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Important note about your report

This Report is given for the exclusive use of the Client pursuant to the Scope of Works dated 22 April 2022,
which requires us to give Services relating to a Progressive Rehabilitation and Closure Plan.

This Report is given to the Client on the terms and conditions set out in the Standard Terms of SGM
Environmental (Mackay) Pty Limited (SGME, we, us or our).

We derive data in this Report from information (or confirmation of the absence thereof) sourced from the
Client and their subcontractors, designated laboratories and / or information that has been made available in the
public domain at the time or times outlined in this Report. The passage of time, manifestation of latent conditions
or impacts of future events may require further examination of the information and subsequent data analysis,
and re-evaluation of the data, findings, observations and conclusions expressed in this Report.

SGME has prepared this Report in accordance with the usual care and thoroughness of the consulting profession,
for the sole purpose described above and by reference to any applicable standards, guidelines, procedures and
practices outlined in the Scope of Works as at the date of issue of this Report. For the reasons outlined above,
however, no other warranty or guarantee, whether expressed or implied, is made as to the data, observations
and findings expressed in this Report, to the extent permitted by law.

This Report should be read in full and no excerpts are to be taken as representative of the findings. No
responsibility is accepted by SGME for use of any part of this Report in any other context.

Reporting of the Progressive Rehabilitation and Closure Plan are based on a desktop assessment of data that has
been measured by the Client, their subcontractors and other third parties.

SGME does not accept any Liability whatsoever for, or in respect of, any use of, or reliance upon this Report by
any person contrary to the above or our Standard Terms.
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3.0 Rehabilitation planning part

3.1 Project planning

Peabody Burton Mine (the Mine) is a care, maintenance and rehabilitation site which is owned and operated by
Peabody (Burton Coal) Pty Ltd (Peabody). Production ceased in late 2016 and Peabody has been actively
rehabilitating the Mine in accordance with environmental authority (EA) EPML00879213 and the Detailed Mine
Closure Plan (DMCP) since that time.

3.1.1 Location details
The Mine is located in the Bowen Basin in Central Queensland within the Isaac Regional Council (IRC) Local

Government Area (LGA). It is situated approximately (~) 90 kilometres (km) southwest of the city of Mackay,
67 km from Nebo and 36 km from Glenden (Figure 1).
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3.1.2 Project description

3.1.2.1 Mining tenements

The Mine EA has undergone three rounds of de-amalgamation. The first round of de-amalgamation excluded
ML70109 and exploration permit coal (EPC)857 and mineral development lease (MDL)315, which were
transferred to the New Hope Group.

In 2016-17 a second round of de-amalgamation was done and EA EPML00879213 was issued (the reissued EA)
in June 2018 excluding ML70260. A third round of de-amalgamation excluded ML70257. The current EA includes
the land tenure described in Table | and Table 2 and given in Figure 2.

Table | EA land tenure

Tenure type Number Name Area (ha)

ML 70258 Plumtree west 1,501.1

ML 70259 Plumtree east 956.4

ML 70252 Wallanbah 1,173.2

ML 70256 Broadmeadow west 676.8

MDL 308 - 3834

Total - - 4,690.9
Table 2 Lot and plan numbers

Lot Plan Ownership

Lot 13 SP178466 Malcolm Burston

Lot 3 GV54 Allan Williams

Lot 5311 SP262721 Ganra Pty Ltd, Gaffwick Pty Ltd
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3.1.2.2 Environmentally relevant activities

Activities that will, or have the potential to, release contaminants into the environment which may cause
environmental harm are defined as environmentally relevant activities (ERAs) (Table 3) in the Environmental
Protection Act 1994 (EP Act). In accordance with the Environmental Protection Regulation 2019 (EP Regulation), the
Mine is a site-specific EA mining project for the mining of black coal.

Activities that have been identified as likely to cause land contamination are defined as notifiable activities in
Schedule 3 of the EP Act. Any person undertaking these notifiable activities must tell the Department of
Environment and Science (DES) and the land will be recorded in the Environmental Management Register (EMR).
Potentially notifiable activities are listed in Table 4.

Table 3 Project ERAs

ERA number

Description of activity

Schedule 3, 13

Mining black coal

Schedule 3, 09

A mining activity involving drilling, costeaning, pitting or
carrying out geological surveys causing significant disturbance

Schedule 2, 60

Waste disposal — 2: operating a facility for disposing of, in a
year, the following quantity of waste mentioned in
subsection (I)(b) — (c) more than 5,000 tonnes (t) but not
more than 10,000 t

Schedule 2, 62

Resources recovery and transfer facility operation — I:
operating a facility for receiving and sorting, dismantling,
baling or temporarily storing (c) category 2 regulated waste

Schedule 2, 63

Sewage treatment — |: operating sewage treatment works,
other than no-release works, with a total daily peak design
capacity of, (b) more than 100 but not more than 1,500 EP,
(i) if treated effluent is discharged from the works to an
infiltration trench or irrigation scheme

Table 4 Project notifiable activities

Item number

Description of activity

7

Chemical storage (other than petroleum products or oil
under item 29).

24

Mine wastes:

storing hazardous mine or exploration wastes, including, for
example, tailings dams, overburden or WRDs containing
hazardous contaminants; and

mining or processing, minerals in a way that exposes faces,
or releases groundwater, containing hazardous
contaminants.

29

Petroleum products or oil storage in above ground tanks.

37

Waste storage, treatment, or disposal — storing, treating,
reprocessing or disposing regulated waste including
operating a sewage treatment facility with on-site disposal
facilities.
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3.1.2.3 Primary mine features / infrastructure
a Plumtree

* one partially backfilled open-cut pit;
*  two out-of-pit waste rock dumps (WRDs);
* mine industrial area (MIA) including:
— administration offices;
— petroleum, oil and lubricant storage and handling facilities;
— vehicle and equipment wash down facilities;
— vehicle fuelling facilities;
— workshops and store facilities;
— laydown and hardstand area;
— water supply for firefighting; and
— internal roads and carparking;
*  haul roads and internal light vehicle (LV) and heavy vehicle (HV) roads (the roads);
*  topsoil stockpiles; and
* water management and storage, supply and distribution:
— northern sediment dams;
— Plumtree south levee;
— water distribution pipelines; and
surface water drainage structures.

b Bullock Creek

* one open-cut pit;
*  two out-of-pit WRDs (north and low wall dumps);
* LV road and tracks;
*  topsoil stockpile; and
*  water management and storage, supply and distribution:
— Mallawa haul road dam;
— Bullock Creek levee;
— Bullock Creek diversion;
—  Bullock Creek highwall drain;
— water distribution pipelines; and
— surface water drainage structures.

c Wallanbah

» one partially backfilled open-cut pit;
*  two out-of-pit WRDs (eastern and western);
* LV road and tracks;
* topsoil stockpiles; and
* water management and storage, supply and distribution:
— eastern sediment dam;
— western sediment dam;
— Wallanbah highwall drain;
— water distribution pipelines; and
— surface water drainage structures.

d Broadmeadow

* one partially backfilled open-cut pit with water filled voids at the northern and southern ends;
* one out-of-pit WRD (west);
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¢ LV road and tracks;
*  topsoil stockpiles; and

* water management and storage, supply and distribution:

The primary Mine features are given in Figure 3.

western sediment dam;

Spade Creek diversion;
Broadmeadow north-west levee;
Broadmeadow south levee

water distribution pipelines; and
surface water drainage structures.
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Mining history

The site operational history is given in Figure 4 including the northern infrastructure areas which are no longer
part of Peabody Burton Mine.

Year
n|g|w|lo[n|o|lo|lo|a|la|lm|g|[wvw|lo|n|o|la|lo|—|a|[m|[s|n|oe
[N RN RN RN NN NN Nl Noll ol ol o)l Noll Nol ol Noll Noll Bl Bl Bl Bl Bl Bl Bl
Mining activit aloa|lo|lala|la|a|S|S|o|o|o|o|o|S|S|S|o|lo|lo|lololo|o
g Y AR SRR R R R RN S RN RN RN B B I R R I S S S RS SR R
Construction

Original Burton pit (including Burton north)

Burton Widening
Ellensfield
Plumtree

Bullock Creek
Wallanbah

Broadmeadow

Figure 4 Site operational history
e Plumtree

Mining at Plumtree commenced in approximately 2004 and continued until about 2012. The northern half of the
pit was backfilled as mining progressed. At the south, spoil was dumped against the western box-cut but did not
reach to the highwall, leaving a 1.5km long void. Seams dipped at about 18 degrees (°) to the east resulting in a
steep pit floor. After the main mining operation, the pit was extended southward past faulting running across
the pit, however the area was not mined to completion leaving a section of highwall blasted but not removed.
The remaining void is at the southern end of the pit, the northern part having being backfilled with spoil during
mining. Coal was mined as Leichardt and Vermont seams, with dips steeper than 30° in the remaining void area.
In this pit the Rewan Group sandstones were present above Rangal Coal Measure overburden.

f Bullock Creek

Open cut mining commenced in 2010 and was completed in October 2011 to a maximum pit depth of
approximately 100m below ground level. The floor dips at 10-14° toward the highwall at the eastern side. Spoil
was dumped against the low wall at the west, and the ramp entered from the south, along the highwall. Bullock
Creek was diverted about 50m behind the low wall and a flood protection bund was constructed at the crest of
the low wall. The highwall was auger mined from December 2011 to March 2012 but mining ceased when the
pit was inundated following severe rain (a 1:20 annual exceedance probability (AEP) 72-hour rainfall event). The
pit was mined to the Upper Vermont seam, which dipped at 10-14°. Rewan Group sandstone was present in the
high wall but not along the box-cut.

g Wallanbah

Wallanbah was mined from approximately 2002 to 2009. The remaining void is at the northern end of the pit,
the southern end having been backfilled with spoil during mining. The pit walls are unlike any other at Burton
Mine because of the box-cut running along the Burton Range Fault and Tertiary age Suttor Formation overlying
the Rewan formation. The Tertiary material comprises poorly consolidated and weathered clay, laterite and
quartzose sandstone. The base of weathering is much deeper than in other pits, ranging from 16 - 65m with an
average of 44m.

h Broadmeadow

Broadmeadow was mined from 2003 - 2010. The void is made up of a large void at the northern end and a
smaller void toward the southern end, the middle section having been backfilled with spoil during mining. Up to
0 m depth of sand and gravel alluvium overlay the Rewan Group around the northern end, associated with the
ephemeral Spade Creek.
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3.1.3 Baseline information
3.1.3.1 Site topography

a Local

The area is generally flat to undulating and is surrounded by rocky hills to the east and west (Figure 5). Locally
the hills are comprised of tertiary rocks and are vegetated with disturbed woodland. The Plumtree and Bullock
Creek voids are generally flat to undulating with rocky hills to the south east and west. The eastern half of the
Wallanbah void is generally flat to slightly undulating while the western half is characterised by rocky hills. The
Broadmeadow void is generally flat to undulating with the south western corner comprising rocky hills.

b Regional

The Mine is in the Kerlong Valley. The Kerlong Valley is approximately 6-8 km wide and 26 km long. The area
is relatively flat and is bounded by the Kerlong Range to the east and the Burton Range to the west. These
generally rise to a maximum height of 210-220 m above the valley floor.

The main topographic variation at the Mine occurs in riparian areas ie the Isaac River, Sandy Creek, Spade Creek
and Hat Creek.
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3.1.3.2 Climate

The climate in the region is classified as BSh (hot semi-arid climate), according to the Képpen-Geiger climate
classification. These climates tend to have hot summers and warm to cool winters with some to minimal rainfall.
High variability in rainfall, temperature and evaporation are common in Central Queensland. The region
experiences a predominance of southerly to south-easterly winds of low velocity (less than 10 km per hour).

Local rainfall, evaporation and temperature data has been sourced from surrounding Bureau of Meteorology
weather stations:

*  Moranbah Water Treatment Plant (station 034028) — operated from 1972 to March 2012. This station
is located approximately 43 km south east of the Mine.

* Moranbah Airport (station 034035) — operational from March 2012. This station is located
approximately 49 km south east of the Mine.

a Temperature

The mean annual maximum temperature is 29.7 degrees Celsius ("C) with the hottest months being November
through to February (over 33 °C). The mean annual minimum temperature is 16.7 “C. with the coolest months
being June through to August (below 12 °C). Average monthly minimum and maximum temperature for both
weather stations are given in Table 5.

b Rain

January, February and December exhibit the highest mean monthly rainfall, averaging above 100 millimetres
(mm). The driest month of the year is September averaging under 10 mm of rainfall. The average annual rainfall
for the region is 614.2 mm/year. Average monthly rainfall for both weather stations is given in Table 6

c Evaporation

The average annual potential evaporation at the Mine is estimated to be 2,306.4 mm, 3.8 times higher than annual
rainfall. The evaporation rate varies seasonally, with the highest evaporation rates occurring in the months
between October and March. Monthly average evaporation for the Moranbah Water Treatment Plant (not
available for Moranbah Airport) is given in Table 7.

d Climate variability
Rain

The State of the Climate Report 2020 (CSIRO and BoM 2020) says that Australian rainfall is highly variable,
which makes it difficult to identify significant trends over time. Northern Australian average annual rainfall has
increased since national records began in 1900, largely due to increases in rainfall from October to April
annually.

Temperature

The State of the Climate Report 2020 (CSIRO and BoM 2020) and the Annual Climate Statement 2021 (BOM
2021) says Australia’s weather and climate are changing in response to a warming global climate system.
Australia has warmed by around | °C since 1910, with most warming since 1950. Eight of Australia’s top ten
warmest years have occurred since 2005. The warming trend occurs against a background of year-to-year
climate variability, mostly associated with El Nino and La Nina in the tropical Pacific Ocean.

Sea surface temperatures in the Australian region have given a similar trend, warming by nearly | °C since
1910, with eight of the top ten warmest years occurring since 2005.
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Table 5 Average monthly and annual temperature

Jan Feb

Mar

Apr

Jun

Jul

Sep

Oct

Nov

Dec

Annual

Mean maximum 33.8 33.1
temperature (°C)

— Moranbah

Water Treatment

Plant

32.1

29.5

26.5

23.7

23.7

25.5

29.2

323

33.1

34

29.7

Mean minimum 21.9 21.8
temperature (°C)

— Moranbah

Water Treatment

Plant

20.2

17.6

14.2

1.2

9.9

4.1

17.6

19.4

21.1

16.7

Mean maximum 34.8 33.8
temperature (°C)

— Moranbah

Airport

327

30.1

27

242

24.7

26.9

30.2

333

347

353

30.6

Mean minimum 21.5 214
temperature (°C)

— Moranbah

Airport

20.3

16.9

12.8

9.9

8.7

8.8

12.6

16.2

18.9

20.6

15.7

Table 6 Average monthly and annual rainfall

Jan Feb

Mar

Apr

Jun

Jul

Sep

Oct

Nov

Dec

Annual

Mean rainfall 103.8 100.7
(mm) —

Moranbah

Water

Treatment Plant

55.4

364

345

22.1

25

9.1

357

69.3

103.9

614.2
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Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec Annual

Mean rainfall 1157 119.9 73 388 19.6 22.7 23.7 1.2 1.7 5 55.7 54.9 533.7
(mm) —
Moranbah
Airport
Table 7 Average monthly and annual evaporation

Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec Annual
Mean evaporation 248 207.2 210.8 171 133.3 105.3 114.7 I151.9 198 248 255 263.5 2,306.4
(mm)
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Bushfire

The State of the Climate Report 2020 (CSIRO and BoM 2020) says Australia’s shift to a warmer climate is
accompanied by more extreme heat events on daily, multi-day and seasonal timescales. Australia-wide, increases
in average temperature have been more notable across autumn, winter and spring, with the smallest trends in
summer. The annual 90" percentile of daily McArthur Forest Fire Danger Index (FFDI) (ie the most extreme
10% of fire weather days), has increased in recent decades across much of eastern Australia.

The Bushfire Hazard Provision in the Queensland State Planning Policy 2013, identifies bushfire prone areas in
Queensland and accounts for regional variability in bushfire weather severity. The mapping allows accurate
identification of areas at risk from bushfire and allows greater confidence in design and mitigation strategies,
proportional to the mapped risk level.

3.1.33 Geological setting

a Overview

The geology comprises an easterly dipping (between 15-25°) sequence of Permian sediments situated on the
western flank of the Carborough Syncline in the Bowen Basin. The main coal bearing unit is the Rangal Coal
Measures containing sandstone, siltstone, mudstone and coal. The sandstone, siltstone and mudstone occur as
overburden and interburden units, which are generally weathered to an average depth of 25 m.

Overlying the Rangal Coal Measures are sediments of the Rewan Group, which is comprised of sandstone,
siltstone and mudstone which sub-crop towards the eastern part of Burton. Resistant quartz sandstones, gritty
conglomerates and siltstone overlay the Rewan Group and outcrop, forming escarpments to the east and west
of Burton.

b Plumtree and Bullock Creek

Plumtree lies east of the Burton Range Fault and is an upthrown inlier of the Rangal Coal Measures. The Rangal
and Fort Cooper Coal Measure sequences sub-crop within the Plumtree area. The Fort Cooper Coal Measures
that overlie the Moranbah Coal Measures comprise grey lithic sandstones, conglomerate, siltstone, mudstone
coal and tuffaceous sediments. The Girrah seam (uppermost seam in the Fort Cooper Coal Measures) is a thick
banded sequence of coal, cream to brown tuffaceous claystones, mudstones and siltstones. The target seam
(Leichardt and Vermont splits) occurs in the Rangal Coal Measures.

Overlying the Rangal Coal Measures are greenish sediments of the Rewan Group. Quaternary soil, alluvium and
/ or colluvium cover all of the Plumtree area, particularly where adjacent to Sandy Creek.

4 Wallanbah

Wallanbah lies immediately east of the Burton Range Fault and is an upthrown inlier of the Rangal Coal Measures.
To the west of the Burton Range Fault, the Wallanbah area is covered by Triassic Clematis Sandstone and at
depth by red, brown and green mudstones and siltstones of the Triassic Arcadia Formation. The Rangal and Fort
Cooper Coal Measure sequences sub-crop within the Wallanbah area. The Fort Cooper Coal Measures that
overlie the Moranbah Coal Measures comprise grey lithic sandstones, conglomerate, siltstone, mudstone coal
and tuffaceous sediments. The Girrah seam (uppermost seam in the Fort Cooper Coal Measures) is a thick
banded sequence of coal, cream to brown tuffaceous claystones, mudstones and siltstones. The target seam
(Burton seam and its splits) occurs in the Rangal Coal Measures.

Overlying the Rangal Coal Measures are greenish sediments of the Rewan Group. Quaternary soil, alluvium and
/ or colluvium cover most of the eastern part of the Wallanbah area where adjacent to Bullock Creek and Spade
Creek.
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d Broadmeadow

Broadmeadow lies east of the Burton Range Fault and is an upthrown inlier of the Rangal Coal Measures. The
Rangal and Fort Cooper Coal Measure sequences sub-crop within the Broadmeadow area. The Fort Cooper
Coal Measures that overlie the Moranbah Coal Measures comprise grey lithic sandstones, conglomerate,
siltstone, mudstone coal and tuffaceous sediments. The Girrah seam (uppermost seam in the Fort Cooper Coal
Measures) is a thick banded sequence of coal, cream to brown tuffaceous claystones, mudstones and siltstones.
The target seam (Burton seam and its splits) occurs in the Rangal Coal Measures.

Overlying the Rangal Coal Measures are greenish sediments of the Rewan Group. Quaternary soil, alluvium and
/ or colluvium cover most of the western part of the Broadmeadow area where adjacent to Hat Creek.

The site geological setting is given in Figure 6.
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3.1.34 Site hydrology and fluvial networks

a Catchment overview

The Burton Gorge Dam catchment is located in the northern area of the Mine. Sandy Creek is the southernmost
tributary of the Burton Gorge Dam catchment and passes north of Plumtree Pit.

Teviot Brook catchment is located in the southern area of the Mine. Bullock Creek drains into Spade Creek
(north of Broadmeadow) which in turn drains into Hat Creek on the western boundary of the MLs near
Broadmeadow. These three waterways drain into Teviot Brook followed by the Isaac River. Spade and Bullock
Creek have been diverted due to mine activity (water licence (WL) 174800 and WL577239). The Mine has not
released any water into Bullock or Spade Creek since mining operations ceased and no longer uses this release
point.

b Hydrologic overview

Five named waterways pass through the MLs which drain to two local catchment systems and eventually the
Isaac River (part of the Fitzroy Basin). The waterways all drain east to west through the mine lease. All the
waterways have sand beds with banks forming flood channels. The waterways are all ephemeral with typical flow
durations from a few hours to days after rainfall events.

c Water quality
Burton Gorge Dam catchment

Surface water quality data from the Burton Coal Mine Water Management Plan 2022 (WMP) (Appendix B) for
Sandy Creek, Burton Gorge Dam and Teviot Brook is given in Table 8 and Table 9.

Table 8 Burton Gorge Dam catchment water quality data
Parameter Units Sandy Creek Burton Gorge Dam
Upper pH pH units 8.1 79
Electrical conductivity (EC) microsiemens per centimetre 239.0 264.0
(us/cm)
Total nitrogen Milligrams per litre (mg/l) 0.36 0.07
Nitrate + nitrite mg/| 0.1 0.06
Phosphorus mg/l 0.3 0.18

Dissolved metals

Aluminium (Al) mg/l 9.6 0.08
Arsenic (As) mg/l 0.0014 0.001
Boron (B) mg/l 0.09 0.10
Cadmium (Cd) mg/l 0.00018 0.0001
Chromium (Cr) mg/l 0.018 0.007
Copper (Cu) mg/l 0.0076 0.0070
Lead (Pb) mg/l 0.0070 0.0040
Manganese (Mn) mg/| 0.16 0.15
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Parameter Units Sandy Creek  Burton Gorge Dam
Mercury (Hg) mg/l 0.0001 0.0001
Nickel (Ni) mg/| 0.008 0.009
Selenium (Se) mg/l 0.0l 0.01
Silver (Ag) mg/l 0.001 0.001
Zinc (Zn) mg/| 0.025 0.019
Teviot Brook catchment
Table 9 Teviot Brook catchment water quality data
Parameter Units Spade Creek Hat Creek
pH pH units 7.1 7.1
EC us/cm 110 110
Total dissolved solids (TDS)  mg/I 89 87
Ca mg/l 38 4.2
Mg mg/l 24 2.6
Na mg/l 12.0 10.0
K mg/l 22 38
Nitrate as N mg/| 0.691 0.015
Dissolved metals
Al mg/| 132.0 78.8
Cd mg/| 0.011 0.007
Cr mg/| 0.128 0.083
Cu mg/l 0.061 0.029
Mn mg/| 1.595 0.089
Zn mg/l 0.236 0.138
d Licensed diversions

The Mine has two licensed diversions at Bullock and Spade Creeks. The diversions are administered under
IWL577149 and WLI175610 respectively. The licenses are issued under the Department of Natural Resources
and Mines (DNRM) and is administered by the Department of Natural Resources, Mines and Energy (DNRME).
Monitoring, maintenance and relinquishment conditions are requirements of the licences.

The site fluvial network is given in Figure 7.
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3.1.3.5 Groundwater levels and properties

a Overview

Three potential groundwater aquifer systems identified within the Mine include:

* unconfined fractured rock aquifers of the Triassic and Permian Coal sediments;

* confined aquifers within Permian Coal Measure sequences; and

* unconfined aquifers in unconsolidated Quaternary sand and gravel alluvium associated with creeks and
rivers.

Recharge of the fractured rock aquifers (ie Blackwater Group sediments and Tertiary Sediments) is considered
to occur regionally and to a lesser extent by flow within local drainage systems. The alluvial aquifers are
recharged by direct infiltration of rainfall.

b Plumtree and Bullock Creek

Within the Plumtree area, the coal seams are the only permeable intervals and are considered to be the only
aquifers. The coal seam has split into four seams with each believed to behave as a confined aquifer. Recharge
for the aquifer system originates from Teviot Creek and Sandy Creek where they traverse the seam sub-crops
and lie along the strike of the seam sub-crop. Significant quantities of groundwater could also be stored within
the igneous sill intruding the Leichardt and Upper Vermont seam.

The overburden, interburden and floor strata are considered to behave as aquicludes due to their
impermeability, with the exception being where fractures have formed.

C Wallanbah

The only aquifers in the Wallanbah area are the Rangal coal seams and the Girrah coal seam. Ephemeral streams
traversing the Wallanbah area incise the sub-crops of Rangal’s and Fort Cooper Coal Measures. It is likely that
during the flow periods of these streams they could recharge the coal seam aquifer system. Generally, the
amount of water transmitted from the aquifer would be low due to poor permeability.

d Broadmeadow

The only aquifers in the Broadmeadow area are the Burton Coal Seam, the two seams that originate from the
Burton Seam, and the Girrah coal seam. Ephemeral streams traversing the Wallanbah area incise the sub-crops
of Rangal’s and Fort Cooper Coal Measures. It is likely that during the flow periods of these streams they could
recharge the coal seam aquifer system. Generally, the amount of water transmitted from the aquifer would be
low due to poor permeability.

e Chemistry

A program of groundwater sampling and analysis was completed at the Mine prior to 1996 to determine
background water qualities. Sampling was done from four monitoring bores located within the Permian coal
measure sequences. The results indicated that groundwater had the following characteristics:

*  pH was neutral to alkaline;

* slightly to moderately saline, with higher salinities generally being encountered near the coal beds;

» groundwater samples collected near the coal beds generally did not meet the Australian and New Zealand
guidelines for fresh and marine water quality (ANZECC) stock water guidelines for total suspended solids
(TSS) (ANZECC 2000);

* major ion analysis indicated sodium (Na) and chloride (Cl) as the dominant ions;

* samples from several bores returned calcium (Ca) and magnesium (Mg) concentrations exceeding the
ANZECC (2000) guidelines for stock water.
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* metal concentrations were generally below or close to laboratory detection limits including Cd, uranium
(U), arsenic (As), selenium (Se), mercury (Hg), nickel (Ni), lead (Pb) and Zn.

Any impacts are expected to be minimal as there are no known groundwater users and groundwater quality is
considered poor.

3.1.3.6 Soil types, properties and productivity

Soil surveys by AustralAsian Resource Consultants (AARC) (2000) identified Vertosols, Tenosols, Tenosols
(alluvial), Chromosols and Sodosols at the Mine.

a Sodosols

Sodosols are soils that show strong texture contrast between the topsoil and subsoil, with highly sodic subsoil,
but they are not highly acidic (pH > 5.5). Parent materials of Sodosols range from highly siliceous, siliceous to
intermediate in composition. Generally, sodosols have very low agricultural potential. The high subsoil sodicity
leads to high erodibility, poor structure and low permeability. These soils have low to moderate fertility and can
be associated with soil salinity. Elevated sodium levels impose the primary limitation for this soil type, effectively
limiting the potential for intensive land use due to the risk of erosion.

b Vertosols

Vertosols generally have high clay contents (>35%) of uniform texture. They have the potential for strong
cracking and slickensides. These soils have high agricultural potential with high fertility and water-holding
capacity, but they require significant amounts of rain before water is available to plants. Gypsum and / or lime
may be required to improve their structure. Vertosols can be difficult to cultivate especially when they are wet.
The primary limiting factor for this soil type is largely associated with the strongly seasonal climate of the region
rather than soil characteristics. The highly seasonal rainfall presents an erosion risk due to the lack of vegetation
cover present during the dry winter months, followed by relatively high intensity rainfall occurring during the
remainder of the year.

c Tenosols

Tenosols incorporate soils with generally weak pedologic organisation apart from the topsoil, encompassing a
diverse range of soils. Tenosols generally have poor water retention, almost universal low fertility and occur in
regions of low and erratic rainfall. They are mainly used for grazing based on native pastures and in better
watered areas may support improved pastures or forestry. These soils are largely associated with escarpments
at the Mine. The primary limitation is therefore slope angle and lack of effective rooting depth.

d Chromosols

Chromosols incorporate soils that show strong texture contrast with the subsoil which is generally not sodic
especially in the upper 0.2 m. They are not highly acidic with pH generally above 5.5. Chromosols have moderate
agricultural potential with moderate fertility and water-holding capacity. They can be susceptible to soil
acidification and soil structure decline.

The soil distribution for the Mine is given in Figure 8.

Project number | 21M056 Page | 22



Wallanbah and
Broadmeadow

Plumtree and
Bullock Creek

Z7600000.000000

D1v274

LEGEND

:] Mining leases

————— Minor watercourses

Soil type

|:| Kandosol
|:| Sodosol
|:| Vertosol

Client
Progressive Rehabilitation and Closure Plan Peabody (Burton Coal) Pt)’ Ltd Scale 1 :45 000

1 2 km
Design: SGM Environmental Pty Ltd  10.02.2023 0
8 Soi Discribuion | Scle 1 45000 — e

CRS:  GDA2020 / MGA zone 55

© SGM Environmental. While every care is taken to ensure the accuracy of this data, SGM Environmental makes no representations or warranties about its accuracy, reliability, completeness or suitability for any particular

purpose and disclaims all responsibility and liability (including without limitaiton liability in negligence) for all expenses, losses, damages (including indirect consequential damage) and costs which might be incurred as a result of
the data being inaccurate or incomplete in any way and for any reason.



3.1.4 Productivity

3.1.4.1 ALC class

The Guidelines for Agricultural Land Evaluation in Queensland (QDPI 1990) gives agricultural land classification
(ALC) classes based on soil and landscape characteristics. The land ALC classes are given in Table 10.

Table 10 ALC classes

ALC class Description

A Land that is suitable for a wide range of current and potential crops with
nil to moderate limitations to production.

B Land that is suitable for a narrow range of current and potential crops.
Land that is marginal for current and potential crops due to severe
limitations but is highly suitable for pastures. Land may be suitable for
cropping with engineering and / or agronomic improvements.

C Land that is suitable only for improved or native pastures due to
limitations which preclude continuous cultivation for production. Some
areas may tolerate a short period of ground disturbance for pasture
establishment.

D Land not suitable for agricultural uses due to extreme limitations. This
may be: undisturbed land with significant conservation and / or
catchment values; land that may be unsuitable because of very steep
slopes, shallow soils, rock outcrop, poor drainage, salinity, acidic
drainage; or is an urbanised area.

The soils in the area were identified as ALC Class Cl and B land at the Mine (pre-mining) which meets the
Belyando Shire Council criteria for GQAL (Table I1).

Table Il  ALC classes of soil orders
Soil type ALC class
Vertosols Class B (limited cropping) and Class B / C (equivalent to class Cl) (improved
pasture)
Chromosols Class B / C (equivalent to class Cl) (improved pasture)
Sodosols Class C (pasture)
Tenosols (alluvial) Class C (pasture)
Tenosols Class D (non-agricultural land)

3.14.2 Belyando Shire Planning Scheme

The Belyando Shire Planning Scheme (2008) has mapped Good Quality Agricultural Land (GQAL) across the
region. GQAL is land that is classified as ALC classes A to CI| (Table I1). The GQAL map prepared by the
Belyando Shire Council indicates that there was some ALC Class C| mapped in the area prior to mining.

3.1.43 Land stability

Pre-existing land degradation and erosion
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The pre-mining erosion rate has been calculated using the revised universal soil loss equation (RUSLE) (Table
12). An estimate of average soil loss from sheet and rill erosion can be calculated using RUSLE ().

A=RXKXLSXCXP 0

Where:

* A = the estimated average annual soil loss in tonnes per hectare (t/ha);

* R =the rainfall and runoff erosivity factor which describes the intensity and duration of rainfall within a
geographical area;

* K = the soil erodibility factor related to soil physical and chemical properties that determine the soil’s
capacity for soil particle dislodgement.

* LS =a dimensionless topography factor determined by slope length and steepness related to the velocity
of runoff.

*  C=the cover and management factor. Cover of any kind can help protect the soil from raindrop impact,
slow runoff and reduce kinetic energy; and

* P = the factor for supporting practices of land management. This factor considers specific erosion
control measures.

Values for R, K, L and S are obtained from the Queensland Spatial Catalogue (QSC) datasets provided by the
Department of Environment and Science (DES). The information that forms these datasets derives from soil
data, interpolated climate data and Digital Elevation Model (DEM) data, with the aim of predicting average annual
hillslope erosion rates across Queensland.

Soil data is derived from the Australian Soil Resource Information System (ASRIS) and climate and rainfall data
is derived from the Queensland Government’s Scientific Information for Land Owners (SILO) database of
Australian climate data. Data can be confirmed through the calculation of the R factor using publicly available
data on BoM'’s website. Slope steepness and length data is derived from the smoothed three-second (~90m)
Shuttle Radar Topography Mission (SRTM) derived DEM.

Table 12  Pre-mining erosion rates

Statistic Erosion rate (t/halyr)
Minimum 0.035

Maximum 10.942

Median 0.442

Mean 0.677

The maximum erosion rate of 10.942 t/halyr is confined to areas within ML70252. The minimum erosion rate
of 0.035 t/halyr is observed in all associated MLs (Figure 9).
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3.1.44 Vegetation communities and ecological data

a Matters of environmental significance

Matters of national environmental significance (MNES) were identified in the MLs and surrounding areas using
the Department of the Environment and Energy protected matters search tool. MNES are provided in Table |3
and Table 4. No matters of local environmental significance were identified in The Belyando Shire Planning Scheme
(2008).

The following matters of state environmental significance were identified in the MLs and surrounding areas:

*  matter of state environmental significance (MSES) regulated vegetation (defined watercourse);
*  MSES regulated vegetation (category B — endangered or of concern);

*  MSES regulated vegetation (category C — endangered or of concern);

*  MSES regulated vegetation (category R — GBR riverine); and

*  MSES regulated vegetation (essential habitat).

b Environmentally sensitive areas

A search of the DES Environmentally Sensitive Areas (ESAs) mapping tool for Category A and B ESAs, as
described in the Environmental Protection Regulation (2008), identified small areas of Category A ESAs within the
MLs (Figure 10). These areas have been largely undisturbed by mining operations.
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c Significant flora

The protected matters search tool identified the following significant flora (as listed under the Environment
Protection and Biodiversity Conservation Act 1999 (EPBC Act)) as occurring at the Mine or surrounds (within
a 5 km radius) (Table 13).

Table I3  Significant flora that may occur

Scientific Name Common Class Simple Presence Threatened
Name Category

Dichanthium King Blue-grass Plant Likely Endangered

queenslandicum

Eucalyptus raveretiana Black Ironbox Plant Likely Vulnerable

Dichanthium setosum bluegrass Plant Known Vulnerable

Samadera bidwillii Quassia Plant May Vulnerable

Plumtree

Native vegetation communities have generally been cleared from much of the upland areas on the Plumtree,
except for the hills in the south of the ML and small areas near Sandy Creek and Teviot Creek. The riparian
zone along Teviot and Sandy Creek is comprised of a mature canopy layer dominated by Forest Blue Gum and
Sally Wattle, and small stands of Paper-barked Teatree. The understorey and mid-layer are highly disturbed and
are dominated by pasture species and a range of local and introduced species. The upland areas near the creeks
are dominated by disturbed mixed Eucalypt woodland, comprised mainly of Forest Blue Gum, Moreton Bay Ash
and Poplar Box. None of the flora species identified in these communities are listed as being conservation
significance under any Local, State or Commonwealth Authority.

A remnant of Acacia harpophylla dominated community is located within the north west section of the ML. This
community is noted as being an endangered regional ecosystem but has not been disturbed.

Bullock Creek

The Bullock Creek Coal Project contains three regional ecosystems: Brigalow-Dawson Gum Woodland, Poplar
Box Woodland and Acacia Woodland. Most of the ML is covered in non-remnant grassland with Acacia
Woodland along the hillside slopes. The Bullock Creek drainage line features Brigalow and Dawson Gum existing
as co-dominant. A small section of Bullock Creek is identified as endangered regional ecosystem (ERE) being
Brigalow — Dawson Gum woodland community (ERE 11.9.1).

Wallanbah

Much of Wallanbah has been cleared of vegetation for pastoral activities, except for the riparian zones and
woodland along Spade and Bullock Creeks, and the escarpment and hills in the north west corner of the ML.
The upland areas near the creeks are dominated by disturbed mixed Eucalypt woodland, comprised mainly of
Forest Blue Gum, Poplar box and Moreton Bay Ash. The understorey is sparse, due to the disturbance caused
by grazing.

The riparian zone along Spade and Bullock Creeks is comprised of a mature canopy layer dominated by Forest
Blue Gum, Sally Wattle and small stands of White Flowered Bauhinia. The understorey and mid layer are highly
disturbed and is dominated by pasture species and a range of local and introduced species. A small area of Poplar
Box Woodland occurs within the western extent of Bullock Creek but is highly disturbed.

A small remnant of Acacia harpophylla dominated community is located to the south east in the ML. This
community is noted as being an endangered regional ecosystem.
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Broadmeadow

The native vegetation communities have generally been cleared for grazing purposes except for the hills in the
south and small areas near Hat and Spade Creeks. The upland areas near the creeks are dominated by disturbed
mixed Eucalypt woodland, comprised mainly of Forest Blue Gum, Poplar box, Brigalow and Moreton Bay Ash.
Species such as Dark Wiregrass, Buffel grass, Kangaroo Grass and Red Natal Grass formed the ground cover.
The riparian zone along Hat and Spade Creeks is comprised of a mature canopy layer dominated by Forest Blue
Gum, Sally Wattle and small stands of White Flowered Bauhinia. The understorey and mid-layer are highly
disturbed and are dominated by pasture species and a range of local and introduced species.

3.1.45 Fauna presence and populations
Surveys were completed by AARC from 1998-2000 to identify key fauna species in the area.

Over 30 species of birds were observed across the MLs. The most common bird species included Australian
magpies, Torresian Crows, Noisy Friarbirds and Rainbow Lorikeets. A number of insignificant reptile species
were observed and common mammal species including the Eastern Grey Kangaroo, Greater Glider and the
Common Brushtail Possum.

A subspecies of the Squatter Pigeon was observed at the Plumtree Project on multiple occasions Bullock Creek.
The bird species was seen at the Wallanbah Project in 2000 during another field survey and it was noted that it
had been seen by environmental staff on site and at the Burton Coal residential village. Field staff were unable
to determine which of the two subspecies of Squatter Pigeon was sighted however it is assumed that it was the
southern subspecies Geophaps. scripta scripta due the northern species not being commonly found south of the
Burdekin.

3.1.4.6 Significant fauna

The protected matters search tool identified the following significant fauna (as listed under the EPBC Act) within
a 5 km radius of the Mine:

* |8 threatened fauna species; and
* 10 migratory bird species.

Table 14 lists the significant fauna that may occur.

Table 14  Significant fauna species that may occur in the Mine areas

Scientific Name Common Name Class Simple Threatened
Presence Category
Elseya albagula Southern Snapping Turtle, Reptile Likely Critically
White-throated Snapping Endangered
Turtle
Calidris ferruginea Curlew Sandpiper Bird May Critically
Endangered
Lerista allanae Allan's Lerista, Retro Slider ~ Reptile May Endangered
Phascolarctos cinereus Koala (combined Mammal Known Endangered

(combined populations of  populations of Queensland,
QId, NSW and the ACT)  New South Wales and the
Australian Capital Territory)

Poephila cincta cincta Southern Black-throated Bird May Endangered
Finch

Project number | 21M056 Page | 30



Scientific Name Common Name Class Simple Threatened

Presence Category

Rostratula australis Australian Painted Snipe Bird May Endangered
Dasyurus hallucatus Northern Quoll, Digul Mammal Likely Endangered

[Gogo-Yimidir], Wijingadda

[Dambimangari], Wiminiji

[Martu]
Neochmia ruficauda Star Finch (eastern), Star Bird Likely Endangered
ruficauda Finch (southern)
Geophaps scripta scripta Squatter Pigeon (southern) Bird Known Vulnerable
Rheodytes leukops Fitzroy River Turtle, Fitzroy ~ Reptile May Vulnerable

Tortoise, Fitzroy Turtle,

White-eyed River Diver
Denisonia maculata Ornamental Snake Reptile Known Vulnerable
Erythrotriorchis radiatus Red Goshawk Bird Likely Vulnerable
Nyctophilus corbeni Corben's Long-eared Bat, Mammal May Vulnerable

South-eastern Long-eared

Bat
Furina dunmalli Dunmall's Snake Reptile May Vulnerable
Falco hypoleucos Grey Falcon Bird May Vulnerable
Egernia rugosa Yakka Skink Reptile May Vulnerable
Petauroides volans Greater Glider Mammal Known Vulnerable
Macroderma gigas Ghost Bat Mammal May Vulnerable

3.1.47 Aquatic flora and fauna

The waterways within the MLs are typical of smaller drainages in Central Queensland, being ephemeral and
generally only flowing for short periods after rain. The aquatic flora and fauna are not considered to be diverse
or unique. Although macro invertebrates and fish may opportunistically move into the upstream drainages of
ephemeral creeks to forage, the drainage lines within the MLs are considered poor habitat for macro
invertebrates and are unlikely to harbour long-term fish populations.

3.1.4.8 Pre-mining land use

a Regional

The Mine is located in a rural area typified by large holdings. Agricultural activities and coal mining are established
in the locality. The nearest township is Moranbah, located approximately 14 km to the south-west. Nebo and
Glenden are located 67 km and 36 km away respectively. Mackay (the regional centre) is 140 km to the north-
east.
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b Local

The pre-mining land use was low-intensity grazing and agricultural activity. Operational mines are located to the
south, west and east. Extensive clearing for grazing and agriculture means that the remnant vegetation is mostly
confined to riparian zones, predominantly along drainage lines.

3.1.49 Identification of underlying landholders

The underlying landholders are given in Figure I 1.
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3.1.5 Project description

The Mine description is given in Section 3.1.2.

3.1.6 Design for closure

In accordance with the PRC plan guideline, transitional PRC plans are not required to demonstrate how aspects
of the Mine have been designed for existing or approved disturbance. However, any expansion to an existing
site must demonstrate how it has been designed for closure.

No expansion or additional disturbance is planned.

3.1.7 Rehabilitation and improvement planning

3.1.7.1 Relevant activities

The Mine ceased production in 2016 and since that time has been progressively rehabilitating disturbed land.
Current activities include:

* landform reshaping via dozer push;

* topsoiling of reshaped landforms;

* seeding of topsoiled areas with pasture/bushland seed mixes;

* maintenance of water management structures such as dams, diversions and levees;
* monitoring and maintenance of previously rehabilitated land; and

» grazing of cattle on suitable areas in partnership with neighbouring landholders.

3.1.72 Predicted duration and extent of activities
Earthworks associated with rehabilitation are scheduled to continue until mid-2028. Following this work the

Mine will enter a monitoring and management phase. Progressive rehabilitation is being done as per the PRC
schedule in Appendix A.

3.1.8 Existing rehabilitation
A total of ~ 964.3 ha of rehabilitation has been completed. Table |5-Table I8 outline completed rehabilitation.
3.1.8.1 Plumtree

Table I5 Completed rehabilitation for Plumtree

Location Methodology Year completed
(approximate)
North dump * dozer push; 2007

* drainage installation;
* topsoiling; and

* rip and seed.

South dump * dozer push; 2007
* drainage installation;
*  topsoiling; and

* rip and seed.
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Location

Methodology

Year completed
(approximate)

Rehabilitation maintenance

dozer push; and

ripping and seeding.

2018

Western ROM

remove rejects material and dump
in void;

dozer reshaping;
deep ripping;
surface preparation;
topsoiling; and

rip and seed.

2022

In pit dump

dozer reshaping.

In progress

3.1.8.2

Table 16

Location

Bullock Creek

Completed rehabilitation for Bullock Creek

Methodology

Year completed
(approximate)

Out of pit dump

dozer push;
drainage installation;
topsoiling; and

rip and seed.

2011

In pit dump

dozer push;
drainage installation;
topsoiling; and

rip and seed.

2012/2013

ROM and workshop area

dozer push;
backfill dam;
topsoiling; and

rip and seed.

2016

Sediment dam

dozer push;
backfill dam;
topsoiling; and

rip and seed.

2017

Rehabilitation maintenance

dozer push; and

ripping and seeding.

2017
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Location

Methodology

Year completed
(approximate)

Buttress

load and haul spoil from in pit dump

face to buttress;

reshape in-pit dump batter

reshape buttress;
topsoiling; and

rip and seed.

2018

ERE rehabilitation area

dozer reshaping;
topsoiling;

ripping and seeding; and
tubestock planting.

2017 /2018

ERE rehabilitation area

ripping and seeding; and

tubestock planting.

2019

3.1.8.3 Wallanbah

Table 17 Completed rehabilitation for Wallanbah

Location

Methodology

Year completed
(approximate)

Eastern out of pit dump

dozer push;
drainage installation;
topsoiling; and

rip and seed.

2009

In-pit dump

dozer push;
drainage installation;
topsoiling; and

rip and seed.

2011 /2012

Western dump

dozer push;
drainage installation;
topsoiling; and

rip and seed.

2011

South-west sediment dams

dozer push;

backfill dams;
drainage installation;
topsoiling; and

rip and seed.

2016
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Location

Methodology

Year completed
(approximate)

Hardstand

remnant infrastructure removed;

contaminated land assessment
(desktop);

dozer reshaping;
dozer rip east/west;
topsoiling; and

rip (north/south) and seed.

2016

Rehabilitation maintenance

dozer push;
reinstate failed drainage;

ripping and seeding.

2018

Eastern sediment dams

dozer push;
drainage installation;
topsoiling; and

rip and seed.

2020

3.1.84 Broadmeadow

Table 18 Completed rehabilitation for Broadmeadow

Location

Methodology

Year completed
(approximate)

Western out of pit dump

dozer push;
drainage installation;
topsoiling; and

rip and seed.

2011

Broadmeadow ROM and
ROM dam

remove rejects material and dump
in void;

backfill dam;

dozer reshaping;
deep ripping;
surface preparation;
topsoiling; and

rip and seed.

2018

Eastern drainage

dozer push;
topsoiling; and

rip and seed.

2018

Rehabilitation maintenance

dozer push; and

ripping and seeding.

2018
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Location Methodology Year completed
(approximate)

In pit spoil (south) * dozer push; 2019
* drainage installation;
* topsoiling; and

* rip and seed.

In pit spoil (south) * dozer push. 2020

3.2 Post-mining land use

Mining is a temporary use of land. Suitable areas will be returned to grazing, which is consistent with EA
conditions regarding rehabilitation, ie Conditions FI-FI5.

The strategy for how this will be achieved is described in 3.6.8.3.
There will be areas of the disturbance area, ie riparian vegetation which will require an alternate land use.

