

mg/L

5

INORG-006

<5

124882-1

830 || 790 || RPD: 5

LCS

96%

Carbonate, CO32as CaCO3

mg/L

5

INORG-006

<5

124882-1

<5 || <5

LCS

96%

Total Alkalinity as
CaCO 3

mg/L

5

INORG-006

<5

124882-1

830 || 790 || RPD: 5

LCS

96%

Chloride in water

mg/L

1

INORG-081

<1

124882-1

2900 || [N/T]

LCS

108%

Sulphate in water

mg/L

1

INORG-081

<1

124882-1

<1 || [N/T]

LCS

102%

Ionic Balance

%

INORG-040

[NT]

124882-1

-2.1 || [N/T]

[NR]

[NR]

Hardness as CaCO3

mg/L

METALS008

[NT]

124882-1

760 || [N/T]

[NR]

[NR]
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Report Comments:

INS: Insufficient sample for this test; NT: Not tested; PQL: Practical Quantitation Limit; <: Less than; >: Greater than
RPD: Relative Percent Difference; NA: Test not required; LCS: Laboratory Control Sample; NR: Not requested
NS: Not specified; NEPM: National Environmental Protection Measure

Quality Control Definitions
Blank: This is the component of the analytical signal which is not derived from the sample but from reagents,
glassware etc, can be determined by processing solvents and reagents in exactly the same manner as for samples.
Duplicate : This is the complete duplicate analysis of a sample from the process batch. If possible, the sample
selected should be one where the analyte concentration is easily measurable.
Matrix Spike : A portion of the sample is spiked with a known concentration of target analyte. The purpose of the matrix
spike is to monitor the performance of the analytical method used and to determine whether matrix interferences exist.
LCS (Laboratory Control Sample) : This comprises either a standard reference material or a control matrix (such as a blank
sand or water) fortified with analytes representative of the analyte class. It is simply a check sample.
Surrogate Spike: Surrogates are known additions to each sample, blank, matrix spike and LCS in a batch, of compounds
which are similar to the analyte of interest, however are not expected to be found in real samples.
Laboratory Acceptance Criteria
Duplicate sample and matrix spike recoveries may not be reported on smaller jobs, however were analysed at a frequency
to meet of exceed NEPM requirements. All samples are tested in batches of 20. The duplicate sample RPD a matrix
spike recoveries for the sample batch were within laboratory acceptance criteria.
Duplicates: <5xPQL - any RPD is acceptable; >5xPQL - 0-50% RPD is acceptable.
Matrix Spike and LCS: Generally 70-130% for inorganics/metals; 60-140% for organics and
10-140% for SVOC and Speciated Phenols is acceptable.
Surrogates: 60-140% is acceptable for general organics and 10-140% for SVOC and Speciated Phenols.
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1.

INTRODUCTION
1.1 Location
Extension Hill and Extension Hill North are located in the Mt Gibson Ranges, approximately 350km
north-east of Perth in Western Australia. The Mt Gibson Ranges have a semi-desert Mediterranean
climate, characterised by hot, dry summers with 9 to 11 months of dry weather and mild, wet winters
(Payne et al. 1998). The rainfall in the area averages approximately 278.8mm per annum at Paynes
Find, 70km to the north (Bureau of Meteorology 2010). There was 257.0mm of rainfall recorded at
Paynes Find for the period Feb 2009 – Jan 2010. Bushfires occur naturally and frequently in this
region, mostly started by lightning strikes or human activities, although no major bushfires occurred in
the survey area since the last monitoring program.
The Mt Gibson Ranges occurs on the boundary of the Austin Botanical District of the Eremaean and
the Avon Botanical District of the Southwest Botanical Provinces (Beard 1990). They are located in the
Avon Wheatbelt bioregion (McKenzie et al. 2003), but are near the junction of the Yalgoo and
Coolgardie Interim Biogeographical Regional Assessment (IBRA) bioregions. As a consequence, the
floristic composition of the area is considered to be representative of all three Bioregions.
Mount Gibson has a diverse range of vegetation communities comprising of six woodlands, four
mallee, 12 thicket and two heath communities (Bennett Environmental Consulting, 2000). From a
fauna perspective, the habitat can be divided into four broad categories: the flat sand plains, the flat
woodlands, slopes and the iron stone ridges.
Surface drainage in the Mt Gibson Ranges area is primarily characterised by ephemeral flows.

1.2 Background
Malleefowl’s wariness and colouration make it difficult to reliably and accurately census their numbers.
As such, the number of active mounds is used as a proxy census which directly relates to the number
of breeding birds in the area and hence provides an indication of population survival likelihood and
impact assessment.
Each of the major habitat types was surveyed for malleefowl mounds by ATA Environmental (2005) in
2004/05, as part of the environmental impact assessment for the Mt Gibson Iron Ore Mine and
Infrastructure Project (the Project). Most of the mounds at Mt Gibson were found in thickets, typically
on the sand plain and pebbly soils on the slopes or base of the ironstone range (Figure 1). However,
mounds were not confined to these areas. Active mounds were spread across the tenements.
In accordance with the Malleefowl Management Plan (ATA Environmental et al 2008), Mount Gibson
Mining Limited (MGM) and Extension Hill Pty Ltd (EHPL) are required to conduct annual monitoring of
known malleefowl mounds within the Project area (see Figure 1). Following the initial survey, the first
complete monitoring survey of the known mounds was conducted in October and November 2008
during the 2008/2009 breeding season. The monitoring survey for the 2009/2010 breeding season
was conducted in January 2010. The 2010/2011 breeding season survey was conducted in November
2010. This report covers the 2011/2012 breeding season survey which was conducted in
November/December 2011.
The Project consists of a combined hematite and magnetite open cut mining operation, with MGM
managing the hematite aspect and EHPL managing the magnetite aspect. Construction activities
commenced in June 2010 and the Extension Hill Hematite Operation (EHHO) was operational
throughout the entire 2011/2012 breeding season. Mining activities at this site for the overall Project
are anticipated to continue for approximately 40 years.
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1.3 Malleefowl
1.3.1 Description
Malleefowl (Leipoa ocellata) is a member of the family of mound building birds (Megapodiidae). It is
the only species in the genus Leipoa (Benshemesh 2007). Adult males (65-67.5cm) are slightly larger
than females (56.5-62.0cm) and are much heavier (1.7-2.1kg versus 1.5-1.6kg).
The adult malleefowl has a greyish head and neck, with a short dark bill, brown irises, a narrow white
stripe beneath each eye, chestnut colouring on the chin, a dark-brown to blackish medial stripe that
extends from the forehead to the base of the head, and a broad black stripe that extends from the
throat to the upper breast. The upper surfaces of the wings have a complex pattern of markings,
consisting of mottled brown, white, grey and black. The upper surface of the tail is mostly greyish,
with narrow brown-black barring and some small patches of white. The breast, belly and flanks are a
creamy white colour, and the legs and feet range from pale grey to blackish-brown in colour, and
have darker claws (Marchant & Higgins 1993).
1.3.2 Breeding and Nesting
Malleefowl tend to be a sedentary, mostly terrestrial species that nest in the same general area each
year (Firth 1962a; Priddel and Wheeler 2003). Malleefowl will reuse ‘old’ mounds that have been
inactive for a number of years. In the event of the death of a partner, males display greater nest-site
fidelity than females. Malleefowl are generally monogamous, pairing for life, but quickly find a new
mate, if a partner dies (Priddel and Wheeler 2003).
Construction of a malleefowl nesting mound occurs intermittently over several months and is
undertaken by both partners. The mound consists of sand, gravel and vegetation and is generally 35m wide and over 1m high, although sizes vary as material builds up in mounds that are used
regularly. Mound construction mostly occurs between autumn and spring. Upon completion, the male
will continue tending the mound while the female spends most of her time feeding (Benshemesh
2007). Incubation temperature of the mound is influenced by microbial decomposition of the
vegetation, particularly in the early stages, and solar radiation.
1.3.3 Habitat
Malleefowl are able to survive in semi-arid and arid habitats not normally populated by extant
megapodes due to their ability to manipulate external heat sources to incubate their eggs
(Benshemesh 2007).
The habitat requirements of Malleefowl are poorly understood, however a sandy substrate and
abundance of leaf litter are clear requirements for the construction of the birds' nesting mounds (Frith,
1959, 1962a). Densities of the breeding birds are positively influenced by rainfall, soil fertility, shrub
diversity, and density of canopy cover and are negatively influenced by grazing (Frith 1962a;
Woinarski 1989; Benshemesh 1992a, 2007; Copley and Williams 1995; Priddel and Wheeler 2005).
The Malleefowl is now primarily found in semi-arid and arid shrublands and low woodlands dominated
by mallee (Frith 1962a, b). The vegetation is often broombush (Melaleuca uncinata) (Woinarski,
1989a, b) and scrub pine (Callitris verrucosa). They also occur in woodlands dominated by eucalypts
such as wandoo (E. wandoo), marri (E. calophylla) and mallet (E. astringens), and in some shrublands
dominated by acacia in Western Australia (Johnstone and Storr 1998).
The malleefowl mounds at Mt Gibson were predominantly, although not exclusively, found in thickets,
typically on the sand plain and pebbly soils on the slopes or base of the ironstone range (ATA
Environmental 2005).
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1.3.4 Distribution and Abundance
Malleefowl’s geographic distribution includes much of the southern half of Australia from the Great
Dividing Range to the west coast (Blakers et al. 1984), and originally as far north as the Tanami
Desert (Kimber 1985). Its geographic range has contracted in recent years, particularly in arid areas
and around the periphery of its distribution (Benshemesh 2007). This is mostly attributed to habitat
clearing (Benshemesh 2007).
Whilst resource competition with introduced grazers such as sheep, goats and rabbits is widely
accepted as having a significant impact on Malleefowl abundance, the impact of predation from foxes
has historically been debated. It is believed that in some environments (areas with dense understorey,
lower incidence of drought and reliable food supplies on the southern margins of the Malleefowl’s
range), high fecundity may reduce or buffer the impact of fox predation on Malleefowl (Short 2004).
Short (2004) summarized that fox control alone is not likely to permit recovery of the species and
should be conducted in conjunction with management of introduced grazers and fire management.

1.4 Previous Surveys
Previous fauna and bird surveys were conducted by Hart, Simpson and Associates (2000), Recher
(surveys conducted in 2000, 2001, 2002, 2003) and Dell (2001) in the Mt Gibson area. Malleefowl
were observed by Hart, Simpson and Associates, and Recher (2004) however, no details on the
number of birds or mounds are available. Dell (2001) recorded old mounds present in the area of
Mount Gibson Station, however the exact location of these observations is not known.
Between September 2004 and January 2005, ATA Environmental (2005) undertook an extensive grid
search of the entire proposed mine site and some of the surrounding area, recording 113 Malleefowl
mounds. Fifteen of these were active at the time of the survey. In addition, one freshly killed bird and
four live birds were sighted during these surveys (ATA Environmental 2005). Based on this data, ATA
Environmental (2005) concluded that the proposed Mt Gibson mine site and surrounds support a
breeding population of Malleefowl.
The first complete monitoring survey of the mounds located by ATA Environmental (2005) was
conducted in November 2008 for the 2008/2009 breeding season by Mount Gibson Mining Ltd, with
training and assistance provided by the North Central Malleefowl Preservation Group (Mount Gibson
Mining Ltd 2009). An additional 2 inactive mounds were discovered during the survey, resulting in a
total of 96 inactive mounds and 5 active mounds. Six mounds were not found, despite extensive
searching, and 8 mounds were not checked due to equipment failure (Mount Gibson Mining 2009).
The Malleefowl mound monitoring survey for the 2009/2010 breeding season was conducted in
January 2010. An additional inactive mound was discovered during this survey. Ten mounds were
classified as active, 96 were inactive and 9 were not found. One inactive mound located within the
mine site footprint had been cleared during exploration drilling works (Mount Gibson Mining Ltd 2010).
There did not appear to be an impact on the Malleefowl population due to exploration drilling works
conducted on Extension Hill. Due to the heat impacts on personnel of conducting the survey in
January, it was recommended that future surveys occur earlier in the breeding season.
The 2010/2011 breeding season survey was conducted in November 2010. One additional mound had
been discovered prior to this survey and another was discovered during the survey. Of the 117
mounds checked, 8 could not be found, 12 were active and 97 were inactive.
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2.

METHODOLOGY
2.1 Survey
This survey was undertaken from the 18th November 2011 to the 2nd December 2011. Each known
mound was located using a hand held Garmin GPSmap 60Cx, with an accuracy range of approximately
3-5m, and was visually inspected and photographed. An electronic mobile mapper was used to record
the profile and visual observations, such as the presence of eggshell, scats and scraping, and the
perimeter, rim, depth and height measurements of the mounds in accordance with the National
Manual for the Malleefowl Monitoring System (National Heritage Trust 2006).
Mounds were classified as either ‘active’ (appear to be in use) or ‘inactive’. Inactive mounds were
further classified as extinct if they are unlikely to be used again, ie mounds that are flat and in areas
that contain alternative open spaces suitable for mound building, amongst the vegetation.
Where a mound could not be found, the area was walked and inspected for approximately a 20 - 30m
radius of the marked location of the mound before it was recorded as not found.

2.2 Data analysis
The known Malleefowl mounds have been grouped into 5 categories, based on their proximity to the
final proposed mine footprint. This includes both the areas already impacted and the areas proposed
for future impact. Roads and tracks with regular traffic (more than 2 vehicle movements/day) have
also been classified as impacted areas.
This is intended to enable comparison of each year’s data as the impact area spreads until the final
footprint is achieved. Category A includes all mounds within the project footprint, category B includes
all mounds within 500m of the impact areas, category C includes the mounds from 500m – 1km,
category D includes the mounds from 1km – 1.5km and category E includes the mounds within 1.5km
– 2km of the impact areas. It is acknowledged that other factors, such as rainfall and food availability
will also impact on the number of Malleefowl breeding, however these impacts should influence all
categories equally.
Due to the tendency of Malleefowl to re-use the same mounds, an informal comparison of the specific
mounds that are active each year is also conducted. Discussion of the data collected during this
survey is outlined in Section 4.
The information recorded in the mobile mapper is provided to the North Central Malleefowl
Preservation Group for inclusion in the national malleefowl database.
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3.

CONSTRAINTS AND LIMITATIONS
Table 1 Survey Constraints and Limitations
Constraint
(yes/no)
Aspect
Significant/
Comment
Moderate/
Negligible
The project was managed and assessments conducted by a competent
Competency and
environmental engineer, previously trained in malleefowl mound
experience of staff
No
assessment by the North Central Malleefowl Preservation Group
president.
Scope
No
Methodology and scope as per previous surveys.
Proportion of fauna
No fauna identified, recorded or collected. 8 mounds were not found.
identified, recorded,
Negligible
collected
Sources of information
No
Previous survey data was available for comparison.
Proportion of the task
Task was completed.
No
achieved
Timing, weather,
Timing, weather, season, cycle did not impact on survey data.
No
season, cycle
Disturbances
No
No natural disturbances were experienced that influenced results.
Intensity
No
Intensity of monitoring equivalent to previous survey.
Completeness
No
All known mounds were searched for.
Resources
No
Adequate personnel with sufficient experience were available.
Remoteness and access
Vehicle access not available to most sites – extensive surveying on
No
foot was required.
Efficacy of methods
No
Methods are suitable for the target species.
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4.

RESULTS
There are 128 mounds listed in the site database, 122 of which were checked or searched for during
this survey. Six of these were newly discovered since the previous survey. Five mounds were not
searched for as they had not been found in the previous three surveys and one had been cleared prior
to the last survey.
The status of the mounds are summarised in Table 2. Fourteen were recorded as active in this survey,
93 were inactive and five were not found (Figure 1). Ten more mounds had been cleared since the
previous survey. These were all inactive at the time of clearing.
Table 3 shows the percentage of mounds in each ‘distance from disturbance’ category that were
active and inactive. Mounds that were not checked, not found or cleared were not included in
calculating these percentages.
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Table 2 Malleefowl mound status site summary
Number of Mounds
2009/2010 2008/2009

Status

2011/2012

2010/2011

Active

14

12

10

85

65

8

2007/2008

2004/2005

5

1

15

52

65

8

98

14

17

16

Good Mound

12

21

14

Worked/Disturbed

6

6

1

93

97

96

95

8

98

Not Found

5

8

9

6

0

Not Checked

5

0

0

8

0

Cleared

11

0

1

0

Extinct
Inactive

Total Inactive
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Legend
Impact Area
Active
Inactive
Not Found

Malleefowl (Leipoa ocellata)
Mound Map
Status as at December 2011

Figure 1 Malleefowl Mound Status as at December 2011
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Table 3 Malleefowl mound distance from disturbance and status summary
Number of Mounds
2011/2012
Status

Active

Inactive

*
#

2010/2011

2009/2010

2008/2009

2007/2008

2004/2005

Category*

Number
of
Mounds

% of
checked
mounds

Number
of
Mounds

% of
checked
mounds

Number
of
Mounds

% of
checked
mounds

Number
of
Mounds

% of
checked
mounds

Number
of
Mounds

% of
checked
mounds

Number
of
Mounds

% of
checked
mounds

A

1

1%

1

1%

2

2%

1

1%

1

11%

3

3%

#

B

8

7%

5

5%

4

4%

2

2%

0

0%

9

8%

C

1

1%

1

1%

1

1%

1

1%

0

0%

1

1%

D

3

3%

3

3%

3

3%

1

1%

0

0%

2

2%

E

1

1%

2

2%

0

0%

0

0%

0

0%

0

0%

Total

14

13%

12

11%

10

9%

5

5%

1

11%

15

13%

A

26

24%

33

30%

32

30%

33

33%

5

56%

34

30%

B

38

36%

38

35%

38

36%

38

38%

3

33%

34

30%

C

15

14%

14

13%

13

12%

12

12%

0

0%

16

14%

D

11

10%

10

9%

10

9%

11

11%

0

0%

11

10%

E

3

3%

2

2%

3

3%

2

2%

0

0%

3

3%

Total

93

87%

97

89%

96

91%

96

95%

8

89%

98

87%

Categories are defined according to distance from impact areas (both current and future), as per Section 2.2.
One of these mounds was newly discovered during the survey.
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5.

DISCUSSION
Due to the difficulties and impracticality of accurately assessing the malleefowl population through
census of individuals of this species, the number of active nesting mounds in an area is widely used
and recognised as a suitable proxy. It provides data regarding the number of reproductively active
birds in the area, which can impact on the survival of the local population.
Of the 14 active mounds, ten were recorded as active in the previous survey, one was inactive in the
last survey but was active in the 2009/2010 survey, one was newly discovered and two had not been
recorded as active in any of the previous surveys.
There were two mounds which were recorded as active in the previous survey but were not in this
survey. One of these is located greater than 1.5km from mining impact areas.
The second previously inactive mound is located within 500m of a mound that was previously active
but is now inactive. This suggests that the birds using the now inactive mound may have moved
mounds (although there is no definitive evidence of this) as malleefowl are known to reuse old
mounds and these mounds are in close proximity to one another.
Thirteen percent of the mounds found and checked in this survey were active. This is comparable to
the 13% which were active in the initial survey, however it is noted that the number of mounds
fluctuates slightly each year due to new discoveries and clearing activities, so percentages are to be
used with caution. Note also that the 2008/2009 survey, which recorded only 5% of mounds as
active, was essentially a baseline survey as no mining activities had been conducted in the area prior
to this breeding season. Thus the average number of active mounds in a season from baseline data is
10 mounds (or 9% of the checked mounds).
With 11 of the 14 active mounds having been recorded as active in previous surveys, there is no
evidence to suggest that malleefowl are moving away from impact areas. Furthermore, there are a
number of mounds within 500m of impact areas which are consistently active.
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EXECUTIVE SUMMARY
An approval condition for the development of the Mount Gibson Iron Ore Mine and Infrastructure project was the
preparation of a Mine Fauna Management Plan that addressed the management and monitoring of fauna. An
objective of the fauna monitoring program is to demonstrate that the effects of vegetation clearing, noise,
vibration, light overspill and vehicle movement on the fauna, in particular on fauna of conservation significance
[Egernia stokesii badia (Western Spiny-tailed Skink), Falco peregrinus (Peregrine Falcon), Lophochroa
leadbeateri (Major Mitchell’s Cockatoo), Merops ornatus (Rainbow Bee-eater) and the Malleefowl (Leipoa
ocellata)] are minimised. To partially satisfy this monitoring requirement, Terrestrial Ecosystems was
commissioned by Mount Gibson Mining Limited (MGM) and Extension Hill Pty Ltd (EH) to undertake the
second vertebrate fauna survey of the monitoring program.
A 14 night terrestrial vertebrate trapping program was undertaken in December 2011 in each of the three major
fauna habitat types (i.e. sand plain; eucalypt woodland; and iron stone ridges) around the mine. Five new impact
survey sites were installed on the sand plain as the original sites have or will be lost with the construction of mine
infrastructure.
There was no obvious or significant change in the vertebrate fauna assemblage recorded in the eucalypt woodland
or sand plain sites. Similarly, there was no obvious or detectable change in the vertebrate fauna assemblage on the
impact ridge, except that Woolley’s Pseudantechinus is now present on the control ridge. However, it is difficult
to detect any changes in vertebrate fauna on the impact ridge due to the small number of individuals that were
trapped. It is likely that vertebrate fauna species and abundance on the control and impact ridges are lower than
that on the sand plain and in the eucalypt woodland but higher than the trapping data indicate. The trapped fauna
assemblages did not significantly differ between 2008 and 2011given anticipated seasonal and year-to-year
variations. Rehabilitation and Degradation Index (RDI) scores for the sand plain and eucalypt woodland were
similar to those calculated in 2008. The RDI score for the iron stone ridge was similar to 2008, but it is less
reliable than those calculated for the other two habitats because of the low number of individuals caught.
The following recommendations are made for future monitoring surveys:
•
•
•
•
•
•

The terrestrial fauna survey protocols utilized for the sand plain and the eucalypt woodland should be
used for future surveys in these habitat types;
Future surveys should be undertaken in late spring (e.g. October or November);
Traps should cleared before and as close as possible to when the surface soil temperature reaches a
temperature intolerable to most reptiles. This will mean that the start time will be adjusted daily
according to ambient conditions and how long it takes to clear all traps;
Lids on all traps are checked at least annually at the end of winter;
Lids on all pit-traps that are showing signs of rust or UV deterioration are replaced after the next survey;
and
Pit traps and funnel traps are installed and used on future surveys on the banded iron stone ridge control
and impact sites. These traps should be set up in the similar format to those on the sand plain and
eucalypt sites.
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1

INTRODUCTION

1.1

Background

The Mount Gibson Iron Ore Mine and Infrastructure project was approved by the Minister for the Environment on
24 October 2007 (Ministerial Statement 753). Condition 12 of the Ministerial Statement required a Mine Site
Fauna Management Plan be prepared prior to the commencement of ground disturbing activities that addressed the
management and monitoring of fauna. An objective of the fauna monitoring program is to demonstrate that the
effects of vegetation clearing, noise, vibration, light overspill and vehicle movement on the fauna, in particular on
fauna of conservation significance [Egernia stokesii badia (Western Spiny-tailed Skink), Falco peregrinus
(Peregrine Falcon), Cacatua leadbeateri (Major Mitchell’s Cockatoo), Merops ornatus (Rainbow Bee-eater) and
the Malleefowl (Leipoa ocellata)] are minimised.
To partially satisfy this monitoring requirement, Terrestrial Ecosystems was commissioned by Mount Gibson
Mining Limited (MGM) and Extension Hill Pty Ltd (EH) to undertake the second vertebrate fauna survey in the
monitoring program. The first survey was undertaken in January 2008 (Coffey Environments 2008). Terrestrial
Ecosystems staff were responsible for the design, set up and implementing the first monitoring survey.
There are three broad fauna habitats within and adjacent to the Mount Gibson Iron Ore Mine and Infrastructure
project that are being impacted; sand plain, eucalypt woodland and a banded iron formation (BIF). Five vertebrate
fauna survey ‘control’ and ‘impact’ sites were installed in the sand plain and eucalypt woodlands. Due to access
restrictions on the BIF, 20 flywire drift fences supporting six pair of funnel traps were installed on Extension Hill
South (impact site) and Iron Hill (control site). Details of the survey design are provided in the methods section.
Since the planning and implementation of the first survey in 2008, Mount Gibson Mining Limited has commenced
mining. This required the construction of supporting infrastructure and re-routing the Great Northern Highway
around the infrastructure. During this process one of the previously installed sand plain impact fauna survey sites
has been removed and there are plans to remove the other four sand plain fauna survey impact sites in the near
future. Therefore, five new sites had to be installed before a second survey could proceed.
The previous report (Coffey Environments 2008) explained the rationale for and provided a description of the
terrestrial vertebrate fauna survey protocols. A summary of this information is provided below. This report is the
first assessment to measure impacts of the mines operations on the terrestrial vertebrate fauna.

1.2

Site description

The Mount Gibson Iron Ore Mine and Infrastructure project site is located within the Mt Gibson Ranges,
approximately 350km north-east of Perth (Figure 1). The Mount Gibson Range has a diverse vegetation
community comprising of six woodlands, four mallee communities, 12 thicket communities and two heath
communities (Bennett Environmental Consulting 2000). The peaks of the Mount Gibson Range have different
vegetation communities, with Acacia species, Melaleuca species and Allocasuarina acutivalvis being the
dominant taxa. The woodland plain typically consists of Eucalyptus loxophleba or mallees of E. brachycorys and
E. hypochlamydea, which are often associated with Callitris glaucophylla and Eucalyptus loxophleba. On the
edge of the Great Northern Highway there is an extensive area of sand plain which exhibits a varied flora (Bennett
Environmental Consulting 2000).
From a fauna perspective, the mining impact area can be divided into three broad habitat types;
• the flat sand plains,
• the flat eucalypt woodlands, and
• banded iron stone ridges.
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1.3

Potential impacts

Potential environmental impacts on fauna at or in the vicinity of the mine include a loss of habitat due to
vegetation clearing, habitat fragmentation, altered fire regimes, dust, noise, vibration, feral species, uncapped drill
holes, mining voids, road deaths and edge effects. Each of these was discussed in the initial baseline survey report
(Coffey Environments 2008) and this information is not repeated here.

1.4

Fauna monitoring strategy

It was resolved in an earlier report to use the Rehabilitation and Degradation Index (RDI) to measure differences
in the fauna assemblage between impact and control sites, as this index examines guilds of species (e.g. nocturnal,
widely-foraging predators, fossorial) susceptible to these impacts. The RDI measures the extent to which the
reptile assemblage in a disturbed site resembles that in a control site. It utilises a combination of diversity,
assemblage composition and ecological parameters. Each of these parameters is further sub-divided and an overall
weighted score out of 100 can be calculated for a disturbed site. This score indicates the similarity between the
impact and the control sites. The unachievable RDI score of 100 indicates no difference between impact and
control sites, while a RDI score of less than 10 indicates that only a few of the early colonising species are present
in the impact site. The attributes of various RDI scores are provided in Table 1. A detailed description of the RDI
and how it is calculated is contained in an article in Appendix A.
Table 1. Attributes of various Rehabilitation and Degradation Index scores
Attribute

RDI Score

Comparable to the best situation without human impact, regionally expected species for habitat
type, species present with a full array of age(size) classes, balanced ecological structure, self
sustaining functional ecosystem

86-100

Species richness approaching expected levels, not all late succession species present, some species
present with less than optimal abundances or size distribution, ecological structure incomplete

61-85

Species richness below that in the undisturbed area, some groups not well represented, some
specialists not present

41-60

Lack of specialists, fewer species than in undisturbed area, skewed ecological structure and relative
abundances

21-40

Few vertebrates present, only early colonisers present, lack of community structure

11-20

Only opportunistic early colonisers present, no community structure

0-10

No reptiles present

0

The trappable terrestrial vertebrate fauna assemblage is likely to vary both spatially and temporally (Thompson et
al. 2003a, Cowan and How 2004, Thompson and Thompson 2005, Thompson and Thompson 2008), so any
survey protocol must accommodate these changes. It is therefore necessary that control and impact sites are
surveyed simultaneously to minimise temporal variations, and multiple sites are surveyed within each habitat type
to accommodate spatial variability in fauna assemblages.
Published data (Thompson and Thompson 2005, Thompson and Thompson 2008) suggest that spring and summer
are the optimum times for vertebrate fauna surveys in the Goldfields of Western Australia. As there are no
published information about the best time to survey in the Mid-west or Murchison, it is assumed that given similar
climatic conditions, the vertebrate fauna assemblages would act similarly and spring and summer would be the
optimum survey periods.
A Before After Control Impact (BACI) design is necessary to monitor disturbance effects over time as temporal
variations and spatial variability in the fauna assemblages are significant (Cowan and How 2004, Thompson and
Thompson 2005). The survey protocol used here was intended to provide further baseline fauna assemblage data
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for long term monitoring purposes, as current impacts are unlikely to have affected the ‘impact’ sites, and new
‘impact’ sites were installed in the sand plain habitat.
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2

METHODS

A 14 night terrestrial vertebrate trapping program was undertaken in each of the major habitats (i.e. sand plain;
eucalypt woodland; and iron stone ridges) around the mine.

1.5

Site selection

Survey sites representing ‘impact areas’ were selected adjacent to the intended mining and infrastructure areas
(Figure 2; Appendix A). Every effort was made to select control sites that approximated the habitat in the impact
sites; however, it was impossible to find a perfect replica control site for each impact site. Therefore, it was
anticipated that there would be some differences in the fauna assemblages between control and impact sites.
In the sand plain and eucalypt woodland habitats, five impact and five control sites were selected. Sites were far
enough apart to minimise the potential for most individuals moving among sites. Data from these five sites has
been combined in calculating RDI scores.
Traps in the impact and control sites on the banded iron stone ridges were laid out differently to those in the sand
plain and eucalypt woodland due to the presence of declared rare flora (DRF; Darwinia masonii and
Lepidosperma gibsonii) and the hardness of the terrain. Fauna habitat varied depending on the location on the
slope or ridge tops. It was therefore decided that these trap lines would run perpendicular to an existing track that
ran along the ridge immediately adjacent to the mining area (Figure 2) and in a similar manner on an adjacent
ridge (i.e. control sites). The control ridge habitat varied appreciably (e.g. different density and composition of
plant species) from the impact habitat, but it was the best available. Trap lines were approximately 30-50m apart
in areas selected to minimise impacting on the vegetation and in particular, D. masonii and L. gibsonii.

1.6

Trap design and layout

Each site on the eucalypt woodland and sand plain contained four trap lines. Each trap line contained three 20L
PVC buckets, three 150mm by 500mm deep PVC pipes as pit-traps and three pair of funnel traps evenly spaced
along a 30m fly-wire drift fence (300mm high; Diagram 1). In addition, three aluminium box traps were set
adjacent to each drift fence. Aluminium box traps were baited with a mixture of sardines, rolled oats and peanut
butter (i.e. universal bait).
Diagram 1. Trap layout at each site on the sand plain and eucalypt woodland

At the time of developing the survey protocol, it was not possible to dig in pit-traps on the banded iron stone
ridges due to the potential impact on D. masonii and L. gibsonii, so six pairs of funnel traps (Plate 1) were evenly
spaced along each trap line to increase the number of vertebrates caught. Three baited aluminium box traps were
placed adjacent to each trap line.
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Plate 1. A drift fence on the hill slope showing a series of paired funnel traps located either side of a fly-wire
drift fence

Most animals were marked with a permanent dark coloured marking pen. For lizards, this was normally on the
abdomen, and for mammals it was along the tail. Marked recaptured animals were recorded. However, as large
snakes were not handled, they were not marked. The mark comes off or rapidly fades on the abdomen of shiny
skinned skinks and possibly on the fur of small mammals. The number of recaptures during the 2008 survey was
low with the consequence a decision was made before the analysis in 2008 to include recaptures within the dataset
for all analyses. Recaptures have again be included in the data analysis.

1.7

Animal ethics

Environmental consultants in WA are currently not required to obtain approval from an established animal ethics
committee to undertake terrestrial vertebrate fauna surveys. Nevertheless, the fauna surveying procedures and
protocols utilised during this terrestrial vertebrate trapping survey have been approved by the Edith Cowan
University
Animal
Ethics
Committee
(see
http://www.ecu.edu.au/GPPS/ethics/assets/General_
Terrestrial_Fauna_Surveys_Protocol.pdf).
To minimise deaths due to heat stress all funnel traps had a shade cover (Plate 1), and all buckets contained one or
two pieces of polystyrene. Aluminium box traps were placed underneath vegetation. The shade covers,
polystyrene and the location of aluminium box traps were used to provide protection from solar radiation. All
traps were cleared twice daily, once starting at about 5:00am and the second clearing of traps commenced about
1:00pm. Traps were not cleared on the impact ridge on one occasion as the area was closed because of a planned
blast in the mining area. No animals die in traps as a consequence of this decision. As the funnel traps on the
ridges were the most exposed to ambient temperature and radiated heat from the substrate, these were generally
cleared first.
To minimise deaths due to bites and stings, ant powder was placed around and in pit, funnel and aluminium box
traps where ants were an obvious problem.
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1.8

Survey timing

All sites, except the sand plain impact sites were dug in during January 2008. The five new sand plain impact sites
were dug in between 1-4 December 2011. These five sites replaced the sand plain impact sites that had been
surveyed during 2008, as those sites had either been destroyed or would be destroyed with the development of
infrastructure. The survey was undertaken between December 6 and 20, 2011, providing 14 trapping nights of data
for all sites.

1.9

Survey and reporting staff

The field survey was coordinated by Dr Graham Thompson with assistance from Dr Scott Thompson, Ed
Swinhoe, Clae Hickling, Michael Pusey and Travis Murray. Jessica Sackmann and other mine staff assisted with
clearing traps. The survey was undertaken under a Wildlife Conservation Act (1950) Regulation 17 licence
number SF8297.

1.10 Data analysis
Trapped fauna assemblage can be measured in numerous ways (Hayek and Buzas 1997, Magurran 2004). The
four most common attributes are species richness, evenness, diversity and relative abundance. These tools are also
useful in quantifying the similarity between impact and control sites. However, these tools are interrelated and
there are a diverse number of analytical methods available to quantify these metrics and similarity among the
trapped assemblages.
1.10.1

Species richness and relative abundance

The actual number of species caught at each site is one measure of species richness and is directly related to the
trapping effort and number of individuals caught. Asymptotes from species accumulation curves can also be used
to estimate species richness.
1.10.2

Species accumulation curves

Species accumulation curves, or collectors’ curves, plot the cumulative number of species discovered in a defined
sampling area with increasing levels of survey effort (Thompson et al. 2007a). Species accumulation curves
provide a measure of species inventory efficacy and completeness, and can be used to compare surveys based
upon standardized sampling protocols (Moreno and Halffter 2000). Soberón and Llorente (1993) suggested that
species accumulation curves lend rigour to fauna inventories, particularly in poorly collected areas.
To demonstrate the adequacy of the survey effort, species accumulation curves were prepared using a custom
written randomising program (Thompson and Thompson 2007b), so that the catch was randomised across the
number of trapping days (i.e. 14). Ten thousand iterations were used to average the curves. A non-linear
regression curve was then calculated using the Beta-P model (Thompson et al. 2003b) in NLREG software
(Sherrod 2001) for each habitat type and the overall trapping survey results. Species accumulation curves were
plotted with the ordinate axis as species richness and on the abscissa the number of individuals caught. Species
accumulation curves were calculated for the combined sites for control and impact areas for the three habitat
types. Species accumulation curves were also used to estimate species richness based on 500 and 1000 captures
for each habitat type.
1.10.3

Evenness

The evenness method described by Smith and Wilson (1996), and supported by Magurran (2004), was calculated
(Evar) for each of the trapped assemblages using Species, Diversity and Richness software (Pisces Conservation
Ltd 2010).
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1.10.4

Diversity

Log series diversity (Fisher’s alpha) was used to measure diversity because of its good discriminating ability and
low sensitivity to sample size (Kempton 1979, Magurran 1988, Hayek and Buzas 1997). Log series diversity was
calculated using Species, Diversity and Richness software (Pisces Conservation Ltd 2010).
1.10.5

Similarity and complementarity

The Morisita-Horn index was used to compare similarity between combinations of sites in the Mount Gibson Iron
Ore Mine and Infrastructure project area. The quantitative Morisita-Horn similarity index was selected because it
is not strongly influenced by either species richness or sample size (Wolda 1981) and it was recommended by
Magurran (2004); however, it is heavily influenced by the abundance of the most abundant species. Magurran
(2004) also suggested the use of Marczewski-Steinhaus (MS) distance scores as a measure of complementarity.
Marczewski-Steinhaus scores range between 0 - 5, with the lowest value indicating the higher similarity.
1.10.6

Rehabilitation and Degradation Index

The Rehabilitation and Degradation Index (RDI; Thompson et al. 2007b) was used to assess the difference in the
fauna between the control and impact sites in areas adjacent to mining activity, utilising the reptile assemblage as
an indicator of the total faunal assemblage. The method of calculating for RDI scores is as outlined in Thompson
et al. (2007b; Appendix A). This RDI is a quantitative measure of the extent to which the reptile assemblage in an
impact site resembles that in a control site. It utilises a combination of diversity, assemblage composition and
ecological parameters including trophic level, habitat preference, predatory strategy, activity period and dietary
requirements for each reptile species. Each of these parameters is sub-divided and an overall weighted score out of
100 is calculated for the impact site.
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2

RESULTS

Where the results from the 2008 survey will be used for comparative purposes in the discussion, they are also
presented in the results section, as this avoided repeating the table in the discussion.
2.1.1

Local environmental conditions during survey periods

Data from the Mount Gibson Iron Ore Mine and Infrastructure project weather station have been used to
describe daily weather during the December 2011 survey. The Paynes Find weather data were used to describe
the daily weather during the 2008 survey period. Dates shaded in grey in Table 2 show the days when traps were
open.
Table 2. Daily weather data for survey periods in 2008 and 2011

Date

2008
Min. Ta (oC)

20/1/2008
21/1/2008
22/1/2008
23/1/2008
24/1/2008
25/1/2008
26/1/2008
27/1/2008
28/1/2008
29/1/2008
30/1/2008
31/1/2008
1/2/2008
2/2/2008
3/2/2008
4/2/2008
5/2/2008
6/2/2008
Averages

23.3
22.4
22.6
19.2
22.1
23.2
22.8
24.7
23.7
22.1
21.6
21.4
23.5
27.4
20.7
25.7
21.0
21.4
22.7

2011
Max Ta.
(oC)
36.8
36.5
36.6
38.5
41.0
39.5
41.3
42.0
40.7
38.6
36.9
37.8
40.8
40.0
38.1
37.7
31.7
32.0
38.1

Rainfall
(mm)

5.8
0.2
2.8
3.2

Date
3/12/2011
4/12/2011
5/12/2011
6/12/2011
7/12/2011
8/12/2011
9/12/2011
10/12/2011
11/12/2011
12/12/2011
13/12/2011
14/12/2011
15/12/2011
16/12/2011
17/12/2011
18/12/2011
19/12/2011
20/12/2011

Min. Ta
(oC)
20.1
24.0
19.7
18.1
15.5
15.8
17.1
18.6
19.0
18.0
19.0
15.5
19.8
17.6
18.8
15.9
13.6
14.8
17.8

Max Ta.
(oC)
34.3
35.3
34.9
32.7
29.9
29.1
28.9
30.3
29.4
34.3
30.0
30.0
29.2
30.6
35.8
34.0
32.8
36.3
32.1

Rainfall
(mm)
1.2
9.4

4.8
0.6

Average minimum and maximum temperatures for December and January at Paynes Find are 18.3oC, 34.9oC,
20.9oC and 37.4oC respectively (http://www.bom.gov.au/climate/averages/tables/cw_007139.shtml). Mean
rainfall in Paynes Find in December and January is 12.1mm and 18.3mm, respectively
(http://www.bom.gov.au/climate/averages/tables/cw_007139.shtml).
Ambient temperatures in December 2011 (Table 2) were generally below the mean maximum for December and
ambient temperatures in January in 2008 were generally above the January average. Warmer conditions during
the December 2011 survey would have increased the number of reptiles caught (Thompson and Thompson
2005). Local flooding was evident from two rain episodes in 2008, with the consequence that many of the
bucket pit-traps in the eucalypt woodland had to be bailed out on at least two occasions. Rain during the 2011
survey only contributed small quantities of water to the bottoms of some pit-traps in the eucalypt woodland. The
impact of these weather variations is addressed in the discussion.
2.1.2

Fauna assemblage structure

Reptiles and mammals caught in traps during the survey are shown in Table 3. Most terrestrial vertebrates were
caught in the eucalypt woodland sites, followed by the sites in the sand plain. Only a few hatchlings were caught
and most appeared to have recently hatched. It was noted in the 2008 survey report that there was an abundance
of hatchlings in that dataset.
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2.1.3

Fauna assemblage by trap type

Table 4 shows the number of individuals caught in each trap type. Pipe pit-traps caught the most mammals,
followed by bucket pit-traps and aluminium box traps. Funnels caught more lizards in 2011, whereas bucket pittraps caught more lizards in 2008, followed by funnels and pipe pit-traps. For snakes, funnels caught the most,
followed by bucket and pipes in both 2008 and 2011.
2.1.4

Species accumulation curves

Species accumulation curves for control and impact sites for each habitat type are presented in Graph 1. The
number of species likely to be caught after 500 and 1000 individuals were caught and based on the asymptote
for control and impact sites are shown in Table 5.
Gr aph 1. Species accumulation cur ves for contr ol and impact sites for each of the habitat sites sur veyed

A: Eucalypt woodland control

B: Eucalypt woodland impact

C: Sand plain control

D: Sand plain impact

E: Ridge control

F: Ridge impact
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Table 3. Number of individuals caught by species by habitat type in 2008 and 2011

3
1
1
1

2

12
2
5

18
3
3

Sand
Control

7

Ridge
Impact

1
1
8
53
6
9
1

Ridge
Control

24
60
4

Total

6
9

2
11
43
4

1

26
2

1
2
9

12
17
112
8

11
1
46
7

Sand
Impact

0
0

Euc Impact

Ridge
Impact

Ridge
Control
0
0

Euc
Control

Boidae
Elapidae

Caimanops amphiboluroides
Ctenophorus cristatus
Ctenophorus reticulatus
Ctenophorus scutulatus
Moloch horridus
Pogona minor
Antaresia stimsoni
Brachyurophis fasciolata
Brachyurophis semifasciata
Demansia psammophis
Furina ornata
Parasuta monachus
Pseudechis australis
Pseudonaja mengdeni
Pseudonaja modesta

5
19
5

16

1
1
5
70
3
3

1
11
21
3

11

Total

Reptiles
Agamidae

2
10
1

19

25

1
1
27
2
3

1
2
8

2
18

Sand
Impact

Muridae

Antechinomys laniger
Pseudantechinus woolleyae
Sminthopsis crassicaudata
Sminthopsis dolichura
Sminthopsis gilberti
Mus musculus
Notomys alexis
Notomys mitchellii
Pseudomys hermannsburgensis
Number of individuals
Number of species

2011
Sand
Control

Mammals
Dasuridae

Species

Euc Impact

Family

2008
Euc
Control

Years

34

16

13
2
87

1

13

14
2

8
3
58
4

15
1
11
1
44
5

56
1
21
39
219
7

4
4

18
5
5
1
1
7

13

1

0
0

7
1
3

1
1

1
2

1
2
1

3

2

1

2

1
1
1

1

1
1
2
1
2

1

6
2
1
8
3
2
4

2

3

1

1
1

1

1
1
5
1

2
2
5
1
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Scincidae

1
6
5

1

2

2

2

3
6
2
21

13
6

27
4

19
3

4

12

2

5

4

74
1

17
8

12
28
4
1
1

43
12
2
49
56
66
8
3

15

4
12

6
28
4
2

1
22
7

12
15
8

8
17

1
2
1

2
4
2

4
5

1
12
6

11
4

51

104
5

1
13
13
14
47
7

3
7
10
5
2
26
19

1
5
2
1
2
1

1

2

132

8
40
1

2
2
5
22
2

2
3
13
43
10

5

5

4
1
2
2
3

Total

Sand
Impact

6

4
1
2
30
20
1
227
23

1
2

8

1
7

1
2
21
32

Sand
Control

93
12

1

2
1
5
5
20
9
5
5

Ridge
Impact

43

1
1

11

1
1
20
14
30
6
8
5

Ridge
Control

1

3
9
4

7
2
38
53
134
78
11
17
1
12
31

Total

1
1
1
13
15

12
6
10

Sand
Impact

1
9

3
6
8
23

Sand
Control

11
19

8
12
42

Ridge
Impact

2
1
4
11
40
9

Ridge
Control

5
1
16
13
60
4
10
5

Euc Impact

Pygopodidae

Simoselaps bertholdi
Suta fasciata
Diplodactylus granariensis
Diplodactylus pulcher
Gehyra variegata
Heteronotia binoei
Lucasium maini
Lucasium squarrosum
Underwoodisaurus milii
Oedura reticulata
Rhynchoedura ornata
Strophurus strophurus
Delma australis
Delma bulteri
Lialis burtonis
Pygopus nigriceps
Cryptoblepharus buchananii
Ctenotus pantherinus
Ctenotus schomburgkii
Ctenotus severus
Ctenotus uber
Egernia depressa
Eremiascincus richardsonii
Lerista gerrardii
Lerista kingi
Liopholis inornata
Menetia greyii
Morethia butleri
Tiliqua occipitalis

2011
Euc
Control

Gekkonidae

Species

Euc
Control

Family

2008
Euc Impact

Years

3
2
47
53
101
54
14
12
3
1
23
2
11
1
26
10
9
332
8
1
10
24
30
39
69
88
26
10
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Varanidae

Total

2

1
9
1
1
3
314
34
335

2
5

1
14

280
27
299

1
91
15
91

2
84
17
84

190
21
216

6
1
129
22
175

Total

Sand
Impact

Sand
Control

Ridge
Impact

Ridge
Control

Euc Impact

1

Euc
Control

1

Total

Sand
Impact

1

2011
Sand
Control

Ramphotyphlops australis
Ramphotyphlops bituberculatus
Ramphotyphlops waitii
Varanus caudolineatus
Varanus gouldii
Varanus panoptes
Varanus tristis
Number of individuals
Number of species

Ridge
Impact

Typhlopidae

Ridge
Control

Species

Euc Impact

Family

2008
Euc
Control

Years

5
4
14
21
2
6
1088
47
1200

8

1
3
3

6
289
26
332

1
3
271
28
331

2
68
13
82

1
52
13
52

6
1

3

240
23
298

174
19
218

1
3
11
9
2
12
1094
44
1313
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Table 4. Number of individuals caught by species by trap type in 2008 and 2011
Years
Family
Mammals
Dasyuridae

Muridae

Amphibians
Myobatrachidae

Lizards
Agamidae

Gekkonidae

Species
Antechinomys laniger
Sminthopsis crassicaudata
Sminthopsis dolichura
Sminthopsis gilberti
Pseudantechinus woolleyae
Mus musculus
Notomys alexis
Notomys mitchelli
Pseudomys hermannsburgensis
Subtotal
Neobatrachus wilsmorei
Neobatrachus sp.
Subtotal
Caimanops amphiboluroides
Ctenophorus cristatus
Ctenophorus reticulatus
Ctenophorus scutulatus
Moloch horridus
Pogona minor
Diplodactylus granariensis
Diplodactylus pulcher
Gehyra variegata
Heteronotia binoei
Luciaium mainii
Lucasium squarrosum
Underwoodisaursis milii
Oedura reticulata

2008
Bucket

2
21
1

Pipe

Funnel

2011
Box
trap

1
3
49
2
1
3
1

5
29

8
67

1

1
12
13

25
25

3
3

4
26
2
6
19
28
65
9
10
13

3
15
2
1
7
9
21
2
1
3

6

5

1
1
1
12
2
2
12
16
48
67
1
1
1

Total

Pipe

Funnel

2
9

76

2

1

13
6

1
4

19

10

1
5
70
3
1
3

22

11
4
15

12
17
112

2
18
53

27
1
19
20
143

0

1
40
41

5
4
2
21
34
16
5
9
6

3
1
1
8
12
2
2
4
5

1
1
8
53
6
9
38
53
134
78
11
17
1
12

Box
trap

Bucket

1

2
18
7
83
47
1
1
3

Total

2
87
13
56
1
21
39
219

18
5
5
47
53
101
54
14
12
3
1

14

Years
Family

Pygopodidae

Scinidae

Varanidae

Snakes
Boidae
Typhlopidae

Elapidae

Species
Rhynochoedura ornata
Strophurus strophurus
Delma australis
Delma bulteri
Lialis burtonis
Pygopus nigriceps
Cryptoblepharus buchananii
Ctenotus pantherinus
Ctenotus schomburgkii
Ctenotus severus
Ctenotus uber
Egernia depressa
Liopholis inornata
Eremiascincus richardsonii
Lerista gerrardii
Lerista kingi
Menentia greyii
Morethia butleri
Tiliqua occipitalis
Varanus caudolineatus
Varanus gouldii
Varanus panoptes
Varanus tristis
Subtotal
Antaresia stimsoni
Ramphotyphlops australis
Ramphotyphlopsbitubercculatus
Ramphotyphlops waitii
Brachyurophis fasciolata
Brachyurophis semifasciata

2008
Bucket

Pipe

Funnel

15

14
2

1
1
7
8

2
9

115
5

44
5

8
25
3

4
28
6
2
7
6

26
41
6
8
4

1
6

461

3
208

4
1
2
4

2011
Box
trap

Box
trap

Total

Bucket

Pipe

Funnel

2

31

5

2

4
1
2
30
20
1
227
23

16
1
7

2
1
2

23
2
11
1

3
3
3
122

3
3
1
69
2

20
4
5
141
6
1
9
8
7
7
6
18
14
5
1
4

26
10
9
332
8
1
10
69
24
30
39
88
26
10
11
9
2
12
1066

1
21
3
1
67
13

1

31
3
3
16
19
2
2
5
8
2
3
369
1
1

1
3

5

43
56
12
2
49
66
8
3
14
21
2
6
1043

1
31
12
16
25
60
12
1
6

3
421

2
1

30
5
7
8
10
1
4
4
2
5
196

2

1
5
1
4

1
1

2

2

6

3

2

4
433

3
1

4

Total

1

1

1
2

1
3
1
7

15

Years
Family

Species
Demansia psammophis
Furina ornate
Parasuta monachus
Pseudechis australis
Pseudonaja mengdeni
Pseudonaja modesta
Simoselaps bertholdi
Suta fasciata
Subtotal

Total

2008
Bucket

Pipe

4

4
1
19
522

1
1
301

Funnel

2011
Box
trap

Total

2
1
4
3
2

2
1
8
3
2

2
1
25
398

7
2
45
1241

0
20

Bucket

Pipe

1

1
6
480

5
344

Funnel

2
1
4
1
3
1
16
453

Box
trap

1

1
24

Total

2
2
5
1
3
2
28
1313
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2.1.5

Asymptote

# species at
500
individuals

# species at
1000
individuals

#species

Asymptote

# species at
500
individuals

# species at
1000
individuals

Eucalypt woodland control
Eucalypt woodland impact
Sand plain control
Sand plain impact
Ridge control
Ridge impact

#species

Table 5. Asymptotes for species accumulation cur ves and estimates of species r ichness for the combined
data for contr ol and impact sites for each of the habitat types
2008
2011

37
32
23
29
15
17

8274
39.8
128.2
9529
28.3
31.5

40.6
34.5
28.7
39.9
25.1
28.4

47.1
36.7
33.4
47.6
27.3
30.6

30
32
27
24
15
13

45.6
34.9
42.7
47.7
54568
22.7

31.4
33.3
30.2
27.7
41.5
20.6

33.8
34.4
33.7
30.6
61.3
21.6

Diversity, similarity and evenness

Morisita-Horn similarity scores are shown for control and impact sites in Table 6.

2008
Eucalypt Woodland Control
Ridge Control
Sand Plain Control
Eucalypt Woodland Impact
Ridge Impact
2011
Eucalypt Woodland Control
Ridge Control
Sand Plain Control
Eucalypt Woodland Impact
Ridge Impact

Sand
Plain
Impact

Ridge
Impact

Eucalypt
Woodland
Impact

Sand
Plain
Control

Ridge
Control

Table 6. Morisita-Horn similarity scores for the combined control and impact sites for each of the three
habitat types

0.23

0.54
0.06

0.77
0.23
0.84

0.39
0.84
0.09
0.31

0.45
0.11
0.71
0.49
0.17

0.21

0.58
0.04

0.80
0.15
0.87

0.46
0.70
0.26
0.38

0.59
0.02
0.72
0.64
0.20

The Marczewski-Steinhaus distance scores were 0.27, 0.31 and 0.4 for the eucalypt woodland, sand plain and
ridge sites, respectively.
As expected fauna assemblages between control and impact sites for the sand plain and eucalypt woodland were
reasonably similar, and more so than those on the ridges. Unexpectedly, the sand plain control site was similar
to the eucalypt woodland impact site, indicating more species than were expected were common to these two
sites. This was the same as in 2008.
Fisher’s alpha diversity scores, recorded species richness and evenness scores for each of the sand plain and
eucalypt woodland sites are shown in Table 7. It is apparent that species richness, diversity and evenness varied
appreciably among sites. Small sample sizes are likely to have influenced these results, which is probably why
there is an appreciable variation between 2008 and 2011 scores for sites.
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Table 7. Fisher ’s alpha, r ecor ded species r ichness and evenness scor es for each of the sites on the sand
plain and eucalypt woodland
2008
2011
Fisher's
Species
Fisher's
Species
Habitat
Site
Evenness
Evenness
Alpha
Richness
Alpha
Richness
Eucalypt Woodland
1
12.41
0.97
21
7.49
0.92
15
2
9.60
0.97
21
7.57
0.97
17
3
8.63
0.96
20
7.73
0.94
20
4
7.97
0.90
20
10.28
0.96
19
5
10.80
0.96
20
7.84
0.93
18
6
4.30
0.81
13
6.70
0.87
17
7
7.21
0.75
17
7.08
0.75
18
8
11.69
0.96
20
9.26
0.96
20
9
14.15
0.94
20
8.03
0.97
15
10
10.79
0.96
19
7.58
0.94
16
Sand Plain
1
6.17
0.95
12
7.49
0.80
15
2
8.72
0.95
13
7.57
0.68
17
3
8.16
0.96
13
7.73
0.88
16
4
9.95
0.95
17
10.28
0.87
12
5
7.13
0.95
13
7.84
0.90
10
6
3.73
0.90
9
6.70
0.96
9
7
10.09
0.95
18
7.08
0.96
14
8
10.22
0.94
14
9.26
0.90
17
9
5.63
0.87
13
8.03
0.92
16
10
6.97
0.78
15
7.58
0.94
14

2.1.6

RDI scores

A summary of the calculations for the RDI scores and the final scores are shown in Table 8 along with the same
data for the 2008 survey.
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240
23

Sand Plain Impact

68
13

Ridge Impact

289
26

Eucalypt
Woodland Impact

26.82
32.93
19.43
79.18

190
21

Sand Plain
Control

27.55
33.26
21.49
82.30

91
15

Ridge Control

Sand Plain Impact

100

27.87
34.18
21.50
83.54

314
34

Eucalypt Control

Ridge Impact

129
22
22.09
21.20
17.63
22.91
83.82
76.58
77.71

Sand Plain
Control

84
17
20.48
21.56
21.05
23.00
86.09
77.35
85.98

Ridge Control

Abundance
Recorded Species Richness
Log series diversity
Evenness
Similarity
SR
Diversity parameter
Assemblage composition parameter
Ecological parameter
Weighted scores
Diversity parameter
Assemblage composition parameter
Ecological parameter
Overall score for each site

Eucalypt Control

25
25
25
25
100
100
100

280
27
21.64
23.63
19.23
22.59
87.09
79.48
85.99

Maximum
weighted score

Eucalypt
Woodland Impact

Table 8. Summar y of RDI scor es for the thr ee habitat types for 2008 and 2011
All data 2008
All data 2011
Undisturbed site captures
Impact site captures
Undisturbed site captures
Impact site captures

271
28
20.29
20.45
20.00
23.78
84.52
81.99
89.07

52
13
22.21
19.95
17.50
23.32
82.98
66.65
80.43

174
19
24.70
17.06
17.75
23.77
83.29
81.60
70.83

27.05
35.25
22.27
84.57

26.55
28.66
20.11
75.32

26.65
35.09
17.71
79.45
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2.2

Notable observations

2.1.1 Major Mitchell’s Cockatoo (Lophochroa leadbeateri)
Major Mitchell’s Cockatoo were seen on five occasions during the fauna survey. Dates and locations are shown
in Table 9.
Table 9. The location of Major Mitchell’s Cockatoo sightings
Date
9/12/2011
13/12/2011
15/12/2011
16/12/2011
16/4/2011

Latitude
-29.58038
-29.59505
-29.571393
-29.60286
-29.5914

Longitude
117.16014
117.2047
117.191455
117.16868
117.2031

Number
8
2
2
2
2

2.1.2 Perentie (Varanus giganteus)
A perentie was seen on two occasions during the fauna survey. Dates and locations for these observations are
shown in Table 10.
Table 10. The locations of Perentie sightings
Date
4/12/2011
10/12/2011

Latitude
-29.61034
-29.55796

Longitude
117.16845
117.18123

Number
1
1

2.1.3 Malleefowl (Leipoa ocellata)
A single Malleefowl was seen on the edge of one of the tracks while driving to a survey site one afternoon. The
date and location of this observation is shown in Table 11.
Table 11. The location of a Malleefowl sighting
Date
12/12/2011

Latitude
-29.5815

Longitude
117.1599

Number
1

2.1.4 Unknown mammal burrow
An unknown mammal dug a burrow at the end of the second trap line on E2 during one night. Fresh foot prints
were observed on the soil excavated from the burrow. The entrance to the burrow was closed the next night.
When it was evident that the burrow was not being used for a couple of nights, it was excavated. The burrow
was about 1m long, about 30o to the horizontal and contained a chamber at the terminus that was lined with
fresh grass. Based on the size of the burrow entrance and the chamber, it was estimated the mammal’s mass was
about 300g.
2.1.5 Additional species recorded
A number of species that had not previously been recorded were trapped during this survey. A single Ctenotus
uber was caught on the control ridge site, a Strophurus strophurus was caught at a sand plain impact site, a
Brachyurophis fasciolata was caught at a sand plain control site, a Ramphotyphlops bituberculatus was caught
at a eucalypt woodlands impact site and a single Notomys alexis was caught at a sand plain impact site. The
project area is within the known geographic distribution for all these species, so none are considered a range
extension.
2.1.6 Woolley’s Pseudantechinus (Pseudantechinus woolleyae)
A single Woolley’s Pseudantechinus had been caught at a sand plain impact site in 2008. During the 2011
survey, 13 Woolley’s Pseudantechinus were caught on the control ridge. Some of these were recaptures.
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2.1.7 Feral animals
Cat tracks and scats were observed on the control ridge, eucalypt woodland and the sand plain sites during the
fauna survey.
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3
3.1

DISCUSSION
Adequacy of the data

Species accumulation curves for the sand plain and the eucalypt woodland sites (Graph 1 and Table 5) indicated
that there are sufficient data to provide an understanding of the fauna assemblages in these habitats and calculate
a robust RDI score. In all four habitat types additional sampling would have resulted in additional species being
caught. It should be noted that the sand plain impact site is new and therefore direct comparison with the one
surveyed in 2008 should be done with caution.
The number of individuals caught in the control and impact sites on the banded iron stone ridges (i.e. 82, and 52,
respectively) was inadequate to provide a reliable RDI score. This low species richness and abundance, and a
high proportion of singletons in the data set will result in the RDI score being heavily influenced by relatively
small variations in the number of species and individuals caught in the trapping program, which will inevitably
result in high sampling error. If the number of individuals caught on the ridges was higher, this would probably
have increased the number of species recorded and would provide a more robust RDI score.
The trapping effort along the ridges was restricted to the use of funnel and aluminium box traps due to an earlier
decision to minimise impacts of two species of declared rare flora and the hard terrain. Increasing the sample
size is problematic, as space for additional traps in the vegetated areas is limited. There are two possible options
to increase the number of individuals caught on banded iron stone ridges; a) increasing the trapping period at the
existing sites, or b) digging in pit-traps along the drift lines similar to those on the sand plain and eucalypt
woodland. Fauna deaths due to heat stress in hot weather can be high, as vertebrates caught in funnel traps can
be more exposed to higher ambient and radiated temperatures than those in pit-traps. Extending the trapping
period using the existing funnel traps will increase the number of deaths if the survey period is hot, which is
clearly undesirable. Using pit-traps is the recommended option.

3.2

Trapping protocols

Consistent with what was reported by Thompson and Thompson (2007a), funnel traps were useful in catching
many of the reptiles, particularly the medium and large snakes and widely-foraging skinks, but were of almost
no value in trapping mammals. Pipes as pit-traps caught most of the small mammals, consistent with that
reported by Thompson and Thompson (2007a), followed by buckets and aluminium box traps. Pseudantechinus
woolleyae was only caught in aluminium box traps, when the choice was box traps or funnel traps. However, if
pit-traps were installed on the ridges, then it is likely that many more of this species would have been caught.
Aluminium box traps contributed little to our knowledge of species on the sand plain and eucalypt woodland.

3.3

Fauna assemblages

The purpose of establishing impact and control survey sites was to enable changes in the fauna assemblage at
impact sites to be detected in the context of significant seasonal and year-to-year variations in the vertebrate
fauna assemblage. Given the current distance mining activity and infrastructure is from impact sites on the sand
plain and eucalypt woodland, impact and control sites should be considered as relatively undisturbed fauna
habitats. So, similarity scores between control and impact sites are likely to be as good as they get. Table 5
indicates the Morisita-Horn similarity scores of interest in making this assessment. Similarity scores higher than
0.7 are desirable, as this indicates the selected control sites are suitable for comparative purposes. Low
complementarity is an indication of a high level of similarity in the species present in control and impact sites.
The sand plain and eucalypt woodland sites selected as control sites have similarity scores greater than 0.7 and
complementarity scores lower than 0.3 suggesting that they will act as reasonable control sites. The ridge
similarity score is 0.71, which is reasonable but the complementarity score is 0.4 indicating a lack of similarity
in the species caught on the control and impact sites.

Two species were recorded in all control and impact habitats (i.e. D. granariensis, L. gerrardii), these species
are known as habitat generalists. In contrast, Pseudantechinus woolleyae was only caught on the control ridge,
U. milii was only caught on the ridges, T. occipitalis and M. horridus were only caught on the sand plain and V.
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caudolineatus, S. bertholdi and S. fasciata were only caught in the eucalypt woodland. These species are habitat
specialists.
The two most abundant mammals were S. dolichura and M. musculus, both of which were caught on the sand
plain and eucalypt sites. The most abundant reptiles caught were C. schomburgkii and G. variegata. No
amphibians were caught during this survey due to a lack of adequate rain to bring the burrowing species to the
surface.
It was interesting to note that Notomys mitchellii and N. alexis were sympatric; elsewhere this seldom occurs.

3.4

Rehabilitation and Degradation Index

The RDI scores for the three habitats at Mount Gibson were all relatively high (sand plain 79.45; eucalypt
woodland 84.57; banded iron stone ridge 75.32), indicating the control and impact sites for each habit type had
similar reptile assemblages. Interestingly, the scores for the sand plain and eucalypt sites for 2008 and 2011 are
almost identical (Table 8). However, the composition of the fauna assemblage on the new impact sites on the
sand plain has resulted in a higher assemblage composition parameter score but a compensatory lower
ecological parameter score. As discussed earlier, the relatively low number of individuals caught on the impact
and control ridges results in a high sampling error which translates into a less reliable RDI score. Or, when
expressed another way, if the same sites were surveyed again in the following weeks, the RDI score is likely to
be appreciably different when there is no change in the fauna assemblages.
The RDI scores presented for the eucalypt woodland and sand plain sites are considered to be robust enough to
act as baseline data for ongoing monitoring. If any of the impact or control sites were to change, then new
baseline data will be required for comparative monitoring purposes.