The proposed final land uses are:

»  grazing (disturbed and undisturbed);
* self-sustaining native vegetation (Bullock Creek ERE area); and
*  riparian vegetation rehabilitation area (riparian area along the Spade Creek diversion).

The final landscape will be dominated by grazing. Native trees will be present in grazing areas in accordance with
the surrounding landscape. Table 19 gives the proposed area for each PMLU.

Table 19 PMLU

Final land use Domains included in final Description Area (ha)
land use

Grazing OB dumps, topsoil stockpiles,  Includes areas to be 4,060.3
infrastructure areas, water rehabilitated, undisturbed, and
infrastructure and in-pit completed rehabilitation

spoil/rejects.

Self-sustaining Water infrastructure (Bullock  Bullock Creek ERE area 10.6
native vegetation Creek diversion)
Riparian Water infrastructure (Spade Re-established vegetation 12.6
Creek diversion) areas along Spade Creek
diversion
Not applicable' Voids and highwalls Voids including highwalls and 2228

safety bunding

Total - - 4,306.3

Voids are designated NUMAs which is not a final land use as defined under the EP Act Rehabilitation areas (RAs)
have been categorised based on a common PMLU, rehabilitation methodology and location (north or south)
(section A.1.1). Table 20 gives the RAs and domains including the previous domain of completed rehabilitation.
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Table 20

RA

Rehabilitation areas and domains

RA category

Domain

Area (ha)

Existing rehabilitation south

OB dumps, infrastructure, water
infrastructure (Wallanbah and

OB dumps — 368.4

Infrastructure — 326.3

Broadmeadow) Total — 694.7

2 OB dumps and topsoil south OB dumps and topsoil stockpiles 95.6
(Wallanbah and Broadmeadow)

3 Surface water management south ~ Dams, drains and levees 40.8
(Wallanbah and Broadmeadow)

4 Infrastructure south Built infrastructure, laydowns, drill ~ 21.7
holes and pads (Wallanbah and
Broadmeadow)

5 Existing rehabilitation north OB dumps, infrastructure, water OB dumps — 233.7
infrastructure (Plumtree and Infrastructure — 35.9
Bullock Creek) Total — 269.6

6 OB dumps and topsoil north OB dumps and topsoil stockpiles 2595
(Plumtree and Bullock Creek)

7 Surface water management north  Dams, drains and levees (Plumtree  43.1
and Bullock Creek)

8 Infrastructure north Built infrastructure, laydowns, drill ~ 25.0
holes and pads (Plumtree and
Bullock Creek)

9 Self-sustaining native ecosystem Bullock Creek diversion 10.6

(Bullock Creek)
10 Riparian vegetation (Spade Spade Creek diversion 12.6

Creek)
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Table 21 shows the alignment between PMLU’s presented in LOD’s (the EA and DMCP) and this PRC plan. PMLUs adopted for this PRC plan are the same or substantially similar to the pre-approved outcomes. It is important to note that the EA is the primary
LOD. As such pre-approved land outcomes in the EA take precedence over those in the DMCP. Some areas were proposed as not suitable for grazing (ramps and in-pit rejects) in the EA. These areas have been returned to a grazing PMLU. This is consistent
with the overall strategy of maximising potential grazing land.

Table 22 shows the alignment between PMLU’s presented in LOD’s (the EA and DMCP) and this PRC plan for Bullock Creek.

Table 21  Justification for PMLU (from EA Table FI)
EA PMLU DMCP PMLU PRC plan PMLU
Disturbance Class' Rehabilitation methods Proposed land PMLU PMLU and RA/IA Alignment with LOD PMLUs Outcome
use
Capabili  Suitabilit
ty Y
Overburden (OB)  VI-VII 34 Generally, less than 5% gradient on Potential for Grazing and bushland. Grazing — RAI, RA2, RAS, EA — Existing areas of OB rehabilitation The proposed grazing PMLU is the
plateau and up to 20 percent on grazing on and RA6. (RAI1 and RA5) have been returned to a same or substantially similar to the
outer margins. Includes selective some areas grazing PMLU as per the EA proposed land pre-approved land outcome.
topsoil placement concentrated in use. OB areas scheduled for rehabilitation
more erosion potential areas such as (RA2 and RA6) will also be returned to a
margins. Includes areas of bushland grazing PMLU as per the EA proposed land
habitat and grasslands with potential use. Grazing trials have been completed
for grazing (to be verified through successfully in rehabilitated OB areas.
grazing trials). DMCP — Areas proposed as bushland in the
DMCP were smaller isolated areas with some
trees and surrounded by grazing land
(Plumtree). A larger area in Wallanbah has
been successfully grazed during trials and is
considered suitable for grazing rather than a
bushland PMLU. It is considered impractical
to establish a separate PMLU and criteria for
these areas given they are continuous with
surrounding grazing land. These areas been
updated to grazing as a PMLU.
Ramps Vil B)5 Ramps not in-filled with tailings, Not suitable Not discussed. Grazing (above void water EA — During rehabilitation ramps are not The proposed grazing PMLU is the
reject or pre-strip spoil will be for grazing line) and NUMA (below void  treated as separate areas to in pit spoil and same or substantially similar to the

treated as part of the final void and
left at an angle of repose. Limited
benching, battering or drainage
control works may occur along
adjoining spoil to control erosion.

water line) — RAI, RAS, IAI,
IA2, IA4 and IAS.

void areas. Former ramps above the void
water line have been regraded as part of in-
pit reshaping. The EA allows ramps to be left
at an angle of repose however Peabody have
chosen to reshape these exposed areas which
is in line with the overall strategy of
maximising potential grazing land.

Some remnant areas of ramp may be
currently underwater and are considered a
part of the void as per the EA.

DMCP — Ramps were not considered
separately and were included as part of in pit
spoil as per this PRC plan.

pre-approved land outcome.
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EA PMLU DMCP PMLU PRC plan PMLU
Final voids Vil (B) 5 Those not utilised for rejects, tailings  Not suitable Water storage bodies. No land use? — IAI, IA2, IA3, EA — Final voids are classed as NUMAs and ~ The designation of voids as a NUMA
or pre-strip placement will remain as  for grazing IA4 and IA5S. are not considered suitable for grazing as per  is the same or substantially similar
water storage bodies. Exposed coal the EA proposed land use. Final voids will to the pre-approved land outcome.
seams may be sealed in areas not store water as per the EA although the use of
permanently or seasonally inundated the water is limited based on the final quality.
to prevent spontaneous combustion. DMCP — Final voids were designated as
lts potential use will be dependent water storage bodies in the DMCP. The pits
on the final water quality. will remain as water storage bodies however
the modelled long term water quality
significantly limits its potential uses (section
3.3.1). Given stored water is unable to
support a beneficial long-term use, the voids
are considered NUMAs as defined under the
EP Act.
It is important to note that the term ‘NUMA’
was not in use at the time the EA was
granted however the description is consistent
with the definition of a NUMA.
High walls VI B)5 Highwalls will be assessed on an Not suitable Water storage bodies (part of No land use’ — IAl, IA2, IA3, Highwalls are included as part of the final The designation of highwalls as part
individual basis. Some will be for grazing the void). IA4 and IAS. voids (NUMAs) and are not considered of the void NUMA is the same as
backfilled and others associated with suitable for grazing as per the EA and DMCP  the pre-approved land outcome.
final voids left at 65 degrees in proposed land use.
competent rock or blasted to less
than |7 degrees in non-competent
rock.
Infrastructure VI-VII 34 Facilities to be either left for future Suitable for Infrastructure, water Grazing — RAI, RA3, RA4, EA — Some infrastructure areas have already = The proposed grazing PMLU is the
(buildings, roads, users or sold for removal with the grazing infrastructure and grazing. RAS, RA7, RA8, RA9 and been rehabilitated to a grazing PMLU (RAI same or substantially similar to the
ROM, camp site rehabilitated to grassland or RAIO. and RAS5). Remaining infrastructure areas pre-approved land outcome.
laydown) bushland, dependant on original use. (RA4 and RA8) are minimal and will be also
Contaminated areas to be be rehabilitated to a grazing PMLU.
remediated in consultation with the DMCP — Some areas were designated in the
Administering Authority. DMCP as retained infrastructure. It is likely
Contaminated areas have been an agreement will be reached to retain these
identified and will be rehabilitated on areas however as there is no current written
a case-by-case basis from a Stage 2 agreement, they have been scheduled to be
Contaminated Land Survey. rehabilitated to a grazing PMLU.
Tailings — in dam Vil 5 Two options will be considered: Not suitable - - No tailings dams are present at the Mine. -
I. Decommissioned well before for grazing
cessation of mining to dewater
then capped with Im with spoil
and topsoil designed to drain
water off the structure. Seeded
to trees and shrubs (bushland).

2. Reprocessed with waste placed
in spoil.

Tailings — in pit VIV 45 Capped with adjoining spoil so that Not suitable - - No in-pit tailings are present at the Mine. -
the area is freely drained, topsoiled for grazing

and seeded to trees, shrubs and
grasses (bushland).
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EA PMLU DMCP PMLU PRC plan PMLU
Rejects — Vil 5 Re-graded to less than 15 percent, Not suitable - - No rejects dumps are present at the Mine. -
designated dumps capped with Im of spoil (minimum) for grazing
and seeded to grasses, trees and
shrubs (bushland)
Rejects — in pit / ViVl 4-5 Capped to a minimum of | m with Not suitable Grazing Grazing — RAI and RA6 Small volumes of in-pit rejects from ROM The proposed grazing PMLU is the
spoil spoil and topsoiled. Seeded to trees for grazing stockpile stripping have been disposed of in same or substantially similar to the
and shrubs (bushland). Plumtree and Broadmeadow pit (section pre-approved land outcome.
3.6.1.6). It is not considered practical to
return these areas to bushland given their
small surface area compared to surrounding
grazing land. They have been rehabilitated to
a grazing PMLU. This is in line with the overall
strategy of maximising potential grazing land.
Co-disposal - in pit  VII-VIIl  4-5 Capped with adjoining spoil so that Not suitable - - No co-disposal areas are present at the Mine. -
/ spoil the area is freely drained, topsoiled for grazing

and seeded to trees, shrubs and
grasses (bushland).

. DME (1995) Technical Guidelines for the Environmental Management of Exploration and Mining in Queensland. “Land Suitability Assessment Techniques”.
2. Voids are designated as NUMAs which is not a land use as defined under the EP Act.

Table 22 Justification for the PMLU — Bullock Creek (from EA Table F2)
EA PMLU DMCP PMLU PRC plan PMLU
Disturbance type  Projective Post mine land Post mine land  Post mine Rehabilitation methods PMLU PMLU and RA/IA Alignment with LOD PMLUs Outcome
surface area  use use capability  land
(ha) classification suitability
classification
Bullock Creek 7 Self-sustaining VI-ViI 3-4 Offset plant greater then area of ERE cleared. Riparian. Self-sustaining native The PMLU outcome has not The proposed PMLU is
Diversion native Topsoil from ERE area recovered in separate vegetation — RA9. changed from the DMCP and is the same or substantially
(Endangered vegetation stockpile and utilized in ERE offset planning consistent with the EA. The 'self- similar to the pre-
Regional locations. A mixture seed and tubestock native tree, sustaining native vegetation’ approved land outcome.
Ecosystems) grass and shrub species which must include wording has been retained as it is

Eucalyptus cambageana, Acacia harpophylla, Flindersia
dissospera, Ereophila,

Carissa ovata, Alectryon diversifolius, Capparis lasiantha,
Eucalyptus populnea, Eromophila mitchelli and Sorghum
nitidum to reproduce as close as practical the
Brigalow — Dawson Gum woodland community
(Endangered Regional Ecosystem 11.9.1). The

rehabilitated area and remaining ERE shall be fenced.

the PMLU given in the EA
however it is considered
interchangeable with ‘riparian’ in
this instance.

The area is larger than the
projected area required by the EA
(10.6 ha).
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EA PMLU

DMCP PMLU

PRC plan PMLU

Final Void(s) 42.1

Not suitable for
grazing

viil'

52

Highwalls will be assessed on an individual basis.
Some will be backfilled and others associated with
final voids left at 65 degrees in competent rock or
blasted to less than 17 degrees in non-competent
rock.

Water storage
body.

No land use® — |1A4

EA — Final voids are classed as
NUMAs and are not considered
suitable for grazing as per the EA
proposed land use. Final voids will
store water as per the EA
although the use of the water is
limited based on the final quality.

DMCP — Final voids were
designated as water storage bodies
in the DMCP. The pits will remain
as water storage bodies however
the modelled long term water
quality significantly limits its
potential uses (section 3.3.1).
Given stored water is unable to
support a beneficial long-term use,
the voids are considered NUMAs
as defined under the EP Act.

The NUMA is less than the
projected allowable void (28.1 ha).

The proposed PMLU is
the same or substantially
similar to the pre-
approved land outcome.

High walls 10.0

Not suitable for
grazing

viIl'

52

Highwalls will be assessed on an individual basis.
Some will be backfilled and others associated with
final voids left at 65 degrees in

competent rock or blasted to less than |7 degrees in
non-competent rock.

Water storage
bodies (part of
the void).

No land use® — 1A4

Highwalls are included as part of
the final voids (NUMAs) and are
not considered suitable for grazing
as per the EA and DMCP
proposed land use.

The designation of
highwalls as part of the
void NUMA is the same
as the pre-approved land
outcome.

Ramps 24

Not suitable for
grazing

viIl'

52

Ramps not in-filled with tailings, reject or pre-strip
spoil will be basically treated as part of the final void
and left at angle of repose. Limited benching,
battering or drainage control works may occur along
adjoining spoil to control erosion.

Not discussed.

Grazing (above void
water line) and NUMA
(below void water line)
— RAS and 1A4.

EA — During rehabilitation, ramps
are not treated as separate areas
to in pit spoil and void areas.
Former ramps above the void
water line have been regraded as
part of in-pit reshaping. The EA
allows ramps to be left at an angle
of repose however Peabody have
chosen to reshape these exposed
areas which is in line with the
overall strategy of maximising
potential grazing land.

Some remnant areas of ramp may
be currently underwater and are
considered a part of the void as
per the EA.

DMCP — Ramps were not
considered separately and were
included as part of in pit spoil as
per this PRC plan.

The proposed PMLU is
the same or substantially
similar to the pre-
approved land outcome.
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EA PMLU

DMCP PMLU

PRC plan PMLU

Overburden / 102.1

Rejects

3-4

Generally less than 5 percent gradient on plateau
and up to 20 percent on outer margins. Includes
selective topsoil placement concentrated in more
erosion potential areas such as margins. Includes
areas of bushland habitat and grasslands with
potential for grazing (to be verified through grazing
trials).

Grazing.

Grazing — RA5.*

Existing areas of OB rehabilitation
(RA5) have been returned to a
grazing PMLU as per the EA
proposed land use. Grazing trials
have been completed successfully
in rehabilitated OB areas.

The total area of rehabilitated OB

is slightly less than the projected
EA area (101.8 ha).

The proposed PMLU is
the same or substantially
similar to the pre-
approved land outcome.

Roads and tracks 20.7

Not suitable VI-VII
and suitable for

grazing

Suitable for VI-VII
grazing

3-4

Facilities to be either left for future users or sold for
removal with the site rehabilitated to grassland or
bushland, dependant on original use. Contaminated
areas to be remediated in consultation with the
Administering Authority. Contaminated areas have
been identified and will be rehabilitated on a case-by-
case basis from an Stage 2 Contaminated Land
Survey.

Grazing.

Grazing — RAS.

Existing roads and tracks have
been rehabilitated to a grazing
PMLU.

The total area of rehabilitated
roads and tracks is less than the
projected area in the EA (3.2 ha).

The proposed PMLU is
the same or substantially
similar to the pre-
approved land outcome.

N -
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The class could be graded higher if voids are backfilled.
Voids are designated as NUMAs which is not a land use as defined under the EP Act.
No rejects are present in the Bullock Creek area.
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3.2.1

Consistency with the outcome of community consultation

The PMLU is consistent with the outcome of community consultation because it:

established that native habitat is not considered a good use of the land because it will be expensive to
establish and will not be contiguous with any other native habitat;

there is a preference for pasture grazing being a productive land use while recognising that the current
surrounding areas contain a mixture of grazing and bushland areas which are productive for local
graziers; and

it is accepted that riparian areas along creek lines such as Bullock and Spade Creek require specific
vegetation for stabilisation and habitat creation.

How underlying landholders and other stakeholders views have been addressed:

3.2.2

3.2.2.1

all embankments / slopes are battered to 20% or less and is considered suitable for ingress and egress
of grazing animals;

species selected for seeding are consistent with surrounding grazing land with appropriate tree species
included;

a specific request for a legume (Butterfly pea) was made by a landholder and was subsequently included
in the seed mix;

grazing cattle will be excluded from void water which does not meet cattle drinking water guidelines;
safety bunding will be placed around voids to protect against accidental vehicle access;

salts are expected to accumulate over time due to evapo-concentration meaning voids are not suitable
storage areas for cattle drinking water; and

the results of cattle grazing trials have been successful in demonstrating the suitability of the PMLU
(Section 3.8.4.3).

Consistency with local, State and Commonwealth requirements

Local government

The following review of the Mackay, Isaac and Whitsunday Regional Plan (DLGP 2012) and the IRC 2035, our
Community Strategic Plan (IRC 2015) demonstrate that grazing is consistent with the strategies and plan outlined

herein.

a

Mackay, Isaac and Whitsunday Regional Plan

The Mackay, Isaac and Whitsunday Regional Plan (DLGP 2012) includes the following specific policies for PMLUs:

identified valuable mineral and extractive resource areas within the region are protected from
development that might adversely affect current or future extraction;

the operation of extraction and processing activities does not compromise:

— human health;

— current and future resource use opportunities;

— regional landscape values;

— ecosystem function and services; and

— must minimise its impact on primary production.

once extraction ceases, former resource areas are rehabilitated to facilitate multiple end-uses, ensuring
continuing contribution to the economic, community and EVs of the region; and

innovative practices are encouraged, including local processing and value-adding activities, to maximise
eco-efficiencies.
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The Mackay, Isaac and Whitsunday Regional Plan is consistent with a PMLU of grazing because:

* the Mine plan maximises the extraction of economic coal and therefore no potential resource will be
sterilised from rehabilitation;

* the PMLU aligns with the regional landscape and will be returned to grazing ie rehabilitation minimises
the impact to primary production; and

* rehabilitation of the land to grazing does not exclude other potential land uses such as solar farms or
native habitat.

b 2035 Community Strategic Plan

Isaac 2035, our 2035 Community Strategic Plan (the strategic plan), IRCs commitment to the long-term future of
the region. It is the blueprint for the future, which gives how IRC will work towards enabling strong, vibrant,
diverse, and sustainable communities for the community over the next 20 years.

Inevitable social, economic and political changes mean that IRC need to explore new ways of capitalising on
opportunities and addressing challenges, to make sure the region reaches its full potential.

The aim of the strategic plan is to give clear goals and direction towards improving the future of the Isaac region
through growth in four key themes:

* community — strong and diverse communities that support all to live, work and raise families;

* economy — continue to be Queensland’s number one performing regional economy based upon a
thriving, resilient and diverse mix of industry sectors;

* infrastructure — effective and sustainable infrastructure that supports the needs of the region’s
communities and its economic sectors; and

* environment — appropriate and sustainable balance between environment, economy and community
to make sure our natural resources are sustainably managed and protected.

The strategic plan is consistent with a PMLU of grazing because:

* when rehabilitated the Mine will transition to grazing habitat and continue to support the region’s
communities and its economic sectors as an agribusiness; and
* theinclusion of grazing represents a sustainable balance between business and the environment.

3222 State and Commonwealth legislation

State and Commonwealth legislation that may be relevant to the PMLU and region is given in Table 23 including
how the legislation relates to the Mine.
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Table 23

Legislation

Objective

State and Commonwealth legislation

General application

How it relates to the Mine

Planning Act 2016

The principal objective of
this Act is to achieve
ecological sustainability.

Where land is included
on a mining lease (ML)
pursuant to the Mineral
Resources Act 1989,
closure and
rehabilitation activities
done under an EA do
not require a planning
approval from the local
government.

The PMLU does not require local government approval.

Local Government Act
2009

The purpose of this Act is
to give for the way a Local
government is constituted
and the nature and extent
of its responsibilities and
powers. Local laws are
made under the Act.

Local laws may apply to
the owner of land as
defined under the
Mineral Resources Act
1989.

The Planning Act 2016 only applies if a built structure that is entered onto
the Queensland Heritage Register is found. Therefore, the Planning Act does
not apply to development in the ML authorised under the Mineral
Resources Act 1989.

EP Act 1994

To protect the
environment while
allowing development that
improves the total quality
of life and ecologically
sustainable development.

General environmental
'duty of care' to be
observed to guarantee
that any potential
environmental impact
from the Mine is
minimised.

The potential impacts to EVs were assessed as part of the original EA
application.

Duty of care is demonstrated for rehabilitation by preparing the PRC plan
in accordance with the PRC plan guideline.

State Development
and Public Works
Organisation Act 1971

To give state planning and
organisational legislation
that aids in the delivery of
ecologically sustainable
development.

Commitments during
the environmental
impact statement (EIS)
phase may impact on
closure and

The potential impacts to EVs have been assessed as part of the original EA
application.

Duty of care is demonstrated for rehabilitation by preparing the PRC plan
in accordance with the PRC plan guideline.
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Legislation

Objective

General application

How it relates to the Mine

rehabilitation of the
Mine.

Transport The overall objective of Approval from the The Mine does not propose any modification to State Controlled Roads.
Infrastructure Act the Act is to give a regime  Department of Consequently, approvals for works under s33 of the Act is not needed.
1994 that allows for and Transport and Main

encourages effective Roads (DTMR) is

integrated planning and needed under the Act if

efficient management ofa  the Mine interferes with

system of transport a State Controlled

infrastructure. Road.
Aboriginal Cultural Provide effective All practical measures The Aboriginal Cultural Heritage Act 2003 (ACH Act) requires that, when
Heritage Act 2003 recognition, protection need to be taken to carrying out an activity, all reasonable and practicable measures are taken
which give rise to and conservation of make sure closure to make sure that the activity does not harm Aboriginal cultural heritage.
Duty of Care Aboriginal cultural activities do not harm This is referred to as the cultural heritage duty of care.

Guidelines, 2004

heritage.

Aboriginal cultural
heritage, ie
demonstrate ‘cultural
heritage duty of care’.

The Mine has a cultural heritage management plan (CHMP) with the
Barada Barna People to manage the risk of harm to Aboriginal cultural
heritage by activities associated with the Mine.

Land Act 1994

Relates to the
administration and
management of non-
freehold land and deeds of
grant in trust and the
creation of freehold land,
for related purposes.

Regulates the opening
and closing of road
reserves and land
dealings relating to
changes in land tenure.

The Land Act 1994 gives a framework for the allocation of State land as
leasehold, freehold or other tenure and gives for its management.

The Act further regulates the grant, lease and permitting of Unallocated
State Land and reserves and roads.

No action is needed to satisfy this Act.

Stock Route
Management Act
2002

The main purpose of this
Act is to provide for stock
route network
management.

Regulates the
management and use of
stock routes.

The Mine does not intersect existing stock routes. Consequently, no
agreements to alter stock routes or reserves are needed.
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Legislation

Objective

General application

How it relates to the Mine

Water Act 2000 (and
Water Resource
(Fitzroy Basin) Plan,
201 | Fitzroy Basin
Resource Operations
Plan, 2011)

Provide for the sustainable
management of water and
other resources and the
establishment and
operation of water
authorities and for other
purposes.

Utilisation of
groundwater and
rehabilitation of bore
holes.

No make-good agreements associated with disturbance to water quality,
volume or water supply infrastructure are anticipated and therefore do
not impact on the proposed PMLU.

Two existing creek diversions are currently licensed under the Water Act
2000.

Nature Conservation
Act 1992

To give a framework for
the protection of state
listed threatened species

Rehabilitation strategies
may need to include any
State listed threatened

species or communities

that occur in the ML.

No threatened or endangered species have been identified on the Mine.
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3.3 Non-use management areas

Five NUMA’s will remain being the residual voids at Plumtree, Bullock Creek, Wallanbah (including the
Wallanbah void low wall), Broadmeadow (two water bodies separated by backfill material).

3.3.1 Legislative requirements

In accordance with sections 126C (1)(d), (g) and (h) of the EP Act, for each proposed NUMA, the rehabilitation
planning part of the PRC plan must:

» state the reasons the applicant considers the area cannot be rehabilitated to a stable condition;

* include copies of reports or other evidence relied on by the applicant for each proposed NUMA;

» state the extent to which the proposed NUMA is consistent with the outcome of consultation with the
community in developing the plan; and

» state the extent to which the NUMA is consistent with any strategies or plans for the land of a local
government, the State or the Commonwealth.

Pursuant to section 754 (3) of the EP Act and section 6.3.2 of the PRC guideline, a NUMA will be taken to be
pre-approved if a land outcome, the same or substantially similar to a NUMA, is contained in a LOD. LODs are
defined in section 750 of the EP Act.

Where a NUMA has been pre-approved and is being translated into the PRC plan, the EA holder is not required
to:

* justify the proposed NUMA;

* give evidence to support the justification of the NUMA;

*  go through the Public Interest Evaluation process; or

* comply with the prohibition of voids located within a flood plain having to be rehabilitated to a stable
condition.

However, pursuant to section 754 (4) (b) if the EA or any other LOD does not state sufficient detail to identify
the location of the land to which the outcome relates, in this instance the residual void, the proposed PRC plan
must state how the EA holder will ensure the location of the land to which the outcome relates minimises risks
to the environment.

Table FI and F3 (Bullock Creek only) of the EA states the final land use of final voids as:

Those not utilised for rejects tailings or pre-strip placement will remain as water storage bodies. Exposed coal seams may
be sealed in areas not permanently or seasonally inundated to prevent spontaneous combustion. Its potential use will be
dependent on the final water quality.

The DMCP (SGME 2018) outlined the final land use of voids as water storage bodies while also including a
description of the location and size of voids at Plumtree, Wallanbah and Broadmeadow (the Bullock Creek void
is detailed in the EA). While water storage can be considered a valid PMLU as per Section 3.2 of the PRC plan
guideline, the modelled water quality of water stored in residual voids at Burton significantly limits its potential
uses (section 3.6.3.9). The modelled increase in EC excludes the use of void water for irrigation and cattle water
supply except in intermittent times of high rainfall input allowing adequate dilution. Void water may continue to
be suitable for industrial use, specifically coal processing, while there is active coal mining in the region.

While voids were assigned a PMLU in the DMCP it was assumed at that time that water storage was an accepted
PMLU regardless of water quality. VWater storage was chosen as it was the approved land outcome in the EA
(now the primary LOD). In a practical sense the voids will continue to act as water storage bodies however
given the limitations on long term use of final void water the use of final voids as water storage is considered
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the same or substantially similar to a NUMA. In this case the categorisation of the four final void areas as NUMAs
is considered consistent with the requirements of section 6.3.2 of the PRC guideline as pre-approved NUMA:s.

3.3.2 Description of the NUMAs

3.3.2.1 Plumtree

The NUMA at Plumtree void is inclusive of the pit lake, highwall, end wall, low wall and bunding at the southern
end. The northern and central section of the void has been progressively backfilled during mining and will be
rehabilitated to a PMLU of grazing. This has significantly reduced the area of the NUMA of 75.4 ha. The NUMA
will be managed in accordance with the criteria outlined in section 3.3.6.

3.3.2.2 Bullock Creek

The NUMA at Bullock Creek void is inclusive of the pit lake, end walls, low wall, highwall and bunding. Given
the proximity of surface water infrastructure to the void, including the Bullock Creek diversion, treatment of
the low wall and end wall to an alternate PMLU is not considered feasible. The NUMA has a surface area of 28.1
ha and will be managed in accordance with the criteria outlined in section 3.3.6.

3.3.2.3 Wallanbah

The NUMA at Wallanbah void is inclusive of the pit lake, highwall, end wall, low wall and bunding at the northern
end. The southern and central section of the void has been progressively backfilled during mining and will be
rehabilitated to a PMLU of grazing. The low wall at the northern end will be stabilised through revegetation to
ensure the void is effectively managed. The area of the NUMA is 63.3 ha with the void being 39.1 ha and the low
wall 24.2 ha. The NUMA will be managed in accordance with the criteria outlined in section 3.3.6.

The Wallanbah void low wall is part of the Wallanbah void NUMA but has been assigned as a separate
‘improvement area’ (IA3). This is because the works required for stabilisation are significantly different to the
void itself.

3.324 Broadmeadow

The NUMA at Broadmeadow void is inclusive of the pit lake, end wall, highwall, low wall and bunding in the
northern section and the end wall, highwall, pit lake, bunding and Broadmeadow South levee in the southern
section. The central area of the void has been progressively backfilled during mining and will be rehabilitated to
a PMLU of grazing. This has significantly reduced the area of the NUMA to 55.9 ha being 39.2 ha in the north
and 16.7 ha in the south. The NUMA will be managed in accordance with the criteria outlined in section 3.3.6.

The Broadmeadow South levee is located in close proximity to the Broadmeadow void end wall to the north
and Hat Creek to the south. The levee was constructed to protect the void from potential flood waters and is
required to remain for this purpose. The levee also acts as a physical barrier to the void. While the void is
partially backfilled, an exposed section of end wall exists adjacent to the levee. Being a pit edge, an abandonment
bund (section 3.3.5.1) is required to protect future land users from accidental access as per other areas of the
Mine. Given the area available it is not possible to construct the bund. No structures may be built on the pit side
due to the nominated geotechnical standoff while the opposite side can be extended no further due to Hat
Creek. In this instance the retention of the levee is required for both purposes.

Given the safety risk it is not considered feasible to allow access to grazing animals as per the surrounding land.
For this reason, the Broadmeadow south levee has been included in the area of the void which is a designated
NUMA.

The location of the NUMAs is given in Figure 12.
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3.3.3 Consistency with the outcome of community consultation

The outcome of residual voids remaining in the landscape is well known and communicated throughout the
Mine’s life. Original approvals allowed for residual voids and mine planning and operation progressed on this
assumption. Consultation with community members included the retention of final voids. The potential use of
the water contained in final voids for cattle supply was raised by neighbouring landholders. It was explained that
due to increasing salinity levels the pit water would only meet cattle water guidelines intermittently (during times
of high rainfall dilution) with the overall quality deteriorating over time. Landholders accepted this outcome with
the option of potentially retaining other surface water infrastructure seen as a mitigating factor. Other
community members have not raised concerns with the retention of residual voids.

334 Consistency with local, State and Commonwealth requirements

3.34.1 Local government

The following review of the Mackay, Isaac and Whitsunday Regional Plan (DLGP 2012) and the IRC 2035, our
Community Strategic Plan (IRC 2015) demonstrates that the proposed NUMAs are not inconsistent with the
strategies and plan outlined herein.

a Mackay, Isaac and Whitsunday Regional Plan

The Mackay, Isaac and Whitsunday Regional Plan (DLGP 2012) includes the following specific policies for PMLUs:

* identified valuable mineral and extractive resource areas within the region are protected from
development that might adversely affect current or future extraction;

* the operation of extraction and processing activities does not compromise:
—  human health;
— current and future resource use opportunities;
— regional landscape values;
— ecosystem function and services; and
— must minimise its impact on primary production.

* once extraction ceases, former resource areas are rehabilitated to facilitate multiple end-uses, ensuring
continuing contribution to the economic, community and EVs of the region; and

* innovative practices are encouraged, including local processing and value-adding activities, to maximise
eco-efficiencies.

The Mackay, Isaac and Whitsunday Regional Plan is consistent with the nomination of NUMAs because:

* the mining voids are remnants of the economic extraction of coal ensuring no potential resource was
sterilised;

* void water may be used for coal washing and other industrial activities in the short term which gives an
asset and reduces the use of raw water;

» the NUMAs do not have an impact to the surrounding environment outside of their own area;

* the retention of NUMAs does not impact the overall PMLU of grazing as the area occupied by the
NUMAs is minor compared to the overall area available for grazing. This minimises the impact to primary
production; and

* retention of NUMAs does not exclude the area from future land uses which may become apparent with
advances in technology.

b 2035 Community Strategic Plan

Inevitable social, economic and political changes mean that IRC need to explore new ways of capitalising on
opportunities and addressing challenges, to make sure the region reaches its full potential.
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The aim of the strategic plan is to give clear goals and direction towards improving the future of the Isaac region
through growth in four key themes:

community — strong and diverse communities that support all to live, work and raise families;
economy — continue to be Queensland’s number one performing regional economy based upon a
thriving, resilient and diverse mix of industry sectors;

infrastructure — effective and sustainable infrastructure that supports the needs of the region’s
communities and its economic sectors; and

environment — appropriate and sustainable balance between environment, economy and community
to make sure our natural resources are sustainably managed and protected.

The strategic plan is consistent with the retention of NUMAs because:

3.34.2

the NUMAs are still able to supply void water for the purposes of coal washing and other industrial uses
in the short term which gives an asset to support the region’s communities and its economic sectors;
and

the use of pit water reduces the use of raw water for industrial processes representing a positive
environmental benefit.

State and Commonwealth legislation

State and Commonwealth legislation that may be relevant to the NUMAs and region is given in Table 24 including
how the legislation relates to the Mine.

Table 24  State and Commonwealth legislation
Legislation Obijective General How it relates to the Mine
application
Planning Act ~ The principal Where landis  The NUMAs do not require local
2016 objective of this includedona  government approval.
Act is to achieve ML pursuant
ecological to the Mineral
sustainability. Resources Act
1989, closure
and
rehabilitation
activities done
under an EA
do not
require a
planning
approval from
the local
government.
Local The purpose of Local laws The Planning Act 2016 only applies if a built
Government  this Act is to give ~ may apply to structure that is entered onto the Queensland
Act 2009 for the way a the owner of  Heritage Register is found. Therefore, the

Local government
is constituted and
the nature and
extent of its
responsibilities
and powers. Local

land as defined
under the
Mineral
Resources Act
1989.

Planning Act does not apply to development
in the ML authorised under the Mineral
Resources Act 1989.
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Legislation

Objective

General
application

How it relates to the Mine

laws are made
under the Act.

EP Act 1994 To protect the General The potential impacts to EVs due to the
environment environmental  retention of NUMAs (water storages) were
while allowing 'duty of care' assessed as part of the original EA
development that  to be application.
improves the total  observed to Duty of care is demonstrated for
quality of life and  guarantee that  epapilitation by preparing the PRC plan in
ecologically any potential  5ccordance with the PRC plan guideline.
sustainable environmental
development. impact from

the Mine is
minimised.

State To provide state Commitments  The potential impacts to EVs due to the

Development  planning and during the EIS  retention of NUMAs (water storages) were

and Public organisational phase may assessed as part of the original EA

Works legislation that impact on application.

Organisation  aids in the closure and Duty of care is demonstrated for

Act 1971 delivery of rehabilitation  repapilitation by preparing the PRC plan in
ecologically of the Mine. accordance with the PRC plan guideline.
sustainable
development.

Transport The overall Approval from  The Mine does not propose any modification

Infrastructure  objective of the the DTMR is to State Controlled Roads. Consequently,

Act 1994 Act is to give a needed under  approvals for works under s33 of the Act is
regime that allows the Actif the  not needed.
for and Mine
encourages interferes with
effective a State
integrated Controlled
planning and Road.
efficient
management of a
system of
transport
infrastructure.

Aboriginal Provide effective All practical The ACH Act requires that, when carrying

Cultural recognition, measures out an activity, all reasonable and practicable

Heritage Act  protection and need to be measures are taken to make sure that the

2003 which  conservation of taken to make activity does not harm Aboriginal cultural

give rise to  Aboriginal cultural sure closure heritage. This is referred to as the cultural

Duty of Care  heritage. activities do heritage duty of care.

Guidelines, not harm The Mine has a cultural heritage management

2004 Aboriginal plan (CHMP) with the Barada Barna People

culeural to manage the risk of harm to Aboriginal
heritage, ie cultural heritage by activities associated with
demonstrate the Mine.

‘cultural
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Legislation Objective General How it relates to the Mine

application

heritage duty

of care’.
Land Act Relates to the Regulates the  The Land Act 1994 gives a framework for the
1994 administration and  opening and allocation of State land as leasehold, freehold

management of
non-freehold land
and deeds of grant
in trust and the
creation of
freehold land, for
related purposes.

closing of
road reserves
and land
dealings
relating to
changes in
land tenure.

or other tenure and provides for its
management.

The Act further regulates the grant, lease and
permitting of Unallocated State Land and
reserves and roads.

No action is needed to satisfy this Act.

Stock Route

The main purpose

Regulates the

The Mine does not intersect existing stock

Management  of this Act is to management routes. Consequently, no agreements to alter
Act 2002 provide for stock  and use of stock routes or reserves are needed.

route network stock routes.

management.
Water Act Provide for the Utilisation of No make-good agreements associated with
2000 (and sustainable groundwater disturbance to water quality, volume or
Water management of and water supply infrastructure are anticipated
Resource water and other rehabilitation ~ and therefore do not impact on the
(Fitzroy resources and the  of bore holes.  proposed retention of NUMAs
Basin) Plan, establishment and

2011 Fitzroy
Basin

operation of
water authorities

Resource and for other
Operations purposes.
Plan, 2011)
Nature To give a Rehabilitation ~ No threatened or endangered species have
Conservation ~ framework for the strategies may been identified on the Mine.
Act 1992 protection of need to

state listed include any

threatened State listed

species threatened

species or

communities
that occur in
the ML.

3.3.5

3.3.5.1

Post-mining, abandonment bunding will be constructed at the Mine with permanent earthfill bunding designs
used. Figure 13 below shows the design and dimensions of a standard permanent earthfill bund. The bund has a
total width of 5m (toe to toe), a slightly sloped (1% gradient) platform 2m in width and height, and impervious

Bunding

Relevant safety features

clay or other suitable material situated beneath the centre of the bund.
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Figure 13 Abandonment bund dimensions

Drainage slots should be cut into the bund and spaced at regular intervals and low points to allow the discharge
of surface water during rainfall events. Discharge spillways should be installed following the inflow of water into
the pit from diversion drains. The distance between these spillways along the bund should be spaced in regular
intervals or based on discharged volumes.

Bunding has been included in the footprint of the voids (NUMAs) as they are not expected to maintain a grazing
PMLU. The location of fencing on the outer side of the bund also means that access for cattle will be restricted.
Due to the proximity of Hat Creek to the void in Broadmeadow South an abandonment bund cannot be
constructed. In this area the levee will act as the abandonment bund. The levee is an engineered structure which
exceeds the technical requirements and dimensions for bunding.

All bunding should be certified by an appropriately qualified person (AQP) to ensure the safety of personnel and
the public.

a Plumtree end wall

The area required to build the abandonment bund is not available at the Plumtree end wall due to the pit wall
stand off and lease boundary. This short section of wall will be replaced with an alternate means of preventing
vehicular access. This is planned to be a permanent infrastructure arrangement eg steel guard rail.

The location of bunding across the site is shown in Figure 14 and Figure |5.
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3.35.2 Fencing

Fencing will be a four-strand barbed wire stock fence to restrict unauthorised persons, cattle and other fauna
from accessing the final voids. Fencing is installed at a nominated distance offset from the outside of the safety
bunding.

3.3.6 NUMA completion criteria

Table 25 gives the milestone criteria to be applied to NUMAs. The final milestone criteria will act as the
completion criteria as per the PRC plan guideline.

Table 25 NUMA milestone criteria

Milestone Management Milestone criteria

criteria milestone

MMI Wall treatments and * Void walls / slopes assessed as stable by an AQP
surface drainage (geotechnical engineer).

Wallanbah void (I1A2)

*  highwall drain to direct water south reinstated as per
design; and

* spine drain at the end of the highwall drain to direct water
into the pit installed.

Wallanbah low wall (IA3)

* blast holes drilled to ~ 40-60m depth as per design;

*  blasted material dozer pushed between 1:5 (min) and
1:3 (max) slope grade to form a continuous slope from
the crest to a bench above the existing water level;

» safety bund (up to 2m high and 10m wide) at the toe of
the slope installed;

* contour bank that allows water to drain to the south
and then into a drop structure that enters into the final
void at water level installed;

*  topsoil from the crest to the bench above the water
level (excluding the toe bund) respread;

*  deep ripping (0.8—1m), fertilising and seeding (Table 31)
along the contour of the slope completed; and

* low wall crest fence (4 x strand barbed wire) that joins
the northern end wall and current southern low wall
fence installed.

Bullock Creek void (1A4)

a) redundant drain channel behind end wall plugged with
suitable material as per design.
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Milestone Management Milestone criteria

criteria milestone
MM2 Achievement of » safety bund setback distance is in accordance with
surface requirements calculated geotechnical factor of safety;
[ access controls » safety bund constructed at 2m high, base width of 5m and
average |:3 batters;
*  Plumtree end wall safety barrier constructed and assessed
as safe and stable by an AQP;
* fencing installed at nominated offset from safety bund
(nominally a four-strand barbed stock fence); and
» safety signage (design in accordance with Australian
Standard) is erected at specified intervals along the fence.
MM3 Achievement of e certification from an AQP that the residual void will not
sufficient cause environmental harm outside of the relevant tenure
improvement boundary;

» certification from an appropriately qualified person that the
residual void is safe to humans and livestock;

» certification from an appropriately qualified person that the
water level and quality in the void will not cause
environmental harm to the surrounding environment; and;

* regraded slopes with minimum 70% vegetation cover (A3
only)

3.4 Voids in flood plains

3.4.1 Legislative requirements

Section 3.4 of the PRC plan guideline gives the information requirements for transitional PRC plans relating to
voids in flood plains. This section states:

Where a land outcome document has a pre-approved land outcome for a void with a location specified, flood plain
modelling is not required. If a void has been identified as a NUMA in a land outcome document but the location is not
identified, the applicant is required to carry out flood plain modelling in accordance with this section of the guideline. While
the provision in the EP Act relating to voids located within a floodplain having to rehabilitate to a stable condition does not
apply, the PRC plan must include how the proposed location of the void minimises risks to the environment. Therefore,
the flood plain modelling is required to support the assessment of the proposed location of the void.

The location of the voids has been given in the DMCP which is a LOD meaning flood plain modelling is not
required. However, this section also states that flood plain modelling is required to show how the proposed
location of the void minimises risk to the environment.

3.4.2 Flood plain modelling

Flood plain modelling was done to assist the design of flood protection levees during the transition to the
regulated structures standard conditions. 0.1% AEP as well as probable maximum flood (PMF) modelling was
done on Bullock, Spade and Hat Creeks (Appendix C). The results of this modelling were used to design and
construct flood protection levees adjacent to the voids at Plumtree south, Bullock Creek, Broadmeadow north
and Broadmeadow south.
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The structures at Plumtree south, Bullock Creek and Broadmeadow north have been retained with works
planned or completed to transition them into final landforms. The PMLU will be grazing to allow for a productive
use and continued protection of voids from flooding. The Broadmeadow south levee will be retained as part of
the final void and double as a safety bund to restrict access to the void.

While the locations of the voids are unable to be changed, the retention of flood protection structures minimises
the risk to the environment by ensuring flood waters are not captured by voids. The capture of flood waters
removes water from creek systems and could potentially alter final void water levels to a point of discharge to
the natural environment.

3.5 Community consultation

3.5.1 Community consultation register

To comply with section 126C(1)(c)(iii) of the EP Act Peabody has completed a register to give a record of
consultation and engagement outcomes. Community consultation that has been done is given in Table 26.
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Table 26

Community consultation register

Consultation Community Description of Information given to  Issues raised / How the issues  Decisions / Commitments
date(s) member(s) consultation the community discussed by have been outcomes of made by
type the community considered engagement Peabody
(workshop,
quarterly
meetings, etc)
23 October Charles Williams ~ Workshop at Detailed mine closure Discussion on: Indicate final voids Continue to Issue 6-monthly
2018 (landholder) Terowie Village plan including timing and  Final voids will remain but engage with newsletter with
Jeanette Williams and site visit to land outcomes Potential water will be fenced and  updates on site updates on
(landholder) Burton Mine the quality in voids bunded rehabilitation rehabilitation
- following da ity i rogress i
Gillian Naylor g day Opportunity to W.atet.’ quality in ~ Prog Contlnue.to
(DES) raze cattle on voids is expected  Move forward engage with
Alison Sinclair iom leted rehab  t© deteriorate in  with plans to landholders for
(DES) . .P the long term open up cattle grazing
G T':"Eé; of (high EC) Wallanbah opportunities
ilitati s
Mimz::)n (DES) ::o:ksll ation Once current reha'bllltatlon for  Add butterfly pea
rehabilitation grazing by the to rehabilitation
Millicent Bradley Charles W asked Williams

Woods (IRC)

Justin Vohland
(PEA)

Quentin Granger
(PEA)

Jamie Lees (PEA)
Matt Lord (PEA)

Suzanne Cryle
(PEA)

Paddy Kearney
(PEA)

for Butterfly pea
seed to be used in
rehabilitation

maintenance
program was
completed areas
would be available
for cattle, most
likely in
Wallanbah for
Williams

No issues with
rehabilitation
timeline proposed
by Peabody

seed mix
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Consultation Community Description of Information given to  Issues raised / How the issues  Decisions / Commitments
date(s) member(s) consultation the community discussed by have been outcomes of made by
type the community considered engagement Peabody
(workshop,
quarterly
meetings, etc)
February Greg Smith Informal Discussion on cattle Discussed use of ~ Both parties Cattle trials Ongoing water
2019-June discussion in grazing trials in Bullock GPS tracking committed to commenced in supply to Bullock
2019 person and via Creek rehabilitation collars for cattle using the collars July 2019 Creek cattle
phone areas grazing as a trial for a grazing trial Peabody to supply
fencing, water,
trough and
storage tank
June 2019- Charles Williams  Informal Discussion on cattle Discussed use of ~ Both parties Cattle trials Committed to the
August 2019 discussion in grazing trials in GPS tracking committed to commenced in supply of collars
person and via Wallanbah rehabilitation  collars for cattle using the collars August 2019 in exchange for
phone areas grazing as used in  for a grazing trial access to data on
Bullock Creek cattle weights
grazing trial
March 2020- Darren Gilliam Informal Discussion on potential ~ Darren inspected  Both parties Cattle trials Committed to
June 2020 discussion in grazing in Plumtree rehab and was committed to the  commenced in fencing and water
person and via areas happy to trial June 2020 supply for grazing
phone introduce cattle cattle
to the area
|7 February Mal Burston On site visit Planned work No issues raised No issues raised Remain in contact  Remain in contact
2021 Daryn Railey Discussed recent sale of and discuss future  and discuss future

Wotonga to Mal
Burston

Potential pumping of
water to CMJV including
a new pipeline

opportunities for
grazing

opportunities for
grazing
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Community
member(s)

Consultation
date(s)

Description of
consultation
type
(workshop,
quarterly
meetings, etc)

Issues raised /
discussed by
the community

Information given to
the community

How the issues

have been
considered

Decisions /

outcomes of
engagement

Commitments
made by
Peabody

Positive feedback on
rehabilitation with no
suggestions for
improvements

Mal Burston
Charles Williams
Janette Williams
Alan Williams
Daryn Railey

19 April 2021

On site visit

-Overview of site works  No issues raised

Landholders were
supportive of
Peabody’s plan

Future pumping of
water from site to
CM)V

Discussions on fence
boundaries and land
ownership between
landholders

Discussion of possible
lease realignment to
allow landholders better
access to rehabilitated
areas

No issues raised

Remain in contact

Discuss future
opportunities for
grazing

Remain in contact
and discuss future
opportunities for
grazing

19 January Darren Gilliam

2022

On site visit

Potential
assistance with
water supply

Inspection of completed
rehabilitation

Agreed to assist
with water and
weed spraying

Darren happy
with current
rehab and keen to
continue using for

Investigate water
supply
Organise weed

Some weed spraying for
spraying in grazing his cattle  plym¢ree
Plumtree
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Consultation Community Description of Information given to  Issues raised / How the issues  Decisions / Commitments
date(s) member(s) consultation the community discussed by have been outcomes of made by
type the community considered engagement Peabody
(workshop,
quarterly
meetings, etc)
03 February Brian Flannery Formal meeting Presentation on No issues raised - Progress Continue to
2022 and Darren potential mine lease realignment as engage as planning
Gilliam realignments and planned — realignment
landowner agreement continue to continues
on final engage with
rehabilitation/acceptance Darren Gilliam
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3.5.2 Community engagement plan

The community consultation plan has been prepared in accordance with Section 126C(1)(c)(iv) of the EP Act
and includes details of how Peabody has completed and will continue to undertake consultation.