3.5
3.5.1

Timing of survey
Number of animals caught

The number of reptiles, and reptile species caught, is generally highest in the hottest months (December to
February; Thompson and Thompson 2005), followed by spring then autumn and then winter. However, trap
deaths due to hyperthermia are generally highest in the hottest months. Therefore, there is a trade-off between
trapping a large and representative sample of the vertebrate fauna and the number of trap deaths.
Daily maximum temperatures during the survey period were generally lower than the December average,
compared with the 2008 survey, when the daily maximum temperatures were generally higher than the January
average. Had the ambient temperature been hotter, then it was likely that more individuals would have been
caught, and possibly more species recorded.
Only a few hatchlings reptiles were caught in the traps during the December 2011 survey and most of these had
only recently hatched. Many of these individuals will fall prey to other vertebrates or will not otherwise survive
to reproduce, so their presence in the population is temporary.
3.5.2

Trap deaths

The number of animal deaths due to hyperthermia was low (~ 1%). This was almost certainly due to the mild
weather conditions. Had the daily maximum temperatures been in the high 30s or low 40s, as can be
experienced in December in the mid-west, then the number of traps deaths would have been higher.
Vertebrates that die of hyperthermia in traps are mostly the ones that are caught after the traps have been cleared
in the morning and before the surface temperature becomes too hot for them to be running around in unshaded
areas. Once the ground temperature reaches an intolerable level for small reptiles, which is about 45oC, then
activity in the unshaded areas ceases and few reptiles are caught in traps after this period until it cools later in
the afternoon. The optimum time to clear traps in hot weather, and therefore to minimise trap deaths due to heat
stress, is immediately before the surface soil temperature becomes intolerable for small reptiles. This results in
all vertebrates that were caught during the previous afternoon and in the morning still having access to some
shade in the buckets and pipes and they are removed from traps before the temperature in the traps exceeds the
critical thermal maxima for most vertebrates. Clearing traps early in the morning often results in many of the
individuals that were caught after the traps were cleared but before the surface temperatures reached critical
thermal maxima dying in the traps.

23

3.5.3 Optimum survey period
To minimise the number of hatchlings caught and trap deaths due to heat stress, it is suggested that future fauna
monitoring surveys be undertaken in late spring (e.g. late October to November).

3.6

Major Mitchell’s Cockatoo

Major Mitchell’s Cockatoo has a geographic distribution that borders on the boundary of the wheat belt north of
Southern Cross and extends to north of Geraldton. There are records of Major Mitchell’s Cockatoo throughout
much of inland Western Australia as far north as Broome (Rowley and Chapman 1991). More recently,
Johnstone and Storr (1998) indicated the southernmost geographical distribution of Major Mitchell’s Cockatoo
in the vicinity of the wheat belt included a crescent shaped area north of Southern Cross to include Lake Moore
and Lake Barlee.
In August, breeding pairs begin regularly revisiting their fledge territories. The breeding season is late August
and early September (Rowley and Chapman 1991). All 61 nests recorded by Rowley and Chapman (1991) were
in Salmon Gums (E. salmonophloia).
Major Mitchell’s Cockatoo were recorded in the Mount Gibson area by Prof Harry Recher (pers comm.), Hart,
Simpson and Associates (2000), Dell (2001) and (Burbidge et al. 1989). They were not seen during the fauna
survey of the area by ATA Environmental (2004) or during the first baseline vertebrate fauna monitoring survey
undertaken in 2008 (Coffey Environments 2008). Burbidge et al. (1989) recorded them breeding in the area.
Major Mitchell’s Cockatoo were seen on five occasions during the fauna survey. On all occasions they were
seen over the eucalypt woodland, and in four of the five occasions it was a pair of birds. It is therefore possible
that Major Mitchell’s Cockatoo are breeding in the large eucalypts in the general area. Rowley and Chapman
(1991) reported a minimum distance of 1km between Major Mitchell’s Cockatoo nests with a mean of 2.7km.
Major Mitchell’s Cockatoos form a monogamous relationship that persists throughout the year and from yearto-year, unless one partner dies. Large flocks of Major Mitchell’s Cockatoo are rare. Most often a flock consists
of 10-15 birds that will range over an area of about 300km2 (Rowley and Chapman 1991).

3.7

Malleefowl

A single Malleefowl was observed while driving to a fauna survey site one afternoon. Malleefowl are relatively
abundant in the area and the mine monitors active mounds and birds sightings.

3.8

Woolley’s Pseudantechinus (Pseudantechinus woolleyae)

During the first vertebrate fauna monitoring survey in 2008 a single Woolley’s Pseudantechinus was caught in a
pipe in the no longer used sand plain impact site. During the December 2011 survey, 13 individuals were caught
on the control ridge. Three of these were juveniles indicating that they had bred in spring. It is likely that a more
comprehensive survey of the control ridge would record many more individuals. Woolley’s Pseudantechinus
was not caught on the control ridge during the first survey in 2008, indicating that their numbers have increased
in this area in the last couple of years.
Woolley (2008) reported that this Pseudantechinus is found in the arid Pilbara, Ashburton, Murchison and Little
Sandy Desert regions, and it seems to favour rocky habitats with various vegetation associations. It was not
recorded in Hart, Simpson and Associates (2000) survey of the area nor in surveys of Mount Gibson Sanctuary
(July-December 2005) by Australian Wildlife Conservancy or a survey in August 2001 of Mount Gibson Station
(Anom. 2001) or by Burbidge et al. (1989) in their survey of White Well which is further to the west on the sand
plain.

3.9

Perentie (Varanus giganteus)

We have heard anecdotal reports of Perenties being seen on Ninghan Station, but their present has not been
recorded during surveys by ATA Environmental (2004), Coffey Environments (2008), Hart Simpson and
Associates (2000), Australian Wildlife Conservancy survey (Anom. 2005) or the survey of Mount Gibson
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Station in August 2011 (Anom. 2001). Perenties are seldom abundant in eucalypt woodland, but are import
predators in regulating ecosystems. If they are present in areas containing active Malleefowl mounds, then they
may eat Malleefowl eggs and any newly hatched chick that they can catch.

3.10 Unknown mammal
The unknown mammal’s burrow was reported as it was unexpected in the area. The chamber at the end on the
burrow was lined with fresh grass indicating that it was not a goanna burrow (e.g. V. gouldii, V. panoptes). The
burrow entrance and burrow diameter were much too large to belong to a Notomys or Sminthopsis, yet too small
and too short to belong to a rabbit (Oryctolagus cuniculus). Future surveys of the area may shed light on the
mammal that dug the burrow.

3.11 Newly recorded species
Three species caught in the 2008 survey have had a change in nomenclature: Nephrurus milii is now
Underwoodisauris milii; Egernia inornata is now Liopholis inornata; and Pseudonaja nuchalis is now
Pseudonaja mengdeni.
Two lizards, two snakes and a mammal were recorded for the survey area for the first time. The mine site is
within the known geographic distribution of Ctenotus uber, Strophurus strophurus, Ramphotyphlops
bituberculatus and Brachyurophis fasciolata, which were caught for the first time in the area. The single
Notomys alexis that was caught in the new sand plain impact site was most interesting, as it was sympatric with
N. mitchellii. None of these species had been recorded by ATA Environmental (2004), Coffey Environments
(2008), Hart Simpson and Associates (2000), Australian Wildlife Conservancy survey (Anom. 2005), the survey
of Mount Gibson Station in August 2011 (Anom. 2001) or the survey of White Well (Burbidge et al. 1989).

3.12 Species not recorded
The previous vertebrate fauna survey in 2008 (Coffey Environments 2008) recorded a number of species that
were not recorded during this survey. Three Sminthopsis gilberti were caught in the old sand plain survey sites
but were not recorded during this survey. This species may have had a localised population and moving the
survey sites has resulted in them not being recorded in the current survey. It is of interest that three agamid
lizards caught in the 2008 survey (i.e. C. cristatus, C. reticulatus and C. amphiboluroides) were not caught in
the 2011 survey. Caimanops amphiboluroides is a sedentary arboreal species, and is generally only caught if
traps are located within its relative small home range, so it is not surprising this species was not caught.
Ctenophorus reticulatus is a burrowing dragon lizard with a small home range and is easily missed in surveys
unless traps are located in its small home range, so it is not surprising that this species was not caught.
Ctenophorus cristatus is a wide-foraging, medium sized terrestrial dragon lizard that was caught once in the
ridge impact area, so it is not surprising that this species was not caught during the 2011 survey.
Demansia psammophis and Furina ornata were caught on the impact ridge but were not caught in the 2011
survey. Both of these species are in low abundance and are easily missed during a survey, particularly when
only a limited number of funnel traps are deployed. A Lialis burtonis was caught in the eucalypt woodland
control area in 2008 and none were caught in 2011. This is a terrestrial species that is often recorded near or in
leaf litter or dense vegetation. Five Ramphotyphlops australis were caught in the eucalypt woodland in 2008 but
none were caught in 2011. None of these absences from the survey data are surprising or indicate a significant
change in the vertebrate fauna in impact or control sites.

3.13 Appreciable difference in species relative abundance
The number of M. musculus increased from three caught in 2008 to 56 caught in 2011. House mice numbers
tend to fluctuate based on the resources available, so changes of this magnitude are expected. Appreciably more
P. hermannsburgensis were caught in the eucalypt impact area than in 2008. Their numbers also fluctuate based
on available resources and this variation is within the range expected.
Appreciably more C. scutulatus were caught in 2008 than in 2011. Many of those caught in 2008 were
hatchling/juveniles and would have been predated on before they became reproducing adults. In the 2008, a
single A. stimsoni was caught on the control ridge. In 2011 a juvenile A. stimsoni was caught on the impact
ridge, indicating that Stimson’s pythons are breeding in the area. It is likely that both ridges support a small
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population of Stimson’s pythons. These nocturnal pythons may infrequently be seen in the mining area.
Ctenotus severus appeared more abundant in the old sand plain impact sites than in the new ones. Only two
Lerista gerrardii were caught in 2008, both in eucalypt control sites but 30 were caught in 2011 and they were
caught in all areas. It is difficult to explain this variation.
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4

SUMMARY AND RECOMMENDATIONS

4.1

Summary

Impact sites in the eucalypt woodland were selected to be close to the boundary of the large waste dump that
will eventually be built in the area. Currently, the eucalypt impact and control sites are relatively undisturbed, so
until the area is impacted, surveys in this area will continue to collect baseline data. The new impact survey sites
on the sand plain will be near infrastructure that will be constructed by EH in the near future. Until this occurs,
future surveys will record baseline data.
Mining hematite has commenced in an area adjacent to the ridge impact sites. There was no obvious or
detectable change in the vertebrate fauna on the impact ridge sites, however, Woolley’s Pseudantechinus is now
present on the control ridge. As indicated above, it will be difficult to detect any changes in vertebrate fauna on
the impact ridge due to the small number of individuals able to be trapped. It is likely that vertebrate fauna
species and abundance on the ridges is lower than on the sand plain and in the eucalypt woodland but higher
than the trapping data indicate, but the use of funnel traps on a rocky and uneven surface and aluminium box
traps is unlikely to provide an adequate representation of the small trappable fauna in the area.
RDI scores for the sand plain and the eucalypt woodland are very similar to those calculated in 2008. The RDI
score calculated for the ridge is likely to be unreliable due to the low number of individuals caught.

4.2

Future vertebrate assemblage monitoring program

The survey protocol deployed was successful in collecting sufficient data to calculate robust RDI scores for the
potential impact sites on the sand plain and the eucalypt woodland. Differences in the trapped fauna
assemblages between 2008 and 2011 were, as might be anticipated, in the context of seasonal and year-to-year
variations in the vertebrate fauna assemblages. The same survey sites and similar protocols should be used for
future surveys in these two habitats. However, future surveys should be undertaken in late spring (e.g. late
October or November) to minimise trap deaths due to heat stress and to minimise the number of hatchlings that
are caught, and traps should be cleared before the surface substrate temperature reaches the critical thermal
maxima for small reptiles.
Recommendations:
•
•
•

The terrestrial fauna survey protocols used in this survey for the sand plain and the eucalypt woodland
should be used for future surveys in these habitat types.
Future surveys should be undertaken in late spring (e.g. late October or November).
Traps should cleared before, and as close as possible to when the surface soil temperature reaches a
temperature intolerable to most reptiles. This will mean that the start time will be adjusted daily
according to ambient conditions and how long it takes to clear all traps.

All trapping sites have been closed and left in situ as permanent monitoring sites. The lids on the traps should be
checked at least annually as they can be stepped on by animals (e.g. kangaroos, emus), pulled off by dogs or
goannas in search of moisture or following a smell, or washed off after heavy rain. PVC bucket lids, although
UV resistant, will deteriorate if exposed to solar radiation. This check should be completed at the end of winter
before the weather warms up and the fauna become more active. Some bucket lids will need to be replaced after
the next survey.
Recommendations:
•
•

Lids on all traps are checked at least annually at the end of winter.
Provision is made to replace some of PVC bucket lids at the conclusion of the next survey.

Lids on pipe pit traps are made of tin. They will eventually rust and the lids will collapse forming a permanent
pit trap. These lids should be changed every 4 – 6 years.
Recommendation:
•

Lids on all pipe pit-traps that are showing signs of rust are replaced after the next survey.
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The number of species and number of individual vertebrates trapped on the control and impact sites on the
banded iron stone ridge sites was low. As a consequence the RDI scores are susceptible to sampling error that
may not reflect actual changes in the fauna assemblage. If there is a compelling reason for obtaining RDI scores
for monitoring purposes for this area, then it is recommended that pit-traps are dug in on the ridges. It needs to
be appreciated that the number of species and relative abundance of species on the ridge is probably much lower
than that in the eucalypt woodland and the sand plain, and a comparable number of individuals will never be
caught on the two ridges with these other sites with the same trapping effort. This suggested solution will
increase the robustness of the RDI scores, but probably not to the level of the other two habitats.
Recommendation:
•

Pit traps and funnel traps are installed and used on future surveys on the banded iron stone ridge
control and impact sites. They should be set up in the similar format to those on the sand plain and
eucalypt sites.
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1.

Introduction

The rehabilitation objective for most mine sites and other
large-scale landscape disturbance projects is to restore biotic
integrity to a disturbed area. Biotic integrity is defined here as
the ability of an ecosystem to support and maintain ‘‘a balanced,
integrated, adaptive community of organisms having a species
composition, diversity and functional organization comparable
to that of the natural habitat of the region’’ (Karr, 1981).

1.1.

Bio-indicators

To fully understand an ecosystem it is necessary to understand the community and how all of its organisms interact

among themselves and the abiotic parameters of the habitat.
In most circumstances this information is not available and
prohibitively expensive to collect. Bio-indicators are used as a
proxy for measuring every aspect of the ecosystem. Intuitively
it seems obvious that within a developing ecosystem, some
species are sufficiently similar, that the inclusion of both adds
redundancy to the bio-indicator. However, in the absence of
this information it is not possible to distinguish which species
are redundant. So what then are some of the useful indicators?
Within a developing ecosystem there are a number of
functional levels. These may include the physical and
chemical properties of the environment. The next are trophic
levels, with the first being the producers (e.g. vegetation), then
the consumers of the producers or their products (e.g. primary

* Corresponding author. Tel.: +61 8 9385 2398.
E-mail addresses: scott_thompson@coffey.com.au (S.A. Thompson), g.thompson@ecu.edu.au (G.G. Thompson),
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consumers). Then there are those that consume consumers,
and this group includes secondary and tertiary consumers. In
addition there are the detritivores and the decomposers which
function to break down the remains of various organisms and
recycle the nutrients. Although this structuring of the
ecosystem is overly simplified and to some extent arbitrary,
it makes the point that to have the full suite of secondary and
tertiary consumers in a developing ecosystem, then the
appropriate prey must be present, which in turn requires
the appropriate vegetation be in place, which requires the
appropriate physical and chemical properties be in place. To
have the full suite of secondary and tertiary consumers
therefore requires most, if not all of the elements of the lower
trophic levels to be functional. If the full suite of secondary and
tertiary consumers are present, it is probably reasonable to
assume there is a functional ecosystem present.
We have presumed that the primary objective of the
rehabilitation program is to create a self-sustaining, functional ecosystem, similar to that which would have existed
prior to a disturbance such as mining. In this circumstance it is
often appropriate to use an undisturbed habitat either
adjacent to the rehabilitated area or nearby as the analogue
site for comparison purposes.
Karr (1987) in discussing the conceptual framework for
biological monitoring indicated two of the most common errors
were the use of single species and species diversity indices by
themselves. He went on to suggest that ‘ecological guilds’ were
better bio-indicators but this approach also had weaknesses.
He concluded that the best long-term approach was to develop
a suite of metrics that reflect individual, population, community and ecosystem attributes in an integrative framework.
Karr and his colleagues (Angermeier and Karr, 1986; Fausch
et al., 1984; Karr, 1977, 1981, 1987; Karr et al., 1987) developed
the index of biotic integrity (IBI) to measure the extent of
freshwater stream degradation. The IBI uses 12 metrics of the
fish community to assess biotic integrity of an ecosystem; six
are attributes linked with species richness, three are based on
trophic composition and three are based on attributes of
abundance and individual condition (Karr et al., 1986).
Since changes in habitat (e.g. degradation or rehabilitation)
are likely to impact on species, taxonomic groups and guilds
differently then a diverse range of species that occupy various
niches makes for a better bio-indicator of habitat change (Hilty
and Merenlender, 2000). It is for this reason that single or
keystone species are seldom an adequate indicator.
Karr et al.’s IBI and variations on the theme have
subsequently been used in a variety of aquatic habitats
(Breine et al., 2004; Butcher et al., 2003; Simon et al., 2000) and
in a modified form in terrestrial environments where taxa
other than fish have been used, including invertebrates
(Bisevac and Majer, 1999; Nakamura et al., 2003) and birds
(Bradford et al., 1998; O’Connell et al., 1998, 2000; Glennon and
Porter, 2005). Karr et al. (1986) explains that the ‘strength of the
IBI is its ability to integrate information from individual,
population, community, zoogeographic and ecosystem levels
into a single ecologically based index’.
We selected reptiles as the bio-indicator taxon because
they:
 have high species richness across Australia;
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 are easily sampled and identified;
 are readily identified by field ecologists compared with
mammals or invertebrates;
 generally have defined activity areas;
 generally have relatively long life spans enabling recolonisation in disturbed areas;
 have a complex and diverse community structure based on
dietary requirements, activity period, habitat requirements
and predatory strategies and;
 have a range of body sizes (Thompson and Thompson,
2005).
We also have a good knowledge of reptile assemblage
structure in semi-arid and arid Australia (Thompson et al.,
2003). We considered adding small mammals and amphibians to the index. However, for arid and semi-arid
Australian habitats, small mammals are mostly nocturnal,
have low species richness, can be difficult to identify in the
field, are mostly widely foraging and their numbers fluctuate
based on environmental factors such as rainfall. Although
plentiful in arid and semi-arid environments, amphibians
are difficult to sample as they only become surface-active
after heavy rain. Birds could have been used but rehabilitation sites are generally small (<50 ha) and birds being very
mobile could visit rehabilitated areas during their foraging
but not be dependent on these sites. Many are also
migratory or shift around arid and semi-arid areas based
on local conditions which are often driven by rainfall. These
attributes detracted from using mammals, amphibians and
birds as a robust bio-indicator, so we developed the index
using reptiles.

1.2.

Rehabilitation and degradation index

The rehabilitation and degradation index (RDI) that we have
developed assesses the extent to which a rehabilitated or
disturbed area has progressed toward the creation of a
functional ecosystem similar to that in an undisturbed area.
The approach adopted here was based on the assumption
that the full suite of terrestrial fauna in the adjacent
undisturbed area will recolonise the rehabilitated or
disturbed site if the chemical and physical parameters
and the vegetation in that site are suitable, presuming
there are suitable interfaces (corridors) between the undisturbed and the rehabilitated site through which the fauna
can move. Below we describe the components and calculations necessary to obtain a RDI score for a particular
site. We use a rehabilitated mine site waste dump in the Ora
Banda region of Western Australia (WA) as an example to
illustrate how to calculate a RDI for a particular site (see
Appendix A).
Three broad parameters are used in the RDI; diversity,
species composition and ecological groups. Each of these
parameters is divided into sub-parameters. The parameters
chosen are measurable attributes of the reptile assemblage.
The sub-parameter scores are summed to provide a single
score between zero (a totally degraded ecosystem) and the
highest possible score of 100, which represents a natural, selfsustaining, functional ecosystem equivalent to that in the
undisturbed area.
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2.

Methods

2.1.

Study sites

We sampled communities of reptiles at five rehabilitated mine
site waste dumps (Gimlet, Golden Arrow, Palace, Rose and
Wendy Gully) and the adjacent ‘undisturbed’ areas, plus
another five ‘undisturbed’ areas (Salmon Gums, Spinifex,
Davyhurst, Security and Crossroads) in the gold mining region
of Ora Banda (308 270 S, 1218 40 E; approximately 50 km north of
Kalgoorlie, WA). Undisturbed areas were relatively intact with
no obvious changes to the soils or vegetation and it was
presumed that the reptile assemblages in these areas had been
largely unaffected by any minor anthropogenic disturbance
impacts to the area. Rehabilitation had been in place at the
commencement of this project (June 2000) at Wendy Gully for 3
years, Palace for 4 years, Rose for 7 years, and Gimlet for 8
years. At Golden Arrow there was a two-stage rehabilitation;
rehabilitation on the top of the waste dump was there for 5
years and on the sides for 9 years. Natural sites that were only
separated from the waste dump by a vehicle track were
surveyed as undisturbed sites. Five undisturbed areas not
adjacent to a waste dump were also included in our analysis
of; (a) the maximum practical index score; and (b) a target
score (see Section 2).
Ora Banda lies on Archaen granites that underlie lateritic
gravel soils. The vegetation in the region was heterogenous,
ranging from Eucalypt-Casuarina-Mulga woodlands interspersed with Acacia, to sparsely distributed spinifex (Triodia
spp.) and shrubs (Acacia spp.) to dense shrubs (Acacia spp.,
Atriplex spp., Allocasuarina spp.). The 10 undisturbed areas
were located in different habitats based on major vegetation
types identified for the area by Mattiske Consulting (1995).
Each site was a homogenous habitat type (i.e., it did not
incorporate multiple habitat types).

2.2.

Data collection

Field survey data were collected over a period of 2 years to
develop the RDI and for another three additional January
surveys to monitor rehabilitation progress. All sites other than
Golden Arrow were pit-trapped on 13 occasions between
September 2000 and January 2006 (September and December
in 2000; January, April, June, September and December in 2001;
January, April and June in 2002 to develop the RDI and then
again in January 2003, 2004 and 2006 to monitor rehabilitation
progress) using alternating 20 L PVC buckets and 150 mm PVC
pipes (600 mm deep) joined by 250 mm high  30 m long flywire drift fences. Golden Arrow was added to the survey
program in September 2001 and was included in all subsequent surveys. Each undisturbed site had eight rows of six
pit-traps that were joined by a drift fence (a line). On waste
dumps there were six lines on the side of the waste dump and
six lines on the top of the waste dump. All pit-traps were dug in
during June–July 2000 (except Golden Arrow, which was dug in,
during June 2001) to minimise potential digging-in effects on
reptile capture rates. For the surveys from September 2000
until January 2003, each pit-trap was opened for 7 days and pittraps were cleared daily. For the January 2004 and 2006
surveys, six funnel traps (800 mm  200 mm  200 mm, with a

funnel at each end) were placed along each drift fence and all
traps were left open for 14 days to increase the survey effort as
it became evident that a high trapping effort was important to
obtain robust RDI scores (see Section 3). The difference in
trapping effort on waste dumps compared with the adjacent
undisturbed areas can be adjusted for in the calculations.

2.3.

RDI analysis

Fox (1982) and Fox and Fox (1984) reported that densities for
early colonisers were generally higher in the early stages of
succession than when the ecosystem had matured. Therefore,
our RDI is structured to measure deviation for each parameter
or sub-parameter from the undisturbed value, be it lower or
higher. If the waste dump had the same reptile assemblage as
the adjacent undisturbed area, then each site would contribute 50% of the total captures for the combined area, both
sites would have the same diversity and evenness scores for
the same trapping effort, and they would have a similarity
score of 1. The greater the deviation between the rehabilitated
and adjacent undisturbed area, the less the rehabilitated area
resembled the adjacent undisturbed area. In our RDI this
deviation is converted to a percentage. The relative difference
between the rehabilitated site and the adjacent undisturbed
area for each sub-parameter shows the extent to which this
rehabilitated site is similar to (or deviated from) the adjacent
undisturbed area. The formula used to calculate the difference
between a rehabilitated site and adjacent undisturbed area for
each sub-parameter as a percentage is:

Relative score




¼ 100  2  ABS 50 



rehab
 100
undist þ rehab

(1)

where rehab = sub-parameter score for the rehabilitation site
(i.e., evenness, Log series diversity or SR score), undist = score
for the undisturbed area (i.e., evenness, Log series diversity or
species richness score), and ABS = absolute values (all values
are converted to a positive).

2.4.

Diversity parameter

The diversity parameter consists of four sub-parameters:
species richness, Log series diversity, similarity and evenness.
It is appreciated that there is some interdependence among
these measures, however, they are sufficiently different for
each to make a significant contribution to the RDI score. The
method for calculating each of these scores is described below.

2.5.

Species richness

Absolute species richness is rarely if ever known for a faunal
community (Gotelli and Graves, 1996; Rodda et al., 2001), so we
need an acceptable proxy for species richness in the RDI.
Species richness (S) calculated from rarefaction curves (SR)
was used to compare S between the disturbed (with a
smaller sample size) and undisturbed (with a larger sample
size) areas. Rarefaction calculates the expected number of
species in each sample, if samples were of a standard size
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2.6.

Fig. 1 – Species richness calculated from the relationship
between the abundance at the example waste dump and
the expected species richness for the adjacent undisturbed
area.

(Gotelli and Graves, 1996). Rarefaction is based on the shape of
the species abundance curve rather than the absolute number
of individuals per sample. A line of best fit was plotted through
the rarefied data for the undisturbed area using the Beta-P
non-linear regression model (Thompson et al., 2003). The SR
for the undisturbed area was calculated using the total
number of individuals caught for the rehabilitated area (see
Fig. 1) as the measure of effort. In our examples, species
richness for a given trapping effort was always higher in the
undisturbed area than the rehabilitated area. However, should
the number of individuals caught in the rehabilitated area
exceed that in the adjacent undisturbed area, the lower value
for the undisturbed area is used when assessing relative
species richness in the two sites.
The reptile assemblage in the undisturbed area was ranked
from those species with the highest abundance to those with
the lowest abundance, and rarefied using EcoSim Software
(http://www.worldagroforestrycentre.org/sites/RSU/
resources/biodiversity/software/EcoSim.asp). The default randomisation algorithm with independent sampling was set at
100 iterations (Gotelli and Entsminger, 2001). The formula for
the Beta-P non-linear regression model to calculate a curved
line of best fit through the data is:
!

 d b
(2)
Beta-P non-linear model ¼ a  1  1 þ
c
where a = asymptote or total number of species (S), b = rate of
accumulation, c = scaling factor for the x-intercept, d = index
for shape of the function; and # = number of individuals captured (Thompson et al., 2003).
Using the maximum number of individuals caught on the
waste dump and reading off the number of species for this
number of individuals on the rarefied curve for the undisturbed area enables a direct comparison to be made between
the number of species likely to be caught in the undisturbed
and waste dump areas for the same number of individuals
caught. This relative species richness score for the undisturbed area and the actual species richness score for the waste
dump are then inserted into Eq. (1) to calculate a relative
species richness index score.
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Log series diversity

Log series diversity was used to compare the diversity in
rehabilitated sites with the adjacent undisturbed areas
because it has good discriminating ability, low sensitivity to
sample size and is simple to calculate (Kempton and Taylor,
1974; Magurran, 1988). Its low sensitivity to sample size is a
result of its greater dependence on the number of species of
intermediate abundance and is therefore relatively unaffected
by rare or very common species (Magurran, 1988).
The Log series diversity scores for the waste dump and
adjacent undisturbed area were calculated using the procedure described in Magurran (1988; p. 132–135). The relative
score for the waste dump compared with the adjacent
undisturbed area for Log series diversity was calculated using
Eq. (1).

2.7.

Similarity

Morisita–Horn similarity scores were used to compare the
similarity of reptile assemblages between waste dumps and
adjacent undisturbed areas. The Morisita–Horn similarity
index (CmH) is a quantitative similarity index (Magurran,
1988) and was selected because it is not strongly influenced by
species richness or sample size (Wolda, 1981), and was
recommended by Magurran (1988). The Morisita–Horn similarity index was calculated using EstimateS software (Colwell,
R.; http://viceroy.eeb.uconn.edu/EstimateS).

2.8.

Evenness

Evenness (E) of a population was used as another measure of
diversity since it describes the extent to which individuals are
equally partitioned among all species. If the evenness score for
a site is 1, then each species makes up an equal proportion
of the assemblage (i.e., equal abundance of each species;
Magurran, 1988).
The score for the waste dump compared with the adjacent
undisturbed area for evenness is then calculated using Eq. (1).
Equal weightings (25%) were applied to each of the four subparameters then added to calculate a score out of 100 for the
diversity parameter.

2.9.

Assemblage composition

The ‘assemblage composition’ compares the number of
individuals in each taxa (e.g. for our example the number of
agamids, geckos, pygopods, skinks, varanids, scolecophidians
and elapids found on the waste dump with the adjacent
undisturbed area). We refer to these as ‘taxonomic groups’.
Each of these taxonomic groups was considered a subparameter of the assemblage composition parameter. If the
relative abundance for each taxonomic group was similar for
the waste dump and the adjacent undisturbed area, then the
waste dump could be considered approaching an advanced
stage in the development of an ecosystem similar to the
adjacent undisturbed area.
If the trapping effort on the rehabilitated area and the
undisturbed area differ, then the number of individuals used
in the calculation of the assemblage composition and
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ecological parameters needs to be adjusted to reflect this
difference. This is done using the proportion of trap effort on
the waste dump and the undisturbed area (i.e., adjusted
abundance on the waste dump = actual abundance on the
waste dump  trapping effort on undisturbed area/trapping
effort on waste dump).
The relative score for the waste dump compared with the
adjacent undisturbed area for each taxonomic group was then
calculated using Eq. (1).
Different weightings are applied to each of these subparameters because each taxonomic group is not equally
represented in the reptile assemblage in each undisturbed
area. The weightings were calculated based on the relative
proportion that each taxonomic group represents in the
undisturbed area. For example, if 5% of all reptiles captured on
the undisturbed area were agamids, then agamids would be
weighted as 5% of the total.

2.10.

Ecological parameter

The niche structure for an assemblage of reptiles can be
partitioned in at least three basic ways; temporally, spatially
and trophically (Pianka, 1973). A difference among species in
activity period, use of space and dietary preference reduces
competition and presumably allows the coexistence of a
variety of species (MacArthur, 1972; Pianka, 1973, 2000). If the
ecological groups were similarly proportioned for the waste
dump and the adjacent undisturbed area, then the waste
dump could be considered adequately rehabilitated in terms of
reptile ecological assemblage structure.
The ecological parameter compares how reptile assemblages in rehabilitated areas and the adjacent undisturbed
areas are segregated into these niches. The ecological subparameters are dietary preference, dietary specialists, habitat
preference, predatory strategy and activity period. Each subparameter is further divided into categories [dietary preference—O, predominantly omnivore; C, predominantly vertebrate carnivore; and I, predominantly invertivore (a species
that predominantly eats invertebrates); habitat preference—
predominantly terrestrial, T; predominantly arboreal, A; and
predominantly fossorial, F; predatory strategy—predominantly sit-and-wait predator, S; predominantly active forager,
A; and predominantly widely foraging reptile, W; activity
period—predominantly nocturnal, N; and predominantly
diurnal, D]. The categories selected for each species are based
on a search of the literature, our on-site observations, and
personal communication with an expert panel. Occasionally
multiple preferences are presented in the literature, some of
which may reflect geographic variation. In these circumstances we chose the most common or took advice from an
expert panel. We defined an active-foraging species as a
species that forages over a large search area looking for
dispersed food sources (e.g. Varanus gouldii). A widely-foraging
reptile was defined as a species that forages for a concentrated
food source and then stays at the site of this food source for a
period of time (e.g. Moloch horridus eating ants). A sit-and-wait
predator does not move around searching for prey but waits in
ambush for its prey to come past.
Species are assigned to a category in each sub-parameter
based on adult species behaviour. It is acknowledged that

some of these categories are somewhat artificial as there is
likely to be an overlap as some species will fit into more than
one category; for example, see Perry (1999) for discussion on
predatory strategies.
After adjusting for the different trapping effort on the
rehabilitated waste dump and the adjacent undisturbed area
the relative score for the waste dump compared with the
adjacent undisturbed area for each category was calculated
using Eq. (1). Each sub-parameter was given an equal
weighting, as was each category score within each subparameter. These weighted scores were summed to provide
the ecological parameter score for the waste dump.

2.11.

Parameter weightings and RDI calculations

The diversity, assemblage composition and ecological parameters were weighted differently to calculate the final RDI
score. The weights were determined so that the RDI score had
minimum variance for ‘identical’ undisturbed sites. The
parameter weightings for diversity, taxonomic and ecological
groups in our example were calculated by comparing two
hypothetical ‘near identical’ sites. Data sets for the ‘near
identical’ sites were obtained by sub-sampling each of the 10
undisturbed areas surveyed at Ora Banda between 2000 and
2002. Captures from each undisturbed area were divided into
two sub-areas (lines 1, 3, 5, 7; and lines 2, 4, 6, 8) for the 2 year
survey period. Sub-sampling from the same pit-trapping grid
was considered the most similar that any two data sets could
be in the Ora Banda area.
A minimum variance model between the overall scores
for the 20 sub-sampled undisturbed areas was used to
calculate the most appropriate weightings for each parameter. An RDI score was calculated for each sub-sampled
undisturbed area (i.e., odds versus evens, and evens versus
odds; n = 20) for all possible combinations (i.e., 4851) of
different weightings for each of the three parameters (i.e.,
weightings of 1,1,98; 1,2,97; 1,3,96, etc.) for the 20 subsampled undisturbed areas. These were ranked and the
mean weightings for the 50 combinations with lowest
variance calculated. Fifty combinations were chosen, as
there were only minimal differences in variance for many
different combinations. The mean weightings that resulted
in the minimum variance for the sub-sampled undisturbed
areas were 32 for the diversity parameter, 43 for the
assemblage composition parameter, and 25 for the ecological
parameter. These weightings when multiplied by the
parameter score optimised the RDI score for the rehabilitated site. These weightings have been used in all further
calculations of RDI scores.

2.12.

Target RDI score

A score of 100 for a rehabilitated waste dump, although ideal,
is unlikely. Even if the reptile assemblage on the waste dump
was a perfect replica of the adjacent undisturbed area, pittrapping data for the two sites are unlikely to be identical due
to sampling error, and a range of other variables. As a
consequence a target score of 100 for a waste dump is an
unreasonable expectation but what is a reasonable target
score?
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Complete rehabilitation of a waste dump is likely to take
many years, possibly decades or even longer. The ultimate
goal is to identify when land managers can be relieved of
their environmental obligations to the site, knowing that
with time and natural processes, the rehabilitated area will
eventually become a near-natural, self-sustaining, functional ecosystem similar to that in the adjacent undisturbed
area. This is a judgement decision, and science can only
provide the information to be used as a basis for making this
judgement. What follows is a rationale for a practical target
RDI score for a rehabilitated area. This is a level that when
achieved requires no further intervention by land managers
and the rehabilitated areas will continue to progress towards
a functional ecosystem similar to that in the adjacent
undisturbed area.
To develop a target score, each of the 10 homogenous
undisturbed biotopes was sub-divided into two sampling
areas (as used when calculating a weighting for each
parameter). One was called the ‘undisturbed area’ and the
other the ‘rehabilitation area’, and RDI scores were calculated for each. The designation of each of the two sampling
areas was then reversed and RDI scores calculated for the
other 10 sites, providing RDI scores for 20 sites compared
with their ‘identical’ neighbour. These are the maximum
scores likely to be achieved with the sampling effort we
employed.
The mean RDI score for the 20 ‘rehabilitation sites’ was
86.5  S.E. 0.91. This suggests that when an undisturbed area
was sub-sampled the highest rehabilitation score that could
be achieved was approximately 86.5, reflecting sampling
variability and minor variations in the homogeneity of sites.
So an appropriate target rehabilitation score for practical
purposes is about 86. The decision as to how far below this
score is ‘reasonable’, is an arbitrary judgement. However,
government regulators will require such a score if they are to
use the RDI. Based on an assessment of the Ecosystem
Function Analysis (Tongway, 2001) scores for four waste
dumps and a detailed knowledge of their reptile assemblages,
it is suggested that the target score might be 10 standard errors
below a mean of 86.5 (i.e., 77.5). A similar target score could be
calculated as two standard deviations below the mean score
(i.e., 78.5) or a distance below the mean score equivalent to the
distance above to reach 100 (i.e., 100–86.5 = 13.5; 86.5–
13.5 = 73). These are likely to be ‘high’ target scores and
continued refinement of the RDI will assist in assessing
whether the target score needs to be adjusted.

3.

Discussion

3.1.

What does the RDI score mean?
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A waste dump is devoid of vegetation and fauna when it is
created. An appropriately constructed and vegetated waste
dump should then move through various succession stages as
the rehabilitation matures, to eventually achieve the final
objective of a self-sustaining, functional ecosystem. As the
rehabilitated site develops its biotic integrity, the RDI score
will increase. A completely disturbed area (e.g. newly
constructed waste dump) that is devoid of reptiles will have
a score of zero. The score will increase towards 100 as the
reptile assemblage on the waste dump converges with that in
the adjacent undisturbed area. The attributes for each of the
stages in this progression are described in Table 1. These are
not discrete stages, but are a continuum of rehabilitation
progress.
Our advice to practitioners using the RDI is that the scores
should generally progressively increase with time in a well
planned rehabilitation program, however, small reductions
in the score can occur over a period of a couple of years that
are the result of local environmental variables such as an
extended dry period or a period of unusually high rainfall
that impacts on the composition of the local reptile
assemblage. Increases in the RDI score will be faster in
the initial stages of the rehabilitation program when the
earlier colonisers move into the area. For example, Thompson and Thompson (in press) reported in excess of 50% of the
species in the adjacent undisturbed areas were present on
rehabilitated waste dumps within 10 years of commencing
the rehabilitation program. However, species with a specialist diet or micro-habitat requirements are generally much
slower to colonise rehabilitated waste dumps. These
specialised diets (e.g. termites) and microhabitats (e.g. loose
surface soil, hollows in mature trees) often take many years
to develop in rehabilitated areas. Our monitoring of five sites
at Ora Banda (2001–2006) indicates that RDI scores of 50–75
were achievable within 10 years of the rehabilitation
program commencing, for high, steep-sided waste dumps
that were often badly eroded and where the surface soil and
vegetation community on the waste dump differed appreciably from that in the adjacent undisturbed areas. Higher
scores should be anticipated on flat areas, with similar soils
and a vegetation community that matches that in the
adjacent undisturbed areas.

Table 1 – Suggested reptile assemblage attributes associated with each class of RDI score
Attributes
Comparable to the best situation without human impact; regionally expected species for habitat type;
species present with a full array of age (size) classes; balanced ecological structure; self-sustaining functional ecosystem
Species richness approaching expected levels; not all late succession species present, some species present
with less optimal abundances or size distribution; ecological structure incomplete
Species richness below that in the undisturbed area, some groups not well represented, some specialists not present
Lack of specialists, fewer species than in the undisturbed area, skewed ecological structure and relative abundances
Few vertebrates present; only early colonisers present, lack of community structure.
Only opportunistic early colonisers are present. No community structure
No reptiles present

RDI score
86–100
61–85
41–60
21–40
11–20
0–10
0

Author's personal copy
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Our advice to environmental regulators is that a RDI score
that is 10 standard errors below the target score, when
calculated as shown above, would indicate that without
further intervention and management the rehabilitated area is
likely to continue to develop into a functional ecosystem and
environmental bonds could be returned. However, as a note of
caution, waste dumps in the goldfields of Western Australia
are often high and unstable structures that are prone to severe
erosion during periods of unusually high rainfall. Significant
failure of all or part of a waste dump due to an episodic high
rainfall event may destroy a large section of rehabilitated fauna
habitat resulting in an immediate drop in the RDI score for that
area. RDI scores for rehabilitated areas below 50 would be
viewed as unacceptable for the release of environmental bonds.

3.2.

Robustness of the RDI

If a measure of biotic integrity or a bio-indicator is to become
widely accepted, then it must be robust. The RDI could be
considered robust if:
 the calculated results were intuitively correct,
 the index score was not overly influenced by sample-tosample fluctuations in reptile assemblages that were not
related to rehabilitation progress (e.g. year-to-year variation
or hatching of reptiles),
 the index score was not overly influenced by rare species
(e.g. singletons and doubletons),
 the index score was not overly influenced by small sample
sizes and;
 it could be successfully applied in a range of habitats.
We can address three of these criteria empirically; sample
size, temporal variations (e.g. year-to-year, temporary presence of hatchlings), and number of rare species in the reptile
assemblage.

3.3.

Influence of sample size

The number of reptiles captured on waste dumps and adjacent
undisturbed areas can greatly affect the RDI score if surveying
effort is inadequate. When sample sizes were small the
change in the RDI was pronounced. When the sample size was
larger, small variations in captures were less influential on the
overall RDI score. During January 2004 and 2006 we quadrupled the trapping effort to provide a much more robust RDI
score for each of the waste dumps (Table 2). We believe the
January 2004 and 2006 RDI scores provide the most robust
assessment of rehabilitation success for the five waste dumps
we examined.

3.4.

Temporal variation

Thompson and Thompson (2005b) demonstrated significant
temporal variations in the reptile assemblages in undisturbed
sites. Re-surveying all sites in January 2003, 2004 and again in
2006 provided an opportunity to assess changes over five
January periods. There were noticeable differences in the RDI
scores across the five January survey periods (Table 2). It had
been unusually dry for the 2 years leading up to the January
2003 survey and we believe the reptile assemblage had
changed as a result of this, thus the reason for the very
different results in January 2003 compared with other years for
Wendy Gully, Rose and Palace. Sampling error that is
associated with small samples and natural variations in
assemblage structure influence RDI scores particularly for the
first three January surveys. However, we believe that RDI
scores are robust enough to reflect changes in ecosystems, as
long as there is an appreciation that there are variations in
vertebrate assemblages due to temporal variations in environmental variables.

3.5.

Effect of rarity

A singleton is defined as a species of reptile that was sampled
once (i.e., a single individual), and a doubleton is a species
caught twice (i.e., two individuals). A singleton may be a rare
species or a common species that is not easily trapped.
Removing singletons or both singletons and doubletons,
reduced the index score for each site (Table 3). When catch
rates were low (e.g. single survey periods) the effect of
removing singletons or both singletons and doubletons was
greater than when catch rates were high. In some cases the
removal of singletons/doubletons resulted in the removal of
entire families of reptiles from data sets (e.g. pygopods,
varanids or elapids). There was an increased propensity for the
common reptiles in the assemblage to appear ‘rare’ (i.e.,
represented by singletons and doubletons) when only a small
number of reptiles had been captured, simply because
insufficient individuals had been caught (Thompson and
Withers, 2003). With adequate surveying effort the relative
impact of ‘rare’ species on the RDI was diminished. It is
therefore recommended that singletons and doubletons are
left in the data set, but the data sets need to be sufficiently
large so that common species do not appear ‘rare’.

3.6.

Effect of hatchlings

For some species, hatchlings are highly seasonal, and seem
more easily pit-trapped than adults. It is probable that many of
these hatchlings will not survive to join the adult population

Table 2 – RDI scores for five waste dumps calculated from data collected during January survey periods

January
January
January
January
January

2001
2002
2003
2004
2006

Wendy Gully

Rose

Palace

Gimlet South

31.7
54.3
71.0
44.2
57.9

51.2
59.8
36.0
68.6
61.2

38.5
36.1
25.0
52.6
76.8

39.5
38.2
51.8
49.7
49.3

Golden Arrow
51.1
49.7
51.3
58.3

Author's personal copy
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(Tinkle and Dunham, 1986) due to predation and will therefore
not form part of the reproductive population for that species in
the area. Catching large numbers of hatchlings alters the
interpretation of the reptile assemblage for an area and can
therefore affect the RDI score (see Table 3). The influence of
hatchlings on the RDI score was therefore potentially
significant in survey periods when young are frequently
caught. Most hatchlings were captured in January and April
survey periods, as they generally hatched from December to
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March. It is therefore recommended that hatchlings be
excluded from the analysis.

3.7.

Other variables affecting the robustness of the Index

Other issues such as the homogeneity or heterogeneity of the
sampled undisturbed area, the spatial placement of the traps,
the trapping effort, the size of rehabilitated areas, the size of
the areas sampled, and the impact of unknown anthropogenic

Table 3 – Summary of RDI scores for pooled data for the two years of survey effort with and without singletons and
doubletons, and with and without hatchlings for Wendy Gully, Rose, Palace and Gimlet South waste dumps

Author's personal copy
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Table 3 (Continued )

influences (e.g. vehicle movements, dust, noise) on both the
rehabilitated and the ‘undisturbed’ analogue sites are
unknown. But they are largely unknown for most bioindicators reported in the literature and therefore warrant
further investigation. Rehabilitated areas such as waste
dumps are often small in size increasing the edge effects,
which are known to alter fauna assemblages (Anderson and
Burgin, 2002; Bragg et al., 2005; and references therein). The
extent to which edge effects will impact on the robustness of
the Index is not known, but they will probably vary from site-

to-site and with the relative size of the rehabilitated areas.
Suffice to say, the larger the rehabilitated area, the smaller the
edge effects.
In some situations rehabilitated areas are ‘islands’ where
the developing habitat is different to those in adjacent areas.
Different species in the reptile assemblage have different
space and habitat requirements. As a consequence, small
‘islands’ will place constraints on the use of that space for
some species. For example, large, widely-foraging carnivorous
reptiles (e.g. Varanus gouldii) require larger home ranges than

Author's personal copy

Table 4 – Summary of RDI scores for Mount Whaleback, WA (Walker et al., 1986), for Cobar, NSW (Halliger, 1993) and the Misima mine site
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und, undisturbed area; wd, waste dump or rehabilitated site.
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the smaller sit-and-wait agamids or widely-foraging skinks. It
would therefore be unrealistic to expect these large, widelyforaging species to occupy and remain in small rehabilitated
sites, but they will include these areas within their activity
areas when conditions are appropriate, as frequently happens
around Ora Banda in the more mature rehabilitated sites. This
is more of a constraint on establishing a functional ecosystem
in a rehabilitated area than it is on the RDI, but it is a factor that
must be considered when interpreting the RDI score for a
particular site.

3.8.

Applicability of RDI scores for other habitats

One of the criteria for assessing the robustness of the RDI is its
applicability over a range of habitats. There is a paucity of data
in the literature on reptile assemblages that have been
systematically surveyed in rehabilitated areas and adjacent
undisturbed areas over a period of years or even 1 year. We
calculated RDI scores for data from two other Australian sites
and a wet-dry tropical site on Misima Island east of Papua New
Guinea.

3.8.1.

Mount Whaleback, WA

Walker et al. (1986) reported a survey of the Mount Whaleback
waste dump at Mount Newman between March 1984 and
January 1986. The recaptures and unidentified reptiles are
excluded from the calculation of the RDI score. Mount
Whaleback had a RDI score of 45 (parameter scores are shown
in Table 4). These data show that 9 years after rehabilitating
the area, the reptile assemblage was still appreciably different
to the adjacent undisturbed site. The RDI score was similar to
the waste dumps around Ora Banda where scores ranged from
37 to 55. Walker et al. (1986) made no overall comment about
the success of the rehabilitation on the Mount Whaleback
waste dump, but did say that almost half of the regionally
present vertebrate ground fauna species were caught, despite
having only minor remnants of vegetation and a steep
unvegetated slope.

3.8.2.

Cobar, NSW

Halliger (1993) investigated the development of two rehabilitated mine site areas near Cobar, New South Wales and
compared them to an adjacent unmined site. One area was
mined until 1919, and the other until around 1952. Although
not explicitly stated, it is implied that no planned rehabilitation was undertaken at either of these mine sites and the
vegetation and fauna present were due to natural processes.
Recaptures are excluded from these analyses. The area that
had not been mined since 1919 had an RDI score of 70.7 and the
area not mined since 1952 had a score of 51.6. Although the
species richness was lower than at Ora Banda and fewer
reptiles were captured, the RDI score showed that the older
rehabilitated site more closely resembled the nearby analogue
undisturbed area (Table 4).

3.8.3.

Misima, PNG

The RDI was applied to three rehabilitated areas associated
with the Misima mine site and an adjacent rainforest site.
These areas had been rehabilitated for 20 months, 5 years and
9–10 years at the time of the assessment. Reptiles and frogs

were incorporated into the calculations of RDI scores. The
comparison between these three sites and the rainforest
indicates that there was a clear progression in the development of the rehabilitated sites from the site rehabilitated 20
months ago (RDI = 38.3), to the site rehabilitated 5 years ago
(RDI = 43.1) to the site rehabilitated 9–10 years ago (RDI = 54.4;
Table 4). These three waste dumps all had low scores for the
ecological parameter. This is often the case for emerging
ecosystems, as a range of niches for particular species are not
available during the early stages of the rehabilitation process.
It might also be expected that the relatively rare species, with
particular niche requirements, would be slow to colonise the
rehabilitated sites and this will significantly reduce the
ecological parameter score. Most of the herpetofauna caught
were invertivores, which was what would generally be
expected for an assemblage of small tropical lizards and frogs
(Vitt and Zani, 1998; Vitt et al., 1999). Differences between
natural and rehabilitated sites were most noticeable in the
number of individuals that were arboreal and fossorial. In the
rainforest analogue sites, 20 of the 88 individuals caught were
arboreal, and 31 of the 88 individuals caught were fossorial.
However, the number of individuals in each of these
categories in the sites rehabilitated 20 months, 5 years and
9–10 years ago were 1 of 130, 10 of 42 and 0 of 97 being arboreal,
and 0 of 130, 3 of 42 and 0 of 97 being fossorial. This is not
surprising and is typical of developing rehabilitated areas in
the early stages of succession. Few mature trees and a
different substrate in rehabilitated areas means that it takes
much longer for ecological niches suitable to sustain arboreal
and fossorial species to become available compared with the
terrestrial niches.

3.9.

Trapping effort

Our data (Thompson et al., 2003, 2007) suggest that about 180
individuals are necessary to catch 80–90% of the species
present in most habitats as long as the trapped animals are not
dominated by one or two species. This represents the number
of individuals that should be caught in the undisturbed area.
The comparable number of individuals caught in the rehabilitated area will vary in accordance with the development of
the ecosystem in the rehabilitated site. We are confident this
number of individuals caught will provide a reasonably robust
RDI score.

3.10.
Correlations and redundancy among diversity and
ecological sub-parameters
It is acknowledged that in most habitats sampled there will be
a correlation among measures of species richness, Log series
diversity, similarity and evenness (e.g. see discussion in Hayek
and Buzas, 1997; Magurran, 2004 about links between
measures of species richness, evenness and diversity). We
relied on the advice of earlier researchers that developed
various indices of biotic integrity that each of these subparameters make a useful contribution to the overall index
score and no one sub-parameter makes any of the others
redundant. However, this issue needs to be examined when
data are available for numerous sites. This should be a
relatively simple task. Systematically deleting each of the sub-
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parameters from the calculation of the RDI score and then
correlating the new score with some independent measure of
rehabilitation success should provide an indication of any
redundancy of sub-parameters. It is also possible that there
will a significant correlation between some of the ecological
sub-parameters, but it is our view that this is less likely than a
correlation among the diversity sub-parameters, as differences among species in activity period, use of space and
dietary preference reduces competition and presumably
allows the coexistence of a variety of species (MacArthur,
1972; Pianka, 1973, 2000). Again this issue should be tested
when data are available for numerous sites.

3.11.

Weightings

To some extent the method of weighting parameter and subparameter scores is arbitrary. Overall, the diversity, assemblage composition and ecological parameters could have been
weighted equally, but this would provide slightly lower overall
index scores for each rehabilitated site, and we saw merit in
providing a weighting system that maximised the index score.
However, this is offset by the need to calculate the weightings
for each parameter for each rehabilitated area assessed. This
is an additional calculation that some users of the RDI may
wish to ignore. Whether the weighting system for parameter
scores is or is not used, is much less important than
consistency in what is done, particularly if scores for
successive years are to be compared and used to monitor
rehabilitation progress.
We could see no good reason why the sub-parameters that
make up the diversity and ecological parameters should be
weighted differently so they are weighted equally. The
weighting for each of the taxonomic groups reflects the
proportion of individuals represented by each taxonomic
group in the assemblage. Intuitively this seemed a better
approach than weighting each taxonomic group equally when
the number of individuals in each group varied appreciably
within and among sites.

3.12.

RDI as a degradation index

The RDI is calculated by comparing the reptile assemblage on
one site with another. For rehabilitated degraded areas, the
ecosystem is progressing through numerous succession
stages and RDI scores should progressively increase as the
reptile assemblage in the rehabilitated area moves closer to
mimicking that in the adjacent undisturbed area. The reverse
is the situation for an area where the ecosystem is being
impacted on by a disturbance variable such as pollution, feral
animals or weed invasion. The RDI can be used to compare a
‘control’ site with one that is progressively being degraded. It is
therefore a useful tool in quantifying rehabilitation success
and degradation of habitats if appropriate analogue sites are
available.

4.

Conclusion

The RDI provides an indication of the relative success or
degradation of a site compared to the functional ecosystem
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present in the nearby or adjacent comparison area, measured
in terms of the reptile assemblage. The RDI score is a multimetric measure of the extent to which the reptile assemblage
in a disturbed or rehabilitated area resembles the reptile
assemblage in the adjacent undisturbed area. The principles
underlying the RDI are the same as for the IBI. If the reptile
assemblage is a useful proxy of the development of the
functional ecosystem for a rehabilitated site when compared
with the adjacent undisturbed area (see Thompson and
Thompson, 2005a), this score can be used by land managers
as a measure of rehabilitation success. As the RDI only
monitors the assemblage structure of small reptiles, it needs
to be considered in conjunction with other measures or
indices of soil stability (e.g. Landscape Function Analysis;
Tongway, 2001) and vegetation structure to provide an overall
assessment of ecosystem function.
Karr et al. used the IBI to measure the degradation in
freshwater streams and rivers using fish assemblages. The RDI
can also be used in a similar fashion to measure the impact of a
disturbance factor on a functional terrestrial ecosystem.
Disturbance factors such as grazing, introduction of feral
pests (e.g. cane toads), mine site impact on adjacent
undisturbed areas, noise and dust pollution are all likely to
impact on ecosystems.
Our RDI provides an objective and relatively easy to
interpret tool that can be used to measure both the success
of a rehabilitation program in creating a functional ecosystem
in a degraded area or the impact of a disturbance on a
functioning ecosystem. The results are influenced by seasonal
and year-to-year fluctuations and changes in the reptile
assemblage but are not overly influenced by rare species and
can be applied in a variety of habitats. Small field sample sizes
reduce the robustness of the RDI scores.
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Appendix A. Calculations for a rehabilitated
waste dump at Ora Banda
Below we have used data from a single rehabilitated waste
dump and adjacent undisturbed area to illustrate how a RDI
score is calculated.
Twenty-eight species of reptile were caught on the
example waste dump and adjacent undisturbed area
(Table A1). The classification for each of these 28 species into
their primary trophic level, habitat preference, predatory
strategy and activity period is shown in Table A1.

A.1. Calculation of species richness
The reptile assemblage in the undisturbed area was ranked
from those species with the highest abundance to those
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Species
Geckos
Diplodactylus granariensis
Diplodactylus maini
Diplodactylus pulcher
Gehyra purpurascens
Gehyra variegata
Heteronotia binoei

Abundance in
Abundance in
Trophic
Habitat
Predatory Activity period
undisturbed area rehabilitation area
level
preference strategy
31
34
50
3
20

26

5

Nephrurus laevissimus

Rhynchoedura ornate
Underwoodisaurus milii

Skinks
Cryptoblepharus plagiocephalus
Egernia formosa
Egernia inornata
Lerista muelleri
Lerista picturata
Menetia greyii
Morethia butleri
Agamids
Ctenophorus cristatus
Ctenophorus reticulatus
Pogona minor

N
N
N
N
N

4

I

T

W

N

1

I

T

S

N

I

A

A

N

I

T

W

N

I

T

S

N

I
I
I

A
A
T

A
S
S

D
D
N

F
F
T
T

A
A
A
A

N
N
D
D

40
5

36

6
1
17
2

Chapman and Dell (1985); Roberts (1998)
Chapman and Dell (1985); How, R. unpublished data; EX
Pianka (1969a,1986); Pianka and Pianka (1976); Roberts (1998)
How, R. unpublished data; EX
Henle (1990a,b); Kitchener et al. (1988);
Pianka (1969a), Pianka and Pianka (1976)
Bustard (1968); Henle (1990b); Pianka (1969c);
Pianka and Pianka (1976)
Delean and Harvey (1981); How et al. (1990);
Pianka (1969a, 1986); Pianka and Pianka (1976); EX
How, R. unpublished data; How and Kitchener (1983);
Kitchener et al. (1988); Pianka and Pianka (1976); EX
Pianka (1969a, 1986): Pianka and Pianka (1976);
Roberts (1998)
Chapman and Dell (1985); How et al. (1990);
Read (1999); EX

James et al. (1984); Pianka (1986); EX
Cogger, 1992; EX
Greer (1989); Henle (1989); Pianka (1969a, 1986);
Pianka and Giles (1982)
Pianka (1986); EX
EX
Henle (1989); Pianka (1986); Smyth and Smith (1974)
Pianka (1986); EX

4
3
18
14

23
3

I
I
I
I

1
12
2

1
9
9

I
O
O

T
T
T

S
S
A

D
D
D

1

I

T

S

D

1

I
I

A
T

A
A

D
D

Pianka (1969a,b, 1986); Thompson (1993, 1995)
Pianka (1970, 1986, 1994): Shine (1986);
Thompson (1996); EX

2

C

T

S

D

Bustard (1970); Chapman and Dell (1985); Martin (1972);
Patchell and Shine (1986a, b); Pianka (1986)

3

C
C

T
F

A
A

N
N

Greer (1997); Shine (1988); EX
How and Shine (1999); Strahan et al. (1998); Swan (1983)

2

Pygopods
Lialis burtonis

Elapids
Parasuta monachus
Simoselaps bertholdi

S
A
W
S
S

4

Tympanocryptis cephala
Varanids
Varanus caudolineatus
Varanus gouldii

T
T
T
A
A

Source for categorical data

1
1

Pianka (1971); EX
Pianka (1986); EX
Chapman and Dell (1985); Pianka (1986);
Thompson and Thompson (2003)
EX
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Oedura reticulata

7

I
I
I
I
O
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Table A1 – Abundance, trophic level, habitat preference, predatory strategy and activity period of reptile species captured at an example waste dump and adjacent
undisturbed area
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129
278
Total

Trophic level: O, predominately omnivore; C, predominately vertebrate carnivore; I, predominately invertivore. Habitat preference: T, terrestrial; A, arboreal, F, fossorial. Predatory strategy: S, sit-andwait; A, active forager; W, wide forager. Activity period: N, nocturnal; D, diurnal. EX, personal communication with expert panel (R. How, B. Maryan, E. Pianka, G. Harold, G. Shea). Where multiple
preferences are presented in the literature, the most common was chosen or advice from the expert panel was used.

Storr et al. (2002); Webb and Shine (1993); EX
Storr et al. (2002); Webb and Shine (1993); EX
N
N
W
W
F
F
I
I
1
1
3
Scolecophidians
Ramphotyphlops bituberculatus
Ramphotyphlops hamatus

Table A1 (Continued )
Species

Abundance in
Abundance in
Trophic
Habitat
Predatory Activity period
undisturbed area rehabilitation area
level
preference strategy

Source for categorical data
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species with the lowest abundance (Table A2) and rarefied
using EcoSim Software (http://www.worldagroforestrycentre.
org/sites/RSU/resources/biodiversity/software/EcoSim.asp).
The default randomisation algorithm with independent
sampling was set at 100 iterations. The output diversity data
for the undisturbed area from EcoSim Software (Table A2)
were used in a Beta-P non-linear regression equation (NLREG
software with 1000 iterations; http://www.nlreg.com) to
calculate a curved line of best fit though the data. Parameter
scores calculated from the Beta-P non-linear regression for
the undisturbed area were: a—298.89, b—0.0178, c—4.0944, and
d—1.1156, for 278 reptile captures.
When 278 individuals were caught in the undisturbed area
a total of 24 species (we caught four species on the waste dump
that were not caught in the adjacent undisturbed area) had
been captured (Fig. 1). The expected species richness for the
undisturbed area is calculated when 129 individuals were
caught (i.e., equivalent to the total number of individuals
caught on the waste dump). The expected species richness
value for the undisturbed site is 19.85 (Fig. 1). A total of 16
species were captured at the waste dump. The relative species
richness score for the waste dump was calculated using Eq. (1),
and is as follows:




Relative score ¼ 100  2  ABS 50 



16
 100
19:85 þ 16

¼ 89:25
A score of 89.25 represents the relative species richness
score for the waste dump compared with the adjacent
undisturbed area, out of a possible score of 100.

A.2. Calculation of Log series diversity
The Log series diversity scores for the waste dump and
adjacent undisturbed area were calculated using the procedure described in Magurran (1988, p. 132–135). The input data
are in Table A3. The Log series diversity scores were 6.30 and
4.81 for the undisturbed area and waste dump, respectively.
The relative score for the waste dump compared with the
adjacent undisturbed area for Log series diversity is calculated
using Eq. (1), and is as follows:






4:81
 100
Relative score ¼ 100  2  ABS 50 
6:30 þ 4:81
¼ 86:6
The score of 86.6 represents the relative Log series diversity
score for the waste dump compared to the adjacent
undisturbed area, out of a possible score of 100.

A.3. Calculation of similarity
The Morisita–Horn similarity index was calculated using
EstimateS software (Colwell, R.; http://viceroy.eeb.ucon.edu/
EstimateS) and input data are shown in Table A3. The calculated
similarity score between the waste dump and the adjacent
undisturbed area was 0.365, which was then multiplied by 100.
The relative similarity between the waste dump and adjacent
undisturbed area was 36.5, out of a possible 100.
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Table A2 – Input and output data from EcoSim Software to calculate species richness from rarefaction
Input
Species
category
1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24

Output
Example undisturbed
area data

Abund.

1
1
1
1
1
2
2
3
3
3
4
4
5
5
6
12
14
17
18
20
31
34
40
50

Ave.
diversity

1
12
24
35
47
58
70
81
93
104
116
127
139
150
162
173
185
196
208
219
231
242
254
265
277
278

1.00
7.65
10.98
12.89
14.48
15.60
16.51
17.25
18.03
18.68
19.23
19.68
20.24
20.78
21.24
21.50
21.91
22.14
22.38
22.65
22.99
23.25
23.52
23.73
23.98
24.00

Median
diversity

Variance
diversity

1
8
11
13
15
15
17
17
18
19
20
20
20
21
21
22
22
22
23
23
23
23
24
24
24
24

0.00
1.38
2.36
2.97
3.30
3.03
2.78
2.43
2.62
2.28
1.96
1.88
1.64
1.75
1.92
1.93
1.78
1.60
1.31
0.96
0.70
0.55
0.39
0.30
0.02
0.00

95% Conf.
low
1.00
5.35
7.97
9.51
10.92
12.19
13.24
14.19
14.86
15.72
16.49
17.00
17.73
18.19
18.52
18.78
19.30
19.66
20.14
20.73
21.35
21.79
22.29
22.66
23.70
24.00

95% Conf.
high
1.00
9.95
13.99
16.27
18.04
19.01
19.78
20.31
21.20
21.64
21.97
22.36
22.75
23.37
23.96
24.22
24.52
24.62
24.62
24.57
24.63
24.71
24.75
24.80
24.26
24.00

Ave., mean; Abund., cumulative abundance.

Table A3 – Input data for Log series diversity and
Morisita Horn similarity
Species

Diplodactylus granariensis
Diplodactylus maini
Diplodactylus pulcher
Gehyra purpurascens
Gehyra variegata
Heteronotia binoei
Nephrurus laevissimus
Oedura reticulata
Rhynchoedura ornata
Underwoodisaurus milii
Cryptoblepharus plagiocephalus
Egernia formosa
Egernia inornata
Lerista muelleri
Lerista picturata
Menetia greyii
Morethia butleri
Ctenophorus cristatus
Ctenophorus reticulatus
Pogona minor
Tympanocryptis cephala
Varanus caudolineatus
Varanus gouldii
Lialis burtonis
Parasuta monachus
Simoselaps bertholdi
Ramphotyphlops bituberculatus
Ramphotyphlops hamatus

Undisturbed
species
abundance
31
34
50
3
20
5
0
4
40
5
6
1
17
4
3
18
14
1
12
2
0
0
2
0
1
1
1
3

A.4. Calculation of evenness

Waste dump
species
abundance
26
0
0
0
7
4
1
0
0
36
0
0
0
2
0
23
3
1
9
9
1
1
0
2
3
0
0
1

The calculated evenness for the waste dump was 0.52 and
the adjacent undisturbed area was 0.55 using data in Table A3.
These values are then inserted in Eq. (1).