The approach taken is based on locally-accepted standards of leading practice, international and Australian
leading practices, particularly methods given in two publications by the International Council on Mining and Metals
— Planning for Integrated Closure Toolkit ICMM 2008) and the ICMM Community Development Toolkit (ICMM 2006).
The specific methods follow those given in the International Association for Impact Assessment (IAIA) and the
International Principles for Social Impact Assessment (Vanclay 2003). These methods have been adopted due to the
IAIA’s role in developing leading practices in community consultation. The community consultation plan also
takes into consideration the IAP2 Spectrum of Public Participation (IAP2 Spectrum) (IAP2 2014) which defines five
tiers for community consultation. Noting that only three tiers of community consultation will be used by
Peabody.

3.53 Purpose and objectives

This community consultation plan has been developed to consult and inform community members who have
been affected by the closure of the Mine or may be affected by rehabilitation activities. Through the community
consultation process, Peabody will achieve the following objectives:

* identify all community members;

* keep identified community members informed of relevant activities and progress at the Mine;

*  maintain and develop community relationships;

* identify community concerns about rehabilitation and closure of the Mine;

* consider and address community concerns where possible, as they arise; and

+ give timely, accurate and credible information to the identified community members until relinquishment
is achieved.

The community consultation plan forms part of the PRC Plan and will be applied by Peabody. The activities will
be reviewed regularly to ensure their effectiveness and that the register is kept current.

3.54 Community profile

The Mine and other surrounding mines have influenced the local population. Prior to mining, regional residents
had secondary school education, with a small proportion of the population being a skilled workforce. That is,
12% of residents had done apprenticeships to obtain trade skills and most of the population was defined as
laborers.

70% of the workforce was used by the private sector in local authorities. Agriculture, mining and trade were the
major employers in the region.

Since the Mine was developed the regional population has increased due to the expansion of mining including
the development of several new mining projects. Noting that the Mine had its own accommodation infrastructure
and the direct influence from the workforce on the surrounding towns eg Glenden has been minimal.

Regionally the population skill base has shifted (based on 2016 Census data) to a majority skilled workforce of
which about 40% are directly used in mining.

Given the comparative size of the Mine to other mines in the region, the duration of its operations and the fact
that many employees resided outside of the local community. This community engagement strategy is a
combination of targeted community consultation and broader community communication regarding the closure
of the Mine and rehabilitation more generally.
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3.5.5 Prior community consultation

Peabody and previous proponent and contractor employees have worked closely with neighbours and other key
community members during it’s the operational life of the mine, including the period of ownership by Peabody.
Prior community consultation is given in Table 26.

3.5.6 Community identification and consultation

Potentially affected community members are both internal and external to Peabody. Community members will
have varying levels of interest in and influence over the Mine closure and rehabilitation processes. Consequently,
different communication approaches continue to be used for each community member (Table 27).

Community members include the Federal, State and Local Government; private landholders, Native Title party,
community groups and non-government organisations, suppliers, internal community members and employees.
The methods and level of engagement will vary for each of these groups. Over time the level of engagement of
a community member may also vary. These concepts are demonstrated in the following sections, including
categorising community members into different tiers of engagement.
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Table 27 Community member interest levels and communication media

Tier Level of Influence Communication method

| — Inform Low media articles.

2 — Consult Medium Newsletters, media articles

3 — Collaborate High Face to face meetings/dialogue, internal workshops,

supplementary email updates / broadcasts.

3.5.7 Inform

The first tier of community members is those who should be 'informed'. These community members are typically
local individuals or groups with a broader and more general interest in the future of the Mine. These community
members only want to know 'what is going on' and newsletters and updates are suitable communications media.
Peabody needs to give objective and balanced information to assist these community members to understand
what is planned and the progress being made with these plans.

3.5.8 Consult

The second tier of community members is those who should be 'consulted'. They will have a direct interest and
will want to both be informed and to give feedback. This tier includes selected internal business units,
neighbouring operators and most Government stakeholders (excluding key regulators). Meetings will be held
with these community members so that concerns and issues can be teased out and practical solutions or actions
identified. Targeted supplementary email updates/broadcasts might also be utilised.

3.5.9 Collaborate

The third tier is those community members who need to be 'engaged' and who have the potential to be directly
impacted. This tier is those who have a direct and influential role in Local Government, key State Government
agencies, Members of Parliament, cultural heritage groups, adjacent land holders and selected internal business
units. The best method of engagement for this tier is regular, face to face meetings enabling candid discussions
to occur. With some internal business units, meetings or workshops could be followed by regular targeted
supplementary internal email updates / broadcasts.

3.5.10 Identified community members

An initial listing of all potential internal and external community members has been compiled following
consultation with a wide range of internal company representatives. These community members and their
suggested tier of engagement are given in Table 28.

Table 28 Community members and tiers of engagement

Key community members Tier of engagement

Internal

Senior management
St Louis Collaborate
Vice President Technical Services Collaborate

Director Safety, Health and Environment
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Key community members Tier of engagement

Key business units

Human resources Collaborate
Communications/Community relations Collaborate
Corporate sustainable development team

Commerecial

Other business units

Site team Collaborate

External stakeholders

Federal Member Inform
State Members Consult
Mayor Consult
Councillors Inform
Government agencies (regulators) Collaborate
Neighbours Collaborate
Media Inform
Investors Inform
Queensland Resource Council Inform
Service givers Inform
New Hope Group Inform
Barada Barna Traditional Owners Collaborate
3.5.11 Information provision and resource requirements

The community consultation plan ensures Peabody gives clear, concise and credible information to identified
community members at appropriate intervals suited to each group and / or individual. The plan identifies the
key personnel who are required to give input into the preparation and or delivery of communication materials
into the community consultation plan.

3.5.12  Proposed consultation frequency

Consultation should occur prior to any PRC plan schedule amendments that are likely to impact the community
and the register should be updated when this consultation is finished.

Ongoing community consultation will continue throughout the stages of progressive rehabilitation so that the
socio-economic and environmental impacts related to mine closure can be discussed with the community.
Consultation frequency should be annually at a minimum or as issues or opportunities arise.
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3.5.13 How feedback/comments will be considered

All engagement activities with external, ie non-Peabody, community members are to be recorded using
Consultation Manager. The following minimum information needs to be recorded:

* invitations, attendance lists and minutes for site inspections;

* invitations, attendance lists and minutes for meetings;

* summaries of informal community interactions, eg with neighbours;

*  copies of email updates, eg broadcasts;

* records of discussions (for opportunistic or planned face to face dialogue); and
* copies of any media statements.

Once feedback / comments have been received and logged, Peabody will make an initial assessment to identity
classify and / or investigate the root cause and identify any actions needed to address it. Post-workshop updates
and newsletters to be distributed to the appropriate community groups when required.

3.5.14 Review and revise

The community engagement plan and register of community engagement activities should be reviewed regularly
and revised as required.

3.6 Rehabilitation management methodology
3.6.1 General rehabilitation practices
3.6.1.1 Hydrogeology

Groundwater is largely confined to the coal seams acting as aquifers. Groundwater is generally saline and often
highly saline and therefore makes groundwater usage in the district limited. A program of groundwater sampling
and analysis was completed at the Mine prior to mining starting in 1996 to determine background water qualities.
Sampling was done from four monitoring bores located within the Permian coal measure sequences. The results
indicated that groundwater had the following characteristics:

*  pH was neutral to alkaline;

* slightly to moderately saline, with higher salinities generally being encountered near the coal beds;

» groundwater samples collected near the coal beds generally did not meet the Australian and New Zealand
guidelines for fresh and marine water quality (ANZECC) stock water guidelines for TSS (ANZECC 2000)

* major ion analysis indicated Na and Cl as the dominant ions;

* samples from several bores returned Ca and Mg concentrations exceeding the ANZECC (2000)
guidelines for stock water.

* metal concentrations were generally below or close to laboratory detection limits including Cd, U, As,
Se, Hg, Ni, Pd and Zn.

The potential impacts on groundwater quality from mining activities include leachate to the groundwater
containing dissolved salts and high or low pH from areas such as:

*  pits containing water;
* spoil storage areas and stockpiles; and

¢ decant dams.

There is also potential for affecting the groundwater level as a result of pit dewatering operations.
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A groundwater monitoring program for the operational phase of the mine has been developed. Recent
amendments to the EA include the addition of groundwater locations relevant for post-mining and rehabilitation.
Groundwater monitoring will continue during and post-rehabilitation until bores are closed and rehabilitated or
until relinquishment.

3.6.1.2 Flooding

Flood plain modelling was done to assist the design of flood protection levees during the transition to the
regulated structures standard conditions. 0.1% AEP as well as PMF modelling was done on Bullock, Spade and
Hat Creeks (Appendix D). The results were used to design and construct flood protection levees adjacent to
the voids at Plumtree south, Bullock Creek, Broadmeadow north and Broadmeadow south. These structures
will be retained for ongoing flood protection.

Given the proximity of the voids to creek systems, the greatest risk is of flood waters entering voids. The Mine
does not have vulnerable infrastructure which may be affected by flooding. No high-risk structures (tailings,
hostile spoil emplacements etc.) are at the Mine which may be impacted by flood waters. Personnel are no longer
routinely present in voids. Grazing cattle may be at risk during flood events if grazing is happening in partially
backfilled voids; however, the size of the storm event to cause void inundation would likely result in many areas
of surrounding land also being inundated.

While all flood protection levees are built to a minimum of a 0.1% AEP, some have been constructed to a PMF
flood levels plus freeboard. While these structures are in place the risk of flooding is greatly reduced. The
retention of flood protection structures minimises the risk to the environment by ensuring flood waters are not
captured by voids. The capture of flood waters removes water from creek systems and could potentially alter
final void water levels to a point of discharge to the receiving environment.

The flood risk assessment (Appendix D) include a recommendation for the removal of a haul road crossing
across Bullock Creek. This crossing was removed during rehabilitation works in 2017. This haul road crossing is
not to be confused with the Mallawa haul road which maintains a crossing over Bullock Creek.

3.6.1.3 Soil and capping material assessment

A soil assessment was done in 2020 by SGME and is given in (Appendix E). The assessment involved the sampling
and analysis of existing topsoil stockpiles proposed for use in rehabilitation. A summary of this assessment and
other information relevant to soil and capping is given in the following sections.

a Quantity
The quantity of available topsoil and the volume needed for rehabilitation of the Mine is given in Table 29.

Table 29  Topsoil quantities

Location Total volume Volume required (cubic metres — m°)
available (m°)

Plumtree 384,882 371,313

Bullock Creek 28,464 42,525

Wallanbah 163,024 159,800

Broadmeadow 148,470 146,263

Total 724,840 719,901
b Location

The location of topsoil stockpiles is given in Figure 16.
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c Quality
Fertility

Strong alkalinity, exchangeable cation imbalances, low N, P, total organic carbon (TOC) and cation exchange
capacity (CEC) are the main restrictions to plant growth. Overall stockpiled soils exhibit low soil fertility.

*  pH ranges from neutral to strongly alkaline;

*  root exchangeable cations (ECe) is generally low indicating that majority of stockpiled soil is non-saline;

» water-soluble chloride is generally low;

* Total N is low indicating low reserves of N which may restrict plant growth;

* P (Colwell) is low in 89% of stockpiles. P deficiency may therefore restrict growth of some plant species
(noting that most native plants are adapted to soils with low P concentrations);

* TOC is low across the majority of samples which can indicate poor structural condition, nutrient and
moisture retention;

* exchangeable Ca is sufficient in 49% of stockpiles while exchangeable K is within the sufficiency range
for 46%. Exchangeable cation imbalances may restrict plant growth;

* 8% of stockpiles have an exchangeable Mg percentage higher than the sufficiency range; all other soil
samples are sufficient;

*  43% of soil samples have a CEC lower than the sufficiency range indicating a limited capacity to store
nutrients. Soils with a low CEC are susceptible to leaching, leading to deficiencies in K and Mg; and

* Diethylenetriaminepentaacetic acid (DTPA) extractable Zn was low across majority of soil samples. Low
concentrations are associated with soils with a high pH. DTPA extractable Cu was low across some soil
samples (24% of soil samples). DTPA extractable Mn was largely sufficient. Micronutrients are unlikely
to restrict plant growth.

Fertiliser may be required to ameliorate low macronutrients (N and P) in the soil prior to or during rehabilitation.
Fertiliser is used to give a readily available source of nutrients to supplement fertility, maximise the growth of
seeded areas and establish plants on rehabilitated land.

Erosion and dispersion potential

The structural stability of soil is heavily influenced by a combination of EC and exchangeable sodium percentage
(ESP). Soil is considered sodic when the ESP is greater than 6 and highly sodic when the ESP is greater than I5.
One stockpile in the Plumtree area is considered sodic while stockpiles in the Wallanbah and Broadmeadow
areas are generally sodic or highly sodic.

Soils previously used in rehabilitation are also sodic or highly sodic. Despite this, existing rehabilitation is largely
stable and displays adequate levels of vegetation cover.

If a soil is sodic, it is vulnerable to dispersion and structural instability. Dispersed soils have reduced infiltration
and hydraulic conductivity leading to an increased potential for erosion and build-up of salts in the root zone.
Dispersion declines as the EC of the soil solution increases.

Australian soils with an ESI less than 0.05 are potentially dispersive. 73% of stockpiles have an ESI less than 0.05
indicating they are potentially dispersive and have low structural stability. It is important to note that rainwater
may leach salts from the soil over time, leading to a further increase in dispersion potential. All soil identified
within spoil stockpiles have an ESI less than 0.05.

The Emerson aggregate test measures the instability of the soil structure when immersed in water. This test was
used to predict the dispersive behaviour of the stockpiled soils. Emerson aggregate classes are consistent with
the ESI results. Soil dispersion and loss of soil structure can cause poor water infiltration, water holding capacity,
oxygen supply to roots and nutrient use efficiency.

Appropriate amelioration should be used to limit the dispersion potential of soil (ie minimising overhandling and
gypsum application). Gypsum may be applied to decrease ESP, reduce dispersion and increase stability.
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d Amelioration

The results of the soil assessment show the requirement for the addition of fertiliser to ameliorate low
macronutrients (N and P) in the soil. Fertiliser application is currently used during rehabilitation.

Appropriate amelioration may be used to limit the dispersion potential of soil (ie minimising overhandling and
gypsum application). Gypsum may be applied to decrease ESP, reduce dispersion and increase stability.
Amelioration will be considered for rehabilitation around Wallanbah and other areas at risk of excessive erosion
or dispersion.

e Soil application

Soil will be applied to landforms once they are re-contoured and any compacted zones (infrastructure and other
hardstand areas) have been deep ripped. The soil application procedure has been designed to minimise any
degradation of soil properties, aligning with industry leading practice.

Generally, soil will be applied with a minimum thickness of 0.2 m to give enough depth for ripping and vegetation
growth.

The following measures are proposed to minimise the loss of soil during respreading and promote successful
vegetation:

* asoil management strategy will be prepared before soil is spread, which confirms the depths and volume
of soils to be reapplied to each feature;

» features will be re-contoured before any soil is spread;

» soil will be spread in even layers 0.2m across the feature;

*  soils will be lightly scarified on the contour to encourage rainfall infiltration and minimise runoff.

»  pasture will be seeded as soon as practicable after respreading; and

* erosion and sediment controls will be used where necessary before establishing vegetation.

f Erosion and sediment control

During operation of the Mine, erosion and sediment control plans have been developed following Peabody’s
Erosion and Sediment Control Guideline. General principles for erosion and sediment control have drawn from the
International Erosion Control Association’s (IECA) Best Practice Erosion and Sediment Control (IECA 2008).
Erosion and sediment control at the Mine follow the hierarchy of control outlined below:

* prevent and minimise disturbance and progressively rehabilitate disturbed land to reduce the catchment
size of any surface water catchment;

* surface water from rehabilitated land can drain off the MLs so long as it does not cause any erosion,
through installation of erosion protection as per the erosion and sediment control procedure; and

* any surface water catchments that discharge sediment are directed through an erosion and sediment
control structure, such as sediment basins to remove sediment loading.

The erosion and sediment control plan will be adapted for the post operational monitoring phase of the Mine
to ensure they remain applicable to the rehabilitated landforms.

g Relationship between soil and vegetation ecosystems

Reference sites (often illustrating pre-mining conditions) give useful comparisons to determine the composition,
structure and function of the desired rehabilitation outcome. Noting that reference sites should be used for
guidance and not as firm targets.

Rehabilitated areas are trending towards composition, structure and function of reference sites for pasture based
on completed rehabilitation monitoring.
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h Stockpiled rock

There is one current rock stockpile at the Mine situated in the Wallanbah area. This rock has been stockpiled
for future drainage works in Wallanbah and is ~ 2,300 m*® in volume. If further rock is required it will be recovered
during dozer pushing operations.

3.6.14 Waste characterisation

The following sections give a summary of the Spoil Characterisation Assessment report prepared by SGME in 2020
(Appendix F). The assessment aimed to determine:

*  volumes of out-of-pit spoil;
* justification that the characterisation has been done to a high level of confidence;
* chemical and physical properties of the spoil under stored conditions including:
— classification of spoil based on the potential for acid mine drainage (AMD), neutral mine drainage
— (NMD) and / or saline drainage (SD);
— elemental composition and future speciation and mobility; and
— fertility;
» assessment of the suitability as a growth medium beneath the topsoil (cover); and
*  management recommendations.

a Sampling regime

The International Network for Acid Prevention (INAP) Global Acid Rock Drainage (GARD) Guide (2014) does not
contain clear guidance on sampling densities for out-of-pit spoil dump characterisation. Within Australia, the
Preventing Acid and Metalliferous Drainage: Leading Practice Sustainable Development Program for the Mining Industry
(2016) also does not give clear guidance on sampling densities for out-of-pit spoil dump characterisation. The
Department of Mines and Energy (DME) 1995 guideline Assessment and Management of Acid Drainage, describes
sampling density based on volume of spoil. Notwithstanding, sampling density was selected based on the
Guidelines for Surveying Soil and Land Resources (McKenzie et al. 2008) for field level and detailed project planning
(ie one sample per 5-25 hectares (ha) or 4-20 samples per square kilometre (km?) of spoil). The sampling density
is spatially representative of the spoil stockpiles because sampling was done at a rate of one sample per 9 ha.

Sampling of coal waste was not necessary given the Mine is no longer in production and does not store coarse
or fine coal rejects.

b Mine waste streams

Mine waste streams are restricted to spoil emplacements as the Mine is no longer operational and stores no
coarse or fine coal rejects. Spoil waste was assessed for Geochemical characterisation suggests that spoil at the
Mine is largely acid neutralising. Plumtree |4 had a net acid generation (NAG)pH less than 4.5. However, this is
likely a result of the organic acids dissolved in the NAG procedure and are not going to contribute to AMD.

Spoil with an acid neutralising capacity to maximum potential acidity (ANC/MPA) mass ratio greater than two is
considered to have a negligible to low risk of acid generation and a high factor of safety in terms of potential for
AMD. All samples have an ANC/MPA ratio greater than two except for Wallanbah 34, 40 and 52. These samples
have a reactive S of less than 0.1% and can therefore be considered barren. Barren spoil has almost no capacity
to generate acidity even in the absence of significant ANC. Further, any acidity generated would quickly be
neutralised by the ANC of the surrounding spoil.

Net acidity is negative for all samples, except Wallanbah 40 and 52, indicating sufficient ANC to neutralise any
acid released. Actual and retained acidity are low for all samples indicating minimal past oxidation.

Water-soluble metal and metalloid concentrations are low for the majority of samples. Al, Ba, Fe and Mn were
elevated in some samples. It is expected that further dilution effects from rainfall and natural attenuation would
occur prior to any spoil drainage arriving at a receptor. Seepage from the spoil is therefore likely to contain very
low concentrations of metals and metalloids.
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Most samples are expected to have low salinity based on the DME (1995) soil salinity classification. It is unlikely
that surface runoff and seepage from the spoil will be saline. Accordingly, water-soluble sulfate (SO,) is low.

Strong alkalinity may be a restriction to plant growth; however, vegetation and groundcover did not appear to
be limited / restricted at any of the test pit locations.

Actual acidity is low across all samples (less than 0.06%). pH (potassium chloride (KCI)) is greater than 4.5,
indicating that any retained acidity present is very low.

The 2020 assessment suggests that spoil is largely acid neutralising. Spoil has a low chromium reducible sulfur
(CRS), EC and negligible soluble metal profile indicating that it is barren. Notwithstanding, spoil salinity ranged
from very low to medium. Therefore, there is a negligible chance of AMD / NMD or SD developing from the
spoil. Based on this assessment, spoil is considered suitable for use in the construction of the final landform and
as a growth medium beneath a topsoil layer (cover).

¢ Waste volumes
The calculated volume of mine waste spoil stored at the Mine is given in Table 30.

Table 30  Spoil volumes

Mine area Volume (bank cubic metres (BCM))
Plumtree 39,164,040
Bullock Creek 9,308,031
Wallanbah 33,000,000
Broadmeadow 23,400,237
Total 104,872,308
d Management and mitigation

Based on the 2020 assessment results there were no AMD / NMD or SD issues observed. Further, progressive
rehabilitation at the Mine has been successful. Therefore, no actions or changes were recommended for the
rehabilitation strategy.

3.6.1.5 Landform design

The final landform design is a key component of rehabilitation and closure planning. This section describes how
land will be rehabilitated to a safe and structurally stable condition that supports the PMLU.

a Three-dimensional design plans

Three-dimensional design plans were produced by Minserve for the community consultation process. The plans
are given in Figure |7—Figure 21.
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Figure 17 Plumtree final landform design plan

Figure 18 Bullock Creek final landform design plan (low wall and completed highwall drain)
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Figure 19 Bullock Creek final landform design plan (southern highwall and in-pit dump)

I. Note the bund located across the in-pit dump is no longer planned

Figure 20 Wallanbabh final landform design plan (in-pit dump and revegetated low wall)

I. Note the end wall is no longer planned to be reshaped
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Figure 21 Broadmeadow final landform design plan (in-pit rehabilitation and completed Spade
Creek diversion works)

b Method for determining final landform design

Final landform design, particularly for out of pit dumps, has traditionally been based on the requirements of the
EA. Following the end of production, a detailed assessment of rehabilitation options for the remaining areas of
disturbance was conducted by site personnel and Minserve. This assessment is given in section 3.6.3.1.

C Long-term stability

The objective of final landform design is to achieve long-term stability. To demonstrate that the final landform
design can achieve long-term stability, Water Erosion Prediction Program (WEPP) and landform evolution
modelling (LEM) (SIBERIA) was done (Appendix G).

Bulk samples of topsoil and spoil were taken. The erodibility parameters of the materials for the WEPP model
were determined using measurements of runoff, erosion and sediment properties from rainfall simulator plots.
WEPP simulations based on site landforms were run for a 100-year climate file prepared to simulate climate at
Burton, with daily outputs of runoff and erosion. SIBERIA parameters were then derived from the WEPP time
series data. Simulations were run on bare soil and 60% grass cover.

Landloch (2013) have given that rehabilitated mine slopes have a low tendency to rill with an average erosion
rate of <5 t/halyr. Avoiding rill formation will ensure landform stability and reduce the likelihood of excessive
erosion. The elimination of rilling will also reduce the potential of channelised flow, which can result in gully
erosion. Therefore, an average erosion rate of <5 t/hal/yr is considered acceptable for long term stability.

The results for each Mine area are given below.
Plumtree

With 60% vegetation cover, the internal batters showed acceptable levels of erosion after 300 years with an
average soil loss of approximately 50-60 mm which is equivalent to a loss of ~2.5 t/ha/yr. The western batter
had an average erosion rate of ~1.4 t/halyr with 60% cover.
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Bullock Creek

With 60% vegetation cover, the southern batter showed acceptable levels of erosion after 300 years with an
average soil loss of approximately 20 mm which is equivalent to a loss of < | t/ha/yr. The out of pit dump to the
north of the pit had an average erosion rate of ~ 1.44 t/ha/yr with 60% cover.

Wallanbah

With 60% vegetation cover, the internal batter of the eastern dump showed acceptable levels of erosion after
300 years with an average soil loss of ~ 2.5 t/ha/yr. The western batter had an average erosion rate of ~ 1.4
t/halyr with 60% cover. The western batters had an average erosion rate of ~ | t/ha/yr with 60% cover.

Tertiary material in the eastern dump required 70% vegetation cover to achieve an acceptable level of erosion
after 300 years with an average soil loss of ~ 4 t/ha/yr. This slope drains to a void so overall the erosion rate is
considered acceptable given the 70% vegetation cover can be achieved.

Broadmeadow

With 60% vegetation cover, the internal face of the western dump showed acceptable levels of predicted erosion
after 300 years with an average soil loss of approximately 60 mm which is equivalent to a loss of ~ 2.6 t/halyr
on the eastern batter. The western (external) batter had a predicted erosion rate of ~ 2.8 t/ha/yr with 60%
cover.

d Quality assurance / quality control requirements

Key risks associated with final landform construction include a failure to follow the design, construction materials
not conforming to specifications, poor or inadequate construction quality and the failure of quality assurance
and quality control (QA/QC) to identify construction inadequacies. Final landform construction management,
technical supervision and QA/QC will be done by an AQP who can make sure that construction is done in
accordance with the design plan. GPS machine guidance will assist during landform construction and reshaping
while LiDAR, aerial or on-ground surveys will be used to periodically monitor construction against design.
Construction quality will be managed through effective mine planning and field supervision during construction.

A QA/QC document will be prepared by an AQP to verify final landform design has been done in accordance
with the design plan and is stable.

e Methodology to verify the predicted success

The LEM has shown that slopes will achieve an acceptable erosion rate when groundcover reaches 60-70%.
Measures to ensure stability of placed topsoil during vegetation establishment are given in section 3.6.1.8 and
include:

* deep ripping of surface material prior to topsoiling to reduce compaction, encourage water infiltration
and give surface roughness for better adhesion of topsoil to the contoured surface;

» scarifying placed topsoil along the contour to reduce compaction, encourage water infiltration, create
rills to slow water flow downslope and create furrows and depressions for water collection to enhance
seed germination;

» appropriate scheduling of topsoil / seeding to ensure sufficient subsoil moisture levels and favourable
weather conditions for germination; and

* selected cover crop species in seed mixes to give fast vegetation cover for erosion protection.

f Limitations and assumptions of the final landform design

The final landform design has the following limitations:

* the accuracy of soil availability and quality at closure;
+ effects of climate change on future rainfall event intensities, durations and / or frequencies; and
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¢ nature of the final waste material.
The final landform design has the following assumptions:

* the materials tested are representative of the general lithologies;
* the nature of the waste material is like the current assessments; and
* progressive rehabilitation will continue using similar methodology to completed rehabilitation.

3.6.1.6 Cover design

Cover design will be limited to the remnant coal material that was stripped from ROM stockpiles and disposed
of in Broadmeadow and Plumtree voids. Remnant coal or rejects material was capped with a minimum of Im of
spoil material and topsoiled as per the requirements of Table Fl in the EA. The locations and cross sections for
the coal disposal locations is given in Figure 22 — Figure 25. Note that the stockpile locations were designed with
a minimum of 2m of spoil to ensure adequate cover. Given the small volumes and benign nature of the material
the disposal locations are considered low risk in terms of cover design. Each location is at the base of a spoil
dump to ensure maximum coverage with spoil and to minimise the risk of erosion. All areas will be topsoiled
and seeded as per EA requirements.

Figure 22 Plumtree eastern slope in-pit coal disposal

Figure 23 Plumtree ROM in-pit coal disposal
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3.6.1.7 Water management

a Groundwater

Groundwater typically observes EC ranging between 1,800-32,600uS/cm (JBT 2016) with coal seams
contributing to the higher concentrations. Groundwater is primarily sourced from coal seams (Peabody 2022).

Potential Contaminants

The potential exists for contaminants to enter groundwater via inflows to pits and drainage from emplacement
dumps. The following potential contaminants identified in C50 (Table C3) of the EA pose a risk to EVs:

« Crn

¢ Cu;

e Zn;

* Se;

. U

*  nitrate;

* petroleum hydrocarbons;
¢ Na;and

e Ba.

Release trigger levels for potential contaminants can also be seen in C50 (Table C3) of the EA.

Tributaries around the Mine have water quality that previously exceeded the ANZECC guidelines and
background monitoring was done for all controlled releases during commencement and cessation. Weekly
monitoring was implemented to verify if any exceedances in water quality limits downstream was a consequence
of background conditions or the controlled release.

Peabody has no obligations under the EA to complete monitoring of stored water. Notwithstanding, voids are
field sampled for EC and pH periodically for quality.

b Surface water

The WMP describes a surface water drainage system that captures water from disturbed areas. It also describes
the ability of the system to shed clean water from undisturbed areas.

The water management system has been designed so that:

*  worked water that has runoff from disturbed land is stored in designated worked water dams or pits;

* surface water runoff from disturbed areas but not in a worked water area, is captured in sediment dams;
and

+ diverted water runoff undisturbed areas is diverted away from disturbed land with no impact on water
quality.

The only potential contaminant in surface water runoff is TSS, and this is controlled through the erosion and
sediment control system. Surface water catchments only drain off site via control structures. Any water that is
captured in dams or pits (worked water) is only released in accordance with the EA or reused for site activities.

The surface water management system will continue to control runoff until inspection by an AQP deems that
rehabilitation is well established and catchment of runoff is no longer required.

Infiltration and seepage intervention and collection controls

SD can be a consequence of surface runoff and seepage through out-of-pit spoil emplacements. There have been
no recorded incidences of saline seepage since 2016 however inspections are done routinely in accordance with
the WMP. The controls implemented to manage seepage includes:
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* undertaking routine monitoring of out-of-pit spoil dump toe drains for signs of seepage;

* tracking all sources of seepage in the GIS database;

* appropriate response to identification of seepage (as per the seepage trigger action response program
(TARP)); and

* report seepage as per the seepage TARP.

If saline seepage is identified it enacts the SD TARP identified in the WMP and reporting is completed in
accordance with the actions outlined in the TARP.

Dewatering
Voids will not be dewatered. Water may be taken and stored in mining voids in accordance with the site WMP.
Ongoing water management and reduction

No treatment is planned for water stored in voids. The WBM discussed previously shows the active management
of pit water volumes is unlikely to be required. No controlled releases are planned to occur due to:

*  high EC of stored pit water;
* limited flow in ephemeral creek systems to allow release; and
* limited access to release points during rain events.

3.6.1.8 Revegetation

a Objectives

The revegetation objectives for the site are as follows;

*  to establish self-sustaining vegetation consistent with the PMLU and nominated completion criteria;

* to establish self-sustaining vegetation in grazing areas that is productive, comparable to surrounding
grazing areas and supports the commercial interest of future land holders;

*  to establish self-sustaining vegetation that includes scattered native trees to support endemic species but
is also productive for cattle grazing; and

* to monitor and manage weed and pest species which are detrimental to the establishment and
persistence of key flora and fauna species.

b Key flora species
Key flora species for each PMLU are given in section 3.1.4.4c and Table 3| to Table 33.
c Species of conservation significance

Species of conservation significance have not been routinely identified on site however potential species are
listed in Section 3.1.4.4c and Section 3.1.4.6

d Fauna habitat and use

The majority of fauna habitat occurs within the riparian vegetation corridors which were not impacted by mining
operations. The Mine will establish riparian vegetation along the Spade Creek and Bullock Creek diversions. The
Bullock Creek diversion is within the Bullock Creek ERE rehabilitation areas while the revegetation of the Spade
Creek diversion will be as per the detailed Spade Diversion Revegetation Plan (Appendix H).

e Analogues sites

Rehabilitation monitoring is conducted in accordance with the Peabody Energy Australia Rehabilitation Monitoring
Manual (2015) (Appendix I). Analogue sites have been established in areas dominated by pasture grass, areas
dominated by native vegetation and areas with a mixture of both vegetation types.
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f Management of revegetation

Revegetation is planned in advance of earthworks. If areas are reshaped and particularly if they are topsoiled,
seeding should occur immediately to minimise the risk of erosion. Seed will be ordered in advance to ensure
adequate supply. If tubestock are to be planted, preparations for adequate watering will be used.

g Seed mixes

The seed mix for each PMLU is given in Table 31-Table 33. Seed will be sourced through local suppliers where
possible. Given the variability of supply, particularly with natives, some species may not be available when
required for rehabilitation. In these cases, similar, suitable species may be substituted. Alternatively, the seeding

rate of other species may be adjusted.

Table 31  Grazing PMLU seed mix
Scientific Common Seeding rate Properties
name name (kg/ha)
Cenchrus ciliaris  American buffel 4 * responds quickly and establishes after
limited rainfall;
* drought tolerant;
* dominant grazing species in the surrounding
area; and
* palatable to grazing cattle.
Urochloa Sabi grass 3 » fast growing;
mosambicensis e drought tolerant;
* tolerates heavy grazing; and
* palatable to grazing cattle.
Echinochloa Japanese millet 3 » fast growing cover crop; and
esculenta +  palatable to grazing cattle.
Clitoria ternatea  Butterfly pea 3 * nitrogen fixing legume used to improve soil
fertility;
* palatable to grazing cattle; and
*  suggested as an addition to grazing seed
mixes by landholders during community
consultation and adopted by site.
Eucalyptus crebra Narrow leaved 0.05 * endemic to area; and
ironbark « potential shade tree.
Eucalyptus Poplar box 0.05 * endemic to area; and
populnea + potential shade tree.
Acacia Sdlicina Sally wattle 0.05 » fast growing; and

* endemic to area.
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Scientific Common Seeding rate Properties
name name (kg/ha)

Corymbia Spotted gum 0.05 *  hardy;
citriodora +  adaptable;

* occurs locally; and

* as per recommendations from rehabilitation

monitoring.

Table 32  Riparian PMLU seed mix

Scientific name

Common name

Overstorey trees and large shrubs (8—20cm)

Acacia harpophylla

Brigalow

Angophora floribunda

Rough-barked apple

Brachychiton rupestris

Narrow-leaved bottle tree

Casuarina cunninghamiana

River oak

Eucalyptus camaldulensis

River red gum

Eucalytpus coolabah

Coolibah

Eucalyptus tereticornis

Queensland blue gum

Mid-storey shrubs (1-8m)

Acacia salicina

Sally wattle

Acacia stenophylla

River cooba

Cappris lasiantha

Bush caper

Carissa ovata

Currant bush

Lysiphyllum carronii

Red Bauhinia

Melaleuca bracteata

Black tea-tree

Melaleuca viminalis

Weeping bottlebrush

Terminalia oblongata

Yellow wood

Ground-storey grasses and tussocks (0.2—2m)

Bothriochloa bladhii

Forest bluegrass

Brothriochloa ewartiana

Desert bluegrass

Chrysopogon fallax Golden beard grass
Cyperus dactylotes Flat-sedge
Cyperus difformis Variable flat-sedge

Cyperus exaltatus

Giant sedge
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Scientific name

Common name

Cyperus gracilis

Slender flat-sedge

Cyperus iria

Rice flat-sedge

Cyperus rigidellus

Whisker flat-sedge

Cyperus victoriensis

Yelka flat-sedge

Dichanthium sericeum

Queensland bluegrass

Imperata cylindrica

Blady grass

Leptochloa digitata

Whorled cane grass

Lomandra longifolia

Spiny-head mat-rush

Panicum decompositum

Native millet

Table 33  Self-sustaining native vegetation PMLU seed mix

Scientific name

Common name Seeding rate (kg/ha)

Acacia harpophylla Brigalow 2267
Eucalyptus cambageana Dawson gum 0.5
Lysiphyllum carronii Red bauhinia 5711

Terminalia oblongata

Yellow wood |

Acacia salicina Sally wattle 0.459
Acalypha eremorum Soft acalypha 0.001
Alectryon diversifolius Scrub boonaree 0.108
Diospyros humilis Queensland ebony 0.403
Ehretia membranifolia Peach bush 0.042
Eremophila mitchellii False sandalwood 0.002
Pittosporum spinescens Orange thorn 0.03
Psydrax odorata Canthium 0.06
Geijera parviflora Wilga 0.06
Flindersia dissosperma Leopardwood 0.03
Carissa ovata Conkerberry 0.225
Capparis lasiantha Bush caper 0.069
Eucalyptus populnea Poplar box 0.5

Panicum decompositum

Native millet
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h Seed application

The seeding density is given in Table 31 and Table 33. The seeding density for riparian zones will be further
refined based on seed availability at the time of planting. Revegetated areas are generally planted to coincide with
the onset of annual high rainfall periods to avoid the need for watering. If tube stock is used some initial watering
may be required to establish seedlings. Weed inspections and control will be done regularly until vegetation
cover criteria are met. The area of ERE reinstatement at Bullock Creek and riparian areas at Spade Creek will
be a combination of seed and tube stock and as such watering may be required.

i Infrastructure for revegetation protection

Fencing of the Bullock Creek ERE is required as per table F2 of the EA. Fencing of the ERE rehabilitation areas
have been completed while the existing ERE will require permanent fencing as part of rehabilitation works.

j Growth media

Stockpiled topsoil is suitable and sufficient in quantity to sustain the PMLUs. Topsoil placed in the Bullock Creek
ERE rehabilitation area was sourced from stockpiled soil from the cleared ERE as per table F2 of the EA.

k Topsoil depths

A nominal depth of 200mm of soil is used.

3.6.2 Tailings storage facilities

No tailings storage facilities are located at the Mine.

3.6.3 Voids
The final voids have been classified as NUMAs as per 3.3.2.
3.6.3.1 Options for minimising final void area

Minserve (2018) has done detailed volumetric studies to identify a preferred closure option for the voids. Table
34 gives each option analysed and the final disturbed surface area and estimated cost of delivery.
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Table 34

Void rehabilitation options

Void Option 0 Option | Option 2 Option 3 Option 4 Option 5 Option 6
Broadmeadow Strip ROM Rehabilitate All of Option | All Option | plus All Option Iplus Rehabilitation of Rehandle all out-of-
pad. Create eastern face of plus drill and blast  rehabilitation of rehabilitation of the low wall, high pit spoil storage
levee bank at  out-of-pit to stabilise low wall side and the low wall. wall and in-pit spoil ~ area and return to
north and storage area to highwall. in-pit spoil storage  Rehabilitation of storage area at pit. Resulting
south end [ (V):6(H) slope. area at |(V):6(H) the highwall and in- 1(V):6(H) slope. landform will be
wall Fence and bund slope. pit spoil storage Levee battered at approximately | m
end wall and Rehabilitation of ~ areaat I(V):6(H)  1(V):6(H) above natural
highwall. the highwall side slope. topography.
Stabilise north by push spoil into
end wall by the pit.
backfill the pit.
Levee battered
at 1(V):6(H)
outer side and
[(V):2(H) on the
inner side.
Surface area (ha) 18.5 45.76 45.76 155.24 164.31 162.5 2282
Plumtree Strip ROM Rehab north All of Option | All Option | plus
pad and dam,  west and south plus drill and blast  rehabilitation of
construct west face of out  to stabilise low wall side and
north and of pit spoil highwall. in-pit spoil storage
west levee storage area to area at 1(V):6(H)
bank, bund [(V):6(H) slope. slope.
and fence. Fence and bund Rehabilitation of
end wall and the highwall side
highwall. by push spoil into
the pit.
Surface area (ha) 30.07 152.74 152.74 269.47
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Void

Option 0 Option |

Option 2 Option 3 Option 4

Option 5

Option 6

Bullock Creek

Bund and All Option 0

fence. plus drill and
blast to stabilise
highwall.

All Option | plus
rehabilitation of
low wall side and
in-pit spoil storage
area at | (V):6(H)
slope.
Rehabilitation of
the highwall side
by push spoil into
the pit.

Surface area (ha)

Wallanbah

Bund and
fence.

All of Option 0
plus rehabilitation
of the low wall side
and in-pit spoil
storage area to
[(V):6(H) slope.

Surface area (ha)

64.4
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The Minserve (2018) options analysis gives guidance on the minimum and maximum, or ‘book-end’ options,
which were considered. That is, filling the pits versus the minimum rehabilitation required to meet the EA.

The fill void option, EA option and preferred options are outlined in the following sections.
3.6.3.2 Fill void option

a Broadmeadow

An analysis of the Broadmeadow Pit shows that 22.8 million cubic metres (Mm?®) of spoil is required to fill the
pit back to original topography. Spoil could be taken from the existing western out-of-pit spoil storage area and
would require all the out-of-pit spoil to be completely rehandled and placed in the pit.

Filling of the pit was not considered viable due to:

* the pit contains 5,485 million litres (ML) of water which would need to be removed and stored
elsewhere or treated for release.

* most of the spoil for rehandling would need to be moved via truck and shovel due to the distances
involved. Truck and shovel is significantly more expensive than dozer pushing.

* all the external slopes and the top of the out-of-pit spoil storage area have been previously rehabilitated
and are stable. Filling the pits would disturb the rehabilitated landform and leave the remaining area
unstable; and

* re-work of rehabilitated spoil to win pit fill will result in the loss of the topsoil that has been applied to
rehabilitation resulting in a shortfall for future rehabilitation.

b Plumtree

An analysis of Plumtree Pit shows that 39.1 Mm? of spoil is required to fill the pit back to original topography.
The spoil source would be from the existing western out-of-pit spoil storage area and would require all of the
spoil to be completely rehandled and placed in the pit.

Filling of the pit was not considered viable due to several factors:

* the pit contains 4,620 ML of water which would need to be removed and stored elsewhere or treated
for release

* most of the spoil for rehandling would need to be moved via truck and shovel due to the distances
involved. Truck and shovel is significantly more expensive than dozer pushing.

* all the external slopes and the top of the out-of-pit spoil storage area have been previously rehabilitated
and are stable. Filling the pits would disturb the rehabilitated landform and leave the remaining area
unstable; and

* re-work of rehabilitated spoil to win pit fill will result in the loss of the topsoil that has been applied to
rehabilitation resulting in a shortfall for future rehabilitation.

c Bullock Creek

An analysis of the Bullock Creek Pit shows that 9.2 Mm?® of spoil is required to fill the pit back to original
topography. The spoil source would be from the northern out-of-pit spoil storage area (8.4 Mm?®), and the
western end of the in-pit spoil storage area (0.8 Mm?®).

Filling of the pit was not considered viable due to several factors:

* the pit contains 2,544 ML of water which would need to be removed and stored elsewhere or treated
for release;

* most of the spoil for rehandling would need to be moved via truck and shovel due to the distances
involved. Truck and shovel is significantly more expensive than dozer pushing;
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d

all the external slopes and the top of the out-of-pit spoil storage area have been previously rehabilitated
and are stable. Filling the pits would disturb the rehabilitated landform and leave the remaining area
unstable; and

re-work of rehabilitated spoil to win pit fill material will result in the loss of the topsoil that has been
applied to rehabilitation resulting in a shortfall for future rehabilitation.

Wallanbah

An analysis of Wallanbah Pit shows that 32.4 Mm® of spoil is required to fill the pit back to original topography.
The spoil source would be from the existing eastern out-of-pit spoil storage area and would require all spoil to
be completely rehandled and placed in the pit. Additional volumes would also need to be sourced from the
rehabilitated western out-of-pit spoil storage area.

Filling of the pit was not considered viable due to several factors:

3.6.3.3

the pit contains 5,893 ML of water which would need to be removed and stored elsewhere or treated
for release

most of the spoil for rehandling would need to be moved via truck and shovel due to the distances
involved. Truck and shovel is significantly more expensive than dozer pushing.

all the external slopes and the top of the out-of-pit spoil storage area have been previously rehabilitated
and are stable. Filling the pits would disturb the rehabilitated landform and leave the remaining area
unstable; and

re-work of rehabilitated spoil to win pit fill will result in the loss of the topsoil that has been applied to
rehabilitation resulting in a shortfall for future rehabilitation.

EA option

The following sections summarise the main elements of rehabilitation of the pits to meet the (minimum)
requirements of the EA. For each pit the EA option has not been adopted because it did not minimise the pit
area. Further, the EA option did not adequately address all risks.

Broadmeadow

The main elements of rehabilitation in the Broadmeadow Pit to meet the EA are:

b

incorporate required water infrastructure (levees);

address remnant ROM pad;

removal of old storage dams on western side which have no catchment and are not suitable for
retention;

incorporate remediation of Spade Creek diversion to facilitate licence surrender; and

address highwall erosion.

Plumtree

The main elements of rehabilitation in the Plumtree Pit to meet the EA are:

the pit has been partially backfilled which minimises volume of the pit;

limit catchment area due to elevated final water level;

address ROM pads ensuring minimum of 2 m cover with inert spoil;

incorporate required water infrastructure (levees) excluding the northern out-of-pit spoil storage area
which acts as a levee;

do not disturb the low wall below the southern levee; and

divert surface flows away from the pit where possible.