0:52
 100
Relative score ¼ 100  2  ABS 50 
0:55 þ 0:52
¼ 97:04
A score of 97.04 represents the relative evenness score for
the waste dump compared with the adjacent undisturbed
area, out of a possible score of 100.

A.5. Diversity parameter weights
Equal weightings (25%) were applied to each of the four
sub-parameters then added to calculate a score out of 100 for
the diversity parameter (i.e., Log series diversity = 86.6/4,
SR = 89.25/4, evenness = 97.04/4, and site similarity = 36.5/4
and summed together). In this example the waste dump
scored 77.35 for the diversity parameter.

A.6. Differential trapping effort on rehabilitated site and
undisturbed site
The trapping-effort (pit-trap nights) was greater for each
waste dump than the adjacent undisturbed area. There were

Author's personal copy
545

ecological indicators 8 (2008) 530–549

Table A4 – Data for taxonomic groups

Table A5 – Results for taxonomic groups

Undisturbed Waste dump Adjusted waste
reptile
reptile
dump reptile
abundance abundance
abundance
Agamids
Geckos
Pygopods
Skinks
Varanids
Scolecophidians
Elapids

15
192
0
63
2
4
2

20
74
2
28
1
1
3

13.33
49.33
1.33
18.67
0.67
0.67
2.00

Agamids
Geckos
Pygopods
Skinks
Varanids
Scolecophidians
Elapids
Total

Output
score

Weighting
(%)

94.1
40.9
0.0
45.7
50.0
28.6
100.0

5.40
69.06
0.00
22.66
0.72
1.44
0.72

Adjusted
score
5.08
28.24
0.00
10.36
0.36
0.41
0.72
45.16

Table A6 – Data for ecological parameter sub-categories
Species

Abundance in
undisturbed area

Abundance in
rehabilitation area

Trophic
Carnivores
Omnivores
Invertivores

2
34
242

5
25
99

3.33
16.67
66.00

Dietary strategy
Dietary Sp
Non dietary specialist

95
183

3
126

2.00
84.00

Habitat preference
Arboreal
Fossorial
Terrestrial

34
12
232

8
3
118

5.33
2.00
78.67

89
90
99

41
83
5

27.33
55.33
3.33

56
222

49
80

32.67
53.33

Predatory strategy
Active forager
Sit and Wait forager
Widely foraging
Activity period
Diurnal
Nocturnal

Adjusted abundance in
rehabilitation area

Sp, specialist.

5040 pit-trap nights on the waste dump and 3360 pit-trap
nights for the adjacent undisturbed area. The abundance of
reptiles captured could not be scaled to equal trapping effort,
as diversity indices, species richness, similarity and evenness
must be calculated on actual data (i.e., not scaled data). Our
higher trapping effort on each waste dump would most
probably result in slightly inflated index scores (more similar
to undisturbed area) for the diversity parameter, but this is
not of concern here as we are describing the concept and
methods only. Adjusted abundance on the waste dump =
actual abundance  3360/5040. The input and adjusted data
are shown in Table A4.
The relative score for the waste dump compared with the
adjacent undisturbed area for the agamid taxonomic group
was calculated first by obtaining the relative score using Eq. (1),
and is as follows:
Relative score for agamids






13:33
 100
¼ 100  2  ABS 50 
15 þ 13:33
¼ 94:10
The same calculations were done for each taxonomic
group. The results are in Table A5.

Table A7 – Results for trophic groups
Calculated
score

Weighting

Trophic
Carnivores
Omnivores
Invertivores

75.00
65.79
42.72

1/15
1/15
1/15

5.00
4.39
2.86

Dietary strategy
Dietary Sp
Not dietary specialist

4.12
62.92

1/10
1/10

0.41
6.29

Habitat preference
Arboreal
Fossorial
Terrestrial

27.12
28.57
50.64

1/15
1/15
1/15

1.81
1.90
3.38

Predatory strategy
Active forager
Sit and Wait forager
Widely foraging

46.99
76.15
6.51

1/15
1/15
1/15

3.13
5.08
0.43

73.68
38.74

1/10
1/10

7.37
3.87
45.92

Activity period
Diurnal
Nocturnal
Total
Sp, specialist.

Adjusted
score
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Table A8 – Results for trophic parameters

Diversity parameter
Assemblage composition parameter
Ecological parameter
Total

Calculated score

Weighting (%)

77.35
45.16
45.92

32
43
25

Overall adjusted score
24.75
19.42
11.48
55.65

Table A9 – A summary of all scores used in the calculation of the RDI for the example rehabilitated waste dump

Author's personal copy
ecological indicators 8 (2008) 530–549

A.7. Weights for taxonomic groups
The weightings for each taxonomic group were calculated
based on the relative proportion that each taxonomic group
represents in the undisturbed area. For example, 5.40% of all
reptiles captured on the undisturbed area were agamids.
Therefore, if the waste dump was a perfect replica of the
undisturbed area, 5.40% of captures on the waste dump should
be agamids. The adjusted taxonomic group scores are
calculated by multiplying the relative score for each family
by the weighting; scores are shown in Table A5. Weighted
scores were summed and the taxonomic parameter score for
the waste dump was 45.16. This score represents the relative
similarity between the waste dump and the adjacent
undisturbed area for the taxonomic parameter, out of a
possible score of 100.

A.8. Ecological parameter calculation
The number of individuals caught on the rehabilitated
waste dump was adjusted to equate the trapping effort (based
on pit-trap nights) with that in the adjacent undisturbed
area. There were 5040 pit-trap nights on the waste dump
and 3360 pit-trap nights in the adjacent undisturbed area;
thus adjusted abundance on the waste dump = actual
abundance  3360/5040. The input and adjusted data are in
Table A6. The relative score for the waste dump compared
with the adjacent undisturbed area for each category of
the ecological parameter was calculated using Eq. (1), as
follows:
Relative score for carnivores






3:33
¼ 100  2  ABS 50 
 100
¼ 75:0
2 þ 3:33
The same calculations were performed for each ecological
category; results are in Table A7.
Each ecological sub-parameter was given an equal weighting (i.e., 0.2). Categories within each ecological sub-parameter
are also equally weighted (i.e., nocturnal and diurnal activity
periods each have a 0.1 weighting; and carnivore, omnivore
and invertivore dietary preferences each have a 0.067
weighting; Table A7). The adjusted ecological category
scores are in Table A7. These weighted scores are summed
to provide the ecological parameter score for the waste dump
(i.e., 45.92).

A.9. Parameter weightings and RDI calculations
The mean weightings that resulted in the minimum
variance for the 20 sub-sampled undisturbed areas were 32
for the diversity parameter, 43 for the assemblage composition parameter, and 25 for the ecological parameter. These
weightings when multiplied by the parameter score optimise the RDI score for the rehabilitated site (Table A8).
These adjusted scores are summed to give the RDI score for
the waste dump (55.4). Table A9 provides a summary of all
the parameter and sub-parameter scores that added
together made up the total score for the example waste
dump.
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Appendix A. Coordinates of survey sites
Site name
E1
E2
E3
E4
E5
E6
E7
E8
E9
E10
S1
S2
S3
S4
S5
S6
S7
S8
S9
S10
H1
H2
H3
H4
H5
H6
H7
H8
H9
H10
H11
H12
H13
H14
H15
H16
H17
H18
H19
H20
H21
H22
H23
H24
H25
H26
H27
H28
H29
H30
H31
H32
H33
H34
H35
H36
H37
H38
H39
H40

UTM Zone
50
50
50
50
50
50
50
50
50
50
50
50
50
50
50
50
50
50
50
50
50
50
50
50
50
50
50
50
50
50
50
50
50
50
50
50
50
50
50
50
50
50
50
50
50
50
50
50
50
50
50
50
50
50
50
50
50
50
50
50

UTM Easting
520075
519932
519668
519375
518937
518027
518462
518404
518285
517982
509856
510642
512216
512531
512783
514463
514451
515099
515181
515273
516088
516131
516102
516138
516120
516178
516150
516176
516215
516199
516220
516249
516249
516286
516265
516315
516289
516321
516234
516194
516825
516817
516858
516869
516895
516938
516945
516975
516985
516903
516928
517001
517019
517009
517011
517045
517057
517078
517098
517127

UTM Northing
6725681
6725999
6726379
6726746
6727583
6728052
6728282
6728509
6728696
6728982
6728182
6728163
6728102
6728092
6728062
6726496
6726450
6726850
6726852
6726852
6727428
6727404
6727379
6727367
6727345
6727325
6727273
6727257
6727244
6727216
6727183
6727173
6727129
6727146
6727107
6727101
6727057
6727055
6727214
6727277
6725182
6725204
6725209
6725198
6725211
6725182
6725154
6725161
6725121
6725195
6725161
6725111
6725111
6725097
6725073
6725080
6725061
6725060
6725010
6725032
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APPENDIX I
Closure Obligations Register

Mount Gibson Mining Limited ©

CLOSURE OBLIGATIONS AND COMMITMENTS REGISTER
EXTENSION HILL HEMATITE OPERATION

Source: Tenement Conditions
Tenement No. Condition
Closure Condition
No.
General
8
All topsoil being removed ahead of all mining operations from sites such as pit areas, waste disposal areas, ore
Purpose
stockpile areas, pipeline, haul roads and new access roads and being stockpiled for later respreading or
Lease G59/30
immediately respread as rehabilitation progresses.
9
At the completion of operations, all buildings and structures being removed from site or demolished and buried to
the satisfaction of the Director, Environment Division, DMP.
10
At the completion of operations, or progressively where possible, all waste dumps, stockpiles, roads, processing
plant, and all other disturbed areas being rehabilitated to form long term safe, stable, non polluting landforms
which are integrated with the surrounding landscape and support self-sustaining, functional ecosystems
comprising suitable native providence species to the satisfaction of the Director Environment Division, DMP.
14
The Lessee submitting to the Director, Environment Division, DMP, a brief annual report outlining the project
operations, minesite environmental management and rehabilitation work undertaken in the previous 12 months
and the proposed operations, environmental management plans and rehabilitation programmes for the next 12
months. This report to be submitted each year in:
• October.
General
6
All topsoil being removed ahead of all mining operations from sites such as pit areas, waste disposal areas, ore
Purpose
stockpile areas, pipeline, haul roads and new access roads and being stockpiled for later respreading or
Lease G59/33
immediately respread as rehabilitation progresses.
7
At the completion of operations, all buildings and structures being removed from site or demolished and buried to
the satisfaction of the Director, Environment Division, DMP.
8
At the completion of operations, or progressively where possible, all other disturbed areas being rehabilitated to
form long term safe, stable, non polluting landforms which are integrated with the surrounding landscape and
support self-sustaning, functional ecosystems comprising suitable native providence species to the satisfaction
of the Director Environment Division, DMP.
11
The Lessee submitting to the Director, Environment Division, DMP, a brief annual report outlining the project
operations, minesite environmental management and rehabilitation work undertaken in the previous 12 months
and the proposed operations, environmental management plans and rehabilitation programmes for the next 12
months. This report to be submitted each year in:
• October.
General
8
Unless the written approval of the Environmental Officer, Department of Industry and Resources is first obtained,
Purpose
the use of scrapers, graders, bulldozers, backhoes or other mechanised equipment for surface disturbance or
Lease G59/34
the excavation of costeans is prohibited. Following approval, all topsoil being removed ahead of mining
operations and separately stockpiled for replacement after backfilling and/or completion of operations.
9
All waste materials, rubbish, plastic sample bags, abandoned equipment and temporary buildings being removed
from the mining tenement prior to or at the termination of exploration program.
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10

11
14

15
16

20

General
Purpose
Lease
G70/232

6

7
10

General
Purpose
Lease
G70/238

5

6

All costeans and other disturbances to the surface of the land made as a result of exploration, including drill
pads, grid lines access tracks, are to be backfilled and rehabilitated to the satisfaction of the Environmental
Officer. Backfilling and rehabilitation being required no later than 6 months after excavation unless otherwise
approved in writing by the Environmental Officer, Department of Industry and Resources.
All surface holes drilled for the purpose of exploration are to be capped, filled or otherwise made safe after
completion.
All topsoil being removed ahead of all mining operations from sites such as pit areas, waste disposal areas, ore
stockpile areas, pipeline, haul roads and new access roads and being stockpiled for later respreading or
immediately respread as rehabilitation progresses.
At the completion of operations, all buildings and structures being removed from site or demolished and buried to
the satisfaction of the Director, Environment Division, DMP.
At the completion of operations, or progressively where possible, all stockpiles, roads, processing plant,
workshops offices and all other disturbed areas being rehabilitated to form long term safe, stable, non polluting
landforms which are integrated with the surrounding landscape and support self-sustaining, functional
ecosystems comprising suitable native providence species to the satisfaction of the Director Environment
Division, DMP.
The Lessee submitting to the Director, Environment Division, DMP, a brief annual report outlining the project
operations, minesite environmental management and rehabilitation work undertaken in the previous 12 months
and the proposed operations, environmental management plans and rehabilitation programmes for the next 12
months. This report to be submitted each year in:
• October.
All topsoil being removed ahead of all mining operations from sites such as pit areas, waste disposal areas, ore
stockpile areas, pipeline, haul roads and new access roads and being stockpiled for later respreading or
immediately respread as rehabilitation progresses.
At the completion of operations, all buildings and structures being removed from site or demolished and buried to
the satisfaction of the Director, Environment Division, DMP.
The Lessee submitting to the Director, Environment Division, DMP, a brief annual report outlining the project
operations, minesite environmental management and rehabilitation work undertaken in the previous 12 months
and the proposed operations, environmental management plans and rehabilitation programmes for the next 12
months. This report to be submitted each year in:
October.
All topsoil being removed ahead of all mining operations from sites such as pit areas, waste disposal areas, ore
stockpile areas, pipeline, haul roads and new access roads and being stockpiled for later respreading or
immediately respread as rehabilitation progresses.
At the completion of operations, all buildings and structures being removed from site or demolished and buried to
the satisfaction of the Director, Environment Division, DMP.
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9

Miscellaneous
Lease L59/63

8

9
10

13

Miscellaneous
Lease L59/69

3
5

9

10

The Lessee submitting to the Director, Environment Division, DMP, a brief annual report outlining the project
operations, minesite environmental management and rehabilitation work undertaken in the previous 12 months
and the proposed operations, environmental management plans and rehabilitation programmes for the next 12
months. This report to be submitted each year in:
• October.
All topsoil being removed ahead of all mining operations from sites such as pit areas, waste disposal areas, ore
stockpile areas, pipeline, haul roads and new access roads and being stockpiled for later respreading or
immediately respread as rehabilitation progresses.
At the completion of operations, all buildings and structures being removed from site or demolished and buried to
the satisfaction of the Director, Environment Division, DMP.
At the completion of operations, or progressively where possible, all stockpiles, roads, processing plant, and all
other disturbed areas being rehabilitated to form long term safe, stable, non polluting landforms which are
integrated with the surrounding landscape and support self-sustaining, functional ecosystems comprising
suitable native providence species to the satisfaction of the Director Environment Division, DMP.
The Licensee submitting to the Director, Environment Division, DMP, a brief annual report outlining the project
operations, minesite environmental management and rehabilitation work undertaken in the previous 12 months
and the proposed operations, environmental management plans and rehabilitation programmes for the next 12
months. This report to be submitted each year in:
• October.
All topsoil that may be removed ahead of pipelaying operations to be stockpiled for replacement in accordance
with the directions of the Inspector.
On the completion of the life of mining operations in relation to this licence the holder shall:
• remove all installations constructed pursuant to this licence;
• cover over all wells and holes in the ground to such degree of safety as shall be determined by the
District Inspector of Mines; and
• on such areas cleared of natural growth by the holder or any of its agents, the holder shall plant trees
and/or shrubs and/or any other plant as shall conform to the general pattern and type of growth in the
area and as directed by the Inspector and properly maintain same until the Inspector advises regrowth is
self supporting;
unless the Warden orders or consents otherwise.
All topsoil being removed ahead of all mining operations from sites such as pit areas, waste disposal areas, ore
stockpile areas, pipeline, haul roads and new access roads and being stockpiled for later respreading or
immediately respread as rehabilitation progresses.
At the completion of operations, all buildings and structures being removed from site or demolished and buried to
the satisfaction of the Director, Environment Division, DMP.
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13

Miscellaneous
Lease L59/87

5
7

21

22
23

26

Mining Lease
M59/338

2
3

4

The Licensee submitting to the Director, Environment Division, DMP, a brief annual report outlining the project
operations, minesite environmental management and rehabilitation work undertaken in the previous 12 months
and the proposed operations, environmental management plans and rehabilitation programmes for the next 12
months. This report to be submitted each year in:
• October.
All topsoil that may be removed ahead of pipelaying operations to be stockpiled for replacement in accordance
with the directions of the Environmental Officer, Department of Mines and Petroleum.
On the completion of the life of mining operations in connection with this licence the holder shall:
• remove all installations constructed pursuant to this licence; and
• on such areas cleared of natural growth by the holder or any of its agents, the holder shall plant trees
and/or shrubs and/or any other plant as shall conform to the general pattern and type of growth in the
area and as directed by the Environmental Officer, Department of Mines and Petroleum and properly
maintain same until the Environmental Officer advises regrowth is self supporting;
unless the Minister responsible for the Mining Act 1978 orders or consents otherwise.
All topsoil being removed ahead of all mining operations from sites such as pit areas, waste disposal areas, ore
stockpile areas, pipeline, haul roads and new access roads and being stockpiled for later respreading or
immediately respread as rehabilitation progresses.
At the completion of operations, all buildings and structures being removed from site or demolished and buried to
the satisfaction of the Director, Environment Division, DMP.
At the completion of operations, or progressively where possible, all other disturbed areas being rehabilitated to
form long term safe, stable, non polluting landforms whic are integrated with the surrounding landscape and
support self-sustaining, functional ecosystems comprising suitable native providence species to the satisfaction
of the Director Environment Division, DMP.
The Licensee submitting to the Director, Environment Division, DMP, a brief annual report outlining the project
operations, minesite environmental management and rehabilitation work undertaken in the previous 12 months
and the proposed operations, environmental management plans and rehabilitation programmes for the next 12
months. This report to be submitted each year in:
• October.
All surface holes drilled for the purpose of exploration are to be capped, filled or otherwise made safe after
completion.
All costeans and other disturbances to the surface of the land made as a result of exploration, including drill
pads, grid lines and access tracks, being backfilled and rehabilitated to the satisfaction of the Environmental
Officer, Department of Industry and Resources (DoIR). Backfilling and rehabilitation being required no later than
6 months after excavation unless otherwise approved in writing by the Environmental Officer, DoIR.
All waste materials, rubbish, plastic sample bags, abandoned equipment and temporary buildings being removed
from the mining tenement prior to or at the termination of exploration programme
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5

13

14
15

19

Mining Lease
M59/339

2
3

4
5

12

14

Unless the written approval of the Environmental Officer, DoIR is first obtained, the use of scrapers, graders,
bulldozers, backhoes or other mechanised equipment for surface disturbance or the excavation of costeans is
prohibited. Following approval, all topsoil being removed ahead of mining operations and separately stockpiled
for replacement after backfilling and/or completion of operations.
All topsoil being removed ahead of all mining operations from sites such as pit areas, waste disposal areas, ore
stockpile areas, pipeline, haul roads and new access roads and being stockpiled for later respreading or
immediately respread as rehabilitation progresses.
At the completion of operations, all buildings and structures being removed from site or demolished and buried to
the satisfaction of the Director, Environment Division, DMP.
At the completion of operations, or progressively where possible, all roads, and all other disturbed areas being
rehabilitated to form long term safe, stable, non polluting landforms which are integrated with the surrounding
landscape and support self-sustaining, functional ecosystems comprising suitable native providence species to
the satisfaction of the Director Environment Division, DMP.
The Lessee submitting to the Director, Environment Division, DMP, a brief annual report outlining the project
operations, minesite environmental management and rehabilitation work undertaken in the previous 12 months
and the proposed operations, environmental management plans and rehabilitation programmes for the next 12
months. This report to be submitted each year in:
• October.
All surface holes drilled for the purpose of exploration are to be capped, filled or otherwise made safe after
completion.
All costeans and other disturbances to the surface of the land made as a result of exploration, including drill
pads, grid lines and access tracks, being backfilled and rehabilitated to the satisfaction of the Environmental
Officer, Department of Industry and Resources (DoIR). Backfilling and rehabilitation being required no later than
6 months after excavation unless otherwise approved in writing by the Environmental Officer, DoIR.
All waste materials, rubbish, plastic sample bags, abandoned equipment and temporary buildings being removed
from the mining tenement prior to or at the termination of exploration programme
Unless the written approval of the Environmental Officer, DoIR is first obtained, the use of scrapers, graders,
bulldozers, backhoes or other mechanised equipment for surface disturbance or the excavation of costeans is
prohibited. Following approval, all topsoil being removed ahead of mining operations and separately stockpiled
for replacement after backfilling and/or completion of operations.
All topsoil being removed ahead of all mining operations from sites such as pit areas, waste disposal areas, ore
stockpile areas, pipeline, haul roads and new access roads and being stockpiled for later respreading or
immediately respread as rehabilitation progresses.
At the completion of operations, all buildings and structures being removed from site or demolished and buried to
the satisfaction of the Director, Environment Division, DMP.
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15

19

Mining Lease
M59/526

2
3

4
5

10

11
12

13
16

At the completion of operations or progressively where possible, all waste dump, stockpiles, roads, processing
plant, and all other disturbed areas being rehabilitated to for long term safe, stable, non polluting landforms
which are integrated with the surrounding landscape and support self-sustaining, functional ecosystems
comprising suitable native providence species to the satisfaction of the Director, Environment Division, DMP.
The Lessee submitting to the Director, Environment Division, DMP, a brief annual report outlining the project
operations, minesite environmental management and rehabilitation work undertaken in the previous 12 months
and the proposed operations, environmental management plans and rehabilitation programmes for the next 12
months. This report to be submitted each year in:
• October.
All surface holes drilled for the purpose of exploration are to be capped, filled or otherwise made safe after
completion.
All costeans and other disturbances to the surface of the land made as a result of exploration, including drill
pads, grid lines and access tracks, being backfilled and rehabilitated to the satisfaction of the Environmental
Officer, Department of Industry and Resources (DoIR). Backfilling and rehabilitation being required no later than
6 months after excavation unless otherwise approved in writing by the Environmental Officer, DoIR.
All waste materials, rubbish, plastic sample bags, abandoned equipment and temporary buildings being removed
from the mining tenement prior to or at the termination of exploration programme
Unless the written approval of the Environmental Officer, DoIR is first obtained, the use of scrapers, graders,
bulldozers, backhoes or other mechanised equipment for surface disturbance or the excavation of costeans is
prohibited. Following approval, all topsoil being removed ahead of mining operations and separately stockpiled
for replacement after backfilling and/or completion of operations.
All topsoil being removed ahead of all mining operations from sites such as pit areas, waste disposal areas, ore
stockpile areas, pipeline, haul roads and new access roads and being stockpiled for later respreading or
immediately respread as rehabilitation progresses.
At the completion of operations, all buildings and structures being removed from site or demolished and buried to
the satisfaction of the Director, Environment Division, DMP.
At the completion of operations, or progressively where possible, all disturbed areas being rehabilitated to form
long term safe, stable, non polluting landforms which are integrated with the surrounding landscape and support
self-sustaining, functional ecosystems comprising suitable native providence species to the satisfaction of the
Director Environment Division, DMP.
Placement of waste material must be such that the final footprint after rehabilitation is located outside of the zone
of potential pit instability.
The Lessee submitting to the Director, Environment Division, DMP, a brief annual report outlining the project
operations, minesite environmental management and rehabilitation work undertaken in the previous 12 months
and the proposed operations, environmental management plans and rehabilitation programmes for the next 12
months. This report to be submitted each year in:
• October.
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Source: Ministerial Statement 753 (24 October 2007)
Condition No. Closure Condition
14-1*
Prior to ground-disturbing activities, the proponent shall prepare a Preliminary Closure Plan in consultation with the Department
of Environment and Conservation, the Department of Industry and Resources, the Department of Water, the Australian Bush
Heritage Fund, the Australian Wildlife Conservancy, the Pindiddy Aboriginal Corporation and the relevant Local Governments,
which describes the framework to ensure that the mine area and the services corridor are left in an environmentally acceptable
condition and provides:
1. the rationale for the siting and design of plant and infrastructure as relevant to environmental protection;
2. a conceptual description and design of the final landform at closure;
3. for the long-term management of groundwater and surface water systems affected by the mining operations and services
corridor;
4. for the management of noxious materials to avoid the creation of contaminated areas (including acid-generating materials);
5. a rehabilitation program, which aims to restore the original vegetation communities to areas disturbed by the mining
operations and construction within the services corridor, and includes completion criteria to be met; and
6. for the monitoring and response to the progress towards the re-establishment of the floristic communities as part of the
rehabilitation of the area, including studies on the composition of the floristic communities on Extension Hill North.
14-2
The proponent shall make the Preliminary Closure Plan required by condition 14-1 publicly available in a manner approved by
the CEO.
14-3
At least two years prior to the anticipated date of closure, or at a time agreed with the Environmental Protection Authority, the
proponent shall prepare a Final Closure Plan, to the requirements of the Minister for the Environment on advice of the
Environmental Protection Authority.
The objectives of this Plan are to:
• Achieve construction of landforms which are stable, non-polluting and aesthetically compatible with the surrounding
landscape; and
• Ensure that closure planning and rehabilitation are carried out in a coordinated, progressive manner and are integrated
with development planning, consistent with current best practice, and the agree end land uses.
The Final Closure Plan shall set out details and measures for:
1. removal or, if appropriate, retention of plant and infrastructure in consultation with relevant stakeholders;
2. final landforms and the extent of the mine void;
3.long-term management of groundwater and surface water systems affected by the waste rock dumps, the mine void and the
services corridor;
4. identification of contaminated areas, including provision of evidence of notification and proposed management measures to
relevant statutory authorities; and
5. rehabilitation of all disturbed areas, including the mine area and the services corridor, to ensure establishment of sustainable
vegetation communities with local species and local provenance, consistent with the reconstructed landscape and surrounding
vegetation and in accordance with the completion criteria.
14-4
The proponent shall implement the Final Closure Plan required by condition 14-3 until such time as the Minister for the
Environment determines, on advice of the CEO, that the proponent's closure responsibilities have been fulfilled.
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14-5

The proponent shall make the Final Closure Plan required by condition 14-3 publicly available, in a manner approved by the
CEO.
Source: Ministerial Statement 786 (19 February 2009)
Condition No. Closure Condition
6-8
Generally within six months following the completion of construction, but in the case of borrow pits, within six months following
their closure, the proponent shall commence rehabilitation by replacing top soil in all disturbed areas, and thereafter shall
progressively rehabilitate by means of planting flora and vegetation to achieve pre-proposal composition, extent and condition.
6-9
For five years following the completion of construction, the proponent shall monitor progressively and submit a report at the
conclusion of the five-year period on the performance of the rehabilitation required by condition 6-8 to the CEO of the
Department of Environment and Conservation.
Source: Public Environmental Review**
Section/Page
Closure Commitment
No.
Prepare a Closure Plan for the Project. The plan will address closure actions to be taken for mine voids, waste dumps, and
Section 9
associated infrastructure.
Page 177
Review the Project Closure Plan regularly during the operational phase of the project (every 2 years).
Section 9
Page 178
Submit a final Project Closure Plan 2 years prior to the planned closure.
Section 9
Page 178
Source: Assessment on Referral Information
Section/Page
Closure Commitment
No.
Rehabilitate any areas that are no longer required following construction (that is, the borrow pits and the services corridor
Section 9
construction platform). This to include stripping and windrowing of topsoil for respreading following construction.
Page 75
Source: Mining Proposal Rev 6 (Feb 2010)
Section/Page
Closure Commitment
No.
Summary and
Re-establish the floristic communities as part of the rehabilitation of the area, which will involve further work on the composition
Commitments
of the floristic communities on Extension Hill.
Page xv
Summary and
Prepare a Closure Plan for the Project. The plan will address closure actions to be taken for mine voids, waste dumps, and
Commitments
associated infrastructure.
Page xvi
Summary and
Review the Project Closure Plan regularly during the operational phase of the project every two years during the operational life
Commitments
of the project.
Page xvi
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Summary and
Commitments
Page xvi
Section 8.1
Page 81
Section 8.1
Page 81

Section 8.2
Page 81

Section 8.2
Page 82
Section 8.2
Page 82
Section 8.2
Page 82

Submit a final Project Closure Plan two years prior to planned closure.

A decision on the final landform and long term land use for the Project will be finalised in consultation with key stakeholders as
identified in Ministerial Statement 753.
Progressive rehabilitation of the Mine will be undertaken as per the Rehabilitation Management Procedure in view of the
following long-term closure objective:
• To re-establish a stable productive land surface that requires minimal ongoing maintenance and management.
MGM aim to achieve this objective by undertaking the re-vegetation of disturbed areas with a self-sustaining system of native
species. These species will be similar in diversity, density and cover to pre-mined conditions.
Management practices and commitments outlined in the management procedure include:
• Topsoil will be respread and the surface profile deep ripped along the contour to reduce the erosion potential and
promote water capture and infiltration;
• Revegetation will be undertaken using direct seeding methods and local species;
• Wherever possible, fauna refuges and habitat areas will be created in rehabilitated areas using logs and other
vegetative debris;
• Areas of disturbance to be rehabilitated will be surveyed and the size and location recorded on a site plan for future
monitoring;
• Areas undergoing rehabilitation will be clearly signed posted and fencing may be undertaken to restrict vehicle and
stock access; and
• Feral animals such as goats will be controlled on rehabilitated areas to maximise the success of rehabilitation.
Abandonment bunds around the open pits will be positioned and constructed in accordance with the DMP Guidelines, Safety
Bund Walls for Abandoned Open Pit Mines (Department of Industry and Resources, 1997).
The waste rock dump will be constructed in accordance with the DMP Guidelines for Mining in Arid Environments (Department
of Minerals and Energy, 1996) and conditions as per Ministerial Statement 753.
The waste dump slope will be battered to achieve an overall slope not exceeding 18°. This angle should achieve minimal
erosion once good vegetation growth is established. Berms created between waste dump lifts will be back sloped to 5° and
sloped towards drainage points. A small bund of approximately 30 cm in height will be constructed on the outer edge of the
berm to prevent the overflow of water to the waste dump slope.
The top of the waste dump in general will also be designed to be water shedding to ensure no infiltration into the underlying
material. The design will ensure that water is not ponding towards the edge of the waste dump to ensure underground “piping”
of the water and eventual erosion of the batter slope does not occur. The top of the waste dump will be graded towards one or
more defined runoff points. These drainage points will include V-drain structures lined with suitable blocky material to reduce
the runoff velocity and minimise erosion. Other techniques will be utilised where required, to reduce water velocities, control
erosion and promote water infiltration if necessary. The final details of the waste dump will be determined with more detailed
site planning. There will be ongoing review of erosion control success and modification to procedures should they be required.
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Section 8.2
Page 83

Section 8.2
Page 83

Rehabilitation will be undertaken in order to re-establish native vegetation. Substrate will be spread, followed by spreading of
topsoil, followed by deep ripping (of approximately 1 m) along the contour.
Direct seeding will be primarily employed as the method for rehabilitation, as opposed to the planting of seedlings. Seeding will
be undertaken immediately prior to the onset of reliable rainfall, generally during May or June to ensure higher rates of seed
germination and initial growth are obtained.
The seed mix will include native grasses (to provide initial stabilisation), local plants with nitrogen fixing capabilities and local
species consistent with the original native vegetation of the area.
Monitoring of rehabilitated areas using permanent monitoring points will be undertaken on a quarterly basis. The monitoring
program will aim to assess:
• The physical stability of the rehabilitated areas;
• The biological structure of the vegetation community;
• Water drainage from the site; and
• Any public safety aspects.
Annual photographic monitoring will be undertaken to monitor the progress of revegetated areas. Modifications to the
rehabilitation program will be made pending the results of monitoring and revegetation trials. Remedial work for rehabilitated
areas will be identified through monitoring and undertaken where necessary.
The frequency of monitoring will decrease as rehabilitation progresses and will cease when rehabilitation completion criteria
have been met to the satisfaction of relevant stakeholders.

* Note that this condition has already been meet, as acknowledged by the Department of Environment and Conservation in correspondence dated 7 August 2008. This MCP will supersede the
previously approved document in relation to only the hematite component of the Mt Gibson Iron Ore Mine and Infrastructure Project.
** Commitments relating to the magnetite component of the Mt Gibson Iron Ore Mine and Infrastructure Project have been omitted, except where they are also applicable to the hematite component.
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Design of Hematite Waste Dump (2012)
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Design of the
Hematite Waste
Dump

Extension Hill
Operation

Mount Gibson Iron
Limited
May 2012

Landloch Pty Ltd
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© 2012 Landloch Pty Ltd
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This report is copyright. Apart from any use as permitted under the Copyright Act 1968, all other rights are
reserved. Requests and inquiries concerning reproduction and rights should be addressed to Landloch at
admin@landloch.com.au.
To reference this report:
Landloch Pty Ltd (2012), Design of the Hematite Waste Dump, Extension Hill Operation. Report prepared for
Mount Gibson Iron Ltd.
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Disclaimer: All care and diligence has been exercised in testing, interpreting data and the development of
recommendations presented in this report. The monitoring and testing have been undertaken in a skilled,
professional manner, according to accepted practices. Specific circumstances and research findings after the
date of publication may influence the accuracy of the data and recommendations within this report.
The landscape is not uniform. Because of this non-uniformity, no monitoring, testing or sampling technique can
produce completely precise results for any site. Any conclusions based on the monitoring and/or testing
presented in this report can therefore only serve as a ‘best’ indication of the environmental condition of the site at
the time of preparing this document. It should be noted that site conditions can change with time.
The information that comprises this report should only be used within the limitations stipulated in this report. Landloch does
not accept any risks and responsibilities for losses, damages, costs and other consequences resulting from using any
information, material and recommendations in this report.
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EXECUTIVE SUMMARY
Mount Gibson Mining Limited (MGM) proposes to mine and process hematite iron ore
from Extension Hill and Extension Hill North (the Site). The Site is located within the
Mt Gibson Range in the Mid-West region of Western Australia ~350km north east of
Perth, ~70km south west of Paynes Find, and ~83km north east of Wubin.
Approximately 6.2Mbcm (~8.1Mlcm) of waste rock will be generated and stored in the
waste dump. The dump is expected to have a maximum final height of 40m, and
have a footprint of 25ha.
Landloch was engaged by MGM to undertake erodibility studies and develop an
erosionally stable final landform design. Rehabilitation guidelines, closure Key
Performance Indicators and an operational surface water management plan were
also required.
Soils at Extension Hill are dominated by sandy textured soil. Given that sandy soils
tend to be highly erodible, rockier BIF waste was also supplied as potential
armouring material. Three surfaces were assessed for their erodibility and infiltration
characteristics:
1) Sandy soil.
2) 2:1 Weathered BIF/soil mixture.
3) 2:1 Fresh BIF/soil mixture.
The erodibility and infiltration characteristics derived included:





Interrill erodibility (Ki);
Rill erodibility (KR);
Critical shear for rill initiation (τc); and
Effective hydraulic conductivity (Ke).

These parameters were used to model runoff and erosion using the Water Erosion
Prediction Program (WEPP) runoff and erosion model. Site specific climate data was
also used in performing the runoff and erosion simulations.
For the given slope profile, a surface sheeted with soil was predicted to have an
erosion potential that exceeded the threshold values set for this project. Mixing the
BIF (either the fresh or the weathered BIF) into the soil at a ratio of 2 parts rocky BIF
to 1 part soil significantly reduced erosion potential.
A final landform batter design was developed using this 2:1 BIF/soil mixture. The
profile developed had the following characteristics:
1.
2.
3.
4.

A linear batter profile without the use of a berm.
Maximum height of 40m at any point along the waste dump batter.
Batter gradient of 18°.
Same footprint as required for the originally proposed design that
contained a berm.
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5. Fertiliser applied at a rate of 100-150kg.ha of diammonium phosphate
(DAP) with trace elements. Fertiliser to be incorporated into surface as
outlined in section 9.1.
6. Waste dump top to be levelled as outlined in section 9.2.
7. Crest bunds installed as defined in section 9.2.1.
8. Cross bunds installed as defined in section 9.2.2.
9. Created rip lines to be horizontal (on contour) and no larger than 300mm
(Section 9.3). Precision guidance equipment will be required.
10. Ripping should be performed with a triple tyne implement with tynes
spaced at 1m. Use of a single tyne ripper is not recommended.
11. Constructed in 10m or 20m lifts rather than a single 40m lift. Costs of
reshaping a single 40m high lift can be considerably higher than reshaping
multiple smaller lifts (Section 9.4).
12. Surface sheeted with a 2:1 BIF/soil mixture with the rocky component
(particles greater than 25mm) having a D50 of ~70-100 mm and a rock
particle density >2.7 g/cm³. The sourced rock should have no more than
10% of the rock greater than 300mm, and no more than 10% of the rock
less than 25mm in diameter (Section 9.5).
13. Sufficient rock should be added such that >30% contact cover is achieved
(Section 9.5).
14. Rock/soil layer to be at least 0.5 m thick.
15. In plan view, landform footprint should not have sharp changes in batter
direction (Section 9.6)
16. Landform shape should also consider rehabilitation cost. Section 9.6).
17. Monitoring programs for stability should be implemented (Section 9.7).

Operational surface water management is outlined in Section 8. A surface water
management plan is given in Appendix B.
Rehabilitation Key Performance Indicators are provided in Section 10. KPIs for
surface stability (not including those required for vegetation) have been developed for
5 stages of mining:
1.
2.
3.
4.
5.

Planning;
Landform Construction;
Initial Rehabilitation Performance;
Monitored Rehabilitation Performance; and
Sustainability.

This is in recognition of the fact that actions taken during the planning and
operational phases of mining have significant impacts on the potential success of
rehabilitation efforts. KPIs associated to the planning and operational phases must
be satisfactorily completed prior to any rehabilitation efforts being undertaken. Failure
to complete KPIs at any stage will jeopardise the likelihood of successful
rehabilitation of the waste dump and eventual mine closure.
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1. BACKGROUND
1.1. Extension Hill Operation
Mount Gibson Mining Limited (MGM) proposes to mine and process hematite iron ore
from Extension Hill and Extension Hill North (the Site). The Site is located within the
Mt Gibson Range in the Mid-West region of Western Australia ~350km north east of
Perth, ~70km south west of Paynes Find, and ~83km north east of Wubin. The site is
immediately adjacent to Great Northern Highway, within the Shire of Yalgoo.
The hematite and associated waste rock will be mined via conventional open pit
methods of blasting and excavation. Waste material from the open pit mining
operation will be stockpiled in a waste dump to the east of the hematite mine pit. This
is called the Hematite Waste Dump. Approximately 6.2Mbcm (~8.1Mlcm) of waste
rock will be generated and stored in the waste dump. Hematite mining is expected to
be mined for 5 years. The proposed design criteria for the hematite waste dump
provided to Landloch by MGM include:
Height limit:
Max. batter height:
Length:
Width:
Bench height:
Bench width on final shape:
Batter angle (individually):
Effective dump gradient1:
Footprint:
Storage capacity:
Storage requirements:
Revegetation:

460 mAHD
40m
530m
480m
10-20m
10m
20° (36.4%)
17° (30.8%)
25Ha
8,100,000m³
No PAF material has been identified
Direct seeding during May or June with native
species including native grasses, leguminous
species, and local species.

1.2. Rehabilitation expectations
Post-mining waste dumps are recognised by both regulators and mining companies
as posing a significant risk to the successful closure of a mine site.
The Department of Mines and Petroleum (DMP) is the lead agency for issues relating
to mining and the environment. They state that waste landforms should be designed
to “ensure that the final structure is safe, stable, and not prone to significant erosion”
(DoIR 2001). The landform should also be able to support a sustainable ecosystem.
The WA Environmental Protection Authority (EPA) has proposed similar standard
objectives for rehabilitation of terrestrial ecosystems (EPA 2006).
Safety of landforms is largely concerned with the integrity of the landform to contain
encapsulated materials and the geotechnical stability of the dump and the land on
1

Gradient of a single batter without any benches constructed from the toe to the crest of the dump.
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which the dump is sited. For the hematite waste dump, PAF materials are not
anticipated to be exposed, hence their encapsulation is not likely to be required. The
dump is being sited outside the limits set by regulatory guidelines for safety bund
walls around abandoned open pit mines (MGM 2011). The waste rock has also been
defined as, “hard, geologically competent with little clay in the overall deposits” (MGM
2011). Given these conditions and the geotechnically very low final batter angles2,
the dump is not expected to pose significant safety issues.
Stability of landforms is fundamentally concerned with erosion processes and their
impact on batter design. This report addresses requirements to achieve erosional
stability of the outer batter slopes. Development of a sustainable ecosystem
requires a stable soil or growth medium layer. Without adequate depths of suitable
material, there is little opportunity for vegetation to establish, vegetation assemblages
to develop, and for fauna to return at closure. Importantly, waste dumps that do not
meet these requirements are likely to be deemed unacceptable, and regulators may
insist on re-shaping and re-working of landforms until they do meet expectations.
Disturbance of land by mining typically results in environmental performance bonds
being placed on the mining company that estimate the relative cost of rehabilitation
for different landforms, but not necessarily the actual cost of rehabilitation. In
Western Australia, the total amount of mining security held is estimated to be 25% of
the WA mining industry’s total rehabilitation liability (DoIR 2006). In other words, the
cost of rehabilitation can be expected to be significantly higher than the bond rate
that is currently applied. Waste dump rehabilitation should be given serious
consideration, with rehabilitation planning starting as early as possible to ensure that
successful rehabilitation can be achieved as cost effectively as possible. In
Landloch’s experience, if not properly planned, rehabilitation can become very
expensive or potentially unachievable. Costs can vary by a factor of 10 depending on
the disparity between final landform requirements and the characteristics of the
constructed landform. Much of this cost can be attributed to unnecessary double
handling of waste materials. Landloch has also observed that where plans (that were
made early) are carried out to design, the cost of rehabilitation can be less than the
current bond rate. For a 25ha waste dump, this is equivalent to a potential savings of
several hundreds of thousands of dollars.

1.3. Scope of works
Landloch was engaged by MGM to undertake the following tasks:
1) Define rehabilitation goals and review available data – Determine
constraints to landform design based on stakeholder requirements, or
physical and/or material limitations. Collate and review material
characterisation data as provided to Landloch by MGM. Based on this
assessment, identify materials needing additional characterisation, and other

2

Mass failure of batter slopes is of little concern for rehabilitated landforms with batter gradients well
below angle of repose, particularly for dumps located in the arid climates that apply across the midwest region of Western Australia.
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potentially useful resources. Select materials for detailed erodibility
assessment.
2) Erodibility and infiltration measurement – Materials were subjected to
simulated rainfall and overland flows and the data recorded used to derive
erodibility and infiltration parameters for runoff/erosion models.
3) Landform design – Using the erodibility parameters to parameterise the
runoff/erosion models, develop erosionally stable landform designs using site
specific climate information.
4) Rehabilitation guidelines and Key Performance Indicators (KPIs) –
Provide guidance on:
i. Rehabilitation of the waste dump top.
ii. Appropriate encapsulation of problematic materials if present.
iii. Batter slope surface treatments (armouring, seeding, ripping).
iv. Batter sheeting techniques (where mixing rock or tree debris is
required).
v. Monitoring requirements
Using the final landform design defined and these guidelines, develop
rehabilitation KPIs.
5) Surface water management plan – Define appropriate surface water
management structures required for the operational phase of the landform.

2. ENVIRONMENTAL CONTEXT
2.1. Climate
Extension Hill is located in a semi-arid, hot, dry Mediterranean climate characterised
by hot dry summers, and cooler wetter winters. Average annual precipitation values
for Bureau of Meteorology (BOM) weather stations near Extension Hill are shown in
Table 1. Data is available for only 1983-2011 for the Mount Gibson site, and these
years are wetter than the long term average when compared with nearby stations of
longer record lengths. If only the years 1983-2011 are considered for each site
shown in Table 1, the difference in mean annual rainfall values between all the sites
is reduced (Table 2). The rainfall statistics for the Mount Gibson station do however
remain different to data for nearby stations in the region.
Based on data for Ninghan Station, the majority of rainfall (~55%) occurs during May
to August, with a mean monthly rainfall of ~41mm during this period. June is the
wettest month, averaging ~47mm. Mean precipitation decreases markedly during
September to April, averaging ~17mm/month (Figure 1).
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Table 1: Average annual precipitation for various BOM weather stations near
Extension Hill - all available data.
BOM Station Name
BOM Station Code
Distance from site (km)
Effective Record Length (y)
Record Period
Average Annual
Precipitation (mm)

Ninghan
Station
07068
21.4
84.6
1905-2011
295

Mount Gibson

Wanarra

Goodlands

10075
21.5
29.3
1983-2011

08264
38.5
35.3
1973-2011

10026/10057
54.3
89.6
1921-2011

354

306

306

Table 2: Average annual precipitation for various BOM weather stations near
Extension Hill using 1983-2011 data only.
BOM Station Name

Ninghan
Station

Mount Gibson

Wanarra

Goodlands

Average Annual
Precipitation (mm)

322

354

319

322

Mean Monthly Rainfall (mm/month)

50

40

30

20

10

0
Jan Feb Mar Apr May Jun Jul
Month

Aug Sep Oct Nov Dec

Figure 1: Mean monthly precipitation for Ninghan Station.
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2.2. Soils and landform
The topography typically consists of banded iron stone formations forming a series of
hills and strike ridges interspersed with drainage areas of low gradient. Soils on the
upper slopes of these hills are dominated by coarse fragments or rock outcrops. Soils
increase in thickness downslope. The plains between the hills typically contain deep
sandy loam soils (Payne et al 1998).
The hematite waste is planned to be constructed on the lower slopes of Extension
Hill and will extend onto the plains. The sandy loam soils that will be disturbed and
used for rehabilitation of the waste dump are likely to be highly transportable, and
prone to detachment, particularly on steep slopes. This has a significant bearing on
the stability of constructed landforms where these soils are typically utilised on slopes
of much steeper gradient than the plains from which they come.

2.3. Wastes
Table 3 lists the wastes to be extracted from the pit (data supplied by site geologist
on16 November 2011) and their respective proportions of the total waste volume.

Table 3: Waste lithologies and their abundance.
Lithology
Scree
Goethite
Felsic Volcanics
Band Iron Formation (BIF)
Hematite
Magnetite
Banded Iron Magnetite
Sediments

Proportion of Total Waste (%)
4.1
26.4
0.1
32.2
36.2
0.4
0.3
0.3

Wastes are dominated by Banded Iron Formation (BIF), hematite, and goethite
wastes. These wastes comprise 94.8% of the total waste volume. These wastes
have been generally classed as non-acid forming (Graeme Campbell and Associates
2005) although a tuff sample (volcanic) was classed as potentially acid forming due
to the presence of pyrite. Volcanics (of which tuff is a component) comprises only 0.1%
of the total volume of waste.
Blasting testwork carried out by Orica concluded that the rock is hard and
geologically competent, and the clay proportions are low. The clay that exists shows
no tendency to swell (MGM 2011). Given the lithologies in Table 3 and the
indications provided by the blasting testwork, wastes are likely to be moderately
rocky, but will contain an amount of fine-grained materials. The rocky component is
likely to weather slowly and provide erosion resistance in the long term if used as
armouring material.
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3. MATERIAL CHARACTERISATION
3.1. Samples assessed and interpretation
Samples of lateritic (rocky) soil, sandy soils, BIF, and goethite were provided to
Landloch in January 2012 for assessment of properties relating to plant growth,
surface stability, and rock competence. A total of 12 samples were supplied. The fine
component of each material (<2mm diameter) were assessed for:













pH1:5;
EC1:5;
Particle size distribution (clay, silt, fine sand, coarse sand);
Exchangeable Cations (Ca2+, Mg2+, Na+, K+, Al3+);
Effective Cation Exchange Capacity (ECEC) measured as the sum of
exchangeable cations;
Exchangeable Sodium Percentage (ESP);
Organic carbon;
Total P;
Total N;
Available P and K (Colwell method);
Available S; (KCl method); and
Available trace elements (Cu, Fe, Zn and Mn) (DTPA method).

The coarse fraction (>16mm) were assessed for:



Water adsorption;
Rock particle density.

Results of material characterisation of these materials are shown in Tables 4-6. Cells
shaded in red indicate values that are higher or lower than are typically considered
suitable for plant growth, surface stability, or rock durability. These materials may
require specific management.
All materials are non-saline. Soils tend to be acidic, with high Na and Al saturation
percentages. These properties will tend to compete to cause dispersion (elevated Na
concentration) and to cause clay flocculation (elevated Al concentration). High
exchangeable Al is also linked to toxicity in plants, and vegetation tends to be sparse
in affected areas. Importantly, if low pH values are “normal” for soils in the region, it
can be expected that low vegetation cover levels would also be “normal”.
The clay content was insufficient to enable the creation of a bolus for all except three
samples, and clay dispersion is therefore of little concern for these materials. For the
three samples for which the Emerson Index test was performed, two did not disperse
(class 5 and 6) and one did disperse once subjected to additional energy (Class 3).
As such, the soils and wastes can be considered generally not prone to dispersion.
The high coarse sand content also renders the soil not prone to tunnel erosion that
can result from soil liquefaction.
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Table 4: Basic chemical and physical characterisation data for the fine component of Extension Hill materials.
Test Parameter
EC1:5
pH1:5
ECEC
K
Ca
Exchangeable
Cations
Mg
Na^
Al
Emerson Index
Clay Mineralogy+
Clay
Silt
Particle Size
Fine
Distribution*
Sand
Coarse
Sand

Units

Sample ID
Laterite Laterite Laterite Laterite
Soil 1
Soil 2
Soil 3
Soil 4
0.09
0.07
0.06
0.05
4.85
4.61
4.53
4.37
3.00
2.68
2.28
2.17
5.7
5.21
5.32
4.70
53.2
50.6
43.6
31.6
16.0
13.8
17.9
13.70
14.60
11.1
10.4
9.10
10.50
19.30
22.90
40.80
ND
ND
ND
ND
K
K
K
K
23.8
24.5
24.8
26.1
1.02
0.71
0.31
0.00

dS/m
pH units
meq/100g
%
%
%
%
%
Class
%
%

Sandy
Soil 1
0.16
5.19
5.39
6.76
67
17.5
8.48
0.25
3
K+I
22.8
0.00

Sandy
Soil 2
0.07
5.20
2.59
8.26
65.0
14.2
6.9
5.6
6
K
13.7
0.00

Sandy
Soil 3
0.06
4.80
2.02
5.77
52.5
13.0
10.2
18.55
5
K
16.6
0.00

Sandy
Soil 4
0.09
4.74
2.50
5.78
62.5
12.9
10.0
8.79
ND
K
20.0
0.0

%

26.9

20.4

36.5

36.3

44.9

42.3

38.1

%

50.3

65.8

47.0

43.7

30.2

32.5

36.6

*Clay: <0.002mm; Silt 0.002-0.02mm; Fine Sand 0.02-0.2mm; Coarse Sand 0.2-2.0mm
^ Equivalent to Exchangeable Sodium Percentage (ESP)

Clay mineralogy estimated based on the ratio of ECEC to clay. K: kaolinite, I: illite
ND: No data due to lack for fine fraction or inability to form bolus with soil (too sandy)
+
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0.21
7.93
4.53
6.34
46.8
18.3
28.4
0.12
ND
K+I
20.1
0.21

Goethite
1
0.05
7.94
3.10
5.4
62.0
25.8
6.90
0.0
ND
K
27.6
0.40

Goethite
2
0.09
8.38
4.69
6.2
67.3
19.6
6.80
0.14
ND
K
26.4
0.72

22.8

27.0

42.9

41.6

57.0

52.7

29.1

31.3

BIF 1

BIF 2

0.08
5.06
2.94
4.94
57.7
23.8
13.0
0.62
ND
K
19.5
0.52

37.7
36.3

Table 5: Fertility characterisation data for the fine component of Extension Hill materials.
Test Parameter

Units

Total N
Total P
Available P (Colwell)
Available K (Colwell)
Organic Carbon
Available S (KCl)
Cu
Zn
Extractable
Micronutrients Mn
Fe

mg/kg
mg/kg
mg/kg
mg/kg
%
mg/kg
mg/kg
mg/kg
mg/kg
mg/kg

Sandy
Soil 1
675
78.3
17.8
231
1.24
14.5
0.62
0.44
10.3
33.3

Sandy
Soil 2
597
47.5
10.2
161
0.83
10.3
0.06
0.23
3.6
41.3

Sandy
Soil 3
392
83.4
13.8
116
0.61
16
0.01
0.16
2.38
22.6

Sandy
Soil 4
491
93.5
13.9
109
1.4
14.1
0.01
0.13
3.12
40.4

Sample ID
Laterite Laterite Laterite Laterite
Soil 1
Soil 2
Soil 3
Soil 4
665
656
390
355
190
193
174
158
15.9
17.5
7.3
7.6
124
117
84.4
73.8
1.71
1.78
0.7
0.53
18.7
15.4
19.5
24.6
0.07
0.07
0.4
0.3
0.62
0.23
0.14
0.12
9.32
3.96
8.55
1.95
40
39.8
11.6
10.1

BIF 1

BIF 2

380
205
5.22
104
0.7
25.9
0.23
1.34
5.2
27.4

154
48
2.02
172
0.26
24.7
0.1
1.51
0.14
8.97

Table 6: Rock particle density and water adsorption values for the coarse component of samples from Extension Hill.
Sample ID

No. Rocks Sampled

Sandy Soil
Laterite
BIF
Goethite

ND
3
12
6

Mean Rock Particle Density
(g/cm³)
ND
2.7
3.3
3.4

ND: No data due to lack of coarse fraction
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Mean Water Absorption (%)
ND
3.0
1.5
4.3

Goethite
1
482
258
11.9
123
0.92
16.4
0.52
0.47
13.7
20.2

Goethite
2
649
215
22.6
141
1.4
16.6
0.43
2.97
13.9
30.9

The clay fraction is dominated by kaolinite clay types. They do not shrink and swell
when dried and wetted (supported by previous blasting testwork), and tend to surface
seal readily. They are erodible, and tend to hold low levels of nutrients.
Soil fertility is low, with total N values being generally low for all samples. Total P
values can be low, though available P values tend to be adequate. Trace elements –
Cu and Zn – are low for most samples.
Rocks sampled have high density and low water absorption values, indicating a
material with low weathering potential. Particles with high density, assuming they are
of sufficient size, are also highly suitable for use as rock armour for erodible surfaces
such as batter slopes.

3.2. Selection of materials for detailed study of erosion potential
The sandy soil is the dominant soil type available for rehabilitation, and only small
proportions of the laterite soil are available. As a result, the sandy soil was selected
for detailed investigation of erosion potential. The rockiness of the lateritic soil will
also render this material more erosion resistant than the sandy soil, and as such any
design developed for the more erodible soil can also be validly used for the more
erosion resistant one.
BIF was also supplied as potential armouring material. A fresh BIF and a more
weathered BIF material was supplied.

4. EROSION STUDY OVERVIEW
4.1. Materials studied
Studies were carried out on 3 different materials:
4) Sandy soil.
5) Weathered BIF/soil mixture – Weathered BIF waste was mixed with sandy
soil in the ratio of 1 part soil to 2 parts weathered BIF.
6) Fresh BIF/soil mixture – Fresh BIF was mixed with the sandy soil in the ratio
of 1 parts soil to 2 parts fresh BIF.
4.2. Bulk material properties assessed
A sample of the sandy soil supplied was sent to a commercial soil laboratory and
analysed for:






Soil pH1:5;
EC1:5 as a measure of salinity;
Exchangeable cations (Ca2+, Mg2+, Na+, K+, Al3+);
Effective Cation Exchange Capacity (ECEC), measured as the sum of
exchangeable cations; and
Particle size distribution.
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This was conducted to confirm that the soils provided have similar properties to those
sampled as part of the preliminary inspection, and to assist in parameterising the
Water Erosion Prediction Project (WEPP) runoff and erosion model (outlined in more
detail below).

4.3. Material erodibility
Although the concept of “erodibility” is broadly understood, its precise meaning can
vary considerably within the framework of some erosion prediction models. The
WEPP model (Flanagan and Livingston 1995), used in designing landform batters for
waste landforms presented in this report describes material erodibility via a number
of specific parameters:





Interrill erodibility (Ki);
Rill erodibility (KR);
Critical shear for rill initiation (τc); and
Effective hydraulic conductivity (Ke).

Erodibility parameters for the WEPP model were derived from data collected during
laboratory studies involving the:



Application of simulated rain to a soil or waste surface to obtain estimates
of Ki and Ke; and
Application of surface water flows to obtain estimates of KR and τc.

Those parameters were then used in computer simulations of runoff and erosion in
determining a range of landform design options that are presented in this report.
4.3.1. Rainfall simulation and overland flows
Loch et al. (2001) present a detailed description of the rainfall simulator used in this
study (refer to Figure 2). Flat fan nozzles mounted on an oscillating manifold produce
the simulated rain. Kinetic energy generated by the nozzles is ~29.5 J/m2/mm,
consistent with the energy of natural rainfall at intensities >40 mm/h (Rosewell 1986;
Kinnell 1987). The nozzles uniformly sweep back and forth across the plot, achieving
good spatial distribution of the generated rainfall.
Interrill and rill erosion were determined by employing the following methodology:
1)

2)

Interrill erosion was measured by applying a simulated "storm" with known
rainfall intensity to plots 0.75m wide and 0.75m long (Figure 2). Three
plots of each material were run. Steady state runoff rates were measured
and sediment and runoff samples taken. Any variations in the applied
intensity were accounted for in the data analysis.
Rill erosion was measured by applying overland flows to flumes 0.4m wide
and 2.0m long (Figure 3). Three plots of each material type were run.
Samples of sediment in runoff were taken for each applied flow rate. No
rainfall was used during the overland flow study.

© Landloch Pty Ltd

-14-

Rainfall simulator head
unit with nozzles

Simulation plots

Water supply
Figure 2: Typical laboratory-based rainfall simulator installation.

4.4. Computer simulation of runoff and erosion from landform batters
WEPP was used in this project for simulations of runoff and erosion because of its
detailed treatment of slope profiles and erosion responses to varying climate and flow
concentration conditions. It was developed by the United States Department of
Agriculture (USDA) to predict runoff, erosion, and deposition for batter slopes (the
term hillslope is customarily used in the United States of America) and watersheds.
WEPP is a simulation model with a daily input time step, although internal
calculations can use shorter time steps. Plant and soil characteristics important to
erosion processes are updated every day. When rainfall occurs, those plant and soil
characteristics are considered in determining the likelihood of any runoff. If runoff is
predicted to occur, the model computes sediment detachment, transport and
deposition at points along the slope profile.
The erosion component of the WEPP model uses a steady-state sediment continuity
equation as the basis for the erosion computations. Soil detachment in interrill areas
is calculated as a function of the effective rainfall intensity and runoff rate. Soil
detachment in rills is predicted to occur if the flow hydraulic shear stress is greater
than the soil’s critical shear stress, and when the sediment load of the flow is below
transport capacity. Deposition in rills is computed when the sediment load is greater
than the capacity of the flow to transport it. All WEPP simulations developed by
Landloch used a 100-year stochastic climate sequence for the Extension Hill site.

© Landloch Pty Ltd

-15-

Water discharge and
sampling area at
downstream end of plot

Water supply at upstream
entrance of plot

Test surface

Figure 3: Example of
flume plot setup
used to apply
overland flows.

4.4.1. Effective hydraulic conductivity (Ke) derived using simulated rain
Within WEPP, the rate at which water moves through a soil is measured by the
effective hydraulic conductivity (Ke). Ke describes water movement through the soil
profile in response to an applied potential difference in soil water (soil water deficit).
Ke is derived by measuring a material’s steady infiltration rate under simulated rain,
and is strongly influenced by the characteristics of the surface crust. Effective
hydraulic conductivity is essentially different to steady infiltration rate.
4.4.2. Interrill erodibility, Ki
Interrill erodibility (Ki) describes the detachment and movement of particles by the
combined action of raindrops and shallow overland flows. Interrill erosion generally
occurs relatively evenly over a batter slope.
The interrill erodibility parameter required by WEPP was calculated on the basis of
sediment in runoff from the rainfall simulator plots, taking into account plot
dimensions and gradient, and rainfall energy and intensity.
4.4.3. Rill erodibility (KR) and critical shear (c)
Rill erosion refers to the detachment and transport of sediment by turbulent flow
within concentrated lines of overland flow.

© Landloch Pty Ltd

-16-

Rill erodibility parameters required for the WEPP model are KR (rill erodibility) and c
(critical shear for rill initiation). These parameters are used to predict changes in
erosion processes and rates in response to changes in runoff rates, slope length,
gradient, and land management.
KR is the rate of detachment per unit area in a rill per unit of effective shear stress
(see Equation 1 below) where c is the flow shear stress at which particle detachment
commences. This threshold is a function of both particle size and cohesion: the more
cohesive the material, the higher the shear stress needed to commence sediment
entrainment, whereas less shear stress is needed to entrain comparable-sized
particles from less cohesive material.
Neglecting any effect of existing sediment loads, rill detachment capacity (Dc) in
WEPP is calculated as:
Dc = KR ( - c)

(1)

where  is the flow shear stress.
For soils with low rock contents, the critical shear tends to be lower and the rill
detachment value tends to be higher than values measured on rockier materials. As
such, soils tend to more rapidly develop rill networks and are more prone to rill
erosion when compared with rockier materials.

5. LABORATORY RESULTS
Results of the chemical and physical characteristics of the sandy soil used in the
detailed assessment of erosion potential are presented in Tables 7 and 8, and are
comparable with data for soils assessed during the preliminary assessment (mean
values for the sandy soils measured during the preliminary assessment are also
given in these tables). The bulk sample is considered similar to that of other soils
tested during the preliminary assessment.

Table 7: Basic chemical properties for the loamy sand supplied and mean values for
the sandy soil assessed in preliminary assessment.
Exchangeable Cations (meq/100g)

pH1:5 EC1:5
(-) (dS/m)
4.7

0.06

5.0

0.10

Ca

Mg

Na

K

Al

Clay
ESP
ECEC
Mineralogy
(%) (meq/100g)
(-)

Bulk sample of sandy soil
0.9
0.3
0.1
0.1
0.9
5.9
2.4
Sandy soil supplied during preliminary assessment (mean values)
2.0
0.5
0.3
0.2
0.2
8.9
3.1

Note: Clay Mineralogy: K-Kaolinite
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K
K

Table 8: Particle size distributions of the materials supplied for assessment of
erodibility and infiltration characteristics3
Clay (%)
26
18

Silt (%)

Fine Sand (%)

Coarse Sand (%)

Bulk sample of sandy soil
1
43
Sandy soil supplied during preliminary assessment (mean values)
0
30

30
52

Use of this soil will likely not support significant levels of vegetation. Assuming that
the soil is representative of the soil reserve available (Landloch has measured very
low pH (4.6-6.2) for other soils in the vicinity of Mount Gibson’s Extension Hill
operation), establishment of a stable surface without any impacts from vegetation will
be important.

Table 9 shows the WEPP erodibility parameters derived from laboratory-based
measurements on various surfaces. Figure 4 shows examples of the test surfaces
assessed.

Table 9: WEPP
measurements.