Bullock Creek
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The main elements of rehabilitation in the Bullock Creek Pit to meet the EA are:

» the pit has been partially backfilled which minimises the volume of the pit;
* incorporate required water infrastructure (levees and highwall drain);

* include ERE as per EA requirements;

* protect undisturbed riparian vegetation; and

* treat area of low wall slippage — buttress has already been built.

d Wallanbah

The main elements of rehabilitation in the Wallanbah Pit to meet the EA are:

* previously partially backfilled which minimises volume of the pit;

* address low wall and end wall instability;

* address erodible tertiary layer;

*  high wall, end wall and low wall drainage;

* remnant high wall on eastern side — difficult to remove (hard rock) for small benefit; and

* remnant low wall on western side — would need to cut-back into the hill to get enough fill, disturbing
existing rehabilitated areas.

3.6.34 Preferred option

a Plumtree

Rehabilitation of the Plumtree Pit involve backfilling and removal of the western ROM stockpile, and grading the
in-pit spoil, resulting in 129 ha of the pit rehabilitated to grazing until long-term water levels are reached. This
approach links the rehabilitation on the eastern infrastructure areas to rehabilitated in-pit spoil storage areas,
and the western out-of-pit spoil storage areas. The southern end of the low wall will be left intact to stop erosion
undermining the existing water management structure adjacent to the pit, while the rest of the low wall will be
re-graded. Safety bunds will be moved closer to the highwalls and end walls to avoid erosion particularly to the
upper tertiary slopes (as per geotechnical recommendations).

b Bullock Creek

To address long-term erosion and low wall stability that could potentially impact the Bullock Creek Pit, two new
levees have been constructed. A revised drainage structure around the highwall and backfilling of existing drains
will be done. The upper part of the in-pit spoil storage area has been re-graded and rehabilitated to |(V):5(H)
and the spoil above natural topography is not visible. The lower section of the low wall will remain at angle of
repose, as analysis shows regrading this section to achieve a lower slope would be offset by disturbance of the
existing rehabilitation. The remaining pit is currently projected to be approximately 31 ha which is well within
the area permitted by the EA of 42.1 ha, including the rehabilitated upper areas of the low wall spoil.

C Wallanbah

The remnant low wall and highwalls in the east and west of the pit will be left as rocky outcrops that will in time
replicate the geomorphic features of the Burton and Kerlong Ranges. The current high wall and end wall will be
left at its current angle and the high wall drain will be reinstated to direct water south to a new spine drain that
will take water to the pit.

Geotechnical reports indicate there is a need for continued monitoring and maintenance of the end wall and low
walls. For the end wall and low walls, additional studies and modelling for erosion will be done to determine the
final specifications, locations of contour drains and spine drains, and lengths of slopes for |(V):3(H) re-grades.
Further investigation and modelling of the long-term erodibility of tertiary spoil may also be required. The
outcomes of this work may help inform the potential for methods to promote vegetation and limit erosion
during high rainfall and runoff events.
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d Broadmeadow

The western spoil storage area of Broadmeadow Pit has been linked to the eastern infrastructure areas (ROM
pad and assorted drainage structures) via the rehabilitated in-pit spoil storage area, resulting in an additional 26
ha of potential grazing land. Approximately half of this area still requires topsoiling and seeding. This addresses
the rehabilitation of the remnant ROM pad and allows for in-pit management of coal contaminated earth from
the ROM pad and Mine water dams. Safety bunds will be moved to an appropriate offset from the highwalls and
end walls to avoid erosion, particularly to the upper tertiary slopes. The southern low wall of Broadmeadow Pit
will be rehabilitated to improve visual amenity. It is worth noting that this is possible due to safe access for
machinery (ie only a short section of low wall is above the pit water storage). Some areas of pit low walls,
rehabilitation works cannot be safely completed (eg pushing areas of low wall above deep bodies of water).

3.6.3.5 Void dimensions

The void dimensions are given in Figure 26

Figure 26 Final void dimensions
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3.6.3.6 Void stability

Geotechnical assessments have been completed for the four pits. These assessments have been done by AQPs
at different stages of the Mine life. Monitoring has been done as per recommendations contained in the reports.

The geotechnical monitoring and associated report must investigate pit geotechnical stability and make
recommendations to address any safety issues prior to ML surrender, ie restriction of human and animal access.
Safety recommendations in the geotechnical monitoring report must be incorporated into closure planning. A
summary of the geotechnical reports is listed for each pit below.

a Plumtree Pit

A stability assessment of the Plumtree Pit was completed by Henderson Geotech Pty Ltd in May 2015
(Appendix J). The assessment provided a pit-wall stability study and considered the effects of long-term erosion
and weathering of the pit-wall and the effects of significant hydrological events.

Henderson (2015) concluded that:

* Based on water balance modelling, the water level in the pit is expected to range between 282-301 mRL.
It is intended that the pit will continue as a water storage facility during the remaining life of mine, with
a maximum operating level of 300 mRL which is 5 m below the bed level in nearby Sandy Creek. The
critical water level (and saturation level) assumed for pit stability was therefore 301 mRL;

*  For long-term stability of the highwall, the condition with the lowest FoS (1.92) was a dry pit. As the
maximum water level was below the base of weathering, the minimum FoS for the weathered zone was
the same as for current conditions. A faulted section at the northern end of the remaining pit was not
separately analysed — further large slippage was unlikely, but the back-scarp could cut-back further. A
30° batter projected up from the base of weathering would accommodate any such geo-mechanical
degradation. The actual wall crest, behind the slip scarp, is already at that projected stable slope line;

*  As the rock mass profile and properties of the end wall are essentially the same as for the highwall, the
stability analyses that have demonstrated long-term stability for the highwall can be applied to the end
wall;

* A 10 m erosion margin is proposed for the pit high wall and end wall;

* The low wall is expected to be stable into the future, because it has already slipped to a more stable
geometry. The worst case for stability, but still with an acceptable minimum FoS, was again if the pit was
pumped dry during its operational life as a water storage, leaving spoil up to the previous maximum
water level with reduced strength properties. Some further scarping may occur as the rising pit water
level causes in-pit spoil to saturate and settle, but no significant regression of the current wall crest is
anticipated;

*  When comparing stable long-term cross-sections with current sections, the expected changes are small,
partly because previous slips have already created more stable geometry. As the weathered overburden
has not shown to be severely erodible, the potentially affected margin is expected to be quite narrow
behind the high wall and end wall. A conservative wider buffer has been allowed along the low wall
covering the area that has already been stripped and disturbed; and

* There are no assets or areas of significant value within the area of the post-mining pit. Other
considerations such as safety and surface drainage may dictate a need for other works or buffers, but
from a stability perspective, the pit would have minimal additional long-term impact.

b Bullock Creek Pit

Several reports and reviews have been prepared for the pit at Bullock Creek. A summary of key findings for
each one is given below.

In October 2012 and October 2013, GeoTek Solutions Pty Ltd completed inspections of the Bullock Creek Pit,
in order to make geotechnical observations and give preliminary recommendations in relation to final
rehabilitation.
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GeoTek (2013) (Appendix K) documents the results of the inspection and assessment, and concludes:

In terms of both current and long-term stability, the highwall is considered stable. No evidence has been
observed of any unfavourable structures that may lead to premature failure;

Following a series of failures involving the northern end wall and the western low wall, at the date of
the report, they were geotechnically stable under normal, dry conditions. However, if the Mine
experiences soaking rains which have the effect of raising the phreatic surface to approximately
310 mRL, that would be enough to induce further movement in the spoil and the toppled end wall
material;

Ongoing failures will progressively encroach on the perimeter flood bund and drain. However, instability
will not impact on the functionality of the pit as a water storage;

Raising the water level in the pit temporarily to 310 mRL or, permanently to 270 mRL, is unlikely to
have any significant geotechnical impacts;

The unbuttressed spoil will experience episodic conditions that may lead to it progressively sliding
towards the bottom of the pit. In between, it is likely to become vegetated by rehabilitation or purely
self-reporting species and this will assist in stabilising the spoil. The exposed back scarps will erode and
flatten to quasi stable slopes on the order of 20°; and

The northern end wall failure is likely to progressively flatten given that it has already failed and is
therefore more exposed to weathering and erosion. Again, a long-term stable angle could be on the
order of 20 °.

Henderson (2015) also gives a stability assessment of the Bullock Creek Pit. This assessment concluded that:

Based on water balance modelling, the water level in the pit is expected to range between 263 mRL and
278 mRL. The pit material has already been saturated higher than the long-term level. It is intended to
continue to use the pit for water storage during the remaining life of mine, with a maximum operating
level of 315 mRL which is 5m below the bed level in nearby Bullock Creek. This was the critical water
level (and saturation level) assumed for pit stability;

With long-term water level ranges included, the least stable condition for whole slope failures on the
highwall was with the pit dry, and without any buttressing effect from water (FoS 2.26). For upper bench
slips, the FoS occurred at the proposed maximum operational water level, with material at the base of
the bench saturated (FoS 1.28). As the factors of safety are higher than the acceptable minimum for
current and worst-case conditions, the Bullock Creek Pit highwall is gecomechanically stable in the long-
term. A 7 m buffer is a conservative forecast of the band that might be significantly erosion-affected
post-mining;

For the end wall, as was the case for the highwall, the highest factor of safety for the weathered bench
occurred at maximum water level, while the lowest FoS for the whole wall and the spoil bench occurred
with no water in the pit. Results for the spoil bench suggested that slip failure was likely for the current
geometry — iterations of slope angle found that a batter of about 25° was required to meet the adopted
FoS (>1.2). The impact of a perched water table in the weathered overburden, fed by flow in the runoff
capture drain, was again considered, but for long-term conditions the additional water was applied on
top of the maximum pit water level. A scenario of |5 m extra height of water below the drain would
require prolonged severe wet weather but might be feasible, and the resultant analyses suggested
likelihood of slip failure. The slope angle was again iterated and found to give an acceptable outcome at
30°%;

The low wall is considered stable under current conditions, largely because the slips that have occurred
have resulted in a more stable geometry. Further slips are likely over the long-term, caused by extremes
of variation in water conditions. Any large slips will be confined to spoil contained within the pit, but
there could be local instability in the exposed top of the box-cut; and

When comparing stable long-term cross-sections with current sections, the predicted changes are
relatively minor, because there have already been significant slips that shifted wall material into more
stable geometries. The area expected to be affected by erosion is also limited, because the weathered
Permian overburden does not appear to be particularly erodible. Both the runoff capture drain, where
it passes behind the end wall, and the Bullock Creek bund are within the margin that could be impacted
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by future pit instability. Protection of the drain and bund, for example by relocation, needs to be
addressed.

As part of final landform design and remedial works, flood modelling identified the need for a levee in the north
western corner of the Bullock Creek Pit, within the existing 30 m geotechnical stand-off recommended in
GeoTek 2013.

Cartledge and Geotechnics (2016) included a review of the stand-off, to allow design and construction of the
preferred levee. Cartledge and Geotechnics (2016) concludes that:

* The end wall is not at risk of large-scale global failure, and the failure on the northern end wall is
prevented from progressing east and west by the highwall and slope height;

* The pit adjacent to the proposed levee has been backfilled and is therefore not susceptible to slope
failure;

* Itis expected that the current scarp will retreat northwards into the adjacent water diversion drain due
to progressive slope failure. The currently proposed location of the levee is about 75 m from the edge
of the expected scarp position and is therefore outside of the currently recommended 30 m stand-off.

* A revised stand-off should be adopted to allow the construction of the levee; and

*  Erosion of the end wall due to mechanical and chemical means is likely and could undermine the levee
if water flow is not managed well. As suggested in the May 2015 report by Henderson Geotech Pty Ltd,
a 7 m buffer should be left around the edge of the pit as an erosion buffer. It is recommended that
appropriate slope contouring and surface water management be implemented in the vicinity of the pit
crest as part of the levee design and construction works.

The levee has been constructed as part of planned rehabilitation activities during 2018. Slope stability analysis
completed by Cartledge and Geotechnics (2018) (Appendix L) focused on the failed low wall slope in the Bullock
Creek Pit and assessed the potential impact of a buttress on pit wall stability.

Cartledge and Geotechnics (2018) concludes that:

*  Under current conditions, and assumed material parameters and ground conditions, the failure scarp is
generally stable (FoS 1.6);

* Localised erosion and scouring are likely and has the potential to undermine the low wall pit slope,
leading to progressive failure. Further, variations to the assumed ground model and material parameters
may present a decrease in slope stability;

*  Where elevated (fully saturated) in-pit water levels are encountered, like those that could be expected
following a heavy rainfall event, the pit wall is likely to be unstable (ie FoS <1.0). The construction of the
minimum proposed in-pit buttress sees a resultant FoS >1.2 for the failure scarp, when considering an
elevated water table. As these water conditions are transient, these FOS are considered appropriate;

* The results of the analysis indicate that the scarp is adequately supported for any buttress design
considered, eg 10 m wide (at toe) buttress to 35 m wide (at crest);

» Rehabilitation (ie in-pit buttress) should be done to prevent erosion and scouring of the exposed scarp.
The buttress should be constructed from free draining spoil;

* Consistent with previous analysis, a monitoring program should be developed and implemented, to
update the analysis of the report, as required; and

*  The stability analysis should be reviewed and updated when new geological and geotechnical data
becomes available, or as material changes are made to existing data.

As recommended by Cartledge (2018), the construction of the in-pit buttress is complete. Some settling
occurred during construction, however, a regular survey of the area was done and reviewed by Cartledge. Since
the completion of construction, the area has settled, with no further movement recorded.

Project number | 21M056 Page | 99



c Wallanbah Pit

On 16 November 2017, a site inspection of the Wallanbah Pit was completed by Blackrock Mining Solutions Pty
Ltd, to observe the geotechnical stability of pit-walls and spoil storage areas with respect to pit conditions.

The objective of the assessment was to identify areas of concern related to geotechnical stability of spoil slopes,
and to give recommendations for the long-term stability of slopes to meet residual pit design criteria in the EA.

Blackrock 2018 (Appendix M) documents the geotechnical assessment, and concludes that:

*  The highwalls are stable, and no large-scale wall failures are anticipated. There is a low probability that
wall instability can occur where geological structures form geometries which daylight on the slope face;

* Large rotational failures observed on the low wall and end wall are confined to the Tertiary horizons.
They are a function of inadequate slope design and poor surface water management;

*  Wall instability of Tertiary overburden will continue along the low wall and end wall if nothing is done
or until a stable slope configuration is reached;

*  The low wall is potentially unstable due to the proximity of the Burton Range Fault. A large deep-seated
low wall failure is feasible for slope segments north of the buttressed low wall slope;

* Slopes constructed in the fresh overburden formations on the high wall and end wall follow the EA
requirements for as-built pit slopes;

*  Except for the over-steepened upper Tertiary slope sections along the low wall and end wall, the as-
built slopes in fresh rock mass are generally in compliance with residual pit design guidelines set in the
EA;

*  The rehabilitated external spoil dumps have been re-graded to have a gradient of 1(V):6(H). The EA
requirement specifies a slope gradient of |(V):5(H);

*  The in-pit low wall spoil storage areas are stable; and

* Any sudden drop in the pit water level would result in a perched water table in the formation which
will affect the long-term stability of the walls. This is a critical observation for the marginally stable low
wall.

d Broadmeadow Pit

On | September 2017, a site inspection of the Broadmeadow Pit was completed by Blackrock Mining Solutions
Pty Ltd, to observe the geotechnical stability of pit walls and spoil storage areas with respect to pit conditions.

The objective of the assessment was to identify areas of concern for geotechnical stability of excavated and spoil
slopes, and give recommendations for the long-term stability of slopes to meet residual pit design criteria in the
EA. Further, appropriate highwall crest stand-off distances were recommended for the certified construction of
a levee system offset from the corner of the northern end wall and low wall, and southern end wall.

Blackrock (2017) (Appendix N) documents the geotechnical assessment, and concludes that:

*  The highwalls of the pit are inherently stable against mass failure, but local instability can occur where
geological structures daylight on the pit face and form geometries that are kinematically unstable. In this
case, the bench scale wedge failures in the southern highwall block are unlikely to prejudice the long-
term stability of the highwall. However, these failures may continue to occur as the highwall erodes;

*  The standard slope designs meet the EA requirements for as-constructed pit slopes to be geotechnically
stable;

*  The as-constructed slopes follow residual pit design, except for the low wall side of the out-of-pit spoil
storage area which has yet to be regraded. This would need to be tied into the low wall in accordance
with the EA requirements, which is planned as part of rehabilitation activities;

* In-pit low wall spoil storage areas are stable, with a more than adequate long-term FoS, including a
condition of partial submergence to the predicted |0-year water level; and

* There is no potential risk of geotechnical instability due to water runoff entering the pit.
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As the highwall and end wall slopes are assessed as geotechnically stable, the inside edge of the levee system and
perimeter bunding should be offset at |5 m from the crest line. The same offset could be applied to the low
wall, with the possibility of levee construction on filled spoil, given the amount of settlement that has occurred
over time.

e Proposed FoS

The calculated FoS from each geotechnical assessment were assessed against typical FoS acceptance criteria in
Guidelines for Open Pit Slope Design (Read and Stacey 2009). The adapted criteria table is given in Table 35.

Table 35 Typical FoS and PoF acceptance criteria (from Wesseloo and Read 2009)

Slope scale Consequences of Acceptance criteria®
failure'
FoS minimum FoS min (dynamic)  Probability of
(statistic) failure (PoF)
maximum
(P[FoS<17)
Overall Low 1.2-1.3 .1 10%
Medium 1.3 1.05 5-10%
High 1.3-1.5 .1 <5%

I. Semi-quantitatively evaluated
2. Needs to meet all acceptance criteria

The consequence of failure for the voids is considered low. Areas are isolated from the public and are not
located near permanent infrastructure. Appropriate offset distances, as calculated in each geotechnical report,
have been observed for the construction of levees or other water management infrastructure. Natural
waterways occur adjacent to the Broadmeadow end walls (north and south) however these areas have been
assessed as stable (Appendix N) with both Spade and Hat Creek outside of the 15 m standoff.

Landholder access is infrequent and generally confined to designated access roads. No active mining is occurring
within the void areas.

Given the low consequence of failure a minimum FoS of 1.2 is considered adequate for geotechnical stability.
3.6.3.7 Void hydrology

A final void hydrology study and water balance model (WBM) was prepared by Klohn Crippen Berger Ltd (KCB)
in December 2018 (Appendix O). The WBM was developed using the OPSIM software package which simulated
the generation, movement and loss of water on a daily time-step within each final void over a 1,000-year period.
The report concluded that:

» all voids will maintain a permanent pit lake which will fluctuate around a steady state equilibrium level in
response to periods of flood and drought;

*  during periods of floods, no final voids are expected to reach levels that would result in overflow to the
environment via surface overflow;

* long term equilibrium conditions will generally be reached over an 80-year period within all four final
voids; and

» predicted pit lake water qualities (assessed as electrical conductivity), are expected to support native
flora and fauna and not affect fringing vegetation. The permanent pit lakes should provide a permanent
aquatic habitat to serve as a wildlife refuge in an otherwise ephemeral system. The aquatic community
will be limited in diversity to those species with at least a moderate salt tolerance.
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3.6.3.8 Groundwater interaction

The final void hydrology and WBM prepared by KCB in 2018 also included a groundwater interaction study
report (Appendix O as above). The report concluded that:

* most of the pits showed a strong correlation between void water levels and the groundwater levels in
close proximity to the pits, with less than 10 m difference between void water levels and surrounding
bore water levels. This implies relatively low hydraulic gradients between the void water levels and the
surrounding groundwater system and therefore low groundwater inflow rates should be expected under
current conditions;

* aslight increasing trend was observed in void water levels and some bore water levels after 2012 which
indicates a slow rebound of groundwater levels after cessation of mining activities;

* based on the EC values of surrounding bores ranging from 9,420-31,400 uS/cm, groundwater quality is
considered poor, and not suitable for livestock watering.

* 2D numerical groundwater model simulations, using various combinations of groundwater levels and
void water levels, confirmed that in general, low inflow rates (0.2-8.6 L/s) are likely under existing aquifer
and void conditions. Only two cases for the Wallanbah pit precited outflow may occur (2.5-3.3 L/s);

* as expected, sensitivity simulations using higher permeability values for the Rangal Coal Measures and
Triassic Rewan Formation resulted in increased flow rates. Inflow rates increased to between |.1—
26.5 L/s and predicted outflow rates increased to 16.7-23.7 L/s;

* groundwater modelling inflow results were reported to the surface water team to model the final void
water levels under various hydrologic conditions. The maximum final void water levels were simulated
to vary from 260-307 mRL;

*  based on the maximum void water levels and the available geology information, Plumtree pit, where the
simulated void maximum water levels (maximum catchment yield case — 307 mRL) showed potential
risk for void water escaping to the surrounding formation at the north and northeast sides of Plumtree
Pit. At the northeast corner, the topographic elevation is around 310 mRL, which implies a resulting void
water level of 3 m below surface and likely reaching the base of Quaternary deposits. Also, a |: 100,000
scale geology map indicate Quaternary deposits associated with Sandy Creek. More detailed information
regarding the base of the alluvial deposits would enable the potential risk to be further evaluated;

* the maximum final void water level (304 mRL) of the Bullock pit simulated under maximum groundwater
inflow case is generally below the base of weathering and therefore not considered a risk;

* the maximum final void water level of the Wallanbah Pit was simulated below 274 mRL and therefore
below the base of Tertiary deposits (>287 mRL). The potential risk of void water escaping from the
Wallanbah Pit was evaluated as low. The potential risk that void water escaping from the south side
through the spoils to the weathered rock / Quaternary deposits is considered as high. The modelled
void water level (274 mRL) is about 10 m above the base of weathering (around 263-265 mRL) at the
south side of the Wallanbah pit. Further information regarding the base of the alluvial deposits would
enable the potential risk to be further evaluated;

* there is also a potential of pit water flowing from the south side of Wallanbah Pit to the north of
Broadmeadow Pit through spoils and the coal measures; and

* the final void water levels of Broadmeadow pit were simulated generally below the base of weathering
and therefore outflow risk is low.

3.6.3.9 Water balance and long-term water quality

The 2018 KCB report modelled the long-term void water levels and predicted qualities as given below. Section
3.6.3.6 gives a further study done in response to the modelled seepage risk presented by Wallanbah and Plumtree
voids.

a Plumtree

Water level within Plumtree Pit is expected to increase until it reaches equilibrium after around 80 years. The
increase in water level is largely due to the geometry of the final landform. As detailed in the final void data
sheet, up to a level of around 309 mRL the final void is relatively narrow. From 309 mRL upwards, the surface
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area increases significantly and allows the balance of inflows and outflows to be achieved. Once equilibrium
conditions are reached:

b

expected water level will fluctuate with seasonal variance within an envelope defined with maximum and
minimum water levels estimated at 306 mRL and 277 mRL, respectively;

the average water level will be 291 mRL;

expected water level fluctuations are below the original natural ground level and spoil crest level. As
such, release of water via surface overflow is not predicted; and

expected water level fluctuations are above the control. As such, there is potential for water to seep
through the weathered or tertiary layers. This potential seepage is expected to be limited to the northern
eastern end of the pit where the Quaternary deposits are evident. Once equilibrium conditions are
reached (ie after 80 years), the EC level fluctuates with seasonal variance and ranges from:

— 4,570 pS/cm after prolonged periods of above average wet conditions; and

— 11,670 pS/cm after prolonged dry periods.

Bullock Creek

Water level within Bullock Pit is expected to decrease for the next 50 years and reaches equilibrium after around
80 years. The reduction in water level is due to the reduced catchment area with the final landform designed to
direct surface runoff of nearby rehabilitated spoil dumps away from the void and no additional mine water being
transferred into the pit. Once equilibrium conditions are reached:

Water

remain

expected water level will fluctuate with seasonal variance within an envelope defined with maximum and
minimum water levels estimated at 290 mRL and 271 mRL, respectively;

expected water level fluctuations are below the original natural ground level / nominal spoil crest level
and the control level. As such, release of water via surface or subsurface overflow is not predicted;
once equilibrium conditions are reached (ie after 80 years), the EC level fluctuates with seasonal variance
and ranges from:

— 16,430 pS/cm after prolonged periods of above average wet conditions; and

— 61,850 pS/cm after prolonged dry periods;

the high EC ranges relate to the lower volume of water expected to be retained within Bullock Pit (ie
ranging from around 1,600-500 ML of free water) in comparison with the three other final voids.

Wallanbah

level within Wallanbah Pit already appears to be very close to reaching equilibrium and is expected to
relatively stable. Once equilibrium conditions are reached:

expected water level will fluctuate with seasonal variance within an envelope defined with maximum and
minimum water levels estimated at 274 mRL and 254 mRL, respectively;

expected water level fluctuations are below the original natural ground level / nominal spoil crest level
and control level. As such, release of water via surface or sub-surface overflow is not predicted;
expected water level fluctuations are above the base of weathered material in the southern side of the
pit. Release of water may occur through the spoil and weathered rock / Quaternary deposits with flow
directed towards the south and Broadmeadow pit. Further information regarding the base of the alluvial
deposits would enable the potential risk to be further evaluated; and

once equilibrium conditions are reached, the EC level fluctuates with seasonal variance. As the point of
equilibrium is not as easily defined for Wallanbah Pit, EC ranges have been developed at 30, 50 and 80
years as detailed in Table 31I.
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Table 36 EC range for Wallanbah void

Time to equilibrium (years) EC (uS/cm)

Wet periods Dry periods
30 4,300 10,570
50 4,370 10,730
80 4,590 11,280

d Broadmeadow

Water level within Broadmeadow Pit is expected to decrease for the next 50 years and reaches equilibrium
after around 80 years. The reduction in water level is due to the reduced catchment area with the final landform
design. Once equilibrium conditions are reached:

* expected water level will fluctuate with seasonal variance within an envelope defined with maximum and
minimum water levels estimated at 249 mRL and 228 mRL, respectively;

* expected water level fluctuations are below the original natural ground level / nominal spoil crest level
and the control level. As such, release of water via surface or subsurface overflow is not predicted;

* once equilibrium conditions are reached (ie after 80 years), the EC level fluctuates with seasonal variance
and ranges from:
— 6,740 pS/cm after prolonged periods of above average wet conditions; and
— 16,190 pS/cm after prolonged dry periods.

e Pit evaporation study

Potential seepage from Wallanbah and Plumtree voids via shallow alluvial aquifers was outlined in the 2018 WBM
report. In response to this report further investigation was done in 2020 by KCB. The report, Burton Coal Mine
Pit Evaporation Factor Investigation (Appendix P) included sensitivity analysis based on adopting higher pit
evaporation rates than the base case factor of 0.7. Studies done at Norwich Park showed similarly shaped final
voids to Burton, (long, rectangular-box-shaped voids), had greater wind speeds at the pit lake surface than at
land level possibly because of the long-narrow shape of the coal pits funnelling the wind into the pit. This resulted
in an acceleration of airflow. Accordingly, actual evaporation rates were found to be substantially higher when
compared to modelled rates, derived through the application of measured pan evaporation rates at the nearest
BOM site and a pan evaporation coefficient of 0.7.

This research has further highlighted the uncertainty of the pit evaporation factor and suggested that the pit
evaporation factors may range up to a factor of |. To further understand the uncertainty that the pit-evaporation
factor has on the fluctuation of the long-term-equilibrium-water levels within the final voids, pit evaporation
factors of 0.6, 0.7, 0.8, 0.9 and 1.0 were applied to the previous WBM.

Results
The study concluded that:

For the final voids of Bullock, Wallanbah and Broadmeadow Pits, the simulated variance in long-term water levels
due to changing pit evaporation factors is not expected to result in any overflow or seepage to the environment
(ie above original natural ground or control levels). Within Plumtree Pit, no overflow to the receiving
environment is expected, however, the simulated long-term water levels may reach above the control level for
lower pit evaporation factors of 0.6 and 0.7 with no groundwater and 0.6 to 0.9 with groundwater. Above the
control level seepage to the receiving environment may occur via shallow alluvial aquifers.

Further investigation
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To better understand the impact of pit evaporation factor at the Mine, wind monitoring stations were installed
to collect data on wind speed and direction at pit lake and natural ground level. The monitor was placed in
Wallanbah to gather data to support modelling assumptions. The data collected for a six-month period in 2020
showed a negligible difference with wind speeds at ground level being only 3.2% higher than at the pit lake surface
(1.63 m/s vs 1.59 m/s). Data collected to date supports the use of a higher evaporation rate in the Wallanbah
void WBM. Similar monitoring is planned for Plumtree void however Wallanbah results and Appendix P provide
adequate justification for the use of a higher evaporation rate. It is expected that data from the Plumtree void
will show similar results when available.

f Stratification

A site investigation was undertaken around June 2020 to understand potential stratification of water in the Mine
voids. Samples were taken from all four voids at 10m increments to the bottom using a Van Dorn sampler.
Sediment samples were also taken from the bottom of the void using a ponar grab sampler. Samples were field
measured and then sent to a National Association of Testing Authorities (NATA) laboratory for further testing.
The results to date have not shown a significant difference in water quality across the four voids at varying
depths. Further testing in the summer months is required to remove seasonal variability from the results.

3.6.3.10  Rehabilitation strategies

a Plumtree

Rehabilitation of Plumtree void involves backfilling and removal of the western ROM stockpile, and grading the
in-pit spoil, resulting in 129 ha of the pit rehabilitated to grazing. This links the rehabilitation on the eastern
infrastructure areas to rehabilitated in-pit spoil storage areas, and the western out-of-pit spoil storage areas. The
water level at the time the modelling was done (291.54 mRL) which is only slightly more than the long-term
average (291 mRL). The footprint of the void (NUMA) is based on the long-term average water level.
Rehabilitation will be completed to the current water’s edge to maximise land available for grazing. While it is
acknowledged that the water level will fluctuate based on void modelling, the timeframes involve ~80 years
between maximum and minimum water levels. At times of low water level, void water is expected to have higher
levels of salinity. In these times access for cattle will be restricted. At times of high water level, it is likely that
void water will be suitable for cattle consumption (section 3.6.3.9a). Given the rate at which water levels will
recede it is likely that grass coverage will recover quickly.

While this area may be periodically inundated (across long time frames) it will either provide a water source
during high levels or grass species during low or receding water levels.

The southern end of the low wall will be left intact to minimise the risk of erosion undermining the existing
water management structure adjacent to the pit, while the rest of the low wall will be re-graded. Safety bunds
will be located outside of the nominated offset distance as per the geotechnical investigations in Section 3.6.3.3.

The highwall, end wall and low wall of Plumtree pit have been assessed as geotechnically stable and no further
wall treatments are required.

b Bullock Creek

To protect the pit from potential flooding that could potentially impact the Bullock Creek pit, two levees were
constructed with one of these at ground level (ie a backfilled trench) and the other effectively forms part of the
diversion bank. These levees have been incorporated into the final landform at Bullock Creek and will remain
post closure. A redesigned and constructed drainage structure around the high wall and backfilling of the existing
drain will be undertaken for the long-term management of surface water. The upper part of the in-pit spoil
storage area has been re-graded and rehabilitated to |(V):5(H) and the spoil above natural topography is not
visible. The lower section of the low wall will remain as is, as analysis shows regrading this section to achieve a
lower slope would be offset by disturbance of the existing rehabilitation. The remaining pit is currently projected
to be approximately 28ha which is well within the area permitted by the EA of 42.1 ha, including the rehabilitated
upper areas of the low wall spoil.
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The highwall of Bullock Creek pit has been assessed as geotechnically stable. Buttressing of the low all and
subsequent inspections demonstrate geotechnical stability. The highwall drain behind the end wall will be
backfilled and rehabilitated to a grazing PMLU as part of the highwall drain realignment. No further wall
treatments are required.

4 Broadmeadow

The western spoil storage area of Broadmeadow will be linked to the eastern infrastructure areas (ROM pad
and assorted drainage structures) via the rehabilitated in-pit spoil storage area, resulting in an additional 26 ha
of potential grazing land. This addresses the rehabilitation of the remnant ROM pad and allows for in-pit
management of coal contaminated earth from the ROM pad and mine water dams. Safety bunds will be located
outside of the nominated offset distance as per the geotechnical investigations in section 3.6.3.3. The southern
low wall of Broadmeadow Pit will be rehabilitated to increase potential grazing land and minimise the NUMA
area.

The highwall and end wall of Broadmeadow pit have been assessed as geotechnically stable. The reshaped low
wall is also assessed as stable and no further wall treatments are required.

d Wallanbah

The remnant low wall and highwalls in the east and west of the pit will be left as rocky outcrops that will in time
replicate the geomorphic features of the Burton and Kerlong Ranges. The remnant highwall will be left at its
current angle and the highwall drain will be reinstated to direct water south to a new spine drain that will take
water to the pit. The existing drain behind the end wall will also be remediated (ie trimmed and regraded).

The Wallanbah low wall is designated as a NUMA in keeping with the classification of the Wallanbah void. The
low wall will undergo stabilisation works to ensure it can be managed in a way that minimises risk to the
environment. The methodology for the low wall remediation will be:

* dozer to clear existing vegetation ~ 80m from the crest of the low wall to the west;

* topsoil to be stripped and retained in temporary stockpiles;

* blast holes drilled to ~ 40-60m depth and loaded for blasting;

*  blasted material to be dozer pushed between |:5 (min) and |:3 (max) slope grade to form a continuous
slope from the crest to a bench above the existing water level;

+ safety bund (dimensions are likely up to 2m high and 10m wide) to be installed at the toe of the slope
once dozer push is completed;

* a contour bank to be installed by dozer and ~ 6.4m wide (| x DI| blade width) that allows water to
drain to the south and then into a drop structure that enters into the final void at water level;

» topsoil will be spread from the crest to the bench above the water level (excluding the toe bund);

* the dozer will deep rip (0.8—Im), fertilise and seed (pasture and trees) along the contour of the slope;
and

* low wall crest fence (4 x strand barbed wire) will be installed that joins the northern end wall and current
southern low wall fence.

The highwall of Wallanbah pit has been assessed as geotechnically stable. Instability of the end wall is confined
to the tertiary horizon. Given the depth of this horizon reshaping of the end wall to a gentler slope is not feasible
with the area available behind the end wall. Reinstatement of the highwall drain (including behind the end wall)
will assist in the stability of the end wall.

The low wall will be reshaped, topsoiled and seeded with pasture grasses and trees to provide adequate
geotechnical and erosional stability.
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3.6.3.11  Ability of pits to support aquatic communities

As part of the KCB final void hydrology study and WBM report, GAUGE prepared a high-level discussion on
the capability of the final voids to support flora and fauna. This report is a requirement of condition F7 of the
EA. Key outcomes of the pit study are outlined below.

» four pits within Broadmeadow, Bullock, Plumtree and Wallanbah Pits are proposed to remain as part of
the final landform and are expected to maintain permanent pit lakes;

* water levels within the pits are expected to reach equilibrium in approximately 80 years time, however,
equilibrium may be reached sooner in Wallanbah Pit;

* once equilibrium has been reached, the pit lakes are expected to fluctuate around a steady-state
equilibrium level in response to periods of flood and drought. No pits are expected to reach levels that
would result in overflow into downstream watercourses via surface pathways (ie no water levels above
the original natural ground level and spoil crest level);

» fluctuations in the pit lake water quality (ie EC levels) will continue to occur and be driven by climatic
variability as cycles of above and below average rainfall result in rapid water quality fluctuations (ie
timeframe of years to tens of years) when compared with long-term trends of gradual accumulation of
metals and metalloids (ie timeframes of hundreds of years);

* the predicted salinity of the pits is expected to support native flora and fauna, including fish, invertebrates,
macrophytes, algae, amphibians and birdlife, and not affect fringing vegetation;

» the pits will provide a permanent aquatic habitat to serve as a wildlife refuge in an otherwise highly
ephemeral system;

* the aquatic community will be limited in diversity to those species with at least a moderate salt tolerance.
The more saline Bullock Creek Pit will primarily support highly salt tolerant species and is likely to have
very low diversity. The variety of species and the number of individuals present will be cyclical in nature,
with more diverse taxa recruited when salinities are lowest, and transitioning to a less diverse, salt
tolerant community during extended dry periods when salinities increase to maximum concentrations
and with seasonal changes from salinity stratification;

* structural features of the pits enhance the aquatic habitat by providing a more suitable and diverse
physico-chemical and physical habitat. The key features for improvement are the inclusion of:

— significant areas of shallow, littoral zones;

— astable and vegetated riparian zone;

— the presence of water plants in the littoral zone;

— the presence of diverse aquatic structures; and

— access to periodic fresh water inputs, preferably with connection to local waterways if practical and
safe.

3.6.4 Underground mining

No underground mining has occurred or is planned.

3.6.5 Built infrastructure

3.6.5.1 Decommissioning and removal

All infrastructure will be removed from the Mine prior to relinquishment unless a written agreement is obtained
from a future land holder stating that they will accept the asset. For example, the demountable buildings that
make up the Mine office will be removed from their current location and remaining hard pads including vehicle
park-ups will be de-compacted and rehabilitated.

Once infrastructure has been removed the area will be remediated (if required) and rehabilitated to the PMLU
of grazing. The following decommissioning strategy will be used:

* review of services plan to identify underground services;

Project number | 21M056 Page | 107



» isolation of all energy sources;

* all chemical and materials storages and services emptied and decontaminated;

* completion of contaminated land assessment (phase | and phase 2 assessment); and

* removal and appropriate re-use, recycling or disposal of all dangerous goods and hazardous substances.

At the end of decommissioning a report will be prepared verifying that potentially contaminated land has been
remediated as required.

Where practicable, consideration will be given to Waste — Everyone’s responsibility: Queensland Waste Avoidance
and Resource Productivity Strategy (2014-2024) (EHP 2014) waste and resource management hierarchy, in
decreasing order of preference as shown in Figure 27.

Figure 27 Waste and resource management hierarchy
3.6.5.2 Contaminated land management

A desktop assessment since ML de-amalgamation has been completed by GHD in 2017 (Appendix Q). The GHD
assessment found very little potential for land contamination within the land that was retained by Peabody. There
however, remains limited potential for contamination at the fuel storage and in the land immediately surrounding
the current administration buildings.

If contaminated soils or other potential sources of contamination are found during the decommissioning and
removal of buildings it will be preferentially treated at the Mine. If contamination cannot be treated, then it may
be disposed of at an authorised facility. Treatment versus off-site disposal will depend on whether the land is
listed on the Contaminated Land Register (CLR) and Environmental Management Register (EMR) (administered by
the QIld Government) and whether it is deemed appropriate to have them removed from the registers as part
of the rehabilitation process.

The process for assessing and adding / removing land from the CLR will need to be confirmed with DES at the
time of rehabilitation.

Under the current Qld Government system, the following general phases will need to be completed by an
appropriately qualified person (AQP):

* have a suitable qualified person complete a stage | and / or stage 2 contaminated land assessment;
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* if there is no contamination then the suitably qualified person will produce a report for submission to
DES requesting that the land be removed from the CLR; or

* if the contaminated site still contains contaminated soil, but it is being appropriately managed then the
suitably qualified person can reflect this in their report — this may still allow the land to be removed
from the CLR.

Should a significant area of contamination be identified a review of ground and surface water data will be
completed and a source, pathway, receptor and fate model to demonstrate that contamination of surface water
and groundwater is not occurring.

The process for assessing and removing land from the EMR will need to be confirmed with DES at the time of
rehabilitation as this system is currently under review. It is however likely that in addition to a report from a
suitably qualified person an additional review and report will be required from one of DES's authorised third-
party-reviewers to verify the AQP report.

3.6.5.3 Visual

De-amalgamated sections of the Mine, under the management of New Hope Group are visible from Suttor
development Road. However, rehabilitation within the Peabody ML’s is not readily visible. Notwithstanding the
Mine does contain several elevated and rehabilitated spoil storage areas. The ground cover on the spoil storage
areas has resulted in these landforms looking like the surrounding undisturbed grazing land.

3.6.54 Heritage

Cultural heritage material such as individual stone artefacts, artefact scatters and scarred trees will not be
damaged in the rehabilitation process.

Plans for the management of the scar tree and artefacts garden post-relinquishment will be addressed through
the consultation with the Traditional Owners.

3.6.6 Bushfire and spontaneous combustion

Spontaneous combustion of coal is a chemical fire which requires oxygen to fuel the fire and moisture to transfer
heat, ie spread the fire. There is no recorded history of spontaneous combustion at the Mine.

Methods for bushfire management will be addressed as part of the post-closure management plan.

3.6.7 Methods to rehabilitate land to a stable condition

3.6.7.1 Voids
The rehabilitation methodology for voids is given in section 3.6.3.10.
3.6.7.2 ROM coal stockpiles

There are no remaining ROM coal stockpiles at the Mine. All ROM stockpiles have had coal material removed
and disposed of as per section 3.6.1.6.

3.6.7.3 WRDs

Most WRDs at the Mine have been previously rehabilitated. Some areas of dump are still to be reshaped at
Plumtree and Wallanbah. These areas will be reshaped to design using a dozer. The remaining faces will be re-
contoured to a maximum stable slope angle of (20% (11.3°) or less) which will resemble the surrounding
landscape. Once re-contoured the feature will be ripped, soiled and seeded.
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3.6.74 MIA and hardstands

Actions to rehabilitate the MIA are:

* do a potential contamination assessment to see if there is any actual contamination;

* remove any remaining infrastructure, materials or equipment for their salvage and scrap value;

* treat contaminated soils if required and dispose of any remaining infrastructure and contamination to a
licensed off-site facility;

* do a clean-up validation assessment having regard for National Environment Protection measures (NEPM);

* scrape and deep rip the feature; and

* spread soil and seed.

3.6.7.5 Roads

All dirt roads will have gravel sheeting removed (if needed), followed by re-contouring to the surrounding
gradient, ripped, soiled and seeded.

Bitumen roads will have the pavement removed and disposed of according to licence conditions prior to being
rehabilitated in the same manner as dirt roads.

3.6.7.6 Topsoil stockpiles

Topsoil stockpiles will be rehabilitated as they become available during other rehabilitation activities. Topsoil is
not removed prior to stockpiling of soil meaning the original layer of topsoil will be present at the base of
stockpiles. Depending on the depth of stockpiled soil, this base layer may require the addition of organic matter
for effective vegetation establishment. The base layer will be treated (if necessary), ripped and seeded to a PMLU
of grazing.

3.6.7.7 Water storage, supply and distribution

a Dams

All stored water in dams will be removed by solar evaporation. The structures will be backfilled using their
embankments or other clean fill back to natural ground level. The feature will be ripped, soiled and seeded.

Once the Mine is rehabilitated there will be a potential for sediment to end up in the receiving environment
after rainfall events. Sediment will likely discharge to Hat, Bullock or Sandy Creek which could impact the
receiving environment; however, due to the ephemeral nature of the creeks and the fact that discharged
sediment will not be contaminated, the impact of any discharge is likely to be small. Notwithstanding, mitigation
by erosion and sediment control (ESC) structures, may be needed prior to relinquishment to further reduce
this potential risk.

b Drains

Structures required for long term water management ie. permanent drains will be rehabilitated to blend in with
the surrounding landscape and sustain a PMLU of grazing. This includes permanent drainage at Plumtree west,
Bullock Creek highwall and Wallanbah highwall and end wall.

c Levees
The transition of levees into final landforms will be undertaken using the following methodology:
» existing flood models to be updated as per current guidelines to a 0.1% AEP (where not already
completed);

* updated flood models to be used for a new Consequence Category Assessment (CCA) for each existing
levee; and
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* if one or all levees are re-classified as “low consequence” structures, and the current crest levels are
above the 0.1% AEP works will be carried out to re-grade from |:3 to I:5 as to achieve the final landform
criteria. The regrading will be conducted by the onsite dozer(s) using GPS guidance.

The location of levees is shown in Figure 28 and Figure 29.
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Plumtree south

The Plumtree south levee will be regraded to achieve a 1V:5H final landform criteria. This is consistent with final
landform criteria in other areas of the Mine. Given the relatively small size and engineered construction when
compared to OB dumps, 1V:5H is considered appropriate.

The current structure is 0.2 m above design height allowing for some reshaping while still maintaining the
minimum design height. Topsoil will be stripped to allow for reshaping of the batters to 1V:5H. The topsoil will
then be respread and seeded to a grazing PMLU. The levee has been designed to a PMF level and will maintain
this level of flood protection. It is noted that PMF level is above requirement of a 0.1% AEP. Reshaping will not
significantly alter the dimensions of the levee with a length of 1,245 m, ~2 m crest and an RL range of 350.5—
351.2 m. A typical cross-section showing reshaping requirements is shown in Figure 30.

The reshaped levee will then remain as a final landform which aides in flood protection of the Plumtree void.

Figure 30 Plumtree south levee final profile
Bullock Creek

Two small levees (north and south) are constructed at Bullock Creek. The northern levee involved the backfilling
of an excavation with competent, compacted material as the in-situ material was not considered suitable. This
means the levee is actually below ground with the top being level with the current ground level. The area has
been topsoiled and seeded to a PMLU of grazing.

The southern levee is adjacent to the Bullock Creek diversion and forms part of the diversion bank. The levee
currently has 1:4 batters and is less than 150 m in length. Options to widen the levee to a |:5 batter are limited
due to the Bullock Creek diversion banks. Given the dimensions and location of the southern levee no further
works are planned. The levee has been topsoiled and seeded to a PMLU of grazing and is considered rehabilitated.

Broadmeadow north

The Broadmeadow north levee has an average batter angle of 1V:5H and does not require rework to meet final
landform criteria. However, excess fill from the Spade Creek diversion works will be used to further expand the
current structure. Topsoil will be removed and stockpiled. Fill material will be placed and reshaped to 1V:5H.
Stripped topsoil will then be replaced and the area seeded to a grazing PMLU. The clay core of the levee will
remain intact to continue to provide flood protection to the Broadmeadow void. The final dimensions of the
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levee will be a length of 1,134 m, ~12 m crest and an RL range of ~280.2-284.5 m. A typical cross-section
showing reshaping requirements is shown in Figure 31.

The levee is currently designed to a 0.1% AEP with an additional 0.3 m of freeboard. The import of material will
raise the levee surface a further ~1.5 m in some areas.