Material
Sandy Soil
1:2 mix of Sand and
Weathered BIF
1:2 mix of Sand and
Fresh BIF

3

erodibility

parameters

determined

from

laboratory-based

Interrill
erodibility,
Ki

Rill erodibility,
KR

Critical shear,

(kg.s/m4)
324,410

(s/m)
0.0037

(Pa)
24

Effective
hydraulic
conductivity,
Ke
(mm/h)
18

165,989

0.0041

40

50

483,884

0.0014

30

35

c

Gravel: >2,000 m; Coarse sand: 2000-200 m; Fine sand: 200-20 m; Silt: 20-2 m; Clay: <2 m.
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Figure 4: Surfaces of sandy soil (top), fresh BIF mixed with sandy soil (middle) and
weathered BIF mixed with sandy soil (bottom).
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5.1. Effective hydraulic conductivity (Ke) derived using simulated rain
The Ke values derived for the soil are lower than measured for either of the BIF/soil
mixtures (Table 9).
The incorporation of rock into the soil has increased infiltration capacity in this case.
Interactions between rock cover, rock size, the degree to which the rocks are
embedded, and infiltration rate under rain are complex (Parsons et al 2009).
Generally, studies of surface seal formation on agricultural soils (Loch 1989; Loch
and Foley 1994) show higher infiltration rates when surfaces are protected (by rock
or other covers) and not impacted by raindrops. In this case, the presence of rock
likely acted to reduce surface sealing of the soil and maintain high infiltration rates as
a result.
5.2. Interrill erodibility, Ki
Ki values for all surfaces do not vary considerably. For example, soils particularly
prone to interrill erosion can have detachment parameters an order of magnitude
higher than these values. The values assessed are similar to those measured for
other gravelly and rocky soils.
5.3. Rill erodibility (KR) and critical shear (c)
Rilling was not observed for either the of BIF/soil mixtures. As such, the rill
detachment parameters (KR and c) adopted for the BIF/soil mixtures represent
detachment rates of soil from between the rock incorporated in the surface. The
critical shear values adopted are equivalent to the mean values for which soil
detachment was observed. Actual critical shear values would be higher than these
values, and as such the modelling using this lower value can be considered
conservative. Rilling was observed for the soil (Figure 5) and the rill detachment
parameters adopted reflect the detachability of the soil surface.
Rill erodibility values were similar for all the materials, indicating that strong rill
networks were not developed. The fresh BIF/soil mix did contain greater proportions
of rock (Figure 5) than the weathered BIF/soil mixture, and as such detachment rates
from this surface were slightly lower.
c values are higher for both of the BIF/soil mixtures than the c measured for the soil
alone. The lower critical shear value for the soil (Table 9) indicates that it is more
susceptible to detachment initiation than the BIF/soil mixtures. Erosion rates for the
soil could therefore be expected to be higher than the BIF/soil mixtures.
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Figure 5: v

Figure 5: Surfaces after application of concentrated overland flows: Sandy soil (left), Fresh BIF/sand mix (middle), Weathered
BIF/sand mixture (right).
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6. WEPP RUNOFF AND EROSION SIMULATIONS
6.1. Simulation assumptions for developing stable profile
Simulations of runoff and erosion using WEPP were conducted using the following
general assumptions and model settings:
(a)
(b)

(c)
(d)
(e)
(f)

Simulations were run for a 100-year climate sequence for the site.
Appendix A contains greater detail on the derivation of that file.
Rill spacing was set at 1m for the BIF/soil mixtures whereas a spacing of
5m was used for the soil to reflect the greater degree of flow concentration
that will occur on hydraulically smooth slopes where rock is absent.
Surface roughness was set at 3cm for all materials. This is consistent with
a relatively smooth surface.
No allowance was made for the effects of vegetation on erosion.
Light cross-slope ripping will be applied to the final batter surface.
No allowance was made for water from the top of the landform to
discharge onto the batter slopes. Retention of water on top of the landform
will considerably reduce potential erosion rates.

Rill spacing values adopted are based on Landloch’s extensive experience with
assessment of erosion on constructed landforms sheeted with similar materials. The
rill spacing parameter in the WEPP model sets the slope width over which predicted
runoff is automatically concentrated. Increased rill spacing increases the amount of
flow in individual rills, increases the potential for critical shear to be exceeded and
thereby increases the likelihood of rilling becoming more active in a given event.
Surface roughness of 3cm is consistent with a relatively smooth surface, effectively
simulating the surface that will develop after some years of exposure to rainfall. For a
rocky surface this is a conservative setting at the rock provides additional roughness
that will limit detachment.
Although vegetation is to be established on the batter slopes, no vegetative cover
was considered in the modelling. This reflects a general observation that levels of
surface contact cover developed by vegetation in this arid environment are likely to
be too low to have appreciable impacts on erosion potential. The high Al levels may
also limit vegetation growth. Therefore, the aim of the simulation was to identify a
slope that would initially be stable without vegetation. Any vegetation establishment
will increase erosion resistance.
6.2. Definition of “acceptable” soil loss
The concept of “tolerable” or “acceptable” soil loss is widely mentioned when
considering erosion from agricultural land. Tolerable soil loss is defined as a rate of
erosion such that land productivity is sustained (Wischmeier and Smith 1978), and is
therefore of greatest relevance to agricultural situations rather than to mine site
rehabilitation. It also ignores the pronounced temporal variations in erosion rates
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evident in arid regions. Currently, there is no widely adopted methodology for
assessing what is an acceptable erosion rate for rehabilitated lands.
Also, a simple measure of average erosion rate in tonnes per hectare per year gives
no information on the way in which that erosion may develop and impact on a
landform over the long term. Erosion models such as the Revised Universal Soil Loss
Equation (RUSLE) or WEPP simply consider the same land surface year after year.
In practice, rilling in one year may well develop into gullies in subsequent years if the
erosion continues to incise the soil surface. Alternatively, a rill may become armoured,
and erosion rates may reduce through time.
Therefore, Landloch’s approach to landform design aims to create slopes where
rilling and consequently, gullying potential, will be minimised. (Interrill erosion is
generally relatively insignificant relative to potential rates of erosion by rilling on steep
slopes. Surfaces eroded by interrill erosion typically become armoured in any case.)
If conditions that encourage gullying are avoided, the slope should be resilient. Gully
erosion potential is increased by:




Use of inappropriate surface materials;
Use of inappropriate batter shapes (including heights, and gradients); and
Increasing flow shear stress through concentration of surface water flows
by either excessively large rip lines or berms.

Based, on Landloch’s considerable experience in modelling erosion, and assessing
erosion processes and erosion rates in the field, landforms designed with a predicted
average erosion rate (averaged over the entire slope length) of <5 t/ha/y, together
with a predicted maximum erosion rate at any point on the slope of <10 t/ha/y, exhibit
a low tendency to rill. These values were adopted as the threshold above which a
landform batter was deemed to erode at an unacceptable rate.

6.3. Definition of the maximum allowable batter gradient
The maximum allowable batter gradient (or batter gradient section in the case of a
concave slope) is a function of the:



Ability of vegetation to establish and grow on those batters, and
Safety of operators traversing the slope while constructing the batters.

Figure 6 illustrates the typical relationship between batter gradient and vegetation
(DME 1996). Batters with gradients <36% (20º) tend to support revegetation with
success classed as fair to very good. From a safety perspective, batter slopes
>~45% (~25º) are typically unsafe to operate on, with dozers tending to slip on such
slopes. Therefore, batter gradients <36% (20º) were investigated as part of the
development of stable batter slopes.
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Figure 6: Influence of batter gradient on revegetation and erosion (DME, 1996).

6.4. Berms and landform stability
The waste landform designs that are currently planned for Extension Hill include the
use of 10-20m high linear batters at gradients of ~20º (~36%) separated by ~10m
wide berms. This is consistent with now defunct regulatory guidelines (DME 1996).
Since 1995 (approximately), the use of berms has been strongly questioned within
the WA mining industry. By 2005, the role of berms in concentrating flows and in
creating gullies was becoming widely accepted, and by 2009, all reference to berms
was removed from the DMP web site. DMP staff have stated publicly in industry
forums that – given the current best management practices being applied by the
mining industry – use of the obsolete batter design guidelines (DME 1996) is no
longer appropriate. DMP now recommend that landforms be designed using the
characteristics of the prevailing environment (climate and landscape), and the
properties of the materials being stored (hence the approach taken in this report). A
prescriptive approach to design – as fostered by previous guidelines – is no longer
acceptable.
Consequences of this prescriptive approach are documented by Howard et al. (2010)
and Vacher et al. (2004). Created berms fill with sediment and wear down by erosion
and weathering. They lose their capacity to hold sediment, and over time surface
water breaks through and discharges downslope in concentrated flow lines. That flow
will add to the surface water already collected in the next downslope berm and cause
it to more rapidly overtop and discharge downslope. Thus, once one berm “fails”,
there will be a general failure down the slope and a rill or gully is created.
Observations of hundreds of waste dumps by Landloch in many varied locations has
led to the clear conclusion that landform configurations that include berms on
erodible materials create a "flow-concentrating" landscape, and that flow
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concentration is the main reason that gullying is such a common feature of waste
dump landforms. The Leading Practice Sustainable Development Handbook for Mine
Rehabilitation (DITR 2006) – considered representative of current best practice for
the Australian mining industry – states that gullies often develop as, “a direct
consequence of concentration of run-off by the berms and discharge of concentrated
flows onto batter slopes once the berms fail”.
Therefore, berms are not recommended for use on erodible materials such as the
Extension Hill soil, and stabilisation of landform batters is best achieved through
construction of batter slope profiles that minimise the:



Potential for runoff to generate and for particles to detach; and
Risk of surface water flow being allowed to concentrate.

Berms are less likely to create batter instability on erosion resistant materials such as
rock armoured surfaces. Rock armoured surfaces have an intrinsic hydraulic surface
roughness that acts in a similar way to the roughness created by berms. However,
the roughness of the rock armoured surface is effectively permanent, will not rapidly
erode or weather (if competent rock is chosen), and cannot be removed via fire or
grazing. Hydraulic roughness from rock provides the same perceived functions as
berms in terms of water trapping and improved plant establishment and growth 4 .
Where hydraulic roughness of the surface is sufficiently high and erosion resistant
surfaces can be created, the transient surface roughness created by berms becomes
redundant, and represent an unnecessary rehabilitation cost and risk of failure.
Therefore, use of berms with rocky materials is largely a waste of time. Continuous
batter slopes (e.g. single linear or concave slopes) will likely provide better stability.
Berms were not considered within the runoff/erosion modelling.

6.5. Temporal variation in predicted runoff and erosion
The 100 years of annual rainfall contained within the WEPP climate sequence
displays some temporal variation, though the variation is not as great as observed in
climates such as the Kimberley or the Pilbara regions of Western Australia (Figure 7).
One consequence of rainfall variability is that predicted annual runoff rates will also
vary. Therefore, it is possible that no or very little erosion occurs in some years.
Figure 8 shows the annual runoff for the three materials as predicted by WEPP,
when rainfall is applied to a 40m high batter with gradient of 18 degrees. This shows
that for the materials with higher hydraulic conductivity values (soil/rock mixtures), a
greater proportion of years without runoff are predicted to occur. For example, for the
weathered BIF/soil mixture, more than 80% of years are predicted to not runoff.
Without runoff, erosion cannot occur. For the soil on this particular batter height and
gradient, ~25% of years are predicted to have no runoff.

4

Long-term maintenance of surface roughness is highly desirable, particularly in an arid environment
where very little surface contact cover is provided by vegetation.
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Figure 7: Variation in annual rainfall in the 100 year climate sequence for Extension
Hill used for simulations in WEPP.

The predicted erosion rate varies even more than rainfall and runoff, as erosion is a
function not only of total runoff but also the detachment characteristics of the
material. Hence materials that are hard to detach tend to have lower erosion rates
than more detachable materials.
Figure 9 shows the variation in predicted erosion for the three materials for 100 years
of simulation of a 40m high batter with gradient of 18 degrees. Note the variation in
scale of the vertical axes of the three plots.
Very few years are predicted to erode when rock is incorporated in the soil surface.
This is due to their high critical shear values and low detachment rates. Further, the
low erosion rates of the rock/soil mix covered slopes when compared to the soilcovered slope reduced the likelihood of rilling forming.
The two highest runoff and erosion years shown in Figure 8 and 9 (years 27 and 99)
are associated with rainfall events of 156mm/day and 138mm/day respectively. The
156mm event had a duration of ~10 hours, and the 138mm event had a duration of
~6 hours. Both events have average storm intensities greater than the design
intensity of a 1 in 100 year event of the same durations. Therefore, the rocky slopes
are predicted to have low erosion potential even in extreme events. A soil covered
slope is likely to rill heavily in an extreme event for this given batter configuration
(40m high, 18 degrees gradient).
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Figure 8: Predicted runoff potential for three materials placed on a 40m high linear
batter with gradient of 18 degrees: Soil (top), Fresh BIF/soil mix (middle), and
weathered BIF/soil mix (Bottom)

© Landloch Pty Ltd

-27-

100

Annual Erosion (t/ha/y)

80

60

40

20

0
0

20

40
60
Simulation Year

80

100

Annual Erosion (t/ha/y)

8

6

4

2

0
0

20

40
60
Simulation Year

80

100

Annual Erosion (t/ha/y)

0.08

0.06

0.04

0.02

0
0

20

40
60
Simulation Year

80

100

Figure 9: Predicted average annual erosion for three materials placed on a 40m high
linear batter with gradient of 18 degrees: Soil (top), Fresh BIF/soil mix (middle), and
weathered BIF/soil mix (Bottom).
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6.6. Variation in erosion caused by flow concentration
Elimination of flow concentration is critical to stabilising waste landforms. This will
involve eliminating features such as berms, and large rip lines that will fill over time.
Table 10 shows predicted erosion rates for a 40m high batter with gradient of 18
degrees. Cells shaded red contain values that exceed the erosion threshold values
set for this project.

Table 10: Variation in predicted erosion for changing rill spacing
Material
Soil

Fresh BIF/soil mix

Weathered BIF/soil mix

Predicted Average
Annual erosion
(t/ha/y)
9.6
9.8
9.6
0.1
0.6
1.2
1.4
1.5
0.0
0.3
0.7
0.8
0.8

Rill Spacing (m)
5
10
20
1
2
5
10
20
1
2
5
10
20

Largest Annual Soil
Loss (t/ha/y)
82
79
74
7.2
23
33
33
33
0.1
10
36
40
40

Importantly, significant increases in rill spacing are not predicted to increase erosion
rates for the rocky mixtures. A very large rill spacing of 20m is not predicted to create
erosion rates that exceed the average annual erosion threshold values set. Therefore,
use of a rocky surface is predicted to be relatively resistant to erosion, even if greater
than expected flow concentration occurs. Given that larger rill spacings tend to be
created by poorly constructed landforms, the stability of the rocky surfaces even at
large rill spacings provides greater certainty that slight variations in the quality of
works (e.g. rip lines slightly off contour in places) will not lead to significant slope
failure. It will not guarantee low erosion rates if the quality of rehabilitation works is
grossly inadequate.

6.7. Variation in slope erosion caused by the materials
Erosion rates not only vary through time, they also vary at each point along the slope.
Assuming no runon from upslope, erosion rates are low at the crest of a slope, and
tend to increase as slope length increases. The way in which they increase differs
from material to material. In order to demonstrate how erosion rates for the different
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materials differ along the slope, WEPP was run for an 80m high linear batter5 with
gradient of 18 degrees (Figure 10).

Annual Erosion (t/ha/y)

12

8
Soil
Fresh BIF/soil mix
Weathered BIF/soil mix
4

0
0

50
100
150
200
Horizontal Distance from Crest (m)

250

Figure 10: Predicted average annual erosion rates along an 80 m high slope
sheeted with soil, Fresh BIF/soil mix, and Weathered BIF/soil mix at 18 degrees.

Erosion rates of the BIF/soil mixtures are limited by the rate of material detachment.
These material mixtures are predicted to maintain very low erosion rates for a
significant proportion of this slope, with flow accumulation increasing the shear stress
and initiating rilling on the lower half of the 80m high slope. For lower slopes, rilling
may not be initiated, rendering a very stable batter slope. The trend in erosion of the
soil is different to that of the BIF/soil mixtures. Erosion of the soil rapidly increases to
high levels near the top of the slope and maintains relatively consistent (and high)
erosion rates for the great majority of the slope length.
Clearly, MGM is not going to build an 80m high waste dump. Use of a 40m high
dump batter (half the horizontal distance shown in Figure 10) with a gradient of 18
degrees (half the slope length of that shown in Figure 10) would essentially ensure
the development of a slope on which rilling is not predicted to readily initiate.

5

A very high batter was used simply to ensure that observable erosion was predicted for the rocky
mixtures.
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7. DEVELOPMENT OF STABLE SLOPE PROFILES
Given that the preliminary assessment of material stability (section 6) has shown that
use of a BIF/soil mix to sheet the waste dump batters is predicted to result in stable
soil surfaces, and that use of soil alone is likely to result in construction of batter
slopes infrequently subjected to highly erosive runoff, WEPP simulations were
performed for a linear batter and a maximum dump height of 40m sheeted with the
fresh BIF/soil mix. Use of the weathered BIF/soil mix on the same slope would also
have sufficient erosional stability
Modelling of the BIF/soil mixture considered a linear batter only as:
1. A linear batter is likely to be sufficiently stable without having to modify
batter shape; and
2. Construction of linear batters is simpler than constructing concave batter
shapes.
Modelling constrained the horizontal length of the batter to the same length or shorter
than that assumed in the current conceptual designs, ensuring that they will fit in the
currently allocated footprint.
A concave batter profile was also developed for use if only soil was applied to the
surface. A maximum dump height of 40m was used, and the footprint was
necessarily increased to accommodate the concave profile.

7.1. Linear batter design for rocky surfaces
A 40m high linear batter profile sheeted with the BIF/soil mix is predicted to be stable
when a batter gradient of 18º (32.5%) is adopted. The design batter is outlined in
Table 11.
This slope profile is predicted to have an average annual erosion rate of 0.2t/ha/y,
with a peak erosion rate of 1.1t/ha/y occurring at the toe of the batter.
Because it does not contain a berm, this profile has a slightly smaller footprint than
the configuration that included a berm.

Table 11: Detailed information on the recommended linear slope profile used when
BIF is incorporated into the soil on the final landform with gradient of 18 degrees.
Horizontal
Distance From
the Crest (m)
0-123
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If the footprint is kept constant and the berm is not used, a batter is gradient of 16
degrees can be adopted and would have sufficiently low erosion potential. This
alternate design batter is outlined in Table 12. Reducing gradient to 16 degrees
reduces predicted average annual erosion rates to 0.1t/ha/y and predicted peak
erosion rates to 0.8 t/ha/y.

Table 12: Detailed information on the recommended linear slope profile used when
BIF is incorporated into the soil on the final landform with gradient of 16 degrees.
Horizontal
Distance From
the Crest (m)
0-123

Batter Gradient
(%)

Batter Gradient
(º)

28.7

16

Obviously, if more storage is not required, adoption of the lower gradient is preferred,
but either batter gradients (16 or 18 degrees) are predicted to offer sufficient erosion
stability, with predicted rates being well below the threshold values set for this
project.
The 40m high batter design should still be constructed in lifts of 10 or 20m vertical
height, with the lifts set back at a distance such that when the lifts are battered down
during rehabilitation, the berm created during construction is removed. Table 13 lists
the required setback distances, assuming an angle of repose of 37 degrees (~75%).
These setback values would necessarily need to be changed by MGM if the angle of
repose is not ~37 degrees.
Table 13: Required setback distances.
Final Slope Gradient (degrees)
18
16

Constructed Lift Height (m)
10
20
10
20

Horizontal Setback Distance
Assuming 37° Angle of
Repose (m)
17.5
35.0
21.6
43.2

Construction of dumps in lifts greater than 20m tends to increase the cost of
rehabilitation as dozing is increasingly difficult. In some cases, dozing is made
impossible, and trucks and excavators are required to reshape the dump (at
considerably higher cost).
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7.2. Concave batter design for soil covered surface
The recommended concave batter profile for a soil covered slope is given in Figure
11. Table 14 provided details of the recommended shape.

Vertical Distance (m)

40

30

20

10

0
0

50
100
150
200
Horizontal Distance from Crest (m)

250

Figure 11: Concave batter profile recommended for use when only soil is applied to
the final landform surface.

The concave option is predicted to have an average annual erosion rate of 1.0t/ha/y,
and a peak erosion rate of 1.8t/ha/y. This landform should also be built in 10-20m
lifts, with the setback distances modified such that the berms constructed during
operations are removed. The berm width necessarily reduces as final slope gradient
increases.

Table 14: Detailed information on the recommended concave slope profile used
when only soil is used on the final landform batter.
Horizontal
Distance From
the Crest (m)
0-31
31-87.5
87.5-250
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Batter Gradient
(%)

Batter Gradient
(º)

32.5
17.6
12.3

18
10
7
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7.3. Landform recommendation
Addition of rock into the sandy soil provides the following benefits:





Significantly reduces the predicted number of runoff and erosion events.
Reduces detachment potential so that runoff events erode less material.
Significantly increases the possible maximum batter height such that a 40m
high batter could be constructed using a linear profile.
Eliminates the need for berms which are difficult and costly to construct
properly (so that they remain functional in the long term).

Therefore, use of a rocky/soil batter is recommended. The configuration listed in
Table 12 (40m high, 18 degrees, no berm) is preferred. However, in footprint is
limited, the configuration listed in Table 11 is also satisfactory.
Segregation and stockpiling of sufficient quantities of BIF waste will be required in
order to mix into the sand during rehabilitation works. The mixing ratio of 2 parts rock
to 1 part soil is required. Either fresh or weathered BIF can be used.
If insufficient rock exists to create the rocky surface, the concave design outlined in
Table 14 should be adopted.

8. OPERATIONAL SURFACE WATER MANAGEMENT
The waste dump is being constructed by advancing the active tip face from the
existing Extension Hill land surface towards the final waste landform footprint. During
operations, surface water should be directed over the tip face (at a location away
from the active tipping area) and captured by a bund wall constructed at the final
footprint of the rehabilitated landform. This bund will act to hold all runoff and
sediment generated from storm events with a recurrence interval of less than 100
years. Water will discharge during larger events via a rock armoured drain outlet to
the south of the bund wall. The surface water plan is given in Appendix B. More detail
is given below.
8.1. Bund wall and drain
The bund wall should be constructed from rocky waste material, and at rehabilitation
of the dump, the bund should be incorporated into the final landform batter. The bund
should be 2m tall, and can be created by paddock dumping the material into place.
Directly to the east of the bund wall, a drain 10m wide, and 0.5m deep should be
constructed to convey water from the drain in events greater than 1:100 year
recurrence interval. Events with shorter recurrences intervals will be retained within
the drain and the water will be allowed to infiltrate and/or evaporate. The drain is
designed to accommodate runoff and sediment from a 50ha area.
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With this approach, there may be issues with runoff water ponding against the inner
face of the bund wall and seeping under it, and possibly causing some slumping of
the bund. To mitigate this, the bund wall should be compacted during construction
and monitored regularly during operations for slumping.
The drain should be cleaned once its capacity reaches 30% full. The sediment
removed from the drain during cleaning should be placed at the toe of the waste
dump tip face, and not on the bund wall or on the outside of the bund wall (i.e. out of
the dump footprint).
The drain should also be cleared of localised blockages caused by concentrated
blowouts (gullies or mass wastage) that may block the flow of water from the drain to
the outlet during larger events.
8.2. Drain outlet
During large runoff events, water will be allowed to discharge from the drain. Given
the sandy and non-dispersive nature of the waste materials, it is anticipated that
much of the sediment load will deposit within the drain and that the discharged water
will have low sediment concentrations.
At the discharge point, a rocky zone should be created to further dissipate energy at
the outlet. This zone should extend 5m downstream of the outlet, and be constructed
flush with the surrounding land surface. Competent, slow-weathering rock with a
diameter of 150-200mm should be used. The material should have <10% fines
(material less than 25mm diameter).
8.3. Monitoring
The drain and the outlet must be inspected on a monthly basis or after a rainfall
event. Non-compliance with agreed performance criteria will be identified by visual
inspections identifying:





accumulation of sediment off the site;
excessive sediment accumulation on the site;
excessive erosion on the site; and/or
poorly maintained, damaged, or failed erosion and sediment control
infrastructure.

Visual inspections should include assessment of:




the capacity of the drain to store future sediment loads (use of sediment
depth markers is recommended);
Integrity of the inner face of the bund wall, to ensure that it was not been
excessively scoured;
Occurrences of excessive sediment deposition (whether on-site or off-site);
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Occurrences of material other than sediment being stored within the drain,
e.g. waste;
Occurrences of a blowout on the tip face causing localised blockage of the
drain’ and/or
Changes to footprint size that may trigger re-evaluation of surface water
management needs.

9. GENERAL LANDFORM RECOMMENDATIONS
The following recommendations refer to all landforms to be rehabilitated, irrespective
of material type (unless otherwise stated).
9.1. Fertiliser application
Soil nutrient status of all materials is low (Table 5), though not expected to be high
given the seasonally-controlled low rainfall regime and the local (native) vegetation
that is considered to be adapted to low-fertility conditions. However, when topsoils
are stripped, handled, and stockpiled, the existing nutrient in standing biomass is
commonly lost. Therefore, successful and rapid re-establishment of native vegetation
will require fertiliser application.
Likely fertiliser requirements are not high – N and P requirements could be supplied
through application of 100-150 kg/ha of DAP (diammonium phosphate). Trace
elements should also be applied.
Application of a typically immobile element such as P to the surface of soils high in
iron oxides is unlikely to be successful, as it will be almost completely unavailable to
plants. Therefore, incorporation of fertiliser to a depth of at least 0.1 m is strongly
recommended. This could be done while incorporating rock into the soil to create the
required rock armour.
Trialling fertiliser rates is encouraged, particularly because there may be
considerable fixation of P in the soils, and application rates may need to be increased
to obtain a response to P if fixation rates are high. It is also advisable to trial
application and incorporation of single superphosphate as a source of P, as it is likely
to be less susceptible to rapid immobilisation of P than, for example DAP.

9.2. Landform tops
For the recommended batter profile to be stable and sustainable, it will be critical to
retain runoff on the top of the rehabilitated landform. Discharge of concentrated flows
from the top of waste landforms onto the outer batter slopes is a very common cause
of gullying and landform failure. This will be particularly true for Extension Hill, where
the majority of runoff occurs from few rainfall events.
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The risk of uncontrolled discharge of surface water from the dump top can be
managed by:
a) installing appropriate crest bunding;
b) installing appropriate cross-bunding; and
c) increasing the infiltration capacity and water use of vegetation on the dump.

9.2.1. Waste dump batter crest bunding
Uncontrolled discharge of runoff from the tops of dumps is a major cause of gullying
on the outer batter slopes, and dump top perimeter and cross-bunding are essential.
The average annual rainfall for Extension Hill is low, and extreme events also
produce relatively small rainfall events. For example, a storm with a duration of 72
hours and an average recurrence interval of 100 years will deliver ~168 mm of rain at
an average intensity of ~2.36mm/hr (BOM 2012). The perimeter bunds should be:






At least 0.75 metre high;
Thoroughly compacted and constructed of stable material;
Have their outer face continuous with the outer batter profile and have the
same surface treatments applied to it;
Have a width across the top of the bund of at least 2 m; and
Have their inner face sloping gradually inwards at a gradient of 1V:10H.

The gentle inward gradient ensures that any water that ponds will be ponded well
away from the outer batter slope, thereby minimising the potential for any sink-hole
that forms to reach the outer batter slope.

9.2.2. Waste dump cross bunding
It is critical to ensure that any runoff generated on the top of a constructed landform
does not travel significant distances and concentrate to create prolonged ponding.
Cross-bunding should be used to prevent flow concentrations on the flat areas of the
waste dump top (Figure 12). It should be constructed such that:




compacted bunds are 0.5 m high – 1 m wide across the top – to create
cells of 1-3 ha in area on the top of the landform;
the land surface within each cell is as close to level as possible; and
surface ripping will hold rainfall excess close to its point of origin. Deep
ripping can be tolerated on the dump top, as there is little concern of rip
lines failing and causing gully erosion.

9.2.3. Infiltration capacity and vegetation water use
To maximise infiltration into the dump top, reduce the time of ponding, and increase
the availability of water to vegetation, it is recommended that prior to spreading
topsoil, the dump top should be ripped with dozer tines on a <1 m spacing to the
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greatest depth possible. The aim of the initial deep ripping is to break up any
compaction of the surface due to vehicle traffic and to increase the depth of drainage.
Soil should then be spread to a depth of 100-200 mm and vegetation seeded, with
the seeding mix focussing on deep-rooted and perennial species. Use of deep rooted
vegetation will maximise the rooting depth available to use infiltrating water (and in
turn reduce the potential for deep drainage to depths below the active root zone).

9.3. Batter slopes
To achieve long-term stability of batter slopes on this landform, it is critical that flow
concentration be minimised. Concentration of overland flow can be prevented by:
(a)
(b)
(c)

Minimising the size of cross-slope rip lines;
Ensuring good quality rehabilitation works; and
Maximising surface coverage by rock.

The created rip lines should be no larger than 300mm. Creation of small rip lines is
desirable to provide some initial surface roughness and to ensure thorough
incorporation of the rock into the soil surface.
Note that – given the low annual rainfall and high Aluminium levels for some soils –
vegetation is highly unlikely to establish at levels sufficient to cause any significant
reduction in erosion potential. Vegetation is aesthetically desirable, but is unlikely to
modify runoff or erosion on the batter slopes.
Given the extreme importance of minimising flow concentration on the batter slopes,
it will be essential that construction does not create flow-concentrating features. Of
particular concern are:




Rip lines off contour;
Irregular dump footprint shapes (see section 8.6); and
Sharp corners which render ripping on the contour extremely difficult.

If possible, equipment used for rehabilitation works should have precision guidance
systems installed. Operators should be highly skilled and experienced. It is noted that
rehabilitation earthworks are significantly different to earthworks typically conducted
by mining staff, and requires great precision and adherence to the specified designs
if successful rehabilitation is to be achieved.

9.4. Dump construction
When constructing the waste landform, it is recommended that waste be placed in
lifts with the spacing between the lifts set to minimise the amount and distance of
material movement required during final reshaping to exactly balance the cut and fill.
Minimising the volume of material to be moved during reshaping can significantly
reduce rehabilitation costs (savings of >50% have been observed).
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As much as possible, each lift should be completed prior to construction of the next
lift. Failure to complete lifts prior to commencing the next lift tends to increase the
costs and complexity of subsequent rehabilitation works.

9.5. Sheeting batter slopes with rock armour
Waste dump batters being sheeted with a rock/soil mixture must use rock with a D50
of ~70-100mm and a rock particle density >2.7g/cm³. This rock/soil mixture will form
the growth media layer. Note that a rock material with a D50 of 70-100mm will contain
a range particle sizes ranging from some fine-grained material to rocks much larger
than 100mm diameter (Figure 12). The sourced rock should have no more than 10%
of the rock greater than 300mm, and no more than 10% of the rock less than 25mm
in diameter. Photographic techniques are available to derive particle size distributions
of waste rock stockpiles, and could be used in this case as evidence that these
criteria are satisfied. Key requirements for the sheeting layer include:



Sufficient rock should be added such that >30% cover is achieved (Figure 12
shows surface with projected cover of ~30%).
A sufficiently thick layer of rock/topsoil mixture (at least 0.5m) should be
applied to reduce the risk of exposure of any underlying finer grained waste.

Figure 12: Example of a rocky surface with a D50 of ~80 mm. The tray in which the
surface is housed is 0.75 m square.
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Both these requirements can be achieved by laying a 200mm deep layer of rock
sheeting over the slope initially, and then mixing a 200mm deep layer of rock armour
material into 100mm of soil. Establishment of this 300 mm thick sheeting layer can be
practically achieved by:




Spreading the rock to be used as armour over the underlying waste at a
thickness of 400 mm;
Spreading topsoil over the rock to be used as armour at a thickness of
100mm (at this point fertiliser should also be spread);
Ripping the two layers together to a depth of ~300mm with triple tines spaced
< 1 m apart. Ripping with a single ripper is not recommended.

9.6. Landform shape
Where batters are not linear or convex in plan view, there is potential for waterconcentrating areas (indents) to be created (Figure 13). Indents may be large or quite
small, but are of concern irrespective of magnitude. Such features should be avoided
if at all possible.

Water concentrating
areas
Figure 13: Conceptual plan view of a waste landform showing flow-concentrating
features.
From Landloch’s experience with many waste dumps across Australia, one
consistent observation is that erosion (rills, gullies) occurs most frequently on corners
of waste dumps. Dozers are less successful at cross-ripping on-contour when the
dozer works around corners, irrespective of the skill of the operator. Not surprisingly,
the problem is accentuated when the corner is sharp. Ideally, all corners should have
a radius of curvature of at least 100 m.
Landform shape also influences the potential cost of rehabilitation. Rehabilitation of
batter surfaces is considerably more expensive than rehabilitating flat waste landform
tops (it is estimated that batters are 4 times more expensive that dump tops to
rehabilitate). Therefore, wherever possible and within the design specifications
outlined in this report, the surface area of the waste dump top should be maximised
and the perimeter of the batters minimised. This can be done by changing the
landform shape. Landforms that are more circular or square in plan view tend to have
smaller perimeters and larger dump tops than do longer, more rectangular waste
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landforms (for dumps that store the same volume of waste). Modifying shape can
also alter the storage volume available.
As an example (sourced from Chandler, Willgoose, and Hancock 2002), Figure 14
shows two waste landforms of similar footprint, heights, and slope gradients.
However, Dump A differs from Dump B in that:




It stores 35% more waste;
Its perimeter is 20% less; and
Its waste dump top is 3.5 times larger.