Figure 31 Broadmeadow north levee final profile

Broadmeadow south

The Broadmeadow south levee has been included in the area of the Broadmeadow void and designated as a
NUMA as per section 3.3.2.4. The levee is required to be retained to provide flood protection for the void and
to act as a final safety bund. The Broadmeadow highwall bund (further north) will be contiguous with the eastern
end of the levee. The dimensions are similar to those proposed for the final bunds (section 3.3.5.1) which have
been included as a part of the NUMA in the other voids. Bunds sometimes convey flow, are subject to weathering
and are accepted as structures that don’t require long term maintenance greater than that of the surrounding
land. The levee is more stable than bund structures due to their method of construction and rehabilitated
surfaces.

Potential modifications to allow the levee to meet final landform slope criteria (20% slopes) is significantly
restrained by the close proximity of the void to the north, and Hat Creek to the south. It is situated outside of
a |15 m standoff from the void crest as per geotechnical recommendations (Appendix N). Slope angles at the
eastern end are up to 33% which allowed construction to the modelled PMF flood level and flatten out to ~25%
at the western end where the levee tapers out into existing rehabilitation. Given the relatively small height of
the levee compared to overburden dumps, not meeting final landform slope criteria is considered acceptable.

The levee is constructed of compacted fill meaning it is inherently more stable than dumped overburden material.
Reshaping to meet 25% criteria would require movement of material into the geotechnical standoff zone or
diversion of Hat Creek (the current toe of the levee reaches the upper bank of the creek). These two options
are not considered as acceptable outcomes to accommodate a slight change in batter angle to an already
constructed, stable and rehabilitated structure. The eastern end of the levee is rock armoured as per the certified
design. This allows for protection of the structure during extreme flood events. The western end has been
topsoiled and rehabilitated with pasture species to provide erosion protection.
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The retention of the levee in its current state is considered the only realistic option for closure. Inclusion in the
NUMA footprint means that final landform slope criteria is not applicable and is consistent with it not having a
PMLU (cattle are excluded from this area). The levee will still achieve a safe and stable condition.

d Distribution

Water distribution equipment, including pipelines, will be removed and disposed of in accordance with licence
conditions or reused off-site.

3.6.7.8 Riparian areas

The riparian PMLU around Spade Creek will be carried out in accordance with the Spade Creek Diversion Project
— Revegetation Plan (Alluvium, 2020) (Appendix H). Reference sites for riparian areas are given in Table 42.
These sites have been selected via desktop and should be field verified during the first round of monitoring. Two
sites were chosen upstream of the diversion and one site downstream all in representative REs.

3.6.7.9 Self-sustaining native vegetation

The revegetation of the Bullock Creek ERE area (self-sustaining native vegetation) has been carried out in
accordance with the Burton ERE Revegetation Management Plan (AECOM, 2018) (Appendix R).

3.6.7.10  Exploration

The closure and rehabilitation of all exploration activities including drill holes, sumps, exploration tracks, and
gridlines will be done in accordance with Section 16 of the EP Act, provisions under the Water Act 2000 and
Eligibility criteria and standard conditions for exploration and mineral development projects — Version 2.

Due to limited exploration activity exploration rehabilitation is expected to be minimal. Areas will be
progressively rehabilitated where practicable.

3.6.7.11 Rehabilitation maintenance

Maintenance of rehabilitated areas must take place to ensure and demonstrate:

» stability of landforms;

e erosion control measures remain effective;

* stormwater runoff and seepage from rehabilitated areas does not impact the environmental values of
any waters; and

* vegetation show healthy growth and recruitment is occurring and rehabilitated areas are managed
regarding declared pest plants.

Maintenance activities on rehabilitation areas will be guided by general site inspections and rehabilitation
monitoring results. Maintenance activities may include:

* maintenance of new vegetation, eg addition of fertiliser, re-planting of significant areas of failed
vegetation, etc, prior to its establishment within the ecosystem;

* repair of failed drainage or significantly eroded areas;

* modifications to landforms or structures to improve management of surface water runoff;

* upkeep of water management structures;

* removal of temporary drainage structures not required for long-term stability; and

* replacement and repairs to fencing and signage.
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3.7 Risk assessment

Identifying environmental, community, social and economic impacts and risks associated with closure and
rehabilitation is critical for effective closure and rehabilitation planning. The overall objective of the closure and
rehabilitation risk assessment (the risk assessment) is to identify risks of a stable condition for land not being
achieved and how BCC intends to manage or mitigate the identified risks in accordance with Section 126C(1)(f)
of the EP Act. The meaning of a ‘stable condition’ is given in Section | | | A of the EP Act:

I'I I A Meaning of a stable condition

Land is in a stable condition if —

a) the land is safe and structurally stable; and

b) there is no environmental harm being caused by anything on or in the land; and
¢) the land can sustain a post-mining land use.

The risk assessment was developed considering the standard AS ISO 31000:2018 Risk Management — Guidelines.
Risks and opportunities were identified for all decommissioning, demolition and closure and rehabilitation related
activities that are yet to have occurred, or already have occurred at the Mine. The post closure and rehabilitation
monitoring periods were also included. The risk management process is shown in Figure 32.

Figure 32 Risk management process overview

3.7.1 Risk identification

The risk identification step was used to:
* identify and define risks to land being safe and structurally stable;

* identify and define risks which have the potential to adversely affect EVs; and
* identify and define risks to land sustaining the PMLU.
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3.7.2 Risk analysis

The risk analysis process considered the maximum probable outcome for each identified risk with the current
control measures in place. Each identified risk was then analysed using the consequence categories and
associated criteria given in Figure 33 and the likelihood categories in Figure 34. This determined the risk rankings
also given in Figure 34.

The ‘Environmental’ consequence category from the Peabody standard consequence table was the only category
considered during the risk assessment process. This is to ensure that only environmental risks associated with
land not achieving a stable condition are considered, as per the requirements of the PRC guideline. This
consequence category was further broken down into three broad categories based on the EP Act definition of
a ‘stable condition’. These categories are:

¢ safe and stable;
* impact to environmental values (EV’s); and
* impact to the potential PMLU.
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Figure 33 Consequence table
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Figure 34 Likelihood table and risk matrix

3.7.3 Risk evaluation

Risk evaluation involves comparing the results of the risk analysis with the establishment of risk criteria to
determine where additional action is required. Additional actions may include:

* do nothing further;

» consider risk treatment options;
* undertake further analysis;

*  maintain existing controls; or

* reconsider objectives.

Additional controls are always applied for calculated risk scores of 20 or above. Additional controls may also be
applied for lower calculated scores as required. The results of the risk assessment are given in Table 37 and
Table 38.

3.74 Risk treatment

Risk treatment involves evaluating options for the management or mitigation of identified risks. The most
appropriate risk treatment options (proposed actions) have been selected based on multiple criteria including
cost benefit, regulatory obligations, community responsibility and protection of Evs. Actions to apply these
options have been allocated to the appropriate work parties, scheduled and performance measures and
constraints identified.

3.74.1 Residual risk

The nominated treatment options have been assessed as adequate in reducing the original risk ranking to an
acceptable level. The risk treatments and the remaining risk should be monitored and reviewed regularly with
any significant changes or emerging issues communicated with relevant parties. Treatments may be modified,
replaced, or complemented with additional treatments as needed to make sure an acceptable level of risk is
maintained.
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Table 37  Risk identification, analysis and evaluation — PMLU

Residual risk

Risk evaluation
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g 2 infrastructure removal direction for planning and
€5 Remnant provisioning.
| @ f“f'"aSt'"UCtu'"e Infrastructure may only be
s E is a hazard to retained  with  written
< § fauna or landholder approval
& grazing animals
o . .
Infrastructure included in
ERC
Residual
contaminatio | Impact  to | Contaminated 2 20 | PRC plans for identification, The inclusion in PRC/ERC | Site SAP EHSM | Contaminated | Contaminated | Prior  to
n of land EV’s soil and / or assessment and proper allows for proper budgeting | management system land land further
impacts to disposal of contaminated and planning of | team (incident assessment assessment to | earthwork
downstream soil contaminated soil recording) be completed | s
water quality disposal/treatment. post
g Allow for contaminated soil Effective spill controls and Spill response operations and
i’ disposal in ERC auditing allows for high-risk procedure included in the
9 areas to be identified and » final
£ Monitor incidents involving  Prioritised for treatment. A Auditing  and relinquishmen
£ ] f inspection
8 hydrocarbon or chemical contaminated ) ) Ia"fj . PI t report
< spills assessment will verify if ools
& o ] contamination has been
o Utilise site Spill Response appropriately remediated - _
5 Plan Contaminated
= PMLU Contaminatio 2 land
E ;MLU impacts AS1940  audits  and assessment
S inspections (by AQP)
[
g Contaminated land
o assessment
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Milestone
Risk / threat

Consequence
category

Consequence

Likelihood

Risk evaluation

Risk score

RM3 — Landform reshaping and final contouring

Proposed controls

Justification of
treatment option

Responsibility

ts

Resource
requiremen

Performance
measures

Reporting and
monitoring

Timing and
scheduling

Residual risk

Consequence

Likelihood

Project number | 21M056

Excessive Safe and | Increased 4 2 20 | Current final landform Current slopes have been | Site Survey Review of | As per section | During 3
slope on | stable erosion risk if slope designs  within designed with regard to | management support survey data vs | 3.8.3.4 constructi
landform slope exceeds material limitations material limitations. GPS | team design on /
material limits and survey controls will GPS  machine annually
GPS guidance and survey ensure the landform s guidance
control during landform  constructed as per design.
construction
GPS guidance and survey
control during landform
reshaping
PMLU Steep slopes 3 2 Current design slope within  Landform slopes of equal to | Site Survey Review of | As per section | Annually 2
not  suitable accepted limits for grazing/ or less than 20% for grazing | management support survey data vs | 3.8.3.4
for cattle and / landholder access is well within limits for | team design
or landholder cattle and  landholder GPS  machine
access GPS guidance and survey access. GPS and survey guidance
control during landform  controls will ensure the
reshaping landform is constructed as Reha.bilit'ation
per design. Rehabilitation monitoring
monitoring to demonstrate data
suitability
. Landforms slopes are . . . . .
Structural Safe and | Constructed 4 2 20 | Current design assessed as designed to be Site Geotechnical Review of | As per section | During 3
stability  of | stable landforms not geotechnically stable cotechnically stable for management monitoring monitoring 3834 constructi
landforms geotechnically Geotechnical monitoring gh y y d team data data vs on /
not achieved stable during operations the co.nstruct|.on ( umpe ) predicted annually
material. Monitoring during behaviour
Ensure deviations from operations can be used to
design are reassessed by a  validate the proposed
geotechnical engineer design and update if
(AQP) required.
Ineffective
drainage on | Safe and | Damage to| 3 3 I5 | Drainage requirements Rehabilitation planning and | Site Rehabilitation | Monitoring As per section | As per 3
final stable previously included in final landform methodology includes | management monitoring data 384 and | section
landform completed design effective drainage. | team program section 3.8.34 | 3.84 and
rehabilitation Rehabilitation and ESCP section
Rehabilitation monitoring monitoring will monitor ESCP 38.34
Increased ) ) effectiveness of landform monitoring
likelihood  of Erosion  and se'dlm.ent drainage program
. control (ESCP) monitoring
erosion

Risk score
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Milestone
Risk / threat

Consequence
category

Ponding
causes
instability

Consequence

Likelihood

Risk evaluation

Risk score

Impact to
EV’s

Increased risk
of
downstream
sedimentation

target
vegetation

Project number | 21M056

to support
target
rehabilitation
species

Insufficient
topsoil PMLU Inadequate 3
reserves topsoil to
establish
vegetation and
support PMLU
c
e)
b
5 Inadequate
@' topsoil cover | PMLU Failed 2
a vegetation
§ establishment
= not supporting
i PMLU
<
>
4
Topsoil not
suitable for | PMLU Topsoil unable 2

Proposed controls

Justification of
treatment option

Responsibility

Resource
requirements

Performance
measures

Reporting and
monitoring

Timing and
scheduling

Residual risk

Consequence

Likelihood

Risk score

-Receiving environment REMP
monitoring program monitoring
(REMP)
3
Projected inventory of Available volume of topsoil | Site Survey Topsoil Survey checks | After use 3
stripped topsoil adequate s adequate for | management support inventory tool of
for rehabilitation rehabilitation of disturbed | team and ERC stockpile in
areas. Maintaining a topsoil Topsoil volumes rehabilitati
Topsoil inventory and inventory and mapping inventory tool on
mapping to be maintained allows for regular checks Survey
during oper‘ations against requirements ERC calculator support
including ERC.
Review of topsoil inventory
against rehabilitation
requirements
Topsoil  volumes  and
requirements  will  be
included in ERC
Projected inventory of Survey and test -pitting | Site Survey Topsoil depths | Survey checks | Immediatel | 2
stripped topsoil adequate checks to ensure minimum | management support (field verified) y following
for rehabilitation topsoil depth is applied team topsoiling
Topsoil Survey  data
GPS and survey control inventory tool | (eg. LIDAR)
during topsoiling
Supervision during
topsoiling
Test-pitting of  topsoil
depths prior to seeding
Topsoil management plan Rehabilitation species | Site Topsoil Rehabilitation | Rehabilitation 2
outlines topsoil stripping, selected grow in | management management monitoring monitoring
handling and  storage surrounding areas and are | team plan data report
requirements suitable for the soil type.
Appropriate management Survey
Amelioration rates  will maintain the integrity of support
determined by an AQP the  topsoil  resource. '
Rehabilitation monitoring Topsoil

inventory tool
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Milestone
Risk / threat

Inadequate
ripping (not
completed,
downslope
or
insufficient
depth)

Heavy

rainfall prior
to vegetation
establishmen
t

Seed quality
or
application
not sufficient
for
vegetation
establishmen
t

RM5 — Revegetation (grazing)

Heavy
rainfall prior
to vegetation
establishmen
t

(self-sustaining
native
vegetation and

RM6 —
Revegetation

Project number | 21M056

Consequence
category

Safe and
stable
PMLU, safe
and stable
PMLU
PMLU, safe
and stable

Topsoil  not
keyed into
subsoil allows
excessive
erosion or
downslope rip
lines create
erosion
channels

Loss of topsoil
resource
preventing
adequate
vegetation
establishment,

excessive
erosion  and
instability  of
slope

Vegetation
does not
adequately
establish  to
support PMLU

Loss of topsoil
resource
preventing
adequate
vegetation
establishment,

Consequence

Likelihood

Risk evaluation

Risk score

2

3 15
3 15
3 15

Proposed controls

Rehabilitation ~monitoring
includes soil analysis

Rehabilitation trials

Rehabilitation methodology
includes cross slope ripping

Supervision during ripping
operations

Visual inspection of ripped
surface

ESCP monitoring

Seeding to be scheduled
immediately following
surface preparation

Seeding not  scheduled
prior to large rain events

Cover crop included in
seed mix

Seed mix and rate based on
local conditions

Seed quality and viability
testing included in
procurement

Rehabilitation monitoring

Seeding to be scheduled
immediately following
surface preparation

Seeding not  scheduled
prior to large rain events

Justification of
treatment option

and trials will inform

success

Supervision during ripping
to ensure correct direction
and depth is achieved.
Inspections following
ripping  provide visual
confirmation.

Appropriate  timing  of
topsoiling/seeding reduces
the risk of weather
impacting vegetation
establishment

AQP input into seed mixes
allows for a better chance
of successful rehab

Seed quality testing will
allow for better strike rate

Rehabilitation  monitoring
will inform success of
methodology

Appropriate  timing  of

topsoiling/seeding reduces
the risk of weather
impacting vegetation
establishment.

Responsibility

Site
management
team

Site
management
team

Site
management
team

Site
management
team

ts

Resource
requiremen

Rehabilitation
monitoring
program

Rehabilitation
trials

Rehabilitation
monitoring
program

ESCP
monitoring

PRC schedule

Seed  quality
and validation
tests

Rehabilitation
monitoring
program

PRC schedule

ESCP controls

Performance
measures

Rehabilitation
monitoring
data

ESCP
monitoring
data

PRC schedule
audits

- Test results

PRC schedule
audits

ESCP
monitoring /
inspections

Reporting and
monitoring

Visual
inspection

As required

Monitor prior
to seeding

ESCP
inspections
and
monitoring

Timing and
scheduling

Residual risk

Consequence

Likelihood

Risk score

Immediatel
y after

ripping

As
required

Prior to
seeding

2

Periodicall
y  during
works or
before
forecast
rain

2
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Milestone
Risk / threat

Seed quality
or
application
not sufficient
for
vegetation
establishmen
t
Tubestock
does not
establish

o Inadequate

g vegetation

(%]

S v &~ cover for

8825 | ripari

2§ g = riparian

U 3 ¢ ®

<Zsg

| O gv

~N =

>

<

Project number | 21M056

Consequence
category

Impact
EV’s

PMLU

Impact
EV’s

PMLU,
impact
Evs

PMLU

to

to

to

Excessive
erosion
instability

and

Increased
sediment in
downstream
environment

Vegetation
does

adequately
establish  to
support PMLU

not

Increased
sediment in
downstream
environment

Vegetation
does

adequately
establish  to
support PMLU

not

Long term
stability issues

Vegetation not
sufficient for /
consistent

with the PMLU

Excessive
grass growth
inhibits  tree

Risk evaluation

S
c T (]
S| 8| 8
g| = a
2 2| %
s| I| =
0
4 | 3
3 3|15
3 3|15
4 | 3
3 3|15

Proposed controls

Cover crop included in
seed mix

Employ
erosion
controls

appropriate

and sediment

Seed mix and rate based on
local conditions

Seed quality and viability
testing included in

procurement

Rehabilitation monitoring

Seeding not scheduled
prior to large rain events
Cover crop included in
seed mix

Employ appropriate
erosion and sediment
controls

Tubestock sourced locally
if possible
Watering for
tubestock

system

Rehabilitation monitoring

Seed mix and rate based on
local conditions and PMLU

Minimal grass in seed mix

Rehabilitation ~monitoring
to inform potential changes
to mix or application rate

Justification of
treatment option

ESCP controls to manage
the risk of soil loss during
establishment

AQP input into seed mixes
allows for a better chance
of successful rehab

Seed quality testing will
allow for better strike rate

Rehabilitation
will  inform
methodology

monitoring
success of

ESCP controls to manage
the risk of soil loss during
establishment

Local tubestock better
suited to conditions

Waster  required  for

effective establishment

Rehabilitation monitoring

Seeding mix is specific to
the  establishment  of
riparian zones. Monitoring
will inform success and
potential changes to
methodology.

Responsibility

Site
management
team

Site
management
team

Site
management
team

Site
management
team

ts

Resource
requiremen

Seed quality
and validation
tests

Rehabilitation
monitoring
program

PRC schedule

ESCP controls

Water system
and  reliable
water source

Rehabilitation
monitoring
program

Performance
measures

Test results

PRC schedule
audits

ESCP
monitoring /
inspections

Rehabilitation
monitoring
data

Rehabilitation
monitoring
data

Reporting and
monitoring

Monitor prior
to seeding

ESCP
inspections
and
monitoring

As per section
3.84

As per section
3.84

Timing and
scheduling

Residual risk

Consequence
Likelihood

Risk score

Prior  to
seeding

Periodicall
y  during
works or
before
forecast
rain

As per
section
384

As per
section
3.84
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Milestone
Risk / threat

Groundcove
r not
sufficient for
surface
stabilisation

Revegetated
areas
dominated
by weeds

Inadequate
vegetation
cover  for
pasture
grazing
grazing

RM8 —
Achievement of
surface
requirements
(grazing)

Project number | 21M056

Consequence
category

Safe and

stable

PMLU

Impact
EV’s

PMLU

to

and shrub
establishment

Inadequate
groundcover
establishment
causes
excessive
erosion rates

Weeds

Untreated
weed
outbreaks
impact
surrounding
land

Vegetation
cover
insufficient to
support  the
PMLU

Consequence

Likelihood

Risk evaluation

Risk score

Proposed controls

Seed mix and rate based on
local conditions

Cover crop included in

seed mix

Rehabilitation monitoring

Seed testing included in
procurement

Weed inspections  of
rehabilitation machinery

Rehabilitation monitoring

Weed management plan to
be implemented

Weed inspections  of
rehabilitation machinery

Rehabilitation monitoring

Seed mix and rate based on
local conditions and PMLU

Rehabilitation ~monitoring
to inform potential changes
to mix or application rate

Justification of
treatment option

Species selection includes
appropriate  groundcover
species. Rehabilitation
monitoring  will  inform
success.

Seed testing to verify the
quality of seed and the
absence of weed species.
Inspection and cleaning of
equipment to help stop
spread of weed species.
Weed management plan to
outline management
options.

Seed mix is consistent with
surrounding grazing land
and other mine
rehabilitation in the Bowen
Basin.

Responsibility

Site
management
team

Site
management
team

Site
management
team

ts

Resource
requiremen

Rehabilitation
monitoring
program

Rehabilitation
monitoring
program

Equipment
inspection
checklist

Weed
management
plan

Rehabilitation
monitoring
program

Performance
measures

Rehabilitation
monitoring
data

Rehabilitation
monitoring
data

Rehabilitation
monitoring
data

Reporting and
monitoring

As per section
384

As per section
385

As per section
3.84

Timing and
scheduling

Residual risk

Consequence

Likelihood

Risk score

As per 2
section
3.84

As per 2
section
3.8.5

As per 2
section
3.84
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Milestone
Risk / threat

Project number | 21M056

Groundcove
r not
sufficient for
surface
stabilisation
Revegetated
areas
dominated
by weeds
Erosion
rates exceed
accepted
levels
Inadequate
© vegetation
g .é cover for
£ < pasture
5 oo .
o £ grazing
c
5E
b= o ©
g 22 Groundcove
g
(] {.—? r not
0¥ oo .
Eaq @ sufficient for
< £ surface
(]
I £ stabilisation
e <
> 5
< O
9]
o

Safe
stable

PMLU

Safe
stable

PMLU

Safe
stable

Consequence
category

and

and

and

Inadequate
groundcover
establishment
causes
excessive
erosion rates

Weeds

Excessive
erosion causes
instability  of
landform

Vegetation
cover
insufficient to
support  the
PMLU

Inadequate
groundcover
establishment
causes
excessive
erosion rates

Consequence

Likelihood

Risk evaluation

Risk score

15
3 3 15
3 3 15
3 2

Proposed controls

Seed mix and rate based on
local conditions

Cover crop included in

seed mix

Rehabilitation monitoring

Seed testing included in
procurement

Weed inspections  of
rehabilitation machinery

Rehabilitation monitoring

Weed management plan to
be implemented

Landforms designed based
on erosion modelling

Landform constructed to
specification

Revegetation
establish cover

plan  to

ESCP and drainage controls

Seed mix and rate based on
local conditions and PMLU

Rehabilitation  monitoring
to inform potential changes

to mix or application rate

Seed mix and rate based on
local conditions

Cover crop included in
seed mix

Rehabilitation monitoring

Justification of
treatment option

Species selection includes
appropriate  groundcover
species. Rehabilitation
monitoring  will  inform
success.

Seed testing to verify the
quality of seed and the
absence of weed species.
Inspection and cleaning of
equipment to help stop
spread of weed species.
Weed management plan to
outline management
options.

Landforms are designed
and  constructed  with
appropriate slope angles
for material type.
Establishment of vegetation
and monitoring are strong
controls for remediating
erosion before it starts

Seed mix is consistent with
surrounding grazing land
and other mine
rehabilitation in the Bowen
Basin.

Species selection includes

appropriate  groundcover
species. Rehabilitation
monitoring  will  inform
success.

Responsibility

Site
management
team

Site
management
team

Site
management
team

Site
management
team

Site
management
team

ts

Resource
requiremen

Rehabilitation
monitoring
program

Rehabilitation
monitoring
program

Equipment
inspection
checklist

Weed
management
plan

LiDAR survey

Rehabilitation
monitoring
program

Rehabilitation
monitoring
program

Performance
measures

Rehabilitation
monitoring
data

Rehabilitation
monitoring
data

As per section
3834

Rehabilitation
monitoring
data

Rehabilitation
monitoring
data

Reporting and
monitoring

As per section
3.84

As per section
3.85

As per section
3834

As per section
384

As per section
384

Timing and
scheduling

Consequence

Residual risk

Likelihood

Risk score

As per
section
3.84

2

As per
section
385

2

As per
section
3834

2

As per
section
3.84

2

As per
section
3.84

2
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Milestone
Risk / threat

Project number | 21M056

Revegetated
areas
dominated
by weeds
Erosion
rates exceed
accepted
levels
Lack of

00 rehabilitatio

E n

EY maintenance

S ie. Repair of

h—t —_~ . .

T g significant

9 g erosion

[TIR)

a9 .

s > Inappropriat

(]

© > e final land

9 &

= use

D oo

2 <

z c

=3

o 5

2%

o

S =

=

(]

o Rehabilicati

= ehabilitatio

g 5 .

< g n vegetation

I8 lost or

— T

s damaged due

< to bushfire

=]

o

>

ot

Consequence
category

PMLU

Safe and

stable

Safe and

stable

PMLU

Impact
EV’s

to

Weeds

Excessive
erosion causes
instability  of
landform

Excessive
erosion
progressively
impacts
stability of final
landform

Loss of land
resource and
conflict  with
stakeholder
engagement
outcomes

- Loss of
biodiversity

- Damage to
previously
completed
rehabilitation

Consequence

Likelihood

Risk evaluation

Risk score

15
15
3
2
3 15

Proposed controls

Seed testing included in
procurement

Weed inspections  of
rehabilitation machinery

Rehabilitation monitoring

Weed management plan to
be implemented

Landforms designed based
on erosion  modelling
Landform constructed to
specification

Revegetation
establish cover

plan  to

ESCP and drainage controls

Rehabilitation
determines
requirements

monitoring
maintenance

Rehabilitation maintenance
program

Soils and rehabilitation

design assessed as suitable
for the PMLU’s

PMLU’s compatible with
surrounding land uses

Rehabilitation monitoring
Rehabilitation monitoring
Bushfire management

Selective grazing

Justification of
treatment option

Seed testing to verify the
quality of seed and the
absence of weed species.
Inspection and cleaning of
equipment to help stop
spread of weed species.
Weed management plan to
outline management
options.

Landforms are designed
and  constructed  with
appropriate slope angles
for material type.
Establishment of vegetation
and monitoring are strong
controls for remediating
erosion before it starts

Regular monitoring and
maintenance of
rehabilitation allows issues
to be addressed promptly.

The selected PMLU’s are
consistent with
surrounding land uses and
would be expected to be
suitable

Rehabilitation monitoring
will identify areas requiring
grazing or fire management
to reduce fuel load

Responsibility

Site
management
team

Site
management
team

Site
management
team

Site
management
team

Site
management
team

ts

Resource
requiremen

Rehabilitation
monitoring
program

Equipment
inspection
checklist

Weed
management
plan

LiDAR survey

Rehabilitation
monitoring
and
maintenance
program

Rehabilitation
monitoring
program

Rehabilitation
monitoring
program

Bushfire
management
plan

Performance
measures

Rehabilitation
monitoring
data

As per section
3.834

As per section
3834

Rehabilitation
monitoring
data

Visual
inspection and
as per section
384

Reporting and
monitoring

As per section
3.85

As per section
3834

As per section
3834

As per section
384

Visual
inspection and
as per section
384

Timing and
scheduling

Consequence

Residual risk

Likelihood

Risk score

As per
section
385

As per
section
3834

As per
section
3834

As per
section
3.84

Visual
inspection
and as per
section
3.84
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Milestone
Risk / threat

Surface
water runoff
causes
environment
al harm

GW
contaminatio
n from
rehabilitated
area

Area  does
not meet
same
condition as
reference
sites

Failure of
levee -
Plumtree

Failure of
levee -
Bullock
Creek

Failure of
levee -
Broadmeado
w

Table 38

Project number | 21M056

Consequence

Impacts
EV’s

Impacts
EV’s

PMLU

Safe
stable

Safe
stable

Safe
stable

category

to

to

and

and

and

Environmental
harm from
contaminated
runoff

Contaminatio
n of
groundwater

Delay in
achievement
of stable
condition

Flood waters

enter void
causing  wall
instability

Consequence

Likelihood

Risk evaluation

Risk score

Risk identification, analysis and evaluation — NUMA

20

20

20

Proposed controls

Surface water monitoring

GW monitoring

-BioCondition monitoring

Levee designed and
certified by an AQP

Levee designed for a PMF
flood event

Ongoing  monitoring  of
flood levels against levee
design height

Monitoring of levee stability
by AQP

Justification of
treatment option

Monitoring to provide early

indication of potential
contamination
Monitoring to  confirm

modelling predictions of
low risk to groundwater or

to provide an early
indication of potential
issues

BioCondition monitoring
provides a quantitative

measure of rehabilitation
performance against
reference sites

Levees are designed and
constructed for rare flood

events expected in the
area.
Ongoing inspection by

AQP to confirm stability
assumptions

Responsibility

Resource
requirements

Performance
measures

Reporting and
monitoring

Timing and
scheduling

Site
management
team

Site
management
team

Site
management
team

Site
management
team

Surface water
monitoring
program

GW
monitoring
program

BioCondition
monitoring
program

Revised flood
modelling

Inspection
program

As per section
382

As per section
3.83

As per section
3.84

Assess levee
height against
recalculated
flood heights

As per section
3.834

AQP
inspections

As per section
382

As per section
3.83

As per section
3.84

As required

As per section
3834

AQP
inspections

As per
section
3.8.2

Consequence

Residual risk

Likelihood

As per
section
383

As per
section
3.84

Annually

As per
section
3834

As per
AQP
recommen
dations

Risk score
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Milestone
Risk / threat

Consequence
category

Consequence

Risk evaluation

Likelihood

Risk score

Proposed controls

Justification of
treatment option

Responsibility

Resource
requirements

Performance
measures

Reporting and
monitoring

Timing and
scheduling

Residual risk

Consequence

Likelihood

void impacting
stability of
highwall

Project number | 21M056

geotechnical standoff area

outside of zone of potential
instability

Highwall
(HW) and / | Safe and | HW, LW or Current pit structures Current configuration | Site Geotechnical | Review of | As per section | Annually
or low wall stable EW not assessed as geotechnically assessed as geotechnical | management monitoring monitoring 3.8.34
(LW) and / geotechnically stable by an AQP stable by an AQP. team program data' vs
or end wall stable and not predicted
(EW) does considered Ongoing monitoring and  Pit structures have been in behaviour
not achieve safe assessment place for a long time and
geotechnical have been monitored in
stability that time. No major failures
have been recorded in
recent monitoring
()
5|
‘s HW  drain
o failure _ | Safe and | Capture of| 5 2 HW drain designed by an Drain designed by an AQP | Site Monitoring Monitoring As per section | Annually
§ Bullock stable overland flow AQP for local flood events. management data program 3834
‘g Creek into Bullock team
_g Creek void HW drain outside of Drain has been positioned
S impacting geotechnical standoff area outside of zone of potential
2 stability of instability
o highwall
£
(]
=]
S
b2
[
> HW / EW
drain failure | Safe and | Capture of| 5 3 -HW / EW drain designed Drain designed by an AQP | Site Monitoring Monitoring As per section | Annually
— Wallanbah | stable, overland flow by an AQP for local flood events. management data program 3.8.34
into team
Wallanbah HW / EW drain outside of Drain has been positioned

Risk score
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Milestone
Risk / threat

Consequence
category

Consequence

Likelihood

Risk evaluation

Risk score

MM2 — Achievement of surface requirements / access controls

Project number | 21M056

Impact  to | Capture of
EV’s overland flow
into
Wallanbah
void  impacts
water balance
and causes
seepage
through
southern
alluvial
material
Fencing /
bunding not Safe and | Un-bunded /
installed ¢ | stable unfenced areas
ineffective pose a risk
humans or
livestock

20

Proposed controls

HW / EW drain designed
by an AQP

HW / EW drain outside of
geotechnical standoff area

Abandonment bund
setback distance is in
accordance with calculated

geotechnical  factor  of
safety
Abandonment bund

constructed of competent
material and to geometry
specified  to prevent
traversing by vehicles

Fencing erected on the
outside of the
abandonment bund to
specification (nominally
four strand barbed stock
fencing)

Safety signage (design in
accordance with Australian
Standard)  erected at
specified intervals along the

Justification of
treatment option

Drain designed by an AQP
for local flood events.

Drain has been positioned
outside of zone of potential
instability

Sufficient abandonment
bund, fencing and signage is
an effective method of
reducing potential
interaction with the
residual void

Responsibility

Site
management
team

Site
management
team

Resource

ts

requiremen

Monitoring
data

Final bunding
and  fencing
plan

Performance
measures

Monitoring
program

Visual
inspection

Reporting and
monitoring

As per section
3834

Visual
inspection

Timing and
scheduling

Annually

Residual risk

Consequence

Likelihood

Regularly
during
constructi
on / post
rain events
/ monthly

Risk score
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Consequence

Likelihood

Risk score

Flood Impact  to | Capture of
impacts on | EV’s overland flow
final void - and potential
Plumtree release of

contaminants
Flood Impact  to | Capture of
impacts on | EV’s overland flow
final void — and potential
Bullock release of
Creek contaminants
Flood Impact  to | Capture of
impacts on | EV’s overland flow
final void - and potential
Wallanbah release of

contaminants
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sign every 100m)
Bunding, fencing  and
signage provisioned in ERC
PMF levee on the north Levees are designed and | Site Revised flood | Assess levee | As required Annually 4 20
(spoil dump) and western constructed for rare flood | management modelling height against
sides events expected in the | team recalculated As per section | As per
area. Inspection flood heights 3834 section
program 3834
Ongoing inspection by As per section | AQP
AQP to confirm stability 3.834 inspections As per
assumptions AQP
AQP recommen
inspections dations
PMF levee adjacent to Levees are designed and | Site Revised flood | Assess levee | As required Annually 4 20
Bullock Creek constructed for rare flood | management modelling height against
events expected in the | team recalculated As per section | As per
area. Inspection flood heights 3.834 section
program 38.34
Ongoing inspection by As per section | AQP
AQP to confirm stability 3.8.34 inspections As per
assumptions AQP
AQP recommen
inspections dations
End wall and highwall drain  -Not impacted by | Site Inspection Drainage As per section | Annually / 4 20
take overland flow away floodwaters but overland | management program performance 3.834 Regularly
flow team during and
Not in a flood plain AQP before wet
Drains divert water into inspections season
void in a controlled manner (water /
drainage
expert)
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PMF levee on southern end Levees are designed and | Site Revised flood | Assess levee | As required Annually 4 20
wall constructed for rare flood | management modelling height against
events expected in the | team recalculated As per section | As per
0.1% AEP levee on western area. Inspection flood heights | 3.8.3.4 section
low wall program 3.8.34
Ongoing inspection by As per section | AQP
AQP to confirm stability 3.8.34 inspections As per
assumptions AQP
AQP recommen
inspections dations
- Final void water modelling Modelling indicates minimal | Site GW GW As per section | As per 4 20
indicates minimal risk to risk which will be validated | management monitoring monitoring 3.83 section
receiving environment b)’ Ongoing monitor‘ing team program data 383
No identified users of
groundwater in the area
GW monitoring
LW to be reshaped to a Successfully  establishing | Site Specialised LiDAR As per section | As per | 4
more stable angle vegetation is the most | management revegetation 3.834 and | section
effective ~ method  for | team plan Geotechnical section 3.8.6 3.8.34 and
Successful vegetation will m|n|m|s|ng erosion inspections section
help stabilise slope 3.86
Rehabilitation
Ongoing monitoring monitoring
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3.8 Monitoring and maintenance

3.8.1 Milestone monitoring

The following sections of the PRC plan describe monitoring and maintenance activities that will be done post-
rehabilitation. Information collected during monitoring will demonstrate that the rehabilitation criteria have been
met and contribute to satisfying DES’s decision to progress surrender of the EA.

The post-rehabilitation phase will start when all rehabilitation activities specified in section 3.6 of this PRC plan
are finished. Rehabilitation monitoring will be conducted to assess whether the closure objectives and
rehabilitation criteria are being met, while maintenance will be done to address where the objectives and
rehabilitation criteria remain incomplete or unsatisfactory. Data collected during this time will enhance
monitoring data requirements for the post-closure monitoring period.

3.8.2 Surface water
Surface water will be monitored for run-off water quality during rehabilitation monitoring and maintenance.

Surface water samples will be tested against the following surface water quality parameters as per RM10 to
track milestone success:

*  pHis between 6.5 and 9.0;

¢ ECis 20" of downstream monitoring points and 80" percentile of upstream monitoring points;
* suspended solids (TSS) are <1,000mg/L;

+  SO4 is 20" of downstream monitoring points and 80" percentile of upstream monitoring points;
*  Cris <l pg/L;

+ Cuis <2 pg/L;

*  Znis <8 pg/L;

*  Seis <10 pg/L;

« Uis<I pg/l;

* nitrate is <I,100 pg/L;

* petroleum hydrocarbons (C6-C9) is <20 pg/L;

*  petroleum hydrocarbons (C10-C36) is <100 pg/L;

* Nais <180 mg/L; and

* Bis <2,000 pg/L.

Non-compliant results will be investigated as required and surface water quality at the Mine will be reviewed
annually. If a review of groundwater quality monitoring data indicates the potential deterioration in water quality,
Peabody must complete an investigation into the potential for environmental harm.

3.8.2.1 Mine affected water release points, source and receiving waters

Monitoring of mine affected water will only occur during controlled release events or opportunistically during
natural flow events. Surface water samples of mine affected water will be collected in accordance with the EA
conditions for the Mine.

* maintain and implement a monitoring and evaluation program that quantifies that the outcomes of the
approved design of the interference authorised under this WL are being achieved; or

* maintain and implement a monitoring and evaluation program that quantifies that the interference
authorised under this WL is meeting or progressing towards achieving the following outcomes:

* developing features (including geomorphic and vegetation) present in the landscape and in local
watercourses.
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* the watercourse diversion maintains a sediment transport regime that allows the diversion to be self-
sustaining and not directly impact on upstream and downstream reaches.

» the watercourse diversion and associated structures maintain equilibrium and functionality and do not
require ongoing maintenance.

Routine surface water runoff samples from rehabilitated areas are taken to determine water quality and suitability
for reuse.

Routine analysis occurs opportunistically both upstream and downstream in Sandy Creek, Spade Creek and
Teviot Creek during periods of natural flow to maintain a record of background data. A weather station records
daily rainfall.

Table 39 summarises where surface water samples will be collected for mine affected water release points,
source and receiving waters.

Table 39  Surface water sample locations

Release Latitude Longitude Mine affected water Monitoring Receiving waters
point (GDA 94) (GDA 94) source location point description

RP12 21.679175 148.184726  Mine affected water — Pit  End of pipe Sandy creek
distribution network

RPI3 21.644339 148.202723  Mine affected water — Pit  End of pipe  Teviot creek
distribution network

RP14 21.789179 148.14575 Mine affected water — Pit  End of pipe ~ Spade creek
distribution network

Mine affected water samples are collected daily for the following parameters, with the first sample taken within
two hours of a release or natural flow event commencing:

+ EG
*  pH;and
*  turbidity.

For the following parameters surface water samples are collected weekly with the first sample taken within two
hours of a release or during a natural flow event commencing:

+ TSS;

+  SO4
 Cr;

e Cu

e 7Zn;

*+  Se;

. U

+ NO3;

* petroleum hydrocarbons (C6-C9) and (C10-C36);
¢ Na;and
+ B

Surface water quality characteristics will be reviewed in accordance with EA condition C6 including the trigger
levels shown in Schedule C — Table C3 of the EA conditions.

For rehabilitated domains surface water samples will be collected opportunistically and the following parameters
will be measured:
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EC; and
pH.

Surface water runoff from rehabilitated land will be clean water. Monitoring of this water will provide
representative samples with enough regulatory, spatial and temporal replication to make statistically valid
conclusions about the suitability of the water for reuse as either stock water or for irrigation in line with the
water quality conditions prescribed in the EA, ie condition C24, including limits shown in Schedule C — Tables
C7 and C8. In accordance with EA condition C21(f) and (h), the suggested sampling methods and water quality
criteria have been prepared with reference to ANZECC guidelines.

3.8.2.2

Receiving water upstream and downstream of the Mine

Water upstream, ie background sites, and downstream, ie receiving sites, of the Mine will also be monitored.
Table 40 identifies the locations of the surface water monitoring points.

Table 40

Monitoring Receiving water location description

Upstream and downstream surface water monitoring points

points
Upstream background monitoring points Easting Northing
(GDAY4) (GDA9%4)
UBMP | Sandy Creek 60 m upstream of RP |2 7602294 623234
UBMP 3 Spade Creek 1,500 m upstream of RP 14, 620 m upstream 7590458 619050
of RP 3
UBMP 6 Teviot Creek 150 m upstream of RP 13 7606129 624528
Downstream background monitoring points Latitude Longitude
(GDA 94) (GDA 94)
DMP 7 Spade Creek via Bullock Creek, 650 m downstream of 21.788163 148.147705
confluence
DMP | Sandy Creek 2,500 m downstream of RP 12 21.672291 148.174706
DMP 6 Teviot Creek 1200 m downstream of RP |3 21.650606 148.19804
DMP 3 Spade Creek 4000 m downstream of RP 14 21.804535 148.128847

Receiving water samples are collected daily for the following parameters, with the first sample being taken within
two hours of a release or natural flow event commencing:

EC;
pH; and

turbidity.

For the following parameters samples are collected weekly with the first sample being taken within two hours
of a release or during a natural flow event commencing:

TSS;

SO4; and

Na.
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The monitoring described above will provide representative surface water samples from Spade Creek, Sandy,
Creek and Teviot Creek with enough regulatory, spatial and temporal replication to make statistically valid
conclusions about surface water quality.

3.8.3 Groundwater

Groundwater monitoring will occur during the rehabilitation and post-closure phases of the Mine. Monitoring
points and frequencies required in accordance with Table C8 from the EA are given in Table 41.

3.8.3.1 Standing water levels

The standing groundwater levels that will be monitored are shown in Table 4|. To comply with the WL
conditions, standing groundwater levels must be taken quarterly.

Table 41 Standing water level and groundwater quality monitoring locations
Monitoring point  Easting Northing Monitoring frequency
BDI1252P 622294 7600039 Quarterly
BDI1253P 622751 7601157 Quarterly
BD1254P 621022 7597920 Quarterly
BDWI172 (54) 619333 7586689 Quarterly — water levels only
BDW 172 (32) 619333 7586689 Quarterly — water levels only
BDW366P 619163 7587710 Quarterly
BDW368P 618017 7591478 Quarterly — water levels only
BDWS5C 619731 7586791 Quarterly
BDWS8C 619762 7585670 Quarterly
LBP 5 Seam 620080 7596430 Quarterly
LBP 5 Upper 620080 7596430 Quarterly
Drill_IA 617744 7589588 Quarterly
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Monitoring point  Easting Northing Monitoring frequency

Drill_2A 618269 7592774 Quarterly

The standing groundwater level monitoring described in Table 36 will provide representative levels with enough
regulatory detail and replication to make statistically valid conclusions about the standing groundwater level.

Standing groundwater level monitoring will identify any drawdown at monitoring points and will enable Peabody
to make management decisions to ensure other lawful users of groundwater are not adversely impacted by
drawdown. Drawdown fluctuations of two metres per year, not resulting from the pumping of licensed bores,
will be reported to DES to comply with condition C48.

3.83.2 Groundwater quality

Groundwater quality samples will be taken from the same locations as the standing water monitoring points.
Groundwater samples will be taken quarterly and tested for:

¢ EC;and
«  pH.

In accordance with EA condition C50, the method of groundwater sampling will comply with that set out in the
latest edition of the DES Monitoring and Sampling Manual Environmental Protection (Water) Policy 2009 (2018).
The groundwater quality monitoring program is designed to detect changes in groundwater composition in
aquifers potentially affected by Mine operations and rehabilitation. Groundwater data will be reviewed annually
in accordance with RMI0. If a review of groundwater quality monitoring data indicates the potential
deterioration in water quality, Peabody must complete an investigation into the potential for environmental
harm.

3.8.33 Soil

The objectives of soil monitoring are to:

*  guarantee maximum value to the rehabilitation process;
* measure the performance of stockpile storage and soil reuse; and
* improve the management and reuse of stockpiled soils.

A soil monitoring program will:

* update soil inventories after use;
» periodic testing of stockpiled soil prior to use in rehabilitation; and
* investigate instances of poor revegetation performance.

3.8.34 Erosion

Erosion monitoring will occur using visual investigation by site personnel and formally during rehabilitation
monitoring. LIDAR imagery will also be used to monitor annual erosion trends. Erosion and erosion control
systems will be reviewed annually to assist with determining the progress of RM3, RM8 and RM10.

Remedial works will generally be needed for any erosion that is increasing in size.

All drainage, erosion and sediment control measures will be maintained until their function is no longer needed
to achieve the associated rehabilitation milestone.
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3.84 Vegetation
Vegetation monitoring will be completed in accordance with the Peabody Energy Australia Rehabilitation Monitoring
Manual (2015) and the methodology from the BioCondition Assessment Manual (DSITIA 2015).

Recognising that vegetation development is most rapid in the early stages of establishment and slows as the
community matures, rehabilitation will be assessed: one, two and five years after establishment. Initial monitoring
will enable potential areas of improvement to be identified.

3.84.1 Reference sites

Vegetation monitoring will be undertaken for both rehabilitated areas and reference sites outside the area of
direct disturbance.

Table 42 summarises reference site vegetation monitoring locations and vegetation characteristics, eg regional
ecosystems (RE) and vegetation community structure. Reference sites have been chosen on the basis that they
are representative of woodland or grassland vegetation communities. The locational coordinates are based on
the most recent monitoring transects in the areas.

The aim is to use the reference sites as indicators (species and community structure) for rehabilitation activities
but not as sites to be replicated. The limitations to using reference sites will also need to be acknowledged, such
as differing soil profiles and differing community structure of regrowth.

Table 42  Vegetation reference monitoring sites
Reference Regional Final land use Easting Northing
site ecosystem GDA9%4 GDA9%4
BAS-PAS-0I Adjacent property  Pasture baseline 619761 7592660
BAS-NAT-01 Remnant RE 11.3.2 Native Ecosystem (Populanae) 618588 7590866
baseline
BAS-NAT-02 Remnant RE I1.9.] Native Ecosystem (Brigalow) 620610 7597053
baseline
BAS-PAS-02  Adjacent property  Pasture baseline 619388 7591343
BAS-NAT-04 Remnant Native Ecosystem (E. crebra) 618474 7585626
Eucalyptus Crebra  baseline
BAS-NAT-05 Remnant RE 11.3.2 Native Ecosystem (Populanae) 618550 7586075
baseline
BAS-NAT-06 Remnant RE Riparian vegetation baseline 619660 7590694
11.5.9¢c
BAS-NAT-07 Remnant RE Riparian vegetation baseline 619988 7590817
11.3.25
BAS-NAT-08 Remnant RE Riparian vegetation baseline 616489 7588420
11.3.25
3.84.2 Rehabilitation monitoring locations

Table 43 summarises where rehabilitation monitoring has been undertaken. As rehabilitation is completed
additional monitoring sites will be added.
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Table 43

Vegetation rehabilitation monitoring sites

Location Eastingl Northing Year Final land use Years assessed
ADG84Z55 ADGB84z55 rehabilitated

BCIPDOI 620608 7596683 2013 Grazing 2018
BCCOPDO06 620370 7597131 2010 Grazing 2017

BCIPDOI Not available Not available 2012 Grazing 2017

BCIPDO02 620315 7596597 2013 Pasture 2018, 2017
BCOOPDOI Not available Not available 2010 Grazing 2017
BCOOPDO02 Not available Not available 2010 Grazing 2017
BCOOPDO03 Not available Not available 2010 Grazing 2017
BCOOPDO04 620704 7597514 2010 Grazing 2017
BCOOPDO05 620219 7597070 2010 Grazing 2017
BCOOPDO07 620824 7598072 2017 Grazing 2018
BCOOPDO07 620938 7598252 2016 Grazing 2017
BMWOOPDOI 618169 7588816 2011 Pasture 2018, 2017, 2016
BMWOOPD02 618009 7588435 2011 Pasture 2018, 2017, 2016
BMWOOPDO03 618276 7588382 2011 Pasture 2018, 2017, 2016
BMWOOPD04 617756 7588142 2011 Pasture 2018, 2017, 2016
BMWOOPDO05 618065 7588113 2011 Pasture 2018, 2017, 2016
BMWOOPD06 618269 7588231 2011 Pasture 2018, 2017, 2016
BMWOOPDO07 617800 7587856 2011 Pasture 2018, 2017, 2016
BMWOOPD08 618112 7597739 2011 Pasture 2018, 2017, 2016
BMWOOPD09 618112 7587739 2011 Pasture 2018, 2017, 2016
BMWOOPDIO 618044 7587532 2011 Pasture 2018, 2017, 2016
PTNOOPDOI 621502 7602137 2007 Grazing 2017
PTNOOPD02 621679 7602076 2007 Grazing 2017
PTNOOPDO3 621384 7601791 2007 Grazing 2017
PTNOOPDO04 621588 7601854 2007 Grazing 2017
PTNOOPDO05 621455 7601419 2007 Grazing 2017
PTNOOPDO06 621627 7601597 2007 Grazing 2017
PTNOOPDO7 621946 7601846 2007 Grazing 2018, 2017, 2016
PTNOOPDO08 621780 7601493 2017 Grazing 2018, 2017, 2016
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Location Eastingl Northing Year Final land use Years assessed
ADG84Z55 ADGB84z55 rehabilitated

PTNOOPDO09 621979 7302139 2007 Grazing 2018, 2017, 2016
PTSOOPDOI 621118 7600525 2007 Grazing 2017
PTSOOPDO02 621415 7600689 2007 Grazing 2017
PTSOOPDO3 620852 7600233 2007 Grazing 2017
PTSOOPD04 621029 7600172 2007 Grazing 2017
PTSOOPDO5 621320 7600336 2007 Grazing 2017
PTSOOPDO06 620846 7599887 2007 Grazing 2017
PTSOOPDO7 621189 7599988 2007 Grazing 2017
WBEOOPDOI 617768 7593135 2009 Grazing woodland 2017, 2016
WBEOOPDO02 618064 7593138 2009 Grazing woodland 2017, 2016
WBEOOPDO03 617813 7592932 2009 Grazing woodland 2017, 2016
WBEOOPD04 618089 7592776 2009 Grazing 2017,2016
WBEOOPDO5 618277 7592921 2009 Grazing 2017,2016
WBEOOPDO06 618031 7592626 2009 Grazing woodland 2017, 2016
WBEOOPDO7 618346 7592583 2009 Grazing 2017,2016
WBEOOPDO08 618073 7592323 2009 Grazing 2017,2016
WBEOOPD09 618317 7592148 2009 Grazing 2017,2016
WBEOOPDIO 618106 7592008 2009 Grazing 2017,2016
WBEOOPDI| 618484 7591785 2009 Grazing 2017,2016
WBEOOPDI2 618611 7592041 2009 Grazing 2017,2016
WBEOOPDI3 618221 7591660 2009 Grazing 2017,2016
WBEOOPDI4 618299 7591262 2009 Grazing 2017,2016
WBEOOPDI5 618989 7591243 2017 Grazing 2018, 2017
WBEOOPD22 617460 7589930 2017 Grazing 2018, 2017
WBIPDOI 617489 7592283 2012 Pasture 2018,2017, 2016
WBIPDO02 617287 7592127 2012 Pasture 2018,2017, 2016
WBIPDO03 617861 7591391 2012 Pasture 2018, 2016
WBIPDO04 618071 7591179 2011 Pasture 2018, 2016
WBIPDO05 618055 7591038 2011 Pasture 2018, 2016
WBIPDO06 618263 7590886 2011 Pasture 2018, 2016
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Location Eastingl Northing Year Final land use Years assessed
ADG84Z55 ADGB84z55 rehabilitated

WBIPDO07 681347 7590716 2011 Pasture 2018, 2016
WBIPDO08 618255 7590213 2011 Pasture 2018, 2016
WBROMOI 617823 7590128 2011 Pasture 2018, 2016
WBWOOPO| 616661 7592425 2011 Pasture 2018, 2016
WBWOOP02 616912 7592287 2011 Pasture 2018, 2016
WBWOOPO03 616604 7592007 2011 Pasture 2018, 2016
WBWOOP04 616872 7592013 2011 Pasture 2018, 2016
WBWOOP05 616661 7591693 2011 Pasture 2018, 2016
WBWOOP06 616821 7591773 2011 Pasture 2018, 2016
WBWOOP07 616975 7591408 2011 Pasture 2018, 2016
WBWOOP08 616775 7591448 2011 Pasture 2018, 2016
WBWOOP09 616672 7591099 2011 Pasture 2018
WBWOOPIO 617069 7591325 2011 Pasture 2016
WBWOORPI | 617238 7591442 2011 Pasture 2018, 2016
WBWOOPI2 617289 7591636 2011 Pasture 2018, 2016
WBWOORPI3 617655 7591328 2011 Pasture 2018, 2016
WBWOORPI4 617649 7591128 2011 Pasture 2018, 2016
WBWOOPI5 617301 7591053 2011 Pasture 2018, 2016
WBWOOPI6 617329 7590853 2011 Pasture 2018, 2016
WBWOOPI7 617569 7590739 2011 Pasture 2018, 2016
WBWOOPI8 617872 7590402 2011 Pasture 2018, 2016
WBWOOPI9 617621 7590459 2011 Pasture 2018, 2016
WBWOOP20 617346 7590453 2011 Pasture 2018, 2016
WBWOOP2| 617558 7590191 2011 Pasture 2018, 2016

|. Locations note a position within the transect surveyed.

Soil analysis has occurred in the locations listed in Table 44.
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Table 44

Soil monitoring locations

Location Easting Northing Year Final land use Years
ADGS84Z55 ADGS84Z55 rehabilitated sampled
BAS-PAS-02 619388 7591337 Not available Grazing 2017, 2016
BAS-PAS-04 621447 7598282 Not available Grazing 2017
BAS-PAS-05 621617 7597592 Not available Grazing 2017
BAS-PAS-06 618616 7593755 Not available Grazing 2017
BCOOPDO07 620938 7598252 2016 Grazing 2017
WBEOOPD-I5 618988 7591242 2016 Grazing 2017
WBEOOPD-22 617581 7590107 2016 Grazing 2017
BMWOOPDO02 618009 7588435 2011 Pasture 2016
BMWOOPDO3 618276 7588382 2011 Pasture 2016
BAS-NAT-04 618474 7585626 Not available Remnant 2016
Eucalyptus
Crebra
BAS-NAT-05 618550 7586075 Not available Remnant RE 2016
11.3.2
PTNOOPDO07 622049 7602011 2007 Grazing 2016
Bullock Ck Not available Not available Not available Not available 2016
Diversion
BAS-NAT-01 618588 7590866 Not available Remnant RE 2016
11.3.2
BAS-NAT-02 620610 7597053 Not available Remnant RE 2016
11.9.1
BAS-PAT-0I Not available Not available Not available Reference 2016
PTNOOPDO09 621979 7302139 2007 Grazing 2016
BMWOOPDO07 617800 7587856 2011 Pasture 2016
BMWOOPDO08 618112 7597739 2011 Pasture 2016
BMWOOPDO05 618065 7588113 2011 Pasture 2016
WBEOOPDO07 618346 7592583 2009 Grazing 2015
WBEOOPD06 618031 7592626 2009 Grazing 2015
woodland
WBEOOPDO03 617813 7592932 2009 Grazing 2015
woodland
BCOOPDOI Not available Not available 2010 Grazing 2015
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Location Easting Northing Year Final land use Years

ADGS84Z55 ADGS84Z55 rehabilitated sampled
WBEOOPDO08 618073 7592323 2009 Grazing 2015
PTNOOPDO3 621384 7601791 2007 Grazing 2015
WBEOOPD 12 618611 7592041 2009 Grazing 2015
PTSOOPDOI 621502 7602137 2007 Grazing 2015
BCIPDOI Not available Not available 2012 Grazing 2015
BCOOPD02 Not available ~ Not available 2010 Grazing 2015
WBEOOPD 13 618221 7591660 2009 Grazing 2015
PTNOOPDO06 621627 7601597 2007 Grazing 2015
PTSOOPDO05 621320 7600336 2007 Grazing 2015
BCOOPD04 620704 7597514 2010 Grazing 2015
BCOOPDO05 620219 7597070 2010 Grazing 2015
PTNOOPD09 621979 7302139 2007 Grazing 2015
PTNOOPDO03 621384 7601791 2007 Grazing 2015
PTNOOPDO05 621455 7601419 2007 Grazing 2015
WBEOOPD 14 618299 7591262 2009 Grazing 2015
WBIPDOI 617489 7592283 2012 Pasture 2015
WBIPDO02 617287 7592127 2012 Pasture 2015
BMWOOPDI0 618044 7587532 2011 Pasture 2015
BMWOOPDOI 618169 7588816 2011 Pasture 2015
BMWOOPDO05 618065 7588113 2011 Pasture 2015

3.843 Grazing trials

Grazing has been carried out on rehabilitated land in three areas of the Mine.

a Plumtree

Grazing commenced on the northern and southern dumps at Plumtree in June 2020. Fencing was installed to
keep cattle out of operational areas and raw water was supplied via an installed pipeline. These areas have been
periodically grazed as agreed by neighbouring landholders and site personnel. Average weight gains of cattle on
rehabilitated land have been comparable to other nearby grazing areas. Grazed areas are included in
rehabilitation monitoring to measure any impacts / benefits.

b Bullock Creek

Grazing commenced on the Bullock Creek out of pit dump and surrounding areas in July 2019. Fencing was
installed to keep cattle out of the Bullock Creek ERE area and raw water was supplied via installed pipelines to
a trough and another to an existing farm dam. The grazing trial involved the early adoption of commercial GPS
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collar technology. GPS enabled collars were placed on cattle which allowed the animals to be tracked across the
site. This also enabled the use of ‘virtual fencing’ where cattle are trained to recognise computer generated or
virtual fences via the use of an audible tone and a mild electric current on the collars. The use of this technology
allowed an accurate snapshot of cattle movements.

Cattle were observed to use the full extent of the grazing area, including the tops of rehabilitated landforms
despite water only being available at ground level. Average weight gains of cattle on rehabilitated land have been
comparable to other nearby grazing areas. Grazed areas are included in rehabilitation monitoring to measure
any impacts / benefits.

Cattle movements are shown in Figure 35.

Figure 35 Bullock Creek cattle grazing area
c Wallanbah

Grazing started on the Wallanbah in-pit and western rehabilitation in August 2019. Existing farm dams were
used for water supply while the cattle collar technology was used instead of permanent fencing. Average weight
gains of cattle on rehabilitated land have been comparable to other nearby grazing areas. Grazed areas are
included in rehabilitation monitoring to measure any impacts / benefits of grazing.

Cattle movements for two trials are shown in Figure 36 and Figure 37.
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Figure 36 Cattle grazing trial | at Wallanbah
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Figure 37 Cattle grazing trial 2 at Wallanbah

3.8.5 Weed and feral animal control and inspection

Weed and feral animal monitoring and control will be conducted as part of the rehabilitation monitoring. The
surveys will be conducted in all areas of the Mine and control will be performed as required.

The objective of weed and feral animal monitoring and control is to manage the land in accordance with
guidelines for the management of Class |, Class 2 and Class 3 pests under the QId Land Protection (Pest and
Stock Route Management) Act 2002. These guidelines are available on the Qld Department of Agriculture and
Fisheries website. It will also assist with neighbour relations, given weeds and feral animals are a landscape issue
as opposed to being tenure specific.

3.8.6 Geotechnical monitoring
Geotechnical monitoring will be undertaken by a qualified geotechnical engineer who will assess the stability of

post-rehabilitation features. Data collected will be used to assess the progress of the rehabilitation milestones
and closure criteria.
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3.8.6.1 Schedule

In accordance with legal obligations and best practice, rehabilitation monitoring will be done following the

schedule given in Table 45.

Table 45 Proposed monitoring schedule
Name Frequency Duration (post-closure)
Analogue sites Annually Five years
Surface water / receiving Twice yearly 10 years (then every five years for the following 20 years)

environment

Groundwater Annually 10 years (then every five years for the following 20 years)

Sail Every two years 10 years (then every five years for the following 20 years)

Erosion / final landform Every two years 10 years (then every five years for the following 20 years)

stability

Vegetation Annually 10 years (then every five years for the following 20 years)
3.8.6.2 Schedule of monitoring, reporting and review of each milestone

The rehabilitation monitoring program will help identify and quantify problems, risks and opportunities for
corrective actions and adaptive management. A schedule of monitoring, reporting and review for each milestone
is given in Table 46 to Table 56. A contingency strategy for each milestone is provided.
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Table 46

RMI (infrastructure decommissioning and removal) milestone monitoring

Milestone criteria Periodic monitoring Monitoring Frequency Reporting Contingency strategy  Review timing Review methodology Contingency strategy
methodology
All site services Review infrastructure Document review Annually Internal Update mapping and At completion of works Visual inspection and Organise disconnection
disconnected and mapping for currency records as required review of termination
decommissioned Review legal agreements documentation
for retention of
infrastructure
All road materials (bitumen  Review infrastructure Document review and Annually Internal Update mapping as At completion of works Visual inspection Organise removal
and gravel) removed mapping for currency site inspection required
Review legal agreements
for retention of
infrastructure
All above ground pipelines Review infrastructure Document review and Annually Internal Update mapping as At completion of works Visual inspection Organise removal
drained and removed mapping for currency site inspection required
Review legal agreements
for retention of
infrastructure
All fencing not required by a  Review infrastructure Document review and Annually Internal Update mapping as At completion of works Visual inspection Organise removal
subsequent landholder is mapping for currency site inspection required
removed Review legal agreements
for retention of
infrastructure
All buildings not required by  Review infrastructure Document review and Annually Internal Update mapping as At completion of works Visual inspection Organise removal
a subsequent landholder are  mapping for currency site inspection required
demolished and removed Review legal agreements
for retention of
infrastructure
All drillholes, sumps, Monitor documentation Document review and Annually Internal Update documentation as At completion of works Site inspection Review rehabilitation

exploration tracks and
gridlines decommissioned

of exploration works

site inspection

required

Rehabilitation monitoring

BioCondition monitoring

processes if criteria not
being met
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Table 47

RM2 (remediation of contaminated land) milestone monitoring

Milestone criteria Periodic monitoring Monitoring Frequency Reporting Contingency strategy  Review timing Review methodology Contingency strategy
methodology
Carry out preliminary Review infrastructure Document review and Annually Internal Update mapping as Following removal of Investigation as per Prepare remediation plan
and intrusive mapping for inclusion of site inspection required contaminated material NEPM legislation and for any remaining areas
contaminated land potentially contaminated Consider training on spill sampling and analysis of contamination
investigations land sites procedure as required verification (SAP)
L . - standards

Review incident reports Consider training on

for hydrocarbon and incident reporting

other spills (environment) as

Review adequacy of required

incident report actions Consider containment or

and location details mitigation strategies for

Identify high risk / identified areas

regularly affected areas

and proximity to

sensitive receptors
Removal or on-site Review records / register Document review and Annually Internal Update register / records  Following removal / Document review and Update remediation plan
treatment of / map files of potential site inspection / mapping as required treatment of site inspection and update register /
contaminated water contaminated areas contaminated material records
Removal or on-site Review records / register = Document review and Annually Internal Update register / records  Following removal / Document review and Update remediation plan
treatment of / map files of potential site inspection / mapping as required treatment of site inspection and update register /
contaminated material contaminated areas contaminated material records
Conduct validation Review records / register = Document review and Annually Internal Update register / records  Following removal / Investigation as per Review laboratory
testing to confirm that / map files of potential site inspection / mapping as required treatment of NEPM legislation and analysis and reports and
contaminated water / contaminated areas contaminated material sampling and analysis update register / records
materials have been verification (SAP)
removed/remediated standards
Certification from an Review records / register = Document review and Annually Internal Update register / records  Following removal / Investigation as per Start remediation of
appropriately qualified / map files of potential site inspection / mapping as required treatment of NEPM legislation and SAP  failed areas
person (AQP) that all contaminated areas contaminated material standards
contaminated land has Review incident reports
been remediated or for evidence of significant
removed and disposed of spill events
according to licence
conditions.

Table 48 RM3 (landform development and reshaping / re-profiling) milestone monitoring
Milestone criteria Periodic monitoring Monitoring Frequency Reporting Contingency strategy = Review timing Review methodology Contingency strategy
methodology

Finalise engineering and Monitor against PRCP LiDAR Annually Internal Monitor against PRCP Following completion of ~ LiDAR Update schedule

design plans

schedule and milestones

schedule and milestones

design plans
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health and suitability has
been completed by an
AQP to confirm soil is
suitable for target
vegetation establishment

assessment completed
prior to works starting

analysis and results
interpretation

Milestone criteria Periodic monitoring Monitoring Frequency Reporting Contingency strategy = Review timing Review methodology Contingency strategy
methodology

Bulk earthworks to Monitor against PRCP Ground survey and Annually Internal Update schedule if Following completion of Ground survey and Update schedule or

achieve required schedule and milestones LiDAR required works LiDAR accelerate works

landform and slopes

General reshaping and Monitor against PRCP Ground survey and Annually Internal Update schedule if Following completion of Monitor against PRCP Ground survey and

pushing/trimming to schedule and milestones LiDAR required works schedule and milestones LiDAR

achieve final landform

Slope of constructed Review landform designs ~ Document / design Monthly during reshaping  Internal Update designs if Following completion of ~ Ground survey and Remediate areas as

landforms is <20% inat  to make sure slopes are review works required works LiDAR required

least 80% of the planned as < 20 % Ground survey and Remediate areas as

nominated area and Review survey / LIDAR LiDAR required

verified by an AQP data for compliance with

maximum slope angle

Final highwall/end wall Review landform designs  Document / design Monthly during reshaping  Internal Update designs if Following completion of Ground survey and Remediate areas as

batters of voids meet EA  Rayiew survey / LIDAR review works required works LiDAR required

requirements and verified  gat, for compliance with ~ Ground survey and Remediate areas as

by an AQP maximum slope angle LiDAR required

Sediment and mine water  Review rehabilitation Document review and Annually Internal Review and update design At completion of works Visual inspection Assess impact of changed

dams not required for records for site inspection plans if required methodology on

sediment control or bya  documentation of rehabilitation area

subsequent landholder desilting and

are desilted and backfilled embankment removal

using their embankments

Install erosion and Install and review erosion  Visual inspection Annually Internal Review appropriateness /  Pre and post wet season  Visual inspection Remediate areas as

sediment control systems and sediment control effectiveness of controls required

installations Alter control types as
required
Table 49 RM4 (surface preparation) milestone monitoring
Milestone criteria Periodic monitoring Monitoring Frequency Reporting Contingency strategy  Review timing Review methodology Contingency strategy
methodology

No active areas of gully Inspect areas of erosion Visual inspection Annually Internal Review appropriateness /  Pre and post wet season  Visual inspection Remediate areas as

erosion. effectiveness of controls required
Alter control types as
required

An assessment of soil Not applicable (N/A) — N/A N/A N/A N/A Prior to placement of soil ~ Soil sampling, laboratory =~ Treat soil as required
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Milestone criteria

Periodic monitoring

Monitoring
methodology

Frequency Reporting

Contingency strategy

Review timing

Review methodology

Contingency strategy

Application of Review rehabilitation Visual inspection and Annually (document Internal Update rehabilitation Prior to seeding Visual inspection Complete amelioration
ameliorants as per records for evidence of document review review) records as required Test pitting, sampling and
requirements of the soil  amelioration application  Rehabilitation monitoring  Ongoing during Review rehabilitation laboratory analysis if
health and suitability application works methodology if required
assessment Annually (rehabilitation amelioration not
monitoring) appearing to be effective
Deep ripping of Review rehabilitation Visual inspection and Ongoing during works Internal Update rehabilitation Prior to seeding Visual inspection Remediate areas not
compacted areas records for evidence of document review records as required adequately ripped
deep ripping
Inspect rehabilitation
areas during ripping
Placement of 0.2 metres  Review rehabilitation Visual inspection and Annually Internal Review methodology if Prior to seeding Visual inspection Remediate areas as
(m) of soil records for evidence of document review Ongoing during works topsoil is too shallow in Test pitting required
topsoil placement depth Test pitting multiple areas
Inspect areas of topsoil Remediate isolated areas
placement during works as required ie especially
on slopes or in high-risk
areas
Table 50 RMS5 (revegetation for grazing) milestone monitoring
Milestone criteria Periodic monitoring Monitoring Frequency Reporting Contingency strategy  Review timing Review methodology Contingency strategy
methodology
Completed seeding of Review rehabilitation Visual inspection and Annually Internal Update records as Annually Rehabilitation monitoring  Reseed as required
target species at rate records for evidence of document review Ongoing during works required BioCondition monitoring  Review seeding
consistent with Table 31 seed application rates methodology, seeding
from the revegetation Visual inspection during rate, seed species, seed
plan. seeding works viability etc
Application of fertiliser as  Review rehabilitation Visual inspection and Annually (document Internal Update rehabilitation Prior to seeding or when  Visual inspection Investigate alternate
per requirements of the records for evidence of document review review) records as required required Test pitting, sampling and fertiliser brands or rates
soil health and suitability  fertiliser application Rehabilitation monitoring  Ongoing during Review rehabilitation laboratory analysis if
assessment Review effectiveness of application works methodology if fertiliser required
fertiliser on rehabilitation Annually (rehabilitation not appearing to be
monitoring) effective
Deep ripping along the Review rehabilitation Visual inspection and Annually Internal Update rehabilitation Prior to seeding Visual inspection Remediate areas as
contour on slopes records for evidence of document review Ongoing during works records as required Test pitting required

ripping
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Table 51

RMé (revegetation for self-sustainable native vegetation and riparian areas) milestone monitoring

Milestone criteria Periodic monitoring Monitoring Frequency Reporting Contingency strategy  Review timing Review methodology Contingency strategy
methodology
Completed seeding of Review rehabilitation Visual inspection and Annually Internal Update records as Annually Rehabilitation monitoring  Reseed as required
target species at rate records for evidence of document review Ongoing during works Internal required BioCondition monitoring  Review seeding
consistent with Table 32 seed application rates methodology, seeding
and Table 33 of the Visual inspection during rate, seed species, seed
revegetation plan. seeding works viability etc
Application of fertiliser as  Review rehabilitation Visual inspection and Annually (document Internal Update rehabilitation Prior to seeding Visual inspection Investigate alternate
per requirements of the records for evidence of document review review) records as required When required Test pitting, sampling and fertiliser brands or rates
soil health and suitability  fertiliser application Rehabilitation monitoring  Ongoing during Review rehabilitation laboratory analysis if
assessment Review effectiveness of application works methodology if required
fertiliser on rehabilitation Annually (rehabilitation fertilisation not appearing
monitoring) to be effective
Planting of tubestock Review rehabilitation Visual inspection and Annually (document Internal Update records as Annually Rehabilitation monitoring  Replant as required
records document review review) required When required BioCondition monitoring  Review revegetation
Rehabilitation monitoring  Ongoing during works Review rehabilitation methodology, planting
methodology if growth rate, species etc.
not appearing to be
effective
Install stock fencing to Review rehabilitation Visual inspection and Ongoing during works Internal Update records as Annually Visual inspection Install fencing as required
protect planting where records document review Annually (rehabilitation required When required
required Rehabilitation monitoring  monitoring)
Table 52  RM7 (Achievement of surface requirements for riparian areas) milestone monitoring
Milestone criteria Periodic monitoring Monitoring Frequency Reporting Contingency strategy = Review timing Review methodology Contingency strategy
methodology
No active areas of gully Inspect areas of active Visual inspection / Bi-annually or following Internal Identify root cause of Annually Rehabilitation monitoring  Investigate underlying

erosion

erosion

LiDAR

rain events

erosion

Remediate where
necessary

cause of drainage issues
eg design, construction,
material types, ineffective
maintenance etc

Develop and carry out
maintenance program for
remediation
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Milestone criteria Periodic monitoring Monitoring Frequency Reporting Contingency strategy = Review timing Review methodology Contingency strategy
methodology
Certification from an Inspection of Visual inspections Bi-annually Internal Remediate areas where Annually Rehabilitation monitoring  Plan and execute
AQP T:ha.t ripaorian areas rehabilitation areas mir.wimf':ll cover may pose BioCondition monitoring ~ "emediation program
are within 75% of values a risk ie erosion, stability,
from reference sites sediment runoff etc
BAS-NAT-05, BAS-NAT-
06 and BAS-NAT-07
based on BioCondition
monitoring including:
*  recruitment;
* maximum non-native
plant cover;
* tree species richness;
* native shrub species
richness;
* native grass species
richness;
* native forb species
richness;
*  tree canopy cover;
* shrub canopy cover;
* native perennial grass
cover; and
* organic litter cover.
Certification from an Inspect rehabilitation and  Visual inspection Bi-annually Internal and neighbouring  Targeted treatment of Annually Rehabilitation monitoring  Plan and execute weed

AQP that weed and pest undisturbed areas for
species are no greater presence of weeds
than the nominated

reference sites.

landholders as required

weed outbreaks

treatment program

Table 53 RM8 (achievement of surface requirements for grazing) milestone monitoring

Milestone criteria Periodic monitoring Monitoring Frequency Reporting Contingency strategy  Review timing Review methodology = Contingency strategy
methodology
80% of the nominated Inspection of Visual inspections Bi-annually Internal Remediate areas where Annually Rehabilitation Plan and execute

area has an average rehabilitation areas
groundcover (consisting

of standing live

vegetation, attached

litter, detached litter,

rocks >5 cm and course

woody debris)

270% as verified by an
AQP

minimal cover may pose
a risk ie erosion, stability,
sediment runoff etc

monitoring remediation program

BioCondition monitoring
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Milestone criteria Periodic monitoring Monitoring Frequency Reporting Contingency strategy = Review timing Review methodology  Contingency strategy
methodology

No active areas of gully Inspect areas of active Visual inspection Bi-annually or following Internal Identify root cause of Annually Rehabilitation Investigate underlying

erosion, drainage follows  erosion LiDAR rain events erosion monitoring cause of drainage issues

appropriate drainage Inspect drainage lines Remediate where eg design, construction,

paths and average following rain events necessary material types, ineffective

erosion rate of 25 maintenance etc

t/halyear. Develop maintenance
program for remediation
Carry out remediation
program

Certification from an Inspect rehabilitation and  Visual inspection Bi-annually Internal and neighbouring  Targeted treatment of Annually Rehabilitation Plan and execute weed

AQP that weed and pest  undisturbed areas for landholders as required weed outbreaks monitoring treatment program

species are no greater presence of weeds

than the nominated

reference sites

Water control structures  Inspect water control Visual inspection Annually Internal Identify root cause of Annually Rehabilitation Remediate as required

are either removed or structures erosion monitoring

are free from active Remediate where

erosion as verified by an necessary

AQP

Certification form an Certification by AQP that Inspection of regrowth Visual inspection As required Internal Review seed mix if Annually Rehabilitation monitoring

AQP that rehabilitation is
resilient to fire

rehabilitation is resilient
to fire

following fire events

regrowth is insufficient

Reseed if required

Table 54 RM9 (achievement of surface requirements for self-sustaining native vegetation) milestone criteria
Milestone criteria Periodic monitoring Monitoring Frequency Reporting Contingency strategy  Review timing Review methodology Contingency strategy
methodology
No active areas of gully Inspect areas of active Visual inspection / Bi-annually or following Internal Identify root cause of Annually Rehabilitation monitoring  Investigate underlying
erosion erosion LIDAR rain events erosion cause of drainage issues
Remediate where eg design, construction,
necessary material types, ineffective
maintenance etc
Develop and carry out
maintenance program for
remediation
Certification from an Inspection of Visual inspections Annually Internal Remediate areas where Annually Rehabilitation monitoring  Plan and execute

AQP that the self-
sustaining native
vegetation areas are
comparable to reference
site BAS-NAT-02 based
on BioCondition
monitoring.

rehabilitation areas

minimal cover may pose
a risk ie erosion, stability,
sediment runoff etc

BioCondition monitoring

remediation program
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Milestone criteria Periodic monitoring Monitoring Frequency Reporting Contingency strategy = Review timing Review methodology Contingency strategy
methodology
L Inspection of Visual inspections Annually Internal Remediate areas where Annually Rehabilitation monitoring  Plan and execute
Certification  from ~ an rehabilitation areas minimal cover may pose BioConditi o remediation program
AQP that self-sustaining sk i . cabilit lot-ondition monitoring
native vegetation areas 2 ”? e erosion, s 7
L sediment runoff etc
are within 10% of target
values based on
BioCondition monitoring
including;
* 1,550 stems per
hectare tree density
including Acacia
harpophylla,
Eucalyptus
cambageana and
Lysiphyllum carroni;
* 670 stems per
hectare of shrubs
and small tree
species including
Carissa ovata,
Alectryon diversifolius
and Acacia salicina.
Certification from an Inspect rehabilitation and  Visual inspection Bi-annually Internal and neighbouring ~ Targeted treatment of Annually Rehabilitation monitoring  Plan and execute weed

AQP that weed and pest
species are no greater
than the nominated
reference sites.

undisturbed areas for
presence of weeds

landholders as required

weed outbreaks

treatment program

Table 55

Milestone criteria

Periodic monitoring

Monitoring
methodology

RM10 (achievement of PMLU to a stable condition for grazing) milestone criteria

Frequency

Reporting

Contingency strategy

Review timing

Review methodology

Contingency strategy

Certification from an
AQP that the area has
achieved stable condition

Monitoring of landform
stability by geotechnical
engineer

Analysis of survey data by
geotechnical engineer

Geotechnical inspections
Ground survey / LIDAR

Annually

Internal

Remediate areas of
instability

Review and update design
plans if required

Following completion of
works

Geotechnical assessment

Remediate as advised or
start redesign process

Certification from an
AQP that the landform
has achieved a FoS = 1.2.

Monitoring of landform
stability by geotechnical
engineer

Analysis of survey data by
geotechnical engineer

Geotechnical inspections
Ground survey / LIDAR

Annually

Internal

Remediate areas of
instability

Review and update design
plans if required

Following completion of
works

Geotechnical assessment

Remediate as advised or
start redesign process
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Milestone criteria Periodic monitoring Monitoring Frequency Reporting Contingency strategy = Review timing Review methodology Contingency strategy
methodology

Average erosion rate of Inspect areas of active Visual inspection Annually Internal Identify root cause of Annually Rehabilitation monitoring  Develop maintenance
25 t/halyear and no erosion LiDAR erosion program for remediation
active areas of gully Calculation of average Remediate where Carry out remediation
erosion. .

erosion rate necessary program
80% of the nominated Inspection of Visual inspections Bi-annually Internal Remediate areas where Annually Rehabilitation monitoring  Plan and execute
area has an average rehabilitation areas minimal cover may pose remediation program
groundcover (consisting a risk ie erosion, stability,
of standing live sediment runoff etc
vegetation, attached
litter, detached litter,
rocks >5 cm and course
woody debris)
270% as verified by an
AQP
Biomass and cattle Inspection of Visual inspections Bi-annually Internal Remediate areas with Annually Rehabilitation monitoring  Plan and execute
grazing indicators meeta  rehabilitation areas reduced land suitability Land suitability remediation program
minimum land suitability and capability class assessment

class of 4 and a minimum
land capability class of VII
as verified by an AQP
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Milestone criteria Periodic monitoring Monitoring Frequency Reporting Contingency strategy = Review timing Review methodology Contingency strategy
methodology
Surface water runoff Monitoring as per EA Sampling and laboratory As per EA As per EA Investigate non-compliant ~ Annually Sampling and laboratory Investigate cause of non-
quality from the area requirements analysis results as required analysis compliant results
complies with the
following:
* pHis between 6.5
and 9.0;
« ECis 20" of
downstream
monitoring points
and 80" percentile of
upstream monitoring
points;
* suspended solids are
<1,000mg/L;
* sulfate is 20" of
downstream
monitoring points
and 80" percentile of
upstream monitoring
points;
« Cris<l pngl
« Cuis<2 uvgl
e Znis<8 uglL;
* Seis<I0 ng/lL
+ Uis<l ugl;
e nitrateis <I[,100 u
g/L;
* petroleum
hydrocarbons (Cé-
C9) is <20 v g/L;
e petroleum
hydrocarbons (C10-
C36) is <100 v g/L;
* Nais <180 mg/L; and
*+ Bis<2,000 ugl.
Groundwater pH and Monitoring as per EA Sampling and laboratory As per EA As per EA Investigate non-compliant  Annually Sampling and laboratory Investigate cause of non-

electrical conductivity
(EC) does not show a
statistically significant
change when compared
to background data for a
period of five years prior
to relinquishment

requirements

analysis

results as required

analysis

compliant results
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Table 56

RMI 1 (achievement of PMLU to a stable condition for riparian and self-sustaining native vegetation) milestone criteria

Milestone criteria Periodic monitoring Monitoring Frequency Reporting Contingency strategy = Review timing Review methodology Contingency strategy
methodology

Certification from an Monitoring of landform Visual and BioCondition Annually Internal Remediate areas of Following completion of ~ BioCondition monitoring  Develop and implement

AQP that the area has stability by geotechnical monitoring instability works remediation strategy

achieved stable condition  engineer based on monitoring

Analysis of survey data by
geotechnical engineer

80% of the nominated Inspection of Visual inspections Annually Internal Remediate areas where Annually Rehabilitation monitoring  Plan and execute

area (excluding active rehabilitation areas minimal cover may pose BioCondition monitoring ~ "emediation program

diversions channels) has a risk ie erosion, stability,

an average groundcover sediment runoff etc

(consisting of standing

live vegetation, attached

litter, detached litter,

rocks >5 ¢cm and course

woody debris) 270% as

verified by an AQP

Achievement of 80% Inspection of Visual inspections Annually Internal Remediate areas where Annually Rehabilitation monitoring  Plan and execute

species retention from rehabilitation areas minimal cover may pose BioCondition monitoring remediation program

seeded species in a risk ie erosion, stability,

respective areas (Table sediment runoff etc

32 and Table 33 of the

revegetation plan

. Inspect areas of active Visual inspection Annually Internal Identify root cause of Annually Rehabilitation monitoring  Develop maintenance

No ?reas of active gully erosion LiDAR erosion program for remediation

erosion
Calculation of average Remediate where Carry out remediation
erosion rate necessary program

Certification from an Inspect rehabilitation and ~ Visual inspection Bi-annually Internal and neighbouring  Targeted treatment of Annually Rehabilitation monitoring  Plan and execute weed

AQP that weed and pest
species are no greater
than the nominated
reference sites.

undisturbed areas for
presence of weeds

landholders as required

weed outbreaks

treatment program
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Milestone criteria

Periodic monitoring

Monitoring
methodology

Frequency

Reporting

Contingency strategy

Review timing

Review methodology

Contingency strategy

Certification from an
AQP that the Spade
Creek and Bullock Creek
diversions;

* Develop features
(including
geomorphic and
vegetation)
consistent with the
present landscape
and in local
watercourses;

* Maintain a sediment
transport regime that
allows the diversion
to be self-sustaining
and not directly
impact upstream or
downstream reaches;
and

*  The diversions and
associated structures
maintain equilibrium
and functionality and
do not require
ongoing maintenance.

Monitoring of diversion
channel by an AQP

Index of Diversion (IDC)
Condition Monitoring

Annually

Internal

Verify diversion is on
course to meet criteria

Annually

IDC monitoring

Develop maintenance
program for remediation

Carry out remediation
program
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Milestone criteria Periodic monitoring Monitoring Frequency Reporting Contingency strategy = Review timing Review methodology Contingency strategy
methodology

Inspection of Visual inspections Bi-annually Internal Remediate areas where Annually Rehabilitation monitoring  Plan and execute
rehabilitation areas minimal cover may pose BioCondition monitoring ~ femediation program
a risk ie erosion, stability,
sediment runoff etc

Self-sustaining native
vegetation areas

¢ Certification from an
AQP that the self-

sustaining native
vegetation areas are
comparable to

reference site BAS-
NAT-02 based on
BioCondition
monitoring;

*  Certification from an
AQP that self-
sustaining native
vegetation areas are
within 10% of target
values based on
BioCondition
monitoring including;

- 1,550 stems per
hectare tree
density including
Acacia
harpophylla,
Eucalyptus
cambageana and
Lysiphyllum
carronii,

- 670 stems per
hectare of shrubs
and small tree
species including
Carissa ovata,
Alectryon
diversifolius  and
Acacia salicina.
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Milestone criteria Periodic monitoring Monitoring Frequency Reporting Contingency strategy = Review timing Review methodology Contingency strategy
methodology
Inspection of Visual inspections Bi-annually Internal Remediate areas where Annually Rehabilitation monitoring  Plan and execute

Riparian areas

Certification from an
AQP that riparian areas
are within 75% of values
from reference sites BAS-
NAT-05, BAS-NAT-06
and BAS-NAT-07 based
on BioCondition
monitoring including:

*  recruitment;

* maximum non-native
plant cover;

* tree species richness;

* native shrub species
richness;

* native grass species
richness;

* native forb species
richness;

*  tree canopy cover;
*  shrub canopy cover;

* native perennial grass
cover; and

*  organic litter cover.

rehabilitation areas

minimal cover may pose
a risk ie erosion, stability,
sediment runoff etc

BioCondition monitoring

remediation program
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PRC plan schedule

The PRC plan schedule contains milestones and conditions that relate to the completion of progressive rehabilitation and closure. The PRC plan schedule has been prepared

in accordance with section 126D of the EP Act and includes the final site design, rehabilitation areas, a schedule of land availability, rehabilitation milestones and milestone
criteria. The PRC plan schedule applies to the entire life of the Mine.

A.l Final site design
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Figure 38 delineates the total area of the PRC plan as planned for surrender and includes the maximum disturbance footprint, MLA area as well as proposed PMLUs.

A.l.l

Rehabilitation areas

The disturbance areas identified in the final site design have been divided into the following rehabilitation and improvement areas, which have a common PMLU and
rehabilitation methodology (Figure 39 and Figure 40):

RAIl — Existing rehab south;

RA2 — OB dumps and topsoil south;

RA3 — Surface water management south;
RA4 — Infrastructure south;

RAS5 — Existing rehab north;

RA6 — OB dumps and topsoil north;

RA7 — Surface water management north;
RA8 — Infrastructure north;

RA9 — Self-sustaining native ecosystem; and
RA10 — Riparian veg Spade Creek.

Improvement areas

IAl — Broadmeadow voids

IA2 — Wallanbah void;

IA3 — Wallanbah void low wall;
IA4 — Bullock Creek void; and
IA5 — Plumtree void.
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A2

Schedule of land availability

Land will become progressively available for rehabilitation throughout the life of the Mine. Land is considered available for rehabilitation when:

The schedule of land availability for rehabilitation and improvement (NUMAEs) is given in Table 57.

the land is no longer being mined;
the land is no longer being used for operating infrastructure or machinery for mining including dam or water storage;
the land is not needed for mining of a probable or proved ore reserve; or

the land contains permanent infrastructure that will remain on the land for a PMLU.

Table 57  Schedule of land availability for rehabilitation / improvement
Land available for rehabilitation in each (ha)

Feature 2022 2023 2024 2025 2026 2027 2028 Availability

RAI Existing rehab  694.7 Not applicable (rehabilitation complete).
south

RA2 OB dumps 95.6 Available and currently undergoing rehabilitation.
and  topsoil
south

RA3  Surface water  |5.5 253 Dams and drainage are retained until the last year of the
management rehabilitation program to ensure compliance with erosion and
south sediment control requirements and to provide water for

rehabilitation works (ie dust suppression, soil conditioning etc).

RA4  Infrastructure 21.7 Southern infrastructure includes roads/tracks and laydown areas.

south This infrastructure will be required to carry out rehabilitation

works and is available towards the end of the rehabilitation
program.
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Land available for rehabilitation in each (ha)

RA5  Existing rehab  269.6 Not applicable (rehabilitation complete).
north
RA6 OB dumps 259.5 Available and currently undergoing rehabilitation.
and topsoil
north
RA7  Surface water 18.8 243 Available in 2022/2023 for rehabilitation.
management
north
RA8 Infrastructure 25 Northern infrastructure includes administration areas, workshop
north and roads/tracks. This infrastructure will be required to carry out
rehabilitation works and is available towards the end of the
rehabilitation program.
RA9  Self-sustaining  10.6 Previously rehabilitated.
native
vegetation —
Bullock Creek
RAI0 Riparian veg 12.6 Available for rehabilitation and scheduled for 2023.
— Spade
Creek
Sub-total 1,3643 36.9 - - - - 72
A1 Broadmeadow 55.9 Available.
voids
A2 Wallanbah 39.1 Available.
void
IA3 Wallanbah 6.8 75 7.5 24 Wallanbah low wall is currently being monitored due to historical

void low wall

instability. Reshape is scheduled to commence in 2023. The
rehabilitation plan will be subject to health and safety assessments
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Land available for rehabilitation in each (ha)

and confidence in the data gathered 2022-2025. During the
monitoring period dozer resources will be used in RA2 and RA6
areas.

Given the high risk of operating in this area progress will be slower
than other bulk push areas.

1A4 Bullock Creek 28.1 Available.
void
IAS Plumtree void 75.4 Available.
Total 205.3 7.5 7.5 2.4 - - - -
A.3 Rehabilitation milestones / criteria

Rehabilitation milestones are needed for each PMLU identified in accordance with section 126D of the EP Act. The purpose is to identify each significant event or step
necessary to rehabilitate the land to a stable condition.

Land is in a stable condition if the land is safe and structurally stable, there is no environmental harm being caused by anything on or in the land and the land can sustain a
PMLU (Section | | A of the EP Act).

Rehabilitation milestones and milestone criteria relevant to each rehabilitation area are listed in Table 58.
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Table 58

Rehabilitation milestones and milestones criteria

Milestone Rehabilitation Milestone criteria Rehabilitation area
reference milestone
RMI Infrastructure All site services disconnected and decommissioned; RA2, RA3, RA4, RA6, RA7
decommissioning and All road materials (bitumen and gravel) removed; and RA8
removal All above ground pipelines drained and removed;
All fencing not required by a subsequent landholder is removed;
All buildings not required by a subsequent landholder demolished and removed; and
All drillholes, sumps, exploration tracks and gridlines decommissioned.
RM2 Remediation of Carry out preliminary and intrusive contaminated land investigations; RA2, RA4, RA6 and RA8
contaminated land Removal or on-site treatment of contaminated water;
Removal or on-site treatment of contaminated material;
Conduct validation testing to confirm that contaminated water / materials have been
removed/remediated; and
Certification from an appropriately qualified person (AQP) that all contaminated land
has been remediated or removed and disposed of according to licence conditions.
RM3 Landform development Finalise engineering and design plans; RA2, RA3, RA4, RA6, RA7,
and reshaping / re-profiling Bulk earthworks to achieve required landform and slopes; RA8 and RAI0

General reshaping and pushing/trimming to achieve final landform;

Slope of constructed landforms is <20% in at least 80% of the nominated area and
verified by an AQP;

Final highwall/end wall batters of voids meet EA requirements and verified by an AQP;

Sediment and mine water dams not required for sediment control or by a subsequent
landholder are desilted and backfilled using their embankments; and

Install erosion and sediment control systems.
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Milestone
reference

Rehabilitation
milestone

Milestone criteria

Rehabilitation area

RM4

Surface preparation

No active areas of gully erosion;

An assessment of soil health and suitability has been completed by an AQP to confirm
soil is suitable for target vegetation establishment;

Application of ameliorants as per requirements of the soil health and suitability
assessment;

Deep ripping of compacted areas; and

Placement of 0.2 m of soail.

RA2, RA3, RA4, RA6, RA7,

RA8 and RAIO

RM5

Revegetation (grazing)

Completed seeding of target species at rate consistent with Table 31 from the
revegetation plan;

Application of fertiliser as per requirements of the soil health and suitability
assessment; and

Deep ripping along the contour on slopes.

RA2, RA3, RA4, RA6, RA7

and RA8

RMé

Revegetation (self-
sustaining native vegetation
and riparian)

Completed seeding of target species at rate consistent with Table 32 and Table 33 of
the revegetation plan;

Application of fertiliser as per requirements of the soil health and suitability
assessment;

Planting of tubestock; and

Install stock fencing to protect planting where required.

RA9 and RAIO
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Milestone Rehabilitation Milestone criteria Rehabilitation area
reference milestone
RM7 Achievement of surface No active areas of gully erosion; RAIO

requirements (riparian)

Certification from an AQP that riparian areas are within 75% of values from reference

sites BAS-NAT-05, BAS-NAT-06 and BAS-NAT-07 based on BioCondition
monitoring including:

— recruitment;

— maximum non-native plant cover;
— tree species richness;

— native shrub species richness;

— native grass species richness;

— native forb species richness;

— tree canopy cover;

— shrub canopy cover;

— native perennial grass cover; and
— organic litter cover.

Certification from an AQP that weed and pest species are no greater than the
nominated reference sites.