Therefore the costs of rehabilitation would be less per unit volume of waste rock
stored for Dump A than Dump B. Assuming a cost of $10,000/ha and $40,000/ha for
rehabilitating the dump top and batters respectively, Dump A would cost 17% less to
rehabilitate than Dump B.

Dump A

Dump B

Figure 14: Two waste landforms with similar footprint, but different storage volumes
and batter perimeter (source Chandler, Willgoose, and Hancock 2002).

9.7. Monitoring strategies
Waste dump monitoring programmes must be consistent with site requirements.
Otherwise, the data collected are likely to be of little value.
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Often erosion monitoring is interpreted to mean erosion measurement, and there are
certainly situations where the rate of erosion is of primary concern. There are also
situations where trends in erosion rates are just as important as actual erosion rates.
For example, knowing whether a gully is stabilising or becoming more active is often
more important than information on the actual rate of erosion from the gully.
Erosion monitoring may include:





Measurements of average erosion rates
Measurements of gully/rill activity,
Sediment concentration in runoff,
Presence/absence of gullies.

Measurement of erosion trends (not withstanding any site requirements to the
contrary), is likely to be more beneficial than measurement of actual erosion rates.
Demonstration that erosion rates are not increasing or are trending downwards and
that the frequency of rills and gullies is not increasing is likely to effectively
demonstrate that the constructed landform is stable. These data can then be
compared with predictions made by the WEPP model as a means of validating the
model results and gaining further confidence that the predicted results are being
achieved on site. Where erosion trends differ, remediation works can be put into
action rapidly if needed, and can more readily target the cause of the instability.
Often, remediation works focus on the areas where materials are eroding and
depositing, rather than considering more broadly the landscape features that are the
cause of flow concentration and/or the elevated detachment potential of the
constructed surfaces.
Monitoring of vegetation and fauna should also be performed. However,
establishment of landscape stability is a prerequisite to any functional ecosystem and
monitoring of vegetation and fauna prior to establishment of a stable soil profile is
likely to be of little value.

10. KEY PERFORMANCE INDICATORS
The overarching objective of most rehabilitation related closure actions is to establish
a sustainable ecosystem that is as similar to the pre-existing ecosystem as can be
achieved within the limits of recognized good practice rehabilitation techniques and
the post-mining environment (adapted from ICMM, 2005). The assessment and
completion criteria outlined in the following section aim to achieve this objective,
acknowledging that to achieve this, actions must be taken throughout the “landform’s
life”. As such, the “life” of the waste landform is divided into the following stages:
6. Planning;
7. Landform Construction;
8. Initial Rehabilitation Performance;
9. Monitored Rehabilitation Performance; and
10. Sustainability.
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10.1. Rehabilitation stages
The Planning stage includes goals that are necessarily fulfilled prior to landform
construction commencing. These goals will influence the style of landform design
employed, the final landform shape (gradients, and height) and footprint. Additionally,
rehabilitation requirements set at the planning stage will have ramifications for
dumping procedures and rehabilitation resource provisioning (topsoil and rock
sourcing and stockpiling). Many criteria associated with this stage are performed
routinely and hence completion will be straightforward. Failure to properly plan can
lead to rehabilitation failure.
In terms of timing, it can be expected that Planning should be relatively closely
followed by consideration of Landform Construction actions (certainly before
construction proceeds too far). The assessment and completion criteria at this stage
broadly relate to quality control issues during construction. These are essential to
rehabilitation success. These criteria should be used to ensure (and document) that
construction has complied with the designs developed during the planning process.
In this report, the Landform Construction stage also includes traditional rehabilitation
activities, reshaping, rock augmentation, ripping, seeding etc. This is in recognition
that the mining department is likely to be responsible for these actions, and therefore
their successful completion to specification should remain their responsibility.
It must be noted that land rehabilitation activities are vastly different to waste dump
construction activities, even though they may use similar machinery. Rehabilitation
actions require considerable skill and finesse to successfully complete. Rehabilitation
should be undertaken by skilled operators with experience in successful land
rehabilitation.
Once rehabilitation activities are completed successfully, it is suggested that the
rehabilitated dump should then be assessed on the basis of its Initial Rehabilitation
Performance over the period 12-24 months. This is dependent on weather
conditions and whether there has been potential for consolidation of soil surfaces and
suitable vegetation establishment. If problems are identified at this stage, then early
remedial actions can be initiated.
If initial performance is satisfactory, the dump would then move into a phase of
Monitored Rehabilitation Performance. During this phase the vegetation
community develops and a range of soil processes continue to establish. Landform
stability should continue to improve in response to surface armouring and
consolidation, and development of some litter and root mass in the surface layers.
This is effectively the transitional stage from “newly rehabilitated land” to “established
rehabilitated land”.
Once monitored performance shows that the landform has achieved Sustainability
(on the basis of monitoring information), it can be classified as having been
successfully rehabilitated.
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10.2. Landform stability related completion criteria
Table 15 below outlines the landform surface stability related rehabilitation goals,
associated criteria, and quantitative measures and/or techniques used to address
these criteria for the 5 rehabilitation stages outlined above. Some of these criteria
may have already have been met through existing work, while others will require
closure plans to be made to meet these criteria.
These criteria relate to landform stability, and as such criteria relating to vegetation
have not been provided. Some material characterisation criteria have been included
in the tables (i.e. ARD) but have not been expressly considered in this report.
Financial provisioning has also not been considered, however, it is assumed the
sufficient financial provisioning is made to ensure appropriate rehabilitation and
closure tasks can be performed. The need for these should be established and
incorporated along with the land stability criteria into the site’s closure plans.
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Table: 15: Suggested landform stability related closure rehabilitation assessment and completion criteria.

Stage 1 - Planning
Goal

Assessment and Completion Criteria
Rehabilitated land use determined.

Acceptable levels of off-site impacts defined.
Define goals for
rehabilitated
landform
Acceptable visual appearance defined by stakeholders.
Stakeholder
achieved.

consultation

completed

&

agreement

ARD potential identified and managed where appropriate.
Other contaminants in waste rock (e.g. heavy metals)
identified and managed where appropriate.











Characterisation
of soils and
Waste rock competence and weathering potential
wastes
assessed.

Sufficient volume of growth media to cover waste rock
landform available.
Sufficient volume of other rehabilitation resources (e.g.
rock) available.
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Suggested Quantifiable Indicator Measure(s) or Technique(s)
Assessment of existing land use capabilities.
Average values of suspended sediment in runoff not exceeding background
levels by an agreed amount (suggest 20%).
Dust levels in air not exceeding background levels by agreed amount.
Dump height no higher than existing hills in region.
Absence of gullies.
Proposals presented to stakeholders and receiving majority support among
stakeholders.
Determine presence of potentially acid-forming materials using standard test
methods. Where present, develop an acid drainage management plan.
If presence of heavy metals is indicated by mineralogy, assess using standard
heavy metal screening methods. Where present in high concentrations, assess
potential mobility using water/solute modelling. If present and mobile, develop
management plan consistent with best practice.
For rocks to be used as armour on the surface of the waste landform, assess
lithology, rock density, mean rock particle size, water absorption. If material
does not meet the following criteria, it should not be used:
 Density >2.7 g/cm³;
 Mean rock size 70-100mm,
 <10% rock >300mm
 <10% rock <25mm
 Water absorption to be less than 5%;
Soil survey of disturbance areas, including assessment of depths of suitable
growth material able to be retrieved from disturbance areas.
Resource inventory report listing available volumes of suitable rock types.

Table: 15 cont’d: Suggest landform stability related closure rehabilitation assessment and completion criteria.

Stage 1 cont’d - Planning
Goal

Assessment and Completion Criteria

Sufficient space for soil stockpiling allowed in site layout.




Suggested Quantifiable Indicator Measure(s) or Technique(s)
pH and Electrical Conductivity (EC), exchangeable cations, Cation Exchange
Capacity, Exchangeable Sodium Percentage (ESP), Emerson Dispersion Index,
Total N, Total P, available P, Available K, available K, Organic Carbon, Trace
elements (Cu, Fe, Mn, Zn).
Field or laboratory measurements of runoff and erosion used to develop WEPP
erosion model parameters.
WEPP simulations using site parameters, with predicted average erosion <5
t/ha/y and peak erosion at all points <10 t/ha/y.
WEPP simulations show low erosion rates in extreme events
Acid forming and fibrous materials management plan consistent with best
practice.
Monitoring plan developed and necessary actions identified for dealing with
potential instability.
Runoff management plan, including provisions for control of water on dump top,
from the top to the toe of the dump, and appropriate disposal from the toe to the
receiving environment.
Runoff management plan for use during dump construction.
Certified engineering designs e.g. toe drains, sediment basins.
Landform batter slope gradients and roughness such that agreed land use is not
impeded.
Stockpile locations of sufficient size present on mine layout.
Stockpiling of topsoil no deeper than 2 m.

Sufficient space for armour rock stockpiling allowed in site
layout.



Armour rock stockpile location of sufficient size present on mine layout.

Suitable physical and chemical properties of growth media
Characterisation
(pH, salinity, dispersion, fertility).
of soils and
wastes (cont’d)
Erodibility of growing media assessed.
Stability (erosion) of landform demonstrated.
Stability in extreme events demonstrated
Potentially acid-forming materials and fibrous materials
suitably encapsulated.
Preparation of
Contingency plans for erosion/stability risks developed.
conceptual
stable landform
design
Appropriate runoff management.
Engineering designs of structures completed.
Landform design is consistent with agreed rehabilitated
land use.
Rehabilitation
resources
provisioning
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Table: 15 cont’d: Suggest landform stability related closure rehabilitation assessment and completion criteria.

Stage 2 – Landform Construction
Goal
Ground
disturbance

Construction

Reshaping
to
final landform
shape

Batter
ripping

slope

Fertilisers and
amendments

Assessment and Completion Criteria
Sufficient growth media resources retrieved and stockpiled
appropriately during soil stripping.
Sufficient rock retrieved and stockpiled appropriately during
ground clearance and mining.
Waste materials dumped consistent with final landform
design parameters.
Underlying spoils consistent with design.
Contaminants managed appropriately during construction.
Outer batter slopes constructed to design profile (±2°).
Topsoil spread to specified depth (±5 cm).
Rock armour applied as specified.
Bunding on waste dump top constructed to specification.
Surface water control structures constructed to
specification.
Completed to design depth (±10 cm).
Ripping completed on surveyed contour with no deviations
>0.2 m vertical.
Specified degree of soil/rock mixing achieved (±10%
cover).
Fertiliser applied at specified rates.
Fertiliser incorporated where specified.
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Quantifiable Indicator Measure(s) or Technique(s)


Periodic checks during operation, and post operation check & sign-off.



Periodic checks during operation, and post operation check & sign-off.



Periodic checks during operation, and post operation check & sign-off.








Periodic checks during operation, and post operation check & sign-off.
Periodic checks during operation, and post operation check & sign-off.
Post operation check and sign-off.
Post operation check and sign-off.
Post operation check and sign-off.
Post operation check and sign-off.



Post operation check and sign-off.



Post operation check and sign-off.



Post operation check and sign-off.



Post operation check and sign-off.




Certification by contractor.
Certification by contractor.
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Table: 15 cont’d: Suggest landform stability related closure rehabilitation assessment and completion criteria.

Stage 3 – Initial Rehabilitation Performance
Goal

Assessment and Completion Criteria
Absence of gullies or existing gullies stabilising.
Minimal rilling and/or evidence of rills stabilising.

Erosion stability

Bunding suitable (no slumping, breakouts, tunnelling).
Rill erosion rates and location consistent with model
predictions.
Surface of landform is armouring.
Soil surface stability increasing.
Remediation actions developed (if stability is
unsatisfactory).




Quantifiable Indicator Measure(s) or Technique(s)
Geomorphic Gully Assessment System (GGAS).
Ecosystem Function Analysis (EFA) rill assessment system and geomorphic
indicators.
Report on bund assessment.
Comparison of observed rill erosion with modelled rill erosion using erodibility
parameters developed during landform design process.
Rock cover estimates at specified level.
Landscape Function Analysis (LFA) soil stability methodology.



Remediation action plan.






Stage 4 – Monitored Rehabilitation Performance
Goal

Assessment and Completion Criteria
Absence of gullies and existing gullies stabilising.
Minimal rilling and evidence of rills stabilising.

Erosion stability

Bunding remains suitable (no slumping, breakouts,
tunnelling).
Surface armouring fully developed.
Soil surface stability approaching self-sustaining levels.

© Landloch Pty Ltd




Quantifiable Indicator Measure(s) or Technique(s)
Geomorphic Gully Assessment System (GGAS).
Ecosystem Function Analysis (EFA) rill assessment system and geomorphic
indicators.



Report on bund assessment.




Rock cover estimates reaching constant value at specified level.
Landscape Function Analysis (LFA) soil stability methodology.

-48-

Table: 15 cont’d: Suggest landform stability related closure rehabilitation assessment and completion criteria.

Stage 5 – Sustainability
Goal

Erosion stability

Assessment and Completion Criteria
Absence of gullies or existing gullies stabilised.
Minimal rilling and evidence of rills stabilised.

Surface armouring fully developed.
Soil surface stability approaching self-sustaining levels.
Low potential for flow concentration.
Geomorphic risk No visible sources of concentrated flows.
assessment
Bunding remains suitable (no slumping, breakouts,
tunnelling).
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Quantifiable Indicator Measure(s) or Technique(s)
Geomorphic Gully Assessment System (GGAS).
Ecosystem Function Analysis (EFA) rill assessment system and geomorphic
indicators.
Rock cover estimates reached constant value at specified level.
Landscape Function Analysis (LFA) soil stability methodology.
Evaluation of stability of batters and waste dump tops.
Evaluate presence of uncontrolled surface flow discharges and concentration.



Report on bund assessment.
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11. CONCLUSION
A rehabilitation and landform design has been developed for the Extension Hill
hematite waste dump.
It is based on:






Consideration of the prevailing climate and its erosivity;
Known factors critical for stability of natural and disturbed surfaces;
Characterisation of the erodibility of the typical surface materials present;
Computer simulations of runoff and erosion on the range of typical slopes and
surface materials, with consideration of levels of cover needed to achieve
stability; and
Landform development simulations to consider the interactions between dump
shape, material properties, and flow concentration.

Consequently, the closure recommendations provided are based on site data and its
interpretation using well-validated procedures.
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13. DISCLAIMER
1.

2.

3.

4.
5.
6.
7.
8.

The calculations leading to results listed in the attached document are based on
experimental information on soil/waste properties. They are also based on
climate information which was supplied to the person making the calculations. It
remains impossible to check the accuracy and relevance of that climate
information, and, therefore, relevance of the results shown in the attached
document are only probabilities (chances).
Erosion calculations used the WEPP model. Landloch can take no responsibility
for any errors that may be the result of inadequacies in the coding or content of
that model.
The information relating to weather patterns and other information, on which the
calculations for the attached document are based, was supplied to Landloch
and used to develop a WEPP climate file. While all endeavours have been used
to check the information, Landloch cannot guarantee that there are no
inaccuracies in the data, which in turn may generate errors in calculations or
modelling outputs.
It is impossible and has been impossible to verify the accuracy or relevance of
any of that information.
The calculations in the attached document are based on that unverified climate
information.
It is not possible to guarantee that any prediction or result contained in the
attached document will or might occur.
No guarantee is given that any prediction or result contained in the attached
document will or might occur.
All models used in the preparation of information included in this document
can have errors or inadequacies that may generate miscalculation and provide
data that could be misleading. Whilst making every endeavour to ensure these
limitations of the models do not impact on the final recommendations,
management options and landform design, Landloch cannot guarantee the
complete accuracy of interpretation and therefore limits liability for the results
of actions resulting from implementation of this report to the fees charged.
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14. GLOSSARY OF TERMS
Consolidation refers to increases in soil bulk density and cohesive strength that
occur as a consequence of repeated wetting and drying under natural conditions.
Armouring refers to the accumulation of coarse (rocky) particles at the soil surface
due to preferential removal of finer size fractions.
Interrill erosion describes the detachment and movement of particles by the
combined action of raindrops and shallow overland flows. When a drop impacts the
flow, the resulting turbulence ejects particles up into the flow, and the particles
remain in the flow for a period of time, during which the particle travels some distance
in the direction of flow. In the absence of raindrop impact, such shallow flows have
little or no erosive capacity.
Rill erosion refers to the detachment and transport of sediment by concentrated
lines of overland flow. Rill development is associated with development of
characteristic turbulence patterns that cause the incision of rill channels. In
agriculture, rills are defined as flow channels small enough to be removed by tillage.
Gullies are defined in agriculture as overland flow channels too large to be removed
by tillage.
Erodibility refers to the rate of detachment and/or movement of soil in response to
some erosive force. The exact definition of erodibility varies from model to model,
depending on the types of erosive forces considered. Equally, the units of erodibility
may seem somewhat counter-intuitive, but are a function of the units used in
calculating erosive forces. Some models, such as WEPP, use different erodibility
factors for different erosion process.
Rill erodibility (WEPP) is the rate of detachment in a rill per unit of effective shear
stress.
Critical flow shear stress for rill initiation is the flow shear stress at which rill
detachment commences.
Flow shear stress is a function of flow depth and gradient, with effective shear
stress being calculated as total shear less critical shear.
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APPENDIX A: GENERATION OF A WEPP
SEQUENCE FOR EXTENSION HILL MINE

CLIMATE

INTRODUCTION
Climate input files for Extension Hill are needed to simulate runoff and soil loss with
the Water Erosion Prediction Project (WEPP) model. For each day of simulation,
WEPP requires ten daily weather variables:











Precipitation (mm),
Precipitation duration (hrs),
Peak storm intensity,
Time to storm peak,
Average minimum temperature,
Average maximum temperature,
Dew point temperature,
Solar radiation,
Wind speed, and
Wind direction.

Of these, the four precipitation-related variables (underlined in list above) are of
particular importance because previous studies have shown that predicted runoff and
soil loss are most sensitive to these precipitation variables (Nearing et al., 1990;
Chaves and Nearing, 1991).
For most sites around the world, complete historical weather data on these variables
are not available. To use WEPP for runoff and erosion prediction, synthetic weather
sequences that statistically preserve the mean and variations in the historical
observations are required. CLIGEN is a stochastic weather generator that can be
used to provide WEPP climate input files. CLIGEN has been extensively assessed
for a wide range of climates in Australia, and it was found that CLIGEN was most
suitable to provide the required climate input for WEPP to predict runoff and soil loss
in Australia (Yu, 2003).
This report briefly summarises how climate parameter values were prepared for
CLIGEN to generate 100 years of daily data for the Extension Hill site.

DATA AND METHOD
Daily patched pointed climate data were sourced from the Bureau of Meteorology’s
weather station at Ninghan Station (station 7068). Data exists at this station from
1905 to present, for an effective rainfall record length of 94.3 years Patched point
data is observed data with missing or low quality values patched with interpolated
data.
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The Patched Point data were used to derive daily rainfall, temperature and solar
radiation climate parameters for the site.
Pluviograph (rainfall intensity) data are available from the BOM’s Wongan Hills
Research Station (8138), 145 km from site. It contains data from 1952 to 2010 with
an effective record length of 47.7 years. These data were used to generate rainfall
intensity parameters for the site.
Using the data sets outlined above, the following parameter values were computed
and used for the site:











Mean daily precipitation on wet days for each month,
Standard deviation and skewness coefficient of daily precipitation for each
month,
Probability of a wet day following a dry day for each month,
Probability of a wet day following a wet day for each month,
Mean daily max. temperature for each month,
Standard deviation of daily max. temperature for each month,
Mean daily min. temperature for each month,
Standard deviation of daily min. temperature for each month,
Mean maximum 30-min rainfall intensity for each month, and
Probability distribution of the dimensionless time to peak storm intensity.

These parameter values were assembled to create a CLIGEN parameter file for the
site. Use of generated wind data has been switched off because no long-term wind
data were available for the site, and Priestley-Taylor’s method for estimating the
potential evaporation will automatically be used by WEPP.
A 100-year climate sequence was generated using CLIGEN version 5.1 (Yu, 2002).
The generated file is called NinghanStation.cli, and was generated for the arbitrary
dates from 1 Jan 2100 to 31 December 2199.

DATA ASSESSMENT
The quality of the simulated climate sequence was compared with the patched point
data.
The long-term mean annual rainfall for the Ninghan Station data set is 283 mm and
302mm for the CliGEN climate sequence. The WEPP climate file contains higher
average rainfall values than the observed data from Ninghan Station, resulting in a
conservative assessment of runoff potential. Figure A-1 shows that mean monthly
rainfall values are well preserved.
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Figure A-1: Observed and CLIGEN simulated mean monthly rainfall for the
Extension Hill site.

The extreme daily rainfall events were also compared. Figure A-2 shows the annual
daily rainfall compared with their average recurrence interval (ARI) for both the
observed data and CIiGEN data sets. It can be seen that for this particular sequence,
the observed and simulated maximum daily rainfall totals match quite well, especially
given the fact that rainfall at the site is highly variable. It shows that the extreme
events in the CliGEN dataset occur at the same frequency as observed and
measured from climate data.

CONCLUSION
A 100-yr CLIGEN-generated climate file for the Extension Hill site was developed
based on observed data (daily data and rainfall intensity data) from the Ninghan
Station and Wongan Hills Research Station weather stations operated by BOM.
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Figure A-2: Maximum daily rainfall amount versus average recurrence interval.
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ANNUAL ENVIRONMENTAL REPORT 2012
Mt Gibson Iron Ore Mine and Infrastructure Project

APPENDIX K
DRF & Vegetation monitoring; Weed survey; and
Seed collection data 2011-2012

Mount Gibson Mining Limited ©

Vegetation; Weed Monitoring & Seed Collection
PROJECT: MT GIBON IRON, Extension Hill Hematite Operation

Seed collection data 2011- 2012
Genus
Acacia
Acacia
Acacia
Acacia
Acacia
Acacia
Acacia
Acacia
Acacia
Acacia
Acacia
Acacia
Allocasuarina
Allocasuarina
Calothamnus
Calothamnus
Darwinia
Eremophila
Eremophila
Eremophila
Eremophila
Eucalyptus
Grevillea
Hakea
Hakea
Hakea
Leptosema
Malleostemon
Melaleuca
Melaleuca
Melaleuca
Poaceae
Prostanthera
Ptilotus
Senna
Spinifex

30/09/2012

Species
acuaria
acuminata
anthochaera
assimilis
coolgardiensis
exocarpoides
longispinea
murrayana
ramulosa
ramulosa
resinimarginea
sp.
acutivalvis subs prinsepiana
campestris
gilesii
oldfieldii
masonii
miniata
miniata
miniata
miniata
oldfieldii
juncifolia
francisiana
invaginata
minyma
sp.
tuberculatus
"4"
"5"
nematophylla
sp.
eckersleyana
polystachyus
sp.
sp.
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Weight (g)

Provenance

Accession
Date

Collection Info

844
1,304
1,442
800
2,602
194
870
6,950
5,000
5,800
112
1,150
26
350
263
31
N/A
650
802
846
470
346
62
68
40
12
11
1,068
9
62
538
484
24
892
108
206

Extension Hill
Extension Hill
Extension Hill
Extension Hill
Extension Hill
Extension Hill
Extension Hill
Extension Hill
Extension Hill
Extension Hill
Extension Hill
Extension Hill
Extension Hill
Extension Hill
Extension Hill
Extension Hill
Extension Hill
Extension Hill
Extension Hill
Extension Hill
Extension Hill
Extension Hill
Extension Hill
Extension Hill
Extension Hill
Extension Hill
Iron Hill North
Borrow Pit
Extension Hill
Extension Hill
Extension Hill
Extension Hill
Extension Hill
Extension Hill
Extension Hill
Extension Hill

23/12/2011
11/01/2012
23/12/2011
23/12/2011
11/01/2012
11/01/2012
10/01/2012
22/12/2011
22/12/2011
22/12/2011
10/01/2012
11/01/2012
10/01/2012
11/01/2012
23/12/2011
23/12/2011
22/12/2011
12/01/2012
12/01/2012
12/01/2012
12/01/2012
11/01/2012
10/01/2012
11/01/2012
10/01/2012
11/01/2012
11/01/2012
23/12/2011
22/12/2011
22/12/2011
11/01/2012
12/01/2012
12/01/2012
12/01/2012
10/01/2012
12/01/2012

Collected 2011
Collected 2011 by MGM
Collected 2011
Collected 2011
Not Recorded
Collected 2011
Collected 2011
Not recorded
Not recorded
Not recorded
Collected 2011
Collected 2011 by MGM
Collected 2011
Collected 2011
Collected 2011 by MGM
Collected 2011 by MGM
Not Recorded
Collected 2011
Collected 2011
Collected 2011
Collected 2011
Collected 2011 by MGM
Collected 2011 by MGM
Collected 2011
Collected 2011
Collected 2011
Collected 2011 by MGM
Collected 2011 by MGM
Collected by MGM
Collected by MGM
Collected 2011 by MGM
Collected 2011
Collected 2011 by MGM
Collected 2011
Collected 2011 by MGM
Collected 2011

Extension Hill Pty Ltd

Vegetation; Weed Monitoring & Seed Collection
Extension Hill Pty Ltd

PROJECT: MT GIBON IRON, Extension Hill Hematite Operation

Annual Weed Survey Results

Date

Species

22/09/2011
5/10/2011
25/08/2012
25/08/2012
30/08/2012

Arctotheca calendula
Centaurea melitensis
Arctotheca calendula
Emex australis
Polycarpum tetraphyllum

Capeweed
Maltese Cockspur
Capeweed
Double gee
Four-Leaf allseed

2/09/2012
2/09/2012
2/09/2012
2/09/2012
2/09/2012
3/09/2012
3/09/2012
3/09/2012
3/09/2012
3/09/2012
3/09/2012
3/09/2012
3/09/2012
3/09/2012
1/09/2012
15/09/2012
15/09/2012

Brassica tourniforte
Arctotheca calendula
Erodium botrys
Hordeum leporinum
Sonchus oleraceus
Sonchus oleraceus
Erodium botrys
Erodium botrys
Arctotheca calendula
Hordeum leporinum
Erodium botrys
Arctotheca calendula
Erodium botrys
Arctotheca calendula
Arctotheca calendula
Arctotheca calendula
Verbesina enceliodes

Mediterranean Turnip
Capeweed
Long Storks Bill
Barley grass
Common Sowthistle
Common Sowthistle
Long Storks Bill
Long Storks Bill
Capeweed
Barley grass
Long Storks Bill
Capeweed
Long Storks Bill
Capeweed
Capeweed
Capeweed
Crown Beard

30/09/2012

Common Name
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Approx
Number
22
30
1
5
8
500+
20+
35+
14
27
17
41
8
7
9
300+
4
16
3
2
7
17

Control Method
Manual removal
Glyphosate
Manual removal
Manual removal
Manual removal
Manual removal & Glyphosate
Manual removal & Glyphosate
Manual removal & Glyphosate
Manual removal
Manual removal & Glyphosate
Manual removal
Manual removal
Manual removal
Manual removal
Manual removal
Glyphosate
Manual removal
Manual removal
Manual removal
Manual removal
Manual removal
Manual removal

Location
Wanarra Rd
Iron Hill
Communications Tower
Communications Tower
Communications Tower
EHPL compound &
surrounds
Camp Rd nr Landfill turning
Camp Rd nr Landfill turning
Camp Rd nr Landfill turning
Camp Rd nr Landfill turning
Camp car park drain
Camp car park drain
Camp garden beds
Camp car park drain
Camp car park drain
Water stand pipe on GNH
Water stand pipe on GNH
Bore 1
Bore 1
Bore 3
Camp car park drain
Camp car park drain

Easting Northing
(GDA94) (GDA94)
516696
514067
514067
514067

6725234
6728638
6728638
6728638

514842
514904
514904
514904
514904
514685
514685

6729217
6725163
6725163
6725163
6725163
6724582
6724582

514685
514685

6724582
6724582

517347
517347

6726415
6726415

514548
514548

6728093
6728093

Vegetation; Weed Monitoring & Seed Collection
Extension Hill Pty Ltd

PROJECT: MT GIBON IRON, Extension Hill Hematite Operation

Monthly DRF & Surrounding Vegetation Health Scores Recorded At Six Permanent Monitoring Plots

Monitoring Quadrat
(D21) D.Masonii
(D21) Vegetation
(D9) D.Masonii
(D9) Vegetation
(L18) L.gibsonii
(L18) Vegetation
(L20) L.gibsonii
(L20) Vegetation
(L23) L.gibsonii
(L23) Vegetation
(L24) L.gibsonii
(L24) Vegetation

Jan-12

Feb-12

Mar-12

Apr-12

3.0
3.0
3.0
3.0
2.0
3.0
0.5
3.0
1.5
3.0
1.5
3.0

3.0
3.0
3.0
3.0
1.0
2.0
2.0
3.0
2.0
3.0
2.0
3.0

3.0
3.0
3.0
3.0
1.0
3.0
2.0
3.0
2.0
3.0
2.0
3.0

2.0
2.5
2.0
2.5
1.0
2.0
2.0
2.5
1.0
2.5
2.0
2.5

May-12 Jun-12 Jul-12
2.0
3.0
3.0
3.0
1.0
2.5
2.0
3.0
1.0
2.5
2.0
2.5

3.0
3.0
3.0
3.0
2.0
3.0
2.0
3.0
2.0
3.0
2.0
3.0

3.0
3.0
3.0
3.0
2.0
3.0
2.0
3.0
2.0
3.0
2.0
3.0

Aug-12

Sep-12

Average

Standard
Deviation

2.0
3.0
2.5
3.0
1.0
3.0
2.0
3.0
2.5
3.0
2.0
3.0

2.5
2.5
3.0
3.0
1.5
2.5
2.0
3.0
2.5
2.5
2.5
2.5

2.6
2.9
2.8
2.9
1.4
2.7
1.8
2.9
1.8
2.8
2.0
2.8

0.486
0.220
0.354
0.167
0.486
0.433
0.500
0.167
0.559
0.250
0.250
0.250

Weekly DRF & Surrounding Vegetation Health Scores Recorded At Three Permanent Monitoring Plots

Plant Health Scores 2011-12 (Weekly Monitoring)
Monitoring
Quadrat
(D1) D. masonii
(D1) Vegetation
(D16) D. masonii
(D16) Vegetation
(L16) L.gibsonii
(L16) Vegetation

Monitoring
Quadrat
(D1) D. masonii
(D1) Vegetation
(D16) D. masonii
(D16) Vegetation
(L16) L.gibsonii
(L16) Vegetation

30/09/2012

Oct-11

Nov-11

Dec-11

6

12

20

27

4

12

17

24

1

7

14

21

29

3
2
3
2
1
2

ND
ND
ND
ND
ND
ND

3
2
3
2
1
2

ND
ND
ND
ND
ND
ND

3
2
3
2
1
2

3
3
3
3
1.5
2

3
2
3
2
1
2

3
2
3
2
1
2

3
2
3
2
1
2

ND
ND
ND
ND
ND
ND

ND
ND
ND
ND
ND
ND

2
1
3
2
1
0.5

2
1
2
2
0.5
1

Jan-12

Feb-12

Mar-12

Apr-12

May-12

Jun-12

Jul-12

Aug-12

Sep-12

12

19

26

4

9

17

23

1

6

15

22

29

5

10

20

24

4

13

17

28

31

7

14

21

29

5

12

17

26

3

9

19

23

31

6

13

18

28

1.5
1.5
1.5
1.5
0.5
1

3
3
1.5
3
3
3

3
2
3
2
0.5
2

3
3
3
3
2
2

2
1
2
2
1
1

3
3
3
3
1
3

2
2
2
2
1
2

3
3
3
3
2
3

3
3
3
3
2
3

3
3
3
3
2
3

1
1
1
2
1
1.5

2
3
3
3
2
3

2
2.5
3
3
2
1.5

2
2.5
3
2.5
1.5
1.5

2
2.5
2
1.5
1
2.5

2
2
2
2.5
1
2

1
2
1
2
1
2

3
3
2.5
3
1.5
3

3
3
3
3
1
2.5

3
3
3
3
1
3

3
3
3
3
1
2

3
3
3
3
1
2

3
3
3
3
1
3

3
3
3
3
1
3

3
3
3
3
1
2

3
3
3
3
1.5
3

3
3
3
3
1
3

3
3
3
3
2
3

3
3
3
3
1
3

3
3
3
3
2
3

3
3
3
3
2
3

2.5
3
2.5
3
1.5
3

3
3
3
3
2
3

3
3
3
3
2
3

3
3
3
3
2
3

3
3
3
3
2
3

3
3
3
3
2
3

2.5
2.5
2.5
2.5
2
2.5
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