RM8 Achievement of surface
requirements (grazing)

80% of the nominated area has an average groundcover (consisting of standing live
vegetation, attached litter, detached litter, rocks >5 cm and course woody debris)
270% as verified by an AQP;

No active areas of gully erosion, drainage follows appropriate drainage paths and
average erosion rate of 25 t/halyear.

Certification from an AQP that weed and pest species are no greater than the
nominated reference sites;

Water control structures are either removed or are free from active erosion as
verified by an AQP; and

Certification form an AQP that rehabilitation is resilient to fire.

RAI, RA2, RA3, RA4, RA5,
RA6, RA7 and RAS8,

Project number | 21M056

Page | 176



Milestone Rehabilitation Milestone criteria Rehabilitation area
reference milestone

RM9 Achievement of surface * No active areas of gully erosion; RA9
requirements (self- »  Certification from an AQP that the self-sustaining native vegetation areas are
sustaining native comparable to reference site BAS-NAT-02 based on BioCondition monitoring;

vegetation . . - . . s
€ ) *  Certification from an AQP that self-sustaining native vegetation areas are within 10%

of target values based on BioCondition monitoring including;

— 1,550 stems per hectare tree density including Acacia harpophylla, Eucalyptus
cambageana and Lysiphyllum carronii;

— 670 stems per hectare of shrubs and small tree species including Carissa ovata,
Alectryon diversifolius and Acacia salicina.

*  Certification from an AQP that weed and pest species are no greater than the
nominated reference sites.
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RMI10 Achievement of PMLU toa
stable condition (grazing) .

Certification from an AQP that the area has achieved stable condition;
Certification from an AQP that the landform has achieved a FoS = 1.2;
Average erosion rate of <5 t/ha/year and no active areas of gully erosion;

80% of the nominated area has an average groundcover (consisting of standing live
vegetation, attached litter, detached litter, rocks >5 ¢cm and course woody debris)
270% as verified by an AQP;

Biomass and cattle grazing indicators meet a minimum land suitability class of 4 and a
minimum land capability class of VIl as verified by an AQP;

Surface water runoff quality from the area complies with the following:

pH is between 6.5 and 9.0;

EC is 20" of downstream monitoring points and 80" percentile of upstream
monitoring points;

suspended solids are <1,000mg/L;

sulfate is 20™ of downstream monitoring points and 80" percentile of upstream
monitoring points;

Cris <I pg/L;

Cu is <2 pg/L;

Zn is <8 pg/L;

Se is <10 pg/L;

Uis <I pg/L;

nitrate is <I,100 pg/L;

petroleum hydrocarbons (C6-C9) is <20 pg/L;
petroleum hydrocarbons (C10-C36) is <100 pg/L;
Na is <180 mg/L;

B is <2,000 pg/L.

Groundwater pH and EC does not show a statistically significant change when compared
to background data for a period of five years prior to relinquishment.

RAI, RA2, RA3, RA4, RAS,
RA6, RA7 and RA8
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RMI I Achievement of PMLU toa ¢ Certification from an AQP that the area has achieved a stable condition; RA9 and RAIO

stable condition (riparian *  80% of the nominated area (excluding active diversions channels) has an average
and self-sustaining native groundcover (consisting of standing live vegetation, attached litter, detached litter,
vegetation) rocks >5 cm and course woody debris) 270% as verified by an AQP;

*  Achievement of 80% species retention from seeded species in respective areas (Table
32 and Table 33 of the revegetation plan;

*  No areas of active gully erosion;

*  Certification from an AQP that weed and pest species are no greater than the
nominated reference sites;

*  Certification from an AQP that the Spade Creek and Bullock Creek diversions;

— Develop features (including geomorphic and vegetation) consistent with the
present landscape and in local watercourses;

— Maintain a sediment transport regime that allows the diversion to be self-
sustaining and not directly impact upstream or downstream reaches; and

— The diversions and associated structures maintain equilibrium and functionality
and do not require ongoing maintenance.

Self-sustaining native vegetation areas

*  Certification from an AQP that the self-sustaining native vegetation areas are
comparable to reference site BAS-NAT-02 based on BioCondition monitoring;

*  Certification from an AQP that self-sustaining native vegetation areas are within 10%
of target values based on BioCondition monitoring including;

— 1,550 stems per hectare tree density including Acacia harpophylla, Eucalyptus
cambageana and Lysiphyllum carronii;

— 670 stems per hectare of shrubs and small tree species including Carissa ovata,
Alectryon diversifolius and Acacia salicina.

Riparian areas

*  Certification from an AQP that riparian areas are within 75% of values from reference
sites BAS-NAT-05, BAS-NAT-06 and BAS-NAT-07 based on BioCondition
monitoring including:

= recruitment;

— maximum non-native plant cover;
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Milestone Rehabilitation Milestone criteria Rehabilitation area
reference milestone

— tree species richness;

— native shrub species richness;

— native grass species richness;

— native forb species richness;

— tree canopy cover;

— shrub canopy cover;

— native perennial grass cover; and

— organic litter cover.

A4 Management milestones / criteria

Table 59 Management milestones and milestone criteria
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Milestone Management

Milestone criteria

Improvement area

Proposed timeframe

criteria milestone

MMI Wall treatments «  Void walls / slopes assessed as stable by an AQP (geotechnical  1Al, IA2, IA3, A4 and -6 years
and. surface engineer). IAS Timeframes vary depending on
drainage Wallanbah void (1A2) physical works to complete ie

* highwall drain to direct water south reinstated as per design;
and

* spine drain at the end of the highwall drain to direct water
into the pit installed.

Wallanbah low wall (IA3)

*  blast holes drilled to ~ 40-60m depth as per design;

*  blasted material dozer pushed between |:5 (min) and [:3
(max) slope grade to form a continuous slope from the
crest to a bench above the existing water level;

» safety bund (up to 2m high and 10m wide) at the toe of the
slope installed;

* contour bank that allows water to drain to the south and
then into a drop structure that enters the final void at
water level installed;

*  topsoil from the crest to the bench above the water level
(excluding the toe bund) respread;

* deep ripping (0.8—1m), fertilising and seeding (Table 31)
along the contour of the slope completed; and

* low wall crest fence (4 x strand barbed wire) that joins the
northern end wall and current southern low wall fence
installed.

Bullock Creek void (IA4)

* redundant drain channel behind end wall plugged with suitable
material as per design.

surface drainage (IA2 and 1A4).
Wallanbah low wall reshaping (IA3)
requires up to six years to complete
works.
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Milestone Management Milestone criteria Improvement area Proposed timeframe
criteria milestone
MM2 Achievement of ¢  safety bund setback distance is in accordance with calculated IAI, 1A2, IA3, IA4 and -2 years

surface geotechnical factor of safety; IA5 Timeframes vary depending on

requirements /
access controls

» safety bund constructed at 2m high, base width of 5m and
average |:3 batters;

*  Plumtree end wall safety barrier constructed and assessed as
safe and stable by an AQP;

* fencing installed at nominated offset from safety bund
(nominally a four-strand barbed stock fence); and

» safety signage (design in accordance with Australian Standard)
is erected at specified intervals along the fence.

work schedule ie bunding and
fencing. Works will be completed
on IA4 and IA5 followed by IAI, A2
and IA3.
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Milestone Management Milestone criteria Improvement area Proposed timeframe

criteria milestone

MM3 Achievement of « certification from an AQP that the residual void will not cause  1Al, IA2, IA3, 1A4 and IAl — 5 years. Time to monitor
sufficient environmental harm outside of the relevant tenure boundary;  IA5 bund performance, drainage, water
improvement + certification from an appropriately qualified person that the levels, provide maintenance and

residual void is safe to humans and livestock;

* certification from an appropriately qualified person that the
water level and quality in the void will not cause
environmental harm to the surrounding environment; and

* regraded slopes with minimum 70% vegetation cover (IA3
only)

assess groundwater quality.

IA2 — 5 years. Time to monitor
bund performance, drainage, water
levels, provide maintenance and
assess groundwater quality.

IA3 — 10 years. Sufficient time to
undertake rehabilitation monitoring
and assess against stability criteria.
Rehabilitation progress may vary
based on weather events.

IA4 — 5 years. Time to monitor
bund performance, drainage, water
levels, provide maintenance and
assess groundwater quality.

IA5 — 5 years. Time to monitor
bund performance, drainage, water
levels, provide maintenance and
assess groundwater quality.
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A.5 Proposed PRC plan schedule

The Progressive Rehabilitation and Closure Plan Schedule template is given on the following page.

A5l Timing considerations
Revegetation and establishment (RM 5 — RM| I) are strongly season-dependent.

All predictions of land availability within the calendar year are based on the current forecast projection date of
the Mine. This date is subject to change and government approval. Milestones (ie annual report of rehabilitation
works) have a completion date of the 10 December of the calendar year.
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Post-mining land uses (PMLU)

Rehabilitation area RA1

Relevant activities Existing Rehabilitation South

Total rehabilitation area size (ha) 694.7

Commencement of first milestone:

RMS8 10/06/2022

PMLU Grazing
10/06/2022

Date area is available

694.7
Cumulative area available (ha)

10/12/2025 | 10/12/2042
Milestone completed by /12/ /12/

Milestone Reference Cumulative area achieved (ha)

RMS8 694.7

RM10 694.7

1) Insert new columns to the yellow table to include further rehabilitation milestone dates.
2) Insert new columns to the blue table to match rehabilitation milestone dates.

3) Insert new rows to the blue table to include additional rehabilitation milestone references.
4) Insert the relevant number in the "Milestone reference" column (i.e. RM1).




Post-mining land uses (PMLU)

Rehabilitation area RA2
Relevant activities Overburden Dumps and Topsoil Stockpiles South
Total rehabilitation area size (ha) 95.6
Commencement of first milestone:
RM1 10/06/2022
PMLU Grazing
Date area is available 10/12/2022
Cumulative area available (ha) 956
. 10/12/2023 | 10/12/2024 | 10/12/2025 | 10/12/2026 | 10/12/2027 | 10/12/2028 | 10/12/2029 | 10/12/2030 | 10/12/2031 | 10/12/2032 | 10/12/2042
Milestone completed by
Milestone Reference Cumulative area achieved (ha)
RM1 95.6
RM2 95.6
RM3 515 63.8 76.2 88.5 95.6
RM4 51.5 63.8 76.2 88.5 95.6
RM5 51.5 63.8 76.2 88.5 95.6
RMS8 51.5 63.8 76.2 88.5 95.6
RM10 95.6|

1) Insert new columns to the yellow table to include further rehabilitation milestone dates.
2) Insert new columns to the blue table to match rehabilitation milestone dates.

3) Insert new rows to the blue table to include additional rehabilitation milestone references.
4) Insert the relevant number in the "Milestone reference" column (i.e. RM1).




Post-mining land uses (PMLU)

Rehabilitation area

RA3

Relevant activities

Surface Water Management Infrastructure South

Total rehabilitation area size (ha) 40.8
Commencement of first milestone:
RM1 10/06/2022
PMLU Grazing
X . 10/06/2022
Date area is available
15.5 40.8
Cumulative area available (ha)
. 10/12/2024 | 10/12/2025 | 10/12/2026 | 10/12/2027 | 10/12/2028 | 10/12/2029 | 10/12/2030 | 10/12/2031 | 10/12/2032 | 10/12/2042
Milestone completed by
Milestone Reference Cumulative area achieved (ha)
RM1 15.5 15.5 15.5 15.5 40.8
RM3 15.5 15.5 15.5 15.5 40.8
RM4 15.5 15.5 15.5 15.5 40.8
RM5 15.5 15.5 15.5 15.5 40.8
RMS8 15.5 15.5 15.5 15.5 40.8
RM10 40.8

1) Insert new columns to the yellow table to include further rehabilitation milestone dates.

2) Insert new columns to the blue table to match rehabilitation milestone dates.
3) Insert new rows to the blue table to include additional rehabilitation milestone references.
4) Insert the relevant number in the "Milestone reference" column (i.e. RM1).




Post-mining land uses (PMLU)

Rehabilitation area

RA4

Relevant activities

Infrastructure South

Total rehabilitation area size (ha)

21.7

Commencement of first milestone:
RM1

10/12/2028

PMLU

Grazing

Date area is available

10/12/2028

Cumulative area available (ha)

21.7

Milestone completed by

10/12/2029

10/12/2030

10/12/2031

10/12/2034

10/12/2042

Milestone Reference

Cumulative area achieved (ha)

RM1

21.7

RM2

21.7

RM3

21.7

RM4

21.7

RM5

21.7

RMS8

21.7

RM10

21.7

1) Insert new columns to the yellow table to include further rehabilitation milestone dates.

2) Insert new columns to the blue table to match rehabilitation milestone dates.

3) Insert new rows to the blue table to include additional rehabilitation milestone references.

4) Insert the relevant number in the "Milestone reference" column (i.e. RM1).




Post-mining land uses (PMLU)

Rehabilitation area RAS5

Relevant activities Existing Rehabilitation North

Total rehabilitation area size (ha) 269.6

Commencement of first milestone:

RMS8 10/06/2022

PMLU Grazing
10/06/2022

Date area is available

. . 269.6
Cumulative area available (ha)

10/12/2025 | 10/12/2042
Milestone completed by /12 /12/

Milestone Reference Cumulative area achieved (ha

RMS8 269.6

RM10 269.6

1) Insert new columns to the yellow table to include further rehabilitation milestone dates.
2) Insert new columns to the blue table to match rehabilitation milestone dates.

3) Insert new rows to the blue table to include additional rehabilitation milestone references.
4) Insert the relevant number in the "Milestone reference" column (i.e. RM1).




Post-mining land uses (PMLU)

Rehabilitation area

RA6

Relevant activities

Overburden Dumps and Topsoil Stockpiles North

Total rehabilitation area size (ha)

259.5

Commencement of first milestone:

RM1

10/06/2022

PMLU

Grazing

Date area is available

10/12/2022

Cumulative area available (ha)

259.5

Milestone completed by

10/12/2022

10/12/2023

10/12/2024

10/12/2025

10/12/2026

10/12/2027

10/12/2028

10/12/2042

Milestone Reference

Cumulative area achieved (ha)

RM1

259.5

RM2

259.5

RM3

82.9

207.2

259.5

RM4

82.9

207.2

259.5

RM5

82.9

207.2

259.5

RMS8

82.9

207.2

259.5

RM10

259.5

1) Insert new columns to the yellow table to include further rehabilitation milestone dates.

2) Insert new columns to the blue table to match rehabilitation milestone dates.

3) Insert new rows to the blue table to include additional rehabilitation milestone references.

4) Insert the relevant number in the "Milestone reference" column (i.e. RM1).




Post-mining land uses (PMLU)

Rehabilitation area

RA7

Relevant activities

Surface Water Management Infrastructure North

Total rehabilitation area size (ha)

43.1

Commencement of first milestone:

RM1

10/06/2022

PMLU

Grazing

Date area is available

10/06/2022

Cumulative area available (ha)

18.8

43.1

Milestone completed by

10/12/2023

10/12/2024

10/12/2025

10/12/2027

10/12/2028

10/12/2042

Milestone Reference

Cumulative area achieved (ha)

RM1

18.8

43.1

RM3

18.8

43.1

RM4

18.8

43.1

RM5

18.8

43.1

RM8

18.8

43.1

RM10

43.1

1) Insert new columns to the yellow table to include further rehabilitation milestone dates.

2) Insert new columns to the blue table to match rehabilitation milestone dates.
3) Insert new rows to the blue table to include additional rehabilitation milestone references.
4) Insert the relevant number in the "Milestone reference" column (i.e. RM1).




Post-mining land uses (PMLU)

Rehabilitation area RAS8

Relevant activities Infrastructure North

Total rehabilitation area size (ha) 25.0

Commencement of first milestone:

RM1 10/12/2028

PMLU Grazing
10/12/2028

Date area is available

25.0
Cumulative area available (ha)

. 10/12/2029 | 10/12/2030 | 10/12/2031 | 10/12/2034 | 10/12/2042
Milestone completed by

Milestone Reference Cumulative area achieved (ha

RM1

25.0

RM2

25.0

RM3

25.0

RM4

25.0

RM5

25.0

RM8

25.0

RM10

25.0

1) Insert new columns to the yellow table to include further rehabilitation milestone dates.

2) Insert new columns to the blue table to match rehabilitation milestone dates.

3) Insert new rows to the blue table to include additional rehabilitation milestone references.

4) Insert the relevant number in the "Milestone reference" column (i.e. RM1).




Post-mining land uses (PMLU)

Rehabilitation area

RA9

Relevant activities

Self-sustaining vegetation Bullock Ck (completed)

Total rehabilitation area size (ha)

10.6

Commencement of first milestone:
RM9

10/06/2022

PMLU

Self Sustaining Native Vegetation

Date area is available 10/06/2022

Cumulative area available (ha) A

Milestone completed by 10/12/2032

10/12/2042

Milestone Reference

RM9 10.6

RM11

10.6

1) Insert new columns to the yellow table to include further rehabilitation milestone dates.

2) Insert new columns to the blue table to match rehabilitation milestone dates.

3) Insert new rows to the blue table to include additional rehabilitation milestone references.
4) Insert the relevant number in the "Milestone reference" column (i.e. RM1).




Post-mining land uses (PMLU)

Rehabilitation area RA10
Relevant activities Riparian Vegetation Spade Ck
Total rehabilitation area size (ha) 12.6
Commencement of first milestone:
RM3 10/12/2023
PMLU Self Sustaining Native Vegetation
Date area is available 10/12/2023

12.6

Cumulative area available (ha)

Milestone completed by 10/12/2024 | 10/12/2028 | 11/12/2042

Milestone Reference

Cumulative area achieved (ha)

RM3 12.6

RM4 12.6

RM6 12.6

RM7 12.6

RM11 12.6

1) Insert new columns to the yellow table to include further rehabilitation milestone dates.
2) Insert new columns to the blue table to match rehabilitation milestone dates.

3) Insert new rows to the blue table to include additional rehabilitation milestone references.

4) Insert the relevant number in the "Milestone reference" column (i.e. RM1).




Non-use management area (NUMA)

Improvement area 1Al

Relevant activities Broadmeadow Voids

Total size (ha) 55.9

Commencement of first milestone:

MM1 10/06/2022

NUMA Non Use Management Area associated with Pit Void
10/06/2022

Date area is available

55.9
Cumulative area available (ha)

10/12/2025 | 10/12/2030
Milestone completed by /12/ /12/

Milestone Reference Cumulative area achieved (ha)
MMl 55.9

MM2 55.9

MM3 55.9

1) Insert new columns to the yellow table to include further management milestone dates.
2) Insert new columns to the blue table to match management milestone dates.

3) Insert new rows to the blue table to include additional management milestone references.
4) Insert the relevant number in the "Milestone reference" column (i.e. MM1).




Non-use management area (NUMA)
Improvement area IA2
Relevant activities Wallanbah Void
Total size (ha) 39.1
Commencement of first milestone:
MM1 10/06/2022
NUMA Non Use Management Area associated with Pit Void
10/06/2022

Date area is available

39.1

Cumulative area available (ha)

10/12/2025 | 10/12/2030
Milestone completed by /12/ /12/

[Milestone Reference Cumulative area achieved (ha)
MM1 39.1

MM2 39.1

MM3 39.1

1) Insert new columns to the yellow table to include further management milestone dates.
2) Insert new columns to the blue table to match management milestone dates.

3) Insert new rows to the blue table to include additional management milestone references.
4) Insert the relevant number in the "Milestone reference" column (i.e. MM1).




Non-use management area (NUMA)

Improvement area IA3

Relevant activities Wallanbah Void Lowwall

Total size (ha) 24.2

Commencement of first milestone:

MM1 10/06/2022

NUMA Non Use Management Area associated with Pit Void
10/06/2022

Date area is available

6.8 14.3 21.8 24.2
Cumulative area available (ha)

X 10/12/2025 | 10/12/2026 10/12/27 10/12/28 10/12/29 10/12/39
Milestone completed by

Milestone Reference Cumulative area achieved (ha)
MMl 6.8 14.3 21.8 24.2

MM2 24.2

MM3 24.2

1) Insert new columns to the yellow table to include further management milestone dates.
2) Insert new columns to the blue table to match management milestone dates.

3) Insert new rows to the blue table to include additional management milestone references.
4) Insert the relevant number in the "Milestone reference" column (i.e. MM1).




Non-use management area (NUMA)

Improvement area IA4

Relevant activities Bullock Ck Void

Total size (ha) 28.1

Commencement of first milestone:

MM1 10/06/2022

NUMA Non Use Management Area associated with Pit Void
10/06/2022

Date area is available

. . 28.1
Cumulative area available (ha)

10/12/2024 | 10/12/2030
Milestone completed by /12/ /12/

Milestone Reference Cumulative area achieved (ha)
MMl 28.1

MM2 28.1

MM3 28.1

1) Insert new columns to the yellow table to include further management milestone dates.
2) Insert new columns to the blue table to match management milestone dates.

3) Insert new rows to the blue table to include additional management milestone references.
4) Insert the relevant number in the "Milestone reference" column (i.e. MM1).




Non-use management area (NUMA)

Improvement area IAS

Relevant activities Plumtree Void

Total size (ha) 75.4

Commencement of first milestone:

MM1 10/06/2022

NUMA Non Use Management Area associated with Pit Void
10/06/2022

Date area is available

75.4
Cumulative area available (ha)

10/12/2024 | 10/12/2030
Milestone completed by /12/ /12/

Milestone Reference Cumulative area achieved (ha)
MMl 75.4

MM2 75.4

MM3 75.4

1) Insert new columns to the yellow table to include further management milestone dates.
2) Insert new columns to the blue table to match management milestone dates.

3) Insert new rows to the blue table to include additional management milestone references.
4) Insert the relevant number in the "Milestone reference" column (i.e. MM1).
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2020 Burton Water Management Plan Review

As per Section C32 of the Burton EA issued under the EP Act 1994, a review of Burton Coal Mine’s
(BCM) water management plan was undertaken on 18/2/2020. Suggested amendments and
recommendations from the review have been provided to the Site Environmental Superintendent on
the 18/02/2020. The expectation is that the ‘plan’ will be updated with the suggested amendments,
and recommendations acted upon during the subsegquent review period.

Mame of Professional Person
Timothy Kendrick

100 Melbourne 5t,

South Brisbane, 4101

Statement of Appropriate Qualification

Qualifications:
Bachelor of Science (Earth Sciences) (Honours) — Monash University, Victoria.

Experience:

| have 18 years’ experience in water management in Australia and internationally in reles including
consulting, operational and closed mine sites, water supply authorities, mineral exploration and
corporate management. Areas of spedalisation include groundwater exploration, groundwater and
surface water supply, mine dewatering, mine water management planning, mine closure, water
governance and environmental risk & compliance.

Statement

In my role as Senior Specialist, Environment and Water for Peabody | meet the definition of an
‘appropriately qualified person”; where that definition is "o person who has professional
qualifications, training, skills or experience relevant to the nominated subject matter and can give
authoritative assessment, advice and analysis on performance relating to the subject matter using
the relevant protocols, standards, methods or literature”™; for the purposes of the review of a Water
Management Plan.

Signed 72 Date 18/2/2020
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1 Introduction

Peabody (Burton Coal) Pty Ltd has prepared this Water Management Plan for the Burton
Coal Mine (BCM) during its care, maintenance and rehabilitation phase, which commenced
in November 2016 at the cessation of open cut operations.

The Water Management Plan (WMP) has been prepared in in compliance with BCM’s
environmental Authority (EPML00879213) Condition C32 and will be reviewed annually, with
a view to revising it prior to the currently planned end of the care, maintenance and
rehabilitation phase, which is likely to be completed by 1 April 2024 (subject to equipment
and weather delays).

This plan is structured as follows:

e Section 2 gives the background to the operation, infrastructure and water management
responsibilities during care and maintenance;

e Section 3 describes the environmental values of the regional and local drainage receiving
surface waters;

e Section 4 presents the study of the source of contaminants on site;

e Section 5 presents the site water balance model and identifies performance criteria;

e Section 6 presents a description of the water management system for the site for
managing the different water types on site;

e Section 7 presents the measures to manage and prevent saline drainage and acid rock

drainage;

Section 8 presents information on the Emergency Response Plan;

Section 9 outlines the schedule for review of this WMP;

Section 10 is a summary of the WMP provisions;

Section 11 outlines the roles and responsibilities; and

Section 12 gives a list of references and supporting documents.

Burton Coal Mine Water Management Plan
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2 Background

2.1 Description of Operations

BCM is owned by Peabody (Burton Coal) Pty Ltd (a wholly owned subsidiary of Peabody
Australia Pty Ltd).

The mine site is located in the Bowen Basin QLD, approximately 150 km west of Mackay and
50 km north of Moranbah (Figure 1) and is operated under the BCM Environmental Authority
(EA) EPML00879213.

Care and maintenance commenced in November 2016 with the cessation of all mining
activity and coal processing onsite. The operation commenced in 1994 and was an open cut
coal mine that utilised strip mining. In 2017, the northern portion of the mine site (ML 70109,
EPC 857, MDL 349 and MDL 315) was transferred to New Hope Group via a sale
agreement. This included the mine voids at Burton North, Burton Widening and Ellensfield
and all associated infrastructure include the two co-disposal areas (CDA), the CHPP, the
mine camp, Teviot Dam, the workshop and the administration area. The Mallawa Haul Road
and train load out (TLO) facility were also transferred to New Hope Group (ML 70109). In
December 2020, Broadmeadow East Mining Lease (ML70257), which was an undeveloped
mining area, was sold by Peabody to Bowen Coking Coal.

BCM has four (4) mine voids which are shown in Figure 2 and Figure 3. From north to
south, they are:

Plumtree;
Bullock Creek;
Wallanbah; and
Broadmeadow.

The most recent mining area was Plumtree, which used Ellensfield void (New Lenton JV as
part of New Hope Group) as a co-disposal facility and water storage. Ellensfield and the
northern portion of the original BCM mining lease is no longer owned or operated by
Peabody.

During the care and maintenance period, the following activities will occur:

e Rehabilitation of disturbed land; and
e Decommissioning and maintenance of site infrastructure.
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Figure 1: Burton Mining Lease and Tenements, showing the New Hope tenements at New Burton Coal Mine
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Figure 2: Plumtree and Bullock Creek catchment areas, mine voids and waterways
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Figure 3: Wallanbah and Broadmeadow catchment areas, mine voids and waterways
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2.2 Purpose and Scope

This WMP has been prepared to satisfy the conditions of the Burton Environmental Authority
(EA) issued by the administering authority under Chapter 5 of the Environmental Protection
Act 1994 (EP Act). The WMP, in accordance with condition C32 of the BCM EA, must:

e Provide for effective management of actual and potential environmental impacts resulting
from water management associated with the mining activity carried out under this
environmental authority; and

e Be developed in accordance with the Department of Environment and Heritage
Protection (DEHP) Guidelines on the Preparation of Water Management Plans for Mining
Activities (DEHP, 2013a) including:

- A study of the source of contaminants;

- A water balance model for the site;

- A water management system for the site;

- Measures to manage and prevent saline drainage;

- Measures to manage and prevent acid rock drainage;

- Contingency procedures for emergencies; and

- A program for monitoring and review of the effectiveness of the Water
Management Plan.

The WMP examines and addresses all issues relevant to the importation, generation, use,
and management of water on a mining project in order to minimise the quantity of water that
is contaminated. During the care and maintenance phase, water will not be needed for
operational use. The key goals of the water management system (WMS) will be:

e Maintain compliance with the BCM’s EA;

¢ Minimise the generation of water on site, while maximizing the volume of water that runs
off site in compliance with the Burton Coal Mine Erosion and Sediment Control Plan
(ESCP); and

e Minimise the use of site resources for pumping.

The potential risks of environmental harm to natural waterways posed by mining activities
have been identified and management actions that will effectively minimise these risks have
been presented.

The WMP is a static compliance document. Yearly reviews will focus around the BCM’s
record of complying with this document and outlining actions for the year ahead to ensure
continued compliance. The document will only be altered when changes occur to the site
operations which will result in changes to the management of water. The yearly review will be
completed by a competent person and will be responded to by site outlining the actions as
required under the EA.

2.3 Related Documents

This WMP forms part of a BCM Environmental Management System and should be read in
conjunction with the following documents:

e Burton Coal Mine - Hazardous Consequence Assessment — Dams (WRM 2014);

e Burton Coal Mine - Hazardous Consequence Assessment — Levees (WRM 2014);

e Burton Coal Mine - Consequence Category Assessments for Four Dams — (Henderson
Geotech Pty Ltd, April 2016);

e Burton Coal Mine - Erosion and Sediment Control Standard (BUR-ENV-EMPLAN-017) ;

e Burton Coal Mine - Environmental Authority EPML00879213;

e Burton Coal Mine - Mine Water Release Procedure (BUR-ENV-EWI-001);
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file://///BURPFP01.us.root.peabodyenergy.com/Data/Environmental/EMM%20(Management%20&%20Monitoring)/Water%20Management/Dams/Haz%20Dam%20Assessments/2014/Burton%20Hazardous%20Dams%20Assessment%202014.pdf
file://///BURPFP01.us.root.peabodyenergy.com/Data/Environmental/EMM%20(Management%20&%20Monitoring)/Water%20Management/Dams/Haz%20Dam%20Assessments/2014/Burton%20hazardous%20Levee%20Assessment%202014.pdf
file:///M:/Environmental/Environmental%20Management%20System/Management%20Plans/Erosion%20&%20Sed%20Control%20Plan/20120810%20Erosion%20and%20Sediment%20Control%20Plans.msg
file:///M:/Environmental/Licences,%20Approvals%20&%20Permits/Environmental%20Authority/2013/130415_2013%20Haz%20Dam%20Amendment/Final/EA_EPML00879213_w%20Approval%20Letter.pdf
file://///BURPFP01.us.root.peabodyenergy.com/Data/Environmental/Environmental%20Management%20System/Work%20Instructions_Procedures/Mine%20Water%20Release/BUR-ENV-EWI-001_Mine%20water%20release_procedure_FINAL.pdf

e Burton Coal Mine - Mine Water Release Flowchart (BUR-ENV-FC-001);

e Burton Coal Mine - Care and Maintenance Water Balance Modelling, Hatch, H351353-
00000-228-230-0001);

e Burton Coal Mine - Receiving Environment Monitoring Plan (MNP_BUR_Receiving
Environment Monitoring Program_v2_WRM)

e Burton Coal Mine - Regulated Structures Register and Operational Plans
(REG_BUR_Regulated Structures Register_v1.7)
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file://///BURPFP01.us.root.peabodyenergy.com/Data/Environmental/Environmental%20Management%20System/Work%20Instructions_Procedures/Mine%20Water%20Release/BUR-ENV-FC-001_Mine%20water%20release_flowchart.pdf
file://///NGCPFP01.us.root.peabodyenergy.com/Group/Environment/ENV-40%20Water%20Items/Surface%20Water/Regulated%20Structures/Regulated%20Structures%20Register/REG_BUR_Regulated%20Structures%20Register%20and%20Operation%20Plans_v2.1_ENV_SP_20151008.pdf

3 Environmental Values

3.1 Overview

This section of the WMP describes the environmental values and the regional drainage
characteristics in the vicinity of BCM. The environmental values as defined by the
Environmental Protection Act 1994, Environmental Protection (Water) Policy 2009 and the
Australian and New Zealand Guidelines for Fresh and Marine Water Quality
(ANZECC/ARMCANZ 2000) and regulations of these waterways are described.

3.2 Receiving Water Environmental Values

The Environmental Protection Act 1994 aims to protect Queensland’s water, whilst allowing
ecologically sustainable development through the Environmental Protection (Water) Policy
2009 (EPP Water). The EPP Water achieves this within the following framework:

¢ Identifying environmental values for aquatic ecosystems and for human use; and
e Determine water Quality guidelines (WQGS) and water quality Objectives (WQOs) to
enhance or protect the EVs

Environmental values are the qualities of waterways to be protected from activities in the
catchment. Protecting environmental values aims to ensure healthy aquatic ecosystems and
waterways that are safe and suitable for community use. Environmental values reflect the
ecological, social and economic values and uses of the waterway, (such as stock water,
swimming, fishing and agriculture).

The processes to identify EVs and determine WQGs and WQOs are based on the National
Water Quality Management Strategy (ANZECC/ARMCANZ, 1994), Implementation
Guidelines (1998) and further outlined in the Australian and New Zealand Guidelines for
Fresh and Marine Water Quality (ANZECC/ARMCANZ 2000). EVs and WQOs adopted for
particular Queensland waters are included in Schedule 1 of the EPP Water. The waters in
the connected waterways to BCM are scheduled in the Isaac River Sub-basin Environmental
Values and Water Quality Objectives (DEHP, 2011b).

The waterways within BCM are in the Isaac Northern Tributaries sub-region. The following
EVs are identified under Schedule 1 of the EPP (Water) for this sub-region:

Aquatic ecosystems;
Irrigation;

Farm supply/use;
Stock water;

Human consumer;
Primary recreation;
Secondary recreation;
Visual recreation;
Drinking water;
Industrial use; and
Cultural and spiritual values.

The indicators and water quality guidelines relevant to the above environmental values are
listed in the Queensland Water Quality (QWQ) Guidelines (DEHP, 2009) and ANZECC
Guidelines (2000). The conditions of waterways located in the vicinity of BCM are classified
as Level 2: slightly to moderately disturbed ecosystems under the QWQ Guidelines. The
downstream receiving waters for the three southern tributaries (Spade, Hat and Bullock
Creek) do not include potable or irrigation water supply systems or National Parks within 100
km of the site.
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The downstream catchment of Burton Gorge Dam (BGD) is used for potable water supply for
North Goonyella Mine Camp. Mine activities within these catchments will be conducted in a
manner to ensure minimal risk to water quality for downstream users.

3.3 Regional and Local Catchment Hydrology

Five (5) named waterways pass through the BCM mining lease which drain to two (2) local
catchment systems and then Isaac River, which is part of the Fitzroy Basin. The two (2) local
catchments are the BGD catchment, which is located in the northern section of the mine site,
and the Teviot Brook catchment in the south. The waterways all drain east to west through
the mine lease. All the waterways have sand beds with banks forming flood channels. The
waterways are all ephemeral with typical flow durations from a few hours to days after rainfall
events. Gauging stations are located on three (3) of the waterways to measure flow depth
and linked via 4G mobile network to the Blomfield Environmental website as a 3" party
provided host.

3.3.1 Burton Gorge Dam Catchment

As shown in Figure 2 Sandy Creek is the southernmost tributary of the BGD catchment and
passes north of Plumtree Pit. Sandy Creek’s catchment is grazing and bushland from the
Kerlong Range. A gauging station is located both upstream and downstream of the mine to
measure flow conditions of Sandy Creek.

3.3.2 Teviot Brook Catchment

Three (3) waterways pass through the BCM mine lease into Teviot Brook and then Isaac
River. The waterways are Bullock Creek, which feeds into Spade Creek north of
Broadmeadow, which in turn joins with Hat Creek on the western lease boundary near
Broadmeadow. These three waterways all have grazing and bushland catchments within the
Kerlong Range.

Spade and Bullock Creek have been diverted due to mine activity (WL 174800 & 5772309).
Both have gauging stations; the Bullock Creek station operates as the upstream gauging
station for Spade Creek license discharge point. There are no Peabody owned gauging
stations on Hat Creek as there are no licensed release points located on Hat Creek.

3.4 Water Quality
3.4.1 Burton Gorge Dam Catchment

Water quality characteristics of BGD and its associated waterways are listed below (Table
1), which was prepared for previous versions of this Plan based on historical water quality
data. These table shows the 80™ percentile water quality results compared with the default
ANZECC Aquatic Ecosystem Trigger Values. The following is of note:

e All waterway samples were taken from upstream of the mine site, so there is no impact
from mining;

e The cells highlighted red indicate 80" percentile values that are above the default
ANZECC Aquatic Ecosystem Trigger Values;

e Water Quality parameters in the dam exceeding the default ANZECC values, are
exceeding in the creek system, which indicates the exceedance being likely due to
natural background conditions, with the exception of Electrical Conductivity (EC) which is
above limits in BGD, but not the waterways;

¢ Records don’t indicate significant accumulation of metals in the dam, with water quality
parameters in the creeks generally similar to or exceeding those in BGD;
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Release points for controlled discharges in the BGD catchment are located on Teviot Creek
and Sandy Creek.

BGD is a source of drinking water and operational supply for Peabody North Goonyella Coal
Mine (NGC) and accommodation camp. For this reason, release conditions into these
waterways are to ensure no impact to drinking water quality values within BGD. Releases on
the BGD spillway are downstream of any offtakes for drinking water, and therefore don’t pose
a risk to drinking water supply. The land surrounding BGD is also grazed by cattle, on land
that is not owned by Peabody.
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Table 1 : Burton Gorge Dam and tributaries 80th percentile water quality results compared to ANZECC Trigger values

Parameter Trigger BGD Anna

pH Lower pH units 6

pH Upper pH units 7.5 7.9 8.0 6.9 8.1 7.9
EC ps/cm 250 264 156 116 239 160.6
Total mg/L 0.15 0.07 0.12 0.04 0.36 0.1
Nitrogen

Nitrate + mg/L 0.03 0.06 0.30 0.03 0.11 0.06
nitrite

Phosphorus | mg/L 0.01 0.18 0.12 0.07 0.30 0.64
Aluminium mg/L 0.055 0.08 5.1 4.0 9.6 20.5
Arsenic mg/L 0.024 0.001 0.0010 0.001 0.0014 | 0.001
Boron mg/L 0.37 0.10 0.063 0.05 0.09 0.05
Cadmium mg/L 0.0002 | 0.0001 0.0001 | 0.0001 | 0.00018 | 0.0001
Chromium mg/L 0.001 0.007 0.005 0.003 0.018 | 0.017
Copper mg/L 0.0012 | 0.0070 0.0040 | 0.0036 0.0076 | 0.0200
Lead mg/L 0.0034 | 0.0040 0.0048 | 0.0020 0.0070 | 0.0098
Manganese | mg/L 1.9 0.15 0.08 0.03 0.16 0.54
Mercury mg/L 0.0006 | 0.0001 0.0001 | 0.0001 0.0001 | 0.0001
Nickel mg/L 0.011 0.009 0.004 0.004 0.008 | 0.019
Selenium mg/L 0.011 0.01 0.01 0.01 0.01 0.01
Silver mg/L 0.00005 0.001 0.001 0.001 0.001 0.001
Zinc mg/L 0.008 0.019 0.014 0.007 0.025 | 0.040

All metals samples are dissolved
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3.4.2 Teviot Brook Catchment

BCM has not released any water into Bullock or Spade Creek since mining operations
ceased in the area and no longer uses these release points. This is due to the remote
location, which isn’t accessible during rainfall events large enough to create flows in the
creek. Flow durations are short, lasting only hours to a day, so the only sampling option for
background water quality is via rising stage samplers.

Water quality in the Isaac River downstream of BGD and Teviot Brook has been recorded at
the DEHP stream gauging station #130414A (Isaac River at Goonyella). Review of the
results indicates that the Isaac River downstream of BCM has the following characteristics:

e Fresh to brackish water salinity, with EC values ranging between 120 and 3,500 uS/cm;
e Slightly alkaline, with a mean pH of 7.6.

Mean values exceed the default ANZECC trigger values for the following parameters:
conductivity, turbidity, pH, total nitrogen, NOXx, total phosphorous, copper and zinc.

Note that the Isaac River water quality results are potentially affected by discharges from
other mine sites in the region.

3.5 Geology and Soils
3.5.1 Geology

Burton Coal targets seams from the Rangal coal measures. In the southern mine area, the
Leichardt and Vermont seams are present and join with the Burton Seam in the northern
section. The Burton seam is 10 m thick and was the primary seam mined. The coal is mined
along strike, with a steep down dip.

The Burton Range fault is a large structural feature and strikes north, north-west. The
dominant rock types in the coal measures are sandstones, siltstones, mudstones and coal.

3.5.2 Topography

BCM is located in the Kerlong Valley. The valley floor is relatively flat, with the Kerlong range
to the east of the site which rises 210 to 220 m above the valley floor. The valley is 6 to 8 km
wide and 26 km long.

3.5.3 Soil Landscape

The mine lease is predominately composed of Land Zone 3 area, with small sections of Land
Zone 4 and 9 at the southern extent of the site.

e Land Zone 3 - is quaternary alluvial systems, including floodplains, alluvial plains, alluvial
fans, terraces, levees, swamps, channels and fine textured paleo-estuarine deposits.
This includes areas under freshwater influence and inland lakes. The soils are
predominantly Vertosol and Sodosol, also with Hydrosols in higher rainfall areas.

e Land Zone 4 - is Cainozoic clays deposits forming level to gently undulating plains over
alluvial systems. Mainly Vertosols with areas of thin sandy or loamy surfaced Sodosol
and Chromosols.

e Land Zone 9 - is fine rained sedimentary rocks, generally with little or no deformation.
Undulating landscapes with a broad range of fine textured soils of moderate to high
fertility. Siltstone’s mudstones, shales, calcareous sediments, and lithic and labile
sandstones are typical rock types although minor interbedded volcanic may occur.
Diverse range of soils including Vertosols, sodosols and Chromosols with moderate to
high fertility.
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4 Contaminant Source Study

4.1 Overview

Activities at BCM during care and maintenance which have the potential to impact on the
receiving environment by the introduction of contaminants are as follows:

Runoff from disturbed land (e.g. from stockpiles, overburden dumps and rehabilitation);
Saline drainage from overburden dumps;

Groundwater inflows to the pits; and

Runoff from chemical or fuel/oil spills.

4.2 Site Operating Activities

BCM was an open cut coal mining operation and is currently under care and maintenance.
Under care and maintenance, permanent facilities (i.e., buildings) will not be operated. They
will be continually maintained or decommissioned and removed from site.

There will be no traditionally open cut mining activities during the care and maintenance
phase. Pit voids will be used as water storages as required and operated in compliance with
EA conditions. The figures in the Appendix show the layout of the four (4) pits and any water
monitoring locations within their vicinity.

4.3 Runoff Water Quality — Water types

BCM has monitored water quality in dams that capture surface runoff since mining
commenced. The water quality results are all stored in the Peabody EQuIS water quality
database. Due to BCM having previously had over 20 dams, which have had changing
landforms during their lifetime, it is hard to define the water quality for each dam individually
as they change significantly with landforms. A summary of water quality in dams with
catchments of different water type is provided below.

For water management system purposes, the water generated at BCM is divided into five (5)
types.

4.3.1 External or Raw Water

External or raw water is water brought onto site is usually of potable quality. Teviot Dam is
owned and operated by New Hope Group, located within in the Kerlong Range. Teviot Dam
water can be accessed from BCM, if required. Teviot Dam water may be supplied to BCM for
fire and washdown water or for the filling of dams for cattle grazing. This water presents no
potential for environmental harm.

On occasion BCM may receive other water from other mine sites or external third parties.
This water may be raw or mine affected water. Most recently water was received from NGC
and placed in Plumtree void. This water was mine affected but was monitored to ensure it
posed no detrimental effect to BCM’s water quality.

4.3.2 Diverted Water

Diverted water is runoff from areas surrounding the mine that is undisturbed and diverted
away from the operations with no impact from the mine site. Diverted water is directed to one
of the five waterways that run through the mine lease.

The effective operation of drainage structures diverting water away from disturbed area
runoff water storages is critical to the effective management of disturbed area runoff in the
site water containment systems.
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4.3.3 Surface Water

Surface water is runoff from areas on the mine lease that have been disturbed but not in an
active operational area or have been rehabilitated. The only potential contaminant is
suspended solids, and this can be controlled through the Burton Coal Mine Erosion and
Sediment Control Standard (BUR-ENV-EMPLAN-017). Any surface water that does
accumulate in a dam shall only be discharged in compliance with BCM’s EA conditions.

The water quality of dams with rehabilitated or undisturbed catchments is typically as follows:

e EC can vary from 200 to 700 pS/cm, this is highly dependent on the time of the rainfall
event, with the first flush of a catchment yielding higher values then subsequent rainfall;
and

e Other parameters are below EA trigger conditions or are similar to background receiving
water levels.

Surface runoff to dams with catchments containing out of pit dumps (OOPD), have water
quality which is typically:

EC from 500 to 2,500 uS/cm during the wet season;

pH typically ranges from 7.5 to 9;

metals are below EA trigger values or similar to background receiving waters; and
Suspended solids (TSS) can be higher than EA trigger values, however background
monitoring of creeks has shown TSS to get to be above 2,000 mg/L in some events.

These catchments are directed to sediment dams and will not be allowed to drain directly off
site until rehabilitated.

4.3.4 Mine Affected Water

Mine affected water is water that has come into contact with operational areas such as active
mine areas, pits, operational areas such as the CHPP and Workshop or runoff from coal
stockpiles. This water shall be stored in designated worked water dams or pit voids.
Discharge of this water must be in compliance with BCM’s EA conditions.

Worked water catchments typically have:

e EC values of up to 5,000 ps/cm;

e pHin the range of 8 to 8.5;

e Some metals such as Zinc and Uranium can be higher than trigger values in the EA,
however this also occurs in the local creek systems;

e Sulfates are typically around 300 mg/L; and

e Sodium can also exceed trigger levels for the EA in some catchments.

BCM shall maximise the use of worked water for all operational purposes that don’t require
potable water and potential offsite transfer from BCM to other Peabody mines and/or 3™
parties under water transfer agreements.

4.3.5 Associated water
Associated water is water that drains into pits from groundwater sources. There is no

dewatering of groundwater from bores. Associated water is managed as worked water on
site due to its poor water quality.

4.4 Co-Disposal Runoff

BCM does not have any co-disposal facilities.
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4.5 Groundwater

Groundwater at BCM can range in EC from 1,800 to 32,600 uS/cm (JBT, 2016) depending
on the source, with higher values occurring from coal seams. However, the principal source
of groundwater in the region is the coal seams. Once water levels in the pit are above the
coal seams, inflows from groundwater have been observed to significantly reduce by site
personnel. Under care and maintenance, pit voids will not be dewatered unless they reach
their DSA.

Conditions C47 to C50 of the BCM EA outline the groundwater monitoring schedule for BCM.
The majority of these bores are cased and in coal seams, which have water quality that is of
no environmental or agricultural value. Additionally, due to the steeply dipping seams at
BCM, most of the bores are located outside the area of influence of any pits. There are
currently no groundwater bores being used for any production purposes at BCM.

The groundwater water quality that is suitable for use include:

o Tertiary basalt aquifers are within both livestock and drinking water limits;
¢ Permian sediments and coal seams at unfit for use with a median EC of 13,940 pS/cm
and only 10 out of 191 sample below 5,970 uS/cm;

The locations of all sampling Bores are listed in Schedule 2 — Table 3 of the BCM EA. There
are currently no monitoring sites that meet this criterion at BCM.

Post mining conceptual groundwater model by JBT (2016), suggests that groundwater
inflows to pits will be less than evaporation, resulting in no impact to pit storage inventories.

4.6 Chemical and fuel Storage

Storage of all chemicals at BCM is within designated areas with bunds to the specifications
of AS1940 - Storage and Handling of Flammable and Combustible Liquids (2004). Spill
response and procedures are managed under the Safety Health and Management System
(SHMS) and Standard Operating Procedures (SOPs). An inventory and MSDS list of all
chemicals are managed by site personnel. Chemical storage areas are all within the
catchments of worked water dams. During care and maintenance minimal chemicals will be
stored on site.

All fuel at site is stored within bunds in the workshop area. All tanks are maintained and
operated as per of AS71940 - Storage and Handling of Flammable and Combustible Liquids
(2004). Spill response procedures are managed under the SHMS and SOPs. All fuel
storages are located within worked water dam catchments.

4.7 Sewage Effluent

During care and maintenance, the sewage treatment plant will not be operated. Septic tanks
will be used for the site administration building which will be emptied by licensed contractors.
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5 Mine Site Water Balance

HATCH Pty Ltd (2018) updated the OPSIM water and solute balance model for BCM to
reflect the water management strategy under care and maintenance. All details and
assumptions are included in the Burton Coal Mine — Final Void Modelling 2018 report. The
model was developed to determine the following during care and maintenance:

e Frequency of uncontrolled releases from worked water dams;

e The pit storage inventories to determine pumping requirements; and

¢ Modelling of controlled releases at the BGD release point to understand their influence on
mine site inventories.

The model is managed by site and is reviewed yearly to ensure the WMS is operated such
that discharge risks are appropriately managed. Details of the water balance model are
outlined in the following sections.

5.1 Uncontrolled Release from Worked Water Dams

Previous modelling of worked water dams was used to determine the Annual Exceedance
Probability (AEP) of each dam spilling (Hatch, 2016). The following worked water dam spilled
at a frequency greater than 10% AEP (though the modelling overestimated catchment areas
in some instances, and the catchment is now fully rehabilitated):

¢ Wallanbah DW Dam which releases to Bullock Creek (shown in Figure 3);

During the care and maintenance phase, the runoff to and water stored in these dams is
likely to have contaminant concentrations lower than during operational phases.
Subsequently a history of water quality data was supplied to the regulator to allow the
transition of the Wallanbah DW dam to a surface water dam for water management
purposes. As such the pumping of surface water dams at BCM is currently not an operational
requirement.

5.2 Pit Storage Inventory

During the care and maintenance phase, there will be no active mine pits. The modelled
results indicate that while inventories are likely to remain steady over the next three (3)
years, there is at least a 90% chance that no DSA, MRL or operating levels will be exceeded,
so pumping or uncontrolled release from pits is highly unlikely. It should be noted that a
review of the Consequence Category Assessment was completed by KCB in 2021 and all
pits/voids at BCM have been classified as ‘low’ hazard and no longer require DSA or MRL.

5.3 Pumping Requirements

Care and maintenance pumping priorities will focus on monitoring the requirements of the
regulated voids and the need for any water transfer. It should be noted that a review of the
Consequence Category Assessment was completed by KCB in 2021 and all pits/voids at
BCM have been classified as ‘low’ hazard and no longer require DSA or MRL.

5.4 Controlled Releases

It is planned that no controlled releases will occur during the care and maintenance phase.
The water balance model indicates that during care and maintenance, the site inventory will
decrease. The waterways around BCM are ephemeral with short flow durations.
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6 Water Management System

The objective of the site water management system (WMS) is to manage all types of water
on site to meet operational, social and environmental objectives encapsulated by BCM'’s
Environmental Authority during care and maintenance.

Peabody has two key WMS objectives:

e Peabody minimises worked water uncontrolled releases and has sufficient worked and
external water for operation in dry times; and
e The priority areas are the operation’s impact on surface water and groundwater.

The water management system will be operated in a way to minimise uncontrolled releases,
whilst minimising the volume of water accumulated through managing surface water
catchment via the ESCP. Separation of water types is key to minimising water stored. Dams
and their catchments are managed in accordance with the water type they store.

6.1 Worked Water Storages
6.1.1 Worked Water Hierarchy

The key objectives of the worked water system and managing pumping priorities are based
on the worked water hierarchy:

e Minimise worked water catchment sizes to reduce the potential contamination of water
and the accumulation of water on site;

¢ Reduce the water levels in worked water dams at risk of uncontrolled discharge; and

¢ Maintain requirements on all regulated structures, where required.

The details for achieving this hierarchy are detailed in the following sections.

6.1.2 Regulated Structures

BCM mine lease has nine regulated structures on site. Four of these structures are classed
as dams and five are regulated levees to protect the pits from inundation. The dams include
the four voids (Plumtree, Bullock Creek, Wallanbah and Broadmeadow).

These structures and their details are listed in the Burton Coal Mine - Consequence
Category Assessment (KCB 2021). A review of the Consequence Category Assessment was
completed by KCB in 2021 and all pits/voids at BCM have been classified as ‘low’ hazard
and no longer require DSA or MRL.

6.1.3 Worked Water Dams

Worked water dams at risk of uncontrolled releases at greater than 10% AEP are listed in
Section 5.1. Pumping priority is to ensure that the less than 10% AEP can be achieved and
to dewater the dams to mining voids with sufficient capacity over the dry season.

6.1.4 Pump and Pipe Network

The pump and pipe configuration were designed to meet the needs of BCM during coal mining
operations. Under care and maintenance, pumping priorities will be based on the worked water
hierarchy of control listed in Section 6.1.1.

The pipelines at BCM are shown in Figure 2 and Figure 3 with the pump assets at BCM and
their respective utilisation shown in Table 2.

The BCM Care and Maintenance Water Balance Report shows that the pits on site had at least
a 90% chance of not exceeding DSA or MRL prior to the 2021 review by KCB. Skid mounted
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diesel pumps are available on site which can be connected to the pipe network to move water
between pits if required.

Table 2: Pump assets and area of utilisation at Burton

Pump Asset list

Asset ID Power supply ‘ Supplier ‘ Model Specification/Capacity Location ‘
Skid Pumps
SP1 Diesel pump Stalker 8400 ~140L/s Not fixed
RTP15 Diesel pump Pioneer | 86C21 ~140 L/s Not fixed
Trailer Pumps
TP3 Diesel pump Sykes CP-150 Not fixed
TP4 Diesel pump Sykes CP-150 Not fixed

6.2 Surface Water Storages

The BCM Erosion and Sediment Control Plan (ESCP) was developed by WRM in 2012 and
most recently updated in 2022.

6.2.1 Surface Water ESCP Hierarchy

The ESCP for surface water catchments follows the hierarchy of control outlined below:

e Prevent and minimise disturbance and progressively rehabilitate disturbed land to reduce
the catchment size of any surface water catchment;

e Any surface water catchments with disturbance that will generate sediment but not
contaminants will be directed through an ESCP structure, such as sediment basins; and

e Existing surface water dams which capture surface water runoff shall be operated to only
spill at a frequency less than 10% AEP to ensure sufficient flow in receiving catchment to
minimise potential environmental harm.

Yearly inspections of surface water catchments and associated drainage will be conducted
by site personnel to identify areas of erosion to plan remediation work and install ESCP
structures. ESCP catchments are managed under the ESCP inspection template.

6.3 Raw Water Storages

BCM’s raw water can be supplied from Teviot Dam, via New Hope Group. Due to the volume
of water stored in pits, there is unlikely to be any need for raw water during care and
maintenance, but the utilisation of the existing Plumtree ROM Dam will occur to allow for dust
suppression water to be sourced whilst topsoil spreading is being undertaken onsite.

6.4 Haul Road and Work Area Dust Suppression

Dust suppression will only occur when required under care and maintenance, such as during
rehabilitation works when spreading topsoil using a Scraper. Fast fill points are supplied from
worked water storages or raw water storages, such as the Plumtree ROM Dam. All fast fill
points drain internally to worked water dams so there is significantly reduced potential for fast
fill point runoff to drain off site that may cause environmental harm.
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6.5 Regulated Structures

BCM'’s Consequence Category Assessment was reviewed in 2021 by KCB and all final voids
onsite have been classified as ‘low’ hazard.

BCM only has regulated levees onsite, which are:

- Plumtree Southern Levee;

- Bullock Creek Northwestern Levees;

- Broadmeadow Northwestern Levee;

- Broadmeadow Southwestern Levee; and
- Broadmeadow Southern Levee.

Regulated structures will all be managed in accordance with Section G of the BCM EA. The
detail for each structure is kept in the Regulated Structures Register and Operational Plans.

6.6 Dam Maintenance and Monitoring

All regulated structures have yearly inspections as per Conditions G22 — G25 of the BCM
EA. Any additional monitoring is outlined in each dam’s operational plan. Additional water
infrastructure is monitored periodically during the year in particular after large storm events.
Yearly ESCP inspections are conducted and recorded in the ESCP inspection template.

6.7 Water Inventory Tracking

BCM monitors the site’s water inventory through a water inventory account. This account is
updated monthly (or as required/available) with:

Survey pickups of RL’s from all final voids/pits for volume calculations and to confirm
volume;

Recording of all flow meters for all pumps when pumping between final voids/pits, to a 3
party or offsite;

Rainfall runoff and evaporation estimates using site weather station data; and

Water consumption estimates.

6.8 Water Quality Monitoring and Reporting

BCM undertakes water monitoring as per the conditions of the EA which includes:

Monitoring of the end of pipe for controlled releases and the receiving waters both
upstream and downstream of designated sampling points listed in the BCM’s EA and
detailed in Appendix A;

Monitoring of uncontrolled release events from the source of the release and the
receiving waters, in line with the sample requirements of the EA;

Receiving Environment Monitoring Program (REMP) — background monitoring of
waterways, this includes samples taken upstream of the mine site only during controlled
discharge events of mine affected water and the use of rising stage samples (RSS);
Gauging stations monitor stream flow in locations listed in BCM’s EA. These stations are
used to calculate the ability to make controlled releases and monitor compliance. These
stations are linked via 4G to a website managed by Blomfield Environmental and are
accessible 24/7; and

Field monitoring — regular field samples are taken of storages and waterways on site to
monitor EC and pH.

All water quality data for BCM is stored on the Peabody EQuIS database. Release event
data is uploaded to the QLD government WaTERS websites. All sample points for release
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points and receiving waters, along with access details are located in the Peabody Burton
Water Release Procedure and maintained in the BCM’s GIS system.

6.8.1 Controlled Releases

BCM has the capability to discharge water from multiple storages through its pipe network.
The release rate and water quality parameters must be in compliance with Table C4 of the
EA. The flow rates in the receiving waters for calculating the end of pipe release rates in
Table C4 are based on the upstream gauging station for the waterway.

Due to the short flow durations of waterways and difficulty in accessing the release points
(south of Sandy Creek) during wet weather, releases do not occur in these waterways.

6.8.2 Contaminant Release Limits

End of pipe release water quality is sampled at the locations defined in Table C1 of the EA. A
summary of the conditions for monitoring end of pipe release water is listed below:

e Table C4: The end of pipe release rate is restricted by the receiving water flow rate and
the release water EC and Sulfate concentrations. Receiving water flow rates are
calculated by the upstream gauging station;

e Table C2: Daily field samples of pH and EC;

e Table C2: Lab samples of full sample list at commencement, cessation and weekly
frequency;

e Table C3: Lab samples of full sample list at commencement, cessation and weekly
frequency.

6.8.3 Receiving Waters Contaminant Limits

Receiving waters water quality is based on sampling at the locations defined in Table C5 of
the EA. A summary of the conditions for monitoring receiving waters is listed below:

e Table C4: Flow rate is calculated from the gauging stations located in this table. The
Bloomfield’s website’s alarms are set to notify the start and end of the specified flow
regimes such as Low Flow, Medium flow etc;

¢ Table C6: Daily field samples of pH and EC;

e Table C6: Lab samples of full sample list at commencement, cessation and weekly
frequency.

The tributaries around BCM have 80™ percentile water quality that exceed the ANZECC
guidelines (Table 2). Therefore, background monitoring of the sample suite in Table C3 is
undertaken in all controlled releases at commencement, cessation and weekly to verify if an
exceedance in water quality limits in the downstream sample is due to background conditions
or the controlled release. In addition, the samples taken from the upstream samples shall be
reported in the REMP.

6.8.4 Water Storages Monitoring

BCM has no EA conditions for the monitoring of stored water. However, dams are regularly
field sampled for EC and pH and periodically sampled for parameters matching Table C3 of
the EA.
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7 Measures to manage and prevent Saline Drainage and Acid Rock

Drainage

7.1 Seepage management
711 Overview

BCM shall take action to avoid or minimise the generation and/or release of saline drainage,
in accordance with condition C37 of the BCM EA. Saline drainage can occur from both
surface runoff and via seepage through out of pit spoil emplacements. BCM does not have a
history of saline drainage from surface runoff. However, seepage from the toe of out of pit
spoil dumps has been reported. The management strategy adopted by BCM to manage
seepage includes:

Undertake routine monitoring of out of pit spoil dump toe drains for signs of seepage;
Track all sources of seepage in the BCM GIS database;

Respond to the identification of seepage as per the seepage TARP; and

Report seepage as per the seepage TARP;

7.1.2 Routine Monitoring

BCM will routinely monitor for seepage on an annual basis. Monitoring should occur within 3
months of the end of the wet season.

Identified seepage should be monitored monthly when flow is occurring. The following should
be recorded:

e Field sampling of EC and pH,;

o Estimated flow rates; and

¢ Photograph of the source, drainage path and destination.

If seepage is reporting to a dam, the dam shall also be monitored monthly. The following
should be recorded:

e Field sampling of EC and pH; and

e Storage volume/water level.

7.1.3 Tracking

Identification of seepage will be tracked in the BCM GIS database. The following information
shall be recorded in the GIS database:

e The location of the seepage from the dump toe;

e The drainage path and destination; and

e The location of any monitoring equipment.

7.1.4 Response plan
If saline seepage is identified, the saline drainage Trigger Action Response Plan (TARP)
shown in Table 3 shall be used to manage actions at BCM.

7.1.5 Reporting

Reporting shall occur in accordance with the TARP shown in Table 3.
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7.2 Acid Rock Drainage

Acid leachates have not been identified at BCM in its mining history.
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Table 3: Saline Drainage TARP

TRIGGER: No reported saline drainage

No active seepage or signs of saline drainage (i.e. salt at dump toe)

PERSON
ACTION RESPONSE RESPONSIBLE
Norma.I Annual Inspections as per WMP Environmental
operations Manager
LEVEL 2
TRIGGER: Seepage is Identified
Seepage is draining to a final void
PERSON
ACTION RESPONSE RESPONSIBLE
Tracking Add details to the GIS database
Field sample pH and EC monthly during flow
Monitoring Record flow rate rTlontth, either visually (ph.otographs) or gstlmate Environmental
the flow rate by either measure depth/velocity of flow or with a flow M
anager
meter
. Report the first identification in the Peabody Incident management
Reporting
system
LEVEL 3
TRIGGER: Seepage is Identified
Seepage is draining to a dam
PERSON
ACTION RESPONSE RESPONSIBLE
Tracking Add details to the GIS database
Field sample seepage pH and EC monthly during flow
Record flow rate monthly, either visually (photographs) or estimate
. the flow rate by either measure depth/velocity of flow or with a flow .
Monitoring Environmental
meter
. Manager
Monitor the surface water dam water level monthly
Field sample the dam pH and EC monthly
. Report the first identification in the Peabody Incident management
Reporting
system
Divert Where possible, divert the flow to a final void. This may require a
Seepage dedicated sump and pump

TRIGGER: Surface water dam spill risk

Surface water dam exceeds 80% capacity or water quality is above 7,500 us/cm (not
applicable to voids)

ACTION

RESPONSE

PERSON
RESPONSIBLE

Dewater the

Dewater the dam to the closest final void

storage
Monitor the water level and quality (pH and EC) weekly until below
Monitor the trigger level
In the event of a spill, refer to the BCM Water Release Procedure (BU-
ENV-PRO-002)
. Report the first identification in the Peabody Incident management
Reporting

system

Environmental
Manager
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TRIGGER: Seepage has the potential to cause environmental harm

Seepage is not contained within the water management system

PERSON
ACTION RESPONSE RESPONSIBLE
. Construct either:
Divert . . .
Seepage - Dedicated pump/sump to a dam or final void
pag - Construct a drain to direct seepage to a dam or final void
Tracking Add details to the GIS database
Field sample pH and EC daily until diverted Environmental
. Record flow rate daily until diverted, either visually (photographs) or Manager
Monitoring . . .
estimate the flow rate by either measure depth/velocity of flow or
with a flow meter
Reportin In the event of potential environmental harm, notify the regulator
P & and report as incident in Peabody SHMS
TRIGGER: Seepage is entering a watercourse or going off the mine lease
Seepage is not contained within the water management system
PERSON
ACTION RESPONSE RESPONSIBLE
. Construct either:
Divert . - .
Seepage - Dedicated pump/sump to a dam or final void
Pas - Construct a drain to direct seepage to a dam or final void
Tracking Add details to the GIS database Envi tal
nvironmenta
Field sample pH and EC daily until diverted
. o . . Manager
o Record flow rate daily until diverted, either visually (photographs) or
Monitoring . . .
estimate the flow rate by either measure depth/velocity of flow or
with a flow meter
Reporting Notify the regulator and report as incident in Peabody SHMS
Burton Coal Mine Water Management Plan
Document Number: BUR-ENV-EMPLAN-018
Version: 9 Uncontrolled when printed 30 of 37




8 Emergency Response Plan

8.1 Overview

The proposed water management strategy under care and maintenance has been developed
for both normal operation and during extreme wet weather events in order to:

e Minimise the risk of uncontrolled releases from worked water dams; and
o Ensure compliance with the BCM EA conditions.

The emergency response plan for site is managed in the site’s Safety and Health
Management System. A summary of the emergency response, should a failure of the water
management strategy occur, is given below.

8.2 Uncontrolled Releases

All uncontrolled releases from site should follow the Mine Water Release Procedure and
Flow Chart. These documents outline the actions to take and persons responsible for
management of releases. Due to access restrictions during wet weather, inspections of
storages can sometimes not occur until after the rainfall event, and potentially after a spill
event has commenced/occurred. Unmonitored spill events from worked water storages will
be handled under the incident reporting and investigation process. BCM aims to maintain at
least a 10% AEP spill risk on all dams, to ensure that if a release occurs, it is during wet
conditions so that the potential impact to the environment is minimal. This is outlined in the
Water Balance Report (Hatch, 2016).

BCM procedures for worked water transfers require regular pipeline inspections by the pump
crew. All discharges and leaks that are identified shall be reported immediately to the
Peabody Burton Environment Manager, OCE and/or Supervisor and pumping is to cease
immediately.

8.3 Dam and Levee Monitoring

The embankments of all levees and dams will be monitored annually before the wet season,
and during and after flow events to ensure they are operating satisfactorily and have not
been damaged through erosion. The gauging stations on each of the waterways measure
water level, the Blomfield website has alarms set to report any high flow conditions to
indicate water levels reaching the base of a levee.

Should a dam become damaged, the stored water will be pumped to the nearest void to
minimise the risk of an uncontrolled release to the downstream waterway. The site Peabody
Burton Environment Manager will be responsible for communicating with regulators. A
suitably qualified person shall be used to inspect the dam. Repair work will occur as soon as
practicable after damage has occurred.

8.4 Wet Weather Access

During wet weather, site access is restricted due to impassable dirt roads, flooding and
safety issues. During care and maintenance there will be minimal staff on site, so extra
precautions will be taken for safety. Waterways which have short duration flows and are
inaccessible in wet conditions have rising stage samples which can be used to taken water
samples, minimising exposure of personal to extreme weather events.
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9 Water management plan yearly review and report

Condition C33 of the BCM EA states a review and report of the Water Management Plan
must be prepared each year by an appropriately qualified person. The report must:

e Asses the plan against the requirements under Conditions C32 of this environmental
Authority;

e Include recommended actions to ensure actual and potential environmental impacts are
effectively managed for the coming year; and

¢ Identify any amendments made to the water management plan following the review.

The water management plan will be revised within 3 years, or if the care and maintenance
phase ends at any part of the operation.

10 Summary

The BCM WMP has been prepared in accordance with the Guidelines on the Preparation of
Water Management Plans for Mining Activities (DEHP, 2013) and the conditions of the
Environmental Authority. It forms part of the Burton Environmental Management System,
which is used to manage the potential risks to the environmental values of receiving waters.

The general principles to manage water for the site are as follows:

e Separation of runoff of water types worked, surface and diverted,;

¢ Minimise the area of surface disturbance, thus minimising the volume of sediment or
mine affected runoff;

o Worked water shall be used in any operational areas;

e Pumping hierarchy to focus on compliance and to minimise the potential for uncontrolled
releases;

e Maximise runoff from surface water catchments to report offsite through ESCP to
minimise water accumulation on site; and

e Controlled releases from site when in compliance with EA conditions.

11 Roles and Responsibilities

Table 4: Roles and Responsibilities

' Responsibilities
Environment Approval and implementation of the WMP and yearly review to
Manager/SSE ensure compliance and outline yearly actions in order to
ensure continued compliance
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12 Supporting Documents and References

12.1 Documents

Burton Coal Mine: Final Void Modelling Q1 2018 (Hatch 2018)

Burton Coal Mine - Hazardous Consequence Assessment — Dams (WWRM 2014)

Burton Coal Mine - Hazardous Consequence Assessment — Levees (WRM 2014)

Burton Coal Mine — Erosion and Sediment Control Standard (BUR-ENV-EMPLAN-017)

Burton Coal Mine — Environmental Authority EPML00879213

Burton Coal Mine — Ellensfield Co-disposal Operational Plan

Burton Coal Mine - Mine Water Release Procedure (BUR-ENV-EWI-001)
Burton Coal Mine - Mine Water Release Flowchart (BUR-ENV-FC-001)
Burton Coal Mine — Controlled Release Modelling (WRM 2012)

Burton Coal Mine - Water Balance Model - Set-up (WRM 2012)

Burton Coal Mine - Water Balance Model (Hatch 2016)

Burton Coal Mine — Receiving Environment Monitoring Plan (

MNP_BUR _Receiving Environment Monitoring Program_V2_ WRM)

Burton Coal Mine - Water Balance Model - Option Assessment (WRM 2012)

Burton Coal Mine - Post Wet Season Assessment 082014 HM

Burton Coal Mine — Regulated Structures Register and Operational Plans

12.2 Licenses

Bullock Creek Diversion WL 577239
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file://///BURPFP01.us.root.peabodyenergy.com/Data/Environmental/EMM%20(Management%20&%20Monitoring)/Water%20Management/Dams/Haz%20Dam%20Assessments/2014/Burton%20Hazardous%20Dams%20Assessment%202014.pdf
file://///BURPFP01.us.root.peabodyenergy.com/Data/Environmental/EMM%20(Management%20&%20Monitoring)/Water%20Management/Dams/Haz%20Dam%20Assessments/2014/Burton%20hazardous%20Levee%20Assessment%202014.pdf
file:///M:/Environmental/Environmental%20Management%20System/Management%20Plans/Erosion%20&%20Sed%20Control%20Plan/20120810%20Erosion%20and%20Sediment%20Control%20Plans.msg
file:///M:/Environmental/Licences,%20Approvals%20&%20Permits/Environmental%20Authority/2013/130415_2013%20Haz%20Dam%20Amendment/Final/EA_EPML00879213_w%20Approval%20Letter.pdf
file://///BURPFP01.us.root.peabodyenergy.com/Data/Environmental/Environmental%20Management%20System/Management%20Plans/Ellensfield%20Co-disoposal%20Operational%20Plan/090831_Revised%20Ellensfield%20Operational%20Plan_Rev_3_T.pdf
file://///BURPFP01.us.root.peabodyenergy.com/Data/Environmental/Environmental%20Management%20System/Work%20Instructions_Procedures/Mine%20Water%20Release/BUR-ENV-EWI-001_Mine%20water%20release_procedure_FINAL.pdf
file://///BURPFP01.us.root.peabodyenergy.com/Data/Environmental/Environmental%20Management%20System/Work%20Instructions_Procedures/Mine%20Water%20Release/BUR-ENV-FC-001_Mine%20water%20release_flowchart.pdf
file://///BURPFP01.us.root.peabodyenergy.com/Data/Environmental/EMM%20(Management%20&%20Monitoring)/Water%20Management/Water%20Management%20Plan/Water%20balance/WRM%202012/2012%20Controlled%20Releases.pdf
file://///BURPFP01.us.root.peabodyenergy.com/Data/Environmental/EMM%20(Management%20&%20Monitoring)/Water%20Management/Water%20Management%20Plan/Water%20balance/WRM%202012/2012%20WRM%20Water%20Balance%20Model.pdf
file://///BURPFP01.us.root.peabodyenergy.com/Data/Environmental/EMM%20(Management%20&%20Monitoring)/Water%20Management/Water%20Management%20Plan/Water%20balance/WRM%202012/2012%20WRM%20Water%20Balance%20Options%20Analysis.pdf
file://///BURPFP01.us.root.peabodyenergy.com/Data/Environmental/Environmental%20Management%20System/Management%20Plans/Discharge%20Events/2013%20Discharges/2013%20Wet%20Season%20Assessment/BUR-ENV-Post%20Wet%20Season%20Assessment%20082014%20HM.pdf
file://///NGCPFP01.us.root.peabodyenergy.com/Group/Environment/ENV-40%20Water%20Items/Surface%20Water/Regulated%20Structures/Regulated%20Structures%20Register/REG_BUR_Regulated%20Structures%20Register%20and%20Operation%20Plans_v2.1_ENV_SP_20151008.pdf
file://///BURPFP01.us.root.peabodyenergy.com/Data/Environmental/Licences,%20Approvals%20&%20Permits/Licences/Bullock%20Creek/DP%20Details%20577239.pdf
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WRM

Burton Mine Hazardous Consequence Assessment - Dams, 2014
Burton Mine Hazardous Consequence Assessment - Levees, 2014

Burton Mine, Erosion and Sediment Control Plan (ESCP) 2013

13 Abbreviations & Definitions

Term ‘ Definition

AEP Annual Exceedance Probability

BGD Burton Gorge Dam

CHPP | Coal Handling and Processing Plant
DEHP | Department of Environment and Heritage Protection
DERM | Department of Environment and Resource Management
DSA Design Storage Allowance

EA Environmental Authority

EC Electrical Conductivity

EP Act | Environmental Protection Act

EPP Environmental Protection Policy

ESCP | Erosion and Sediment Control Plan

EV Environmental Values

MRL Mandatory Reporting Level

MSDS | Material Safety and Data Sheet

OOPD | Out of Pit Dump

QLD Queensland

SHMS | Safety and Health Management System
SOP Standard Operating Procedure

TLO Train Load Out

WL Water License

WMP Water Management Plan

WMS Water Management System

wQG Water Quality Guidelines

WQO | Water Quality Objectives
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14 Appendices
Appendix 1 — Site Maps

Figure 4: Plumtree and Bullock
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Figure 5: Wallanbah and Broadmeadow
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1 Introduction

In 2015, Peabody Energy (Peabody) engaged Alluvium Consulting Australia (Alluvium) to undertake an
assessment of levees at Burton Mine, to determine the transitional timeframes to provide immunity to the
0.1% Annual Exceedance Probability (AEP) design flood event, in accordance with the latest model conditions
from Queensland Government (2014).

In April 2016, Peabody appointed Alluvium to undertake work to follow on from that previous project. This
new phase includes assessment of four sites to consider the final landforms required to provide flood
immunity for the Probable Maximum Flood (PMF) and which would be suitable for future relinquishment.

Note that all modelling for this project has been undertaken with “glass walls” in place of the levee structures.
This effectively prevents water from entering mine pits and assists with determining maximum water surface
elevations without the need to account for water lost to pits.

1.1 Project objectives
The objectives of this new phase of work are to:

e determine the PMF water surface elevations at four specific sites at Burton Mine and also determine
0.1% AEP water surface elevations at two of these sites. The locations are listed below and shown in
Figure 1-1:

o BN_1, Burton North on the Isaac River (0.1% AEP and PMF)
o PT_1, Plumtree North on Sandy and Plumtree creeks (PMF)

o BC_1, Bullock Creek (note that modelling has been undertaken with the assumption the two
haul road crossings have been removed — discussed further in Section 6.3) (0.1% AEP and
PMF)

o BM_3, Broadmeadow South on Hat Creek (PMF).

1.2 Report structure

This report is structured in three sections which include: project introduction and objectives; project output
summary; and attachments, which include:

e AttachmentA  PMF Hydrology

e AttachmentB  Hydrodynamic modelling.
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Figure 1-1. Overview of site
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2 Project Outputs Summary

This section provides a brief summary of the key modelling outputs from the study. Further details can be
found in the figures in Section 2.1. Please note that as the primary focus of this study has been to determine
the maximum water surface elevations for the modelled flood events, and provide these in DXF contour
format, this summary is intentionally kept brief. The maximum water surface elevations at each site are
presented in Table 2-1.

Table 2-1. Maximum Water Surface Elevations at each site
Site Maximum 0.1% AEP WSE Maximum PMF WSE
(m AHD) (m AHD)
BN 1 318.2t0 318.3m AHD 320.4 to 320.5m AHD
- See Figure 2-1 See Figure 2-3
317.5t0320.3m AHD
PT 1 N/A )
See Figure 2-4
BC 1 324.5to0 333.5m AHD 327.1to0 335.9m AHD
- See Figure 2-2 See Figure 2-5
286.0 to 287.9m AHD
BM_3 N/A

See Figure 2-6

Please note that the dxf files provided from the modelling outputs cover the full extent of the model. Care
must be taken to focus only on using the results from adjacent the points of interest specific to this study.
Contours from the areas upstream and downstream of these sites may not be as reliable as the hydrologic and
hydraulic models have been developed specifically to produce accurate results at the points of interest of this
study.

2.1 2D hydrodynamic modelling results

Flood depths for the 0.1% AEP design flood events modelled for BN_1 and BC_1 are presented in Figure 2-1
and Figure 2-2, respectively.

Flood depths for the PMF flood events modelled for all four sites are presented in Figure 2-3 to Figure 2-6.

All figures include the maximum water surface recorded by the model next to the structures.
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Figure 2-1. BN_1 0.1% AEP design event maximum flood depths
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Figure 2-2. BC_1 0.1% AEP design event maximum flood depths
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Figure 2-3. BN_1 PMF event maximum flood depths
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Figure 2-4. PT_1 PMF event maximum flood depths
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Figure 2-5. BC_1 PMF event maximum flood depths
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Figure 2-6. BM_3 PMF event maximum flood depths
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3 Recommendations

The maximum water surface elevations presented in this report have been derived from conceptual levee
configurations — an approach that is fit for purpose for the level of assessment undertaken for this project.

It is highly recommended that the modelling be revisited during the detailed design phase for any of the
structures. Furthermore, the water surface elevations reported in this document make no allowance for
freeboard. This must also be considered during the detailed design phase.

For the modelling undertaken for BN_1 and PT_1, the models developed for these sites will require further
development during detailed design, particularly with focus on refinement of the land roughness.

For BC_1 the modelling has been undertaken with the two haul road crossings removed (see Section 6.3). Any

departure, or even a minor variation, from this concept will yield different water surface elevations. The
modifications made to the haul road crossings must be included in the detailed design modelling.
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5 Hydrologic Modelling

Alluvium already possessed RORB hydrologic models for all sites assessed for this study. These models have
been used previously to derive flow used for the 0.1% AEP (1000yr ARI) design flood modelling. For further
details on this modelling refer to:

e BN_1-Anna Creek Flood Risk Assessment (Alluvium 2012a)

e  PT_1- Burton Mine Transitional Assessment Levees (Alluvium 2015)

e BC_1- Hat, Spade and Bullock Creeks Flood Risk Assessment (Alluvium 2012b)
e BM_3 - Hat, Spade and Bullock Creeks Flood Risk Assessment (Alluvium 2012b)

For the purpose of generating PMF flood hydrographs for each site, the models for BN_1, BC_1, and BM_3
were trimmed down to include only the area upstream of the points of interest. This was undertaken primarily
for convenience to assist in reducing errors relating to the application of the areal reduction factors built into
the Generalised Short Duration Method (GSDM) for the Probable Maximum Precipitation (PMP). In the case of
PT_1, the model was considered fit for purpose as-is.

5.1 Catchment delineation and application of the PMP rainfall depths

The CatchmentSIM models developed previously for each site were modified to remove parts of the
catchment downstream of the points of interest and then used to undertake the PMP calculations. The
revised catchment areas and number of subcatchments are listed in Table 5-1

Table 5-1. PMF hydrologic model catchment areas and number of subcatchments

Site Revised Catchment Area (kmz) Number of subcatchments
BN_1 193 14

PT 1 95 57

BC_1 3.8 7

BM_3 38 69

The resulting layouts of each catchment are shown in Figures 5-1 to 5-4. The figures also show the spatial
distribution of the PMP.

Attachment A — PMF Hydrology
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Figure 5-1. Isaac River at BN_1 PMF catchment model delineation and PMP spatial distribution
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Figure 5-2. Sandy Creek at PT_1 PMF catchment model delineation and PMP spatial distribution
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Figure 5-3. BC_1 PMF catchment model delineation and PMP spatial distribution
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Figure 5-4. Hat Creek at BM_3 PMF catchment model delineation and PMP spatial distribution
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5.2 Model parameter derivation

Due to the limited stream flow data available, it was not possible to directly calibrate the hydrologic models
used for hydrologic modelling undertaken for Peabody. Therefore, it was necessary to use the Weeks method
to develop the k. values for the RORB models.

Weeks regional relationship method
Australian Rainfall and Runoff (ARR) outlines, in section 3.6.2, the regional relationships developed to calculate
k. for ungauged catchments. For Queensland, the relevant method was derived by Weeks and takes the form:

k. = 0.88*Area’’

Table 5-2, below, lists the Weeks derived k. values for each model.

Table 5-2. Calculated Weeks values for each model

Scenario Weeks k. Value* Comment

BN_1 14.33

PT 1 9.83 No change from previous modelling
BC_1 1.78

BM_3 6.04

*Note, that the underlying assumption is that m = 0.8.

Other modelling parameters

As the hydrologic modelling undertake for this investigation has focused on the PMF flood event, the loss
values recommended by the Bureau of Meteorology for the Probable Maximum Precipitation (PMP) were
adopted. These are:

e |Initial losses: 0 mm (for entire model)
e  Continuing Losses: 1 mm/hr

5.3 PMP rainfall depths

PMP rainfall depths were generated for all catchments using the GSDM. From previous work undertaken at
Burton Mine it was established that all sites had critical flood event durations of less than 6 hours — the upper
limit of the GSDM. The rainfall depths for each catchment are presented in Table 5-3. The variations reflect
the different catchment sizes.

Table 5-3. Table of PMP rainfall depths for each catchment

Event BN_1 PT_1 BC_1 BM_3
15 minutes 140 150 200 170
30 minutes 200 220 300 250
45 minutes 250 280 380 320
1 hour 310 340 440 380
1.5 hours 400 440 560 480
2 hours 460 510 660 560
2.5 hours 520 570 730 630
3 hours 560 620 800 680
4 hours 640 700 910 770
5 hours 690 760 1000 850
6 hours 730 810 1060 910
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Temporal pattern
Suitable temporal patterns were obtained from Bureau of Meteorology (2003) and are depicted in Figure 5-5.

This temporal pattern has been used for all PMP durations.
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Figure 5-5. GSDM temporal pattern

5.4 RORB PMF model output flow

The RORB model PMF outputs at each site are presented in Table 5-4. The critical duration for all catchments
varied between 1.5 and 3 hours.

Table 5-4. Design discharges generated from hydrologic modelling of the PMF
PMF Duration Peak Discharge (mS/s)

BN_1 PT_1 BC_1 BM_3
15 minutes 1813 817 218.6 637
30 minutes 2330 1321 328.9 1017
45 minutes 2677 1762 407.1 1353
1 hour 3047 2195 428.5 1645
1.5 hours 4136 2915 444.6 2168
2 hours 4810 3372 421.4 2440
2.5 hours 5248 3725 389.9 2534
3 hours 5335 3832 368.6 2519
4 hours 5194 3808 327 2384
5 hours 4836 3617 295.2 2220
6 hours 4504 3379 263.3 2060
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6 Hydrodynamic Modelling

6.1 2D hydrodynamic modelling overview

Alluvium already possessed 2D flood models for three of the four sites assessed for this study with the
exception being BN_1, where a 1D HECRAS model had been used previously. The existing 2D models have
been used with minimal modification, other than to alter the levee alignments where necessary and, in the
case of BC_1 to remove the Haul Road crossings (see Section 6.3). All models have been run with PMF
hydrology. At Peabody’s request the models for BN_1 and BC_1 have also been run with the 0.1% AEP design
flood event.

The original intent for BN_1 was to continue using the 1D HECRAS, however early modelling suggested that a
2D approach would provide a more reliable estimate of the water surface elevation for the events being
modelled. Therefore, Alluvium has built a basic 2D model for this area. The model was developed to a point
sufficient for this level of assessment.

The terrain model was built from LiDAR survey data supplied by Peabody Energy (flown July 2011 and May
2012) along with design rainfall hydrology (as discussed in Attachment A) to determine flood extents and
depths along the Isaac River.

Modelling results are presented in Section 2.1.

6.2 BN_1 2D hydrodynamic model set-up

The 2D hydrodynamic model of the Isaac River catchment at BN_1 was built using XPSWMM, a hydrodynamic
modelling software package which couples together the SWMM 1D model and the 2D finite difference model
TUFLOW.

The hydrodynamic model outfalls on the Isaac River, approximately 2.5km southwest of the levee. The model
extends 2km upstream into the catchment. See Figure 6-1.

The model was configured using a 10m cell size. The active extent of the model is shown in Figure 6-1.

A single Manning’s n roughness coefficient was used for the entire modelled extent. As the majority of the
catchment is similar density vegetation, and the flood risk is low, it was not considered necessary to further
refine the roughness throughout the model. Note that if the model is to be used for a different purpose in the
future it is recommended that this approach be reviewed.

Design hydrographs were input into the model at the locations shown in Figure 6-1 and represent inputs from
both the catchments external to the area and runoff generated locally.

It should be noted that the XPSWMM hydrodynamic model does not predict erosion and sediment transport
impacts. Dam and other embankment failure scenarios have not been modelled in this assessment and
therefore results are based on stable topography over the full length of the modelled events — which is unlikely
to occur during a large magnitude event.
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Figure 6-1. BN_1 2D model configuration
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6.3 Modifications made to Bullock Creek model

Both haul roads crossing the Bullock Creek diversion were removed within the model to represent an
approximation of the Bullock Creek channel post mine closure following removal of the haul roads. The
changes to each haul road crossing are represented by the cross sections shown in Figure 6-2 and Figure 6-3
for the upstream and downstream haul road crossings respectively. Figure 6-4 shows the extent of the terrain
modifiers used to remove the haul roads.

Figure 6-2. Upstream cross section, facing downstream

Figure 6-3. Downstream cross section, facing downstream
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Figure 6-4. Haul road removal cross section locations
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Acronyms and Glossary

Acronyms

ACARP Australian Coal Association Research Program

AEP Annual Exceedance Probability. The probability that a given rainfall total
accumulated or peak flow rate for a given duration will be exceeded in any one
year. See Table A-1 for conversion to ARI.

AHD Australian Height Datum

ARI Average Recurrence Interval. The average, or expected, value of the periods
between exceedances of a given rainfall total accumulated or peak flow rate for a
given duration. See Table A-1 below for conversion to AEP.

ARR Australian Rainfall and Runoff

CL Continuing Loss

CMP Corrugated Metal Pipe

CRCCH Cooperative Research Centre - Catchment Hydrology

CRC-FORGE Cooperative Research Centre - Focussed Rainfall Growth Estimation

DEHP* Department of Environment and Heritage Protection

DNRM* Department of Natural Resources and Mines

DTM Digital Terrain Model

DXF Drawing Exchange Format

FRA Flood Risk Assessment

GSDM Generalised Short Duration Method

IFD Intensity, Frequency, Duration

IL Initial Loss

LiDAR Light Detection And Ranging

ooP Out Of Pit

PMP Probable Maximum Precipitation

RCBC Reinforced Concrete Box Culvert

WSE Water Surface Elevation

*Following the election of the Queensland government on 30 March 2012, the functions of the former
Department of Environment and Resources Management (DERM) will be delivered by the following
departments:

e Department of Environment and Heritage Protection.
e  Department of Natural Resources and Mines.
e Department of National Parks, Recreation, Sport and Racing.

o Department of Energy and Water Supply.

Throughout this report, the reference to DERM will now refer to one or more of these departments.

Hat, Spade and Bullock Creeks Flood Risk Assessment vi



In accordance with the Bureau of Meteorology guidelines, AEP has been used throughout this report in

preference to ARI. ARlIs of greater than 10 years are very closely approximated by the reciprocal of the AEP.

However, as ARl is used throughout the ACARP criteria, ARI has been used throughout the hydraulic analysis

sections. In order to reduce confusion, ARl has been used for events up to the 50 year and for, higher

magnitude events, the AEP has been adopted. This also assists in distinguishing between the event

probabilities used for hydraulic design (high probability, low magnitude) and those used to quantify flood risk

(low probability, high magnitude).

Table A-1.

ARI (years)
2

5

10
20
50
100
200
500
1000
2000

Glossary
Alluvium

HEC-RAS
Ken

RORB
TUFLOW
XPSWMM

ARI to AEP conversion table

AEP
0.393
0.181
0.095
0.049
0.020
0.010
0.005
0.002
0.001
0.0005

Alluvium Consulting Australia
Hydraulic modelling software package
Entrance Loss Coefficient

Hydrological modelling software package

AEP expressed as percentage (%)
39
18
10
5

2

1
0.5
0.2
0.1
0.05

1D/2D Hydrodynamic modelling software package

1D/2D Hydrodynamic modelling software package
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1 Introduction

Burton Coal Mine is located approximately 125km south-west of Mackay in Queensland. It is situated in the
northern end of Queensland’s Bowen Basin coalfields and stretches over 35km from north to south. The
location of the Burton Mine lease is illustrated in Figure 1-1.

In September 2012, Burton Mine engaged Alluvium Consulting Australia (Alluvium) to undertake a number of
desktop studies for the coal mine, primarily focusing on assessing flood risk. This report provides a summary of
the tasks that were completed and delivers recommendations where appropriate.

In accordance with the Manual for Assessing Hazard Categories and Hydraulic Performance of Dams (DERM
2012), which covers regulated dam and levee structures, the flood risk to the areas of interest to this report
has been assessed and quantified for the 0.1% AEP event. This study has identified a number of areas where
flood risk exists and provides recommendations for mitigating measures.

1.1 Project objectives
The objectives of the project are to:

e Derive hydrologic information for Hat, Spade and Bullock Creeks and complete a Flood Risk
Assessment (FRA) of existing mining operations due to flooding arising from Hat, Spade and Bullock
Creeks

e Develop rating curves (or stage discharge curves) for gauging stations on Teviot and Sandy Creeks

e Provide an assessment of in-channel hydraulic characteristics for Spade Creek and Bullock Creek
diversions to determine whether or not these diversions are likely to be stable and meet current best
practice hydraulic criteria for Bowen Basin diversions, and

e Deliver a compliance check for the Bullock Creek diversion constructed in 2010.

1.2 Report structure

This report is structured in three distinct sections which include: project background and objectives; summary
of findings including an FRA of the relevant Burton Mine operations arising from Hat, Spade and Bullock Creeks
respectively; and relevant attachments.

The series of attachments include:
e Attachment A  Hydrologic modelling of the relevant catchments

Attachment B Hydrodynamic modelling of Hat and Spade Creeks and Bullock Creek

e AttachmentC  Stage discharge curves for Teviot and Sandy Creeks
e AttachmentD  Spade Creek diversion hydraulic analysis
e AttachmentE Bullock Creek diversion hydraulic analysis

e AttachmentF Bullock Creek diversion compliance report
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Figure 1-1. Burton Mine location map
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2 Project Outputs Summary

The section below summarises the key findings of the study. Refer to the Attachments for further details.

2.1 Catchment hydrology

As delineated for this project, the Teviot Brook catchment extends from the headwaters of Bullock and Spade
Creeks in the north, from Hat Creek in the south and outfalls to the west side of the northern end of
Broadmeadow Pit, west of open cut operations. The Teviot Brook catchment, including the three tributaries,
covers an area of approximately 131km’.

A hydrologic model was built of the entire catchment and flows were generated for up to 0.05% AEP for
existing conditions. The hydrologic models have not been calibrated as no observed flow data was available.

See Attachment A for further details.

2.2 Flood risk assessment Spade and Hat Creeks

Hydrodynamic modelling was undertaken to assess the existing conditions flood risk for mining activities
adjacent to Hat and Spade Creeks to determine the following:

e Flood extents and risks, and

e Conceptual options to mitigate the flood risk.
The following section provides summary details of the project findings. See Attachment B for further details.

It should be noted that the XPSWMM hydrodynamic model does not predict erosion and sediment transport
impacts. Dam and other embankment failure scenarios have not been modelled in this assessment and
therefore results are based on stable topography over the full length of the modelled events. Therefore the
predicted flood volumes entering the mining areas, in particular the pits, are likely to be higher than indicated.

2.2.1 Existing conditions

Modelling demonstrated that both the northern and southern ends of Broadmeadow Pit are vulnerable to
flooding as a direct result of the lack of capacity in Hat and Spade Creeks. Table 2-1 presents the modelled
volumes of water entering the pit for the 0.1% AEP event.

Table 2-1. Flood volumes (ML) entering Bullock Creek Pit for the 0.1% AEP event

Duration Spade Creek Diversion BM NW DW Dam Hat Creek, at crossing
3 hour 0 160 6.7

6 hour 0.145 208 7.1

*Note — Hydrodynamic modelling does not account for the potential effect of rapid erosion of failing flood protection
measures which would further increase the inundation volume.

For Hat Creek the pit ingress is primarily as a result of backwatering caused by the Broadmeadow OOP Dump
restricting the flood plain, 650m downstream of the Hat Creek Mallawa Haul Road crossing. For Spade Creek
Diversion the process is similar, with backwatering due to the hydraulic restriction imposed by the Spade Creek
Diversion crossing and also the restricted channel 350m downstream of the crossing. Along the west side of
the northern end of Broadmeadow Pit, the BM NW DW Dam is overtopped and water can enter the pit via the
internal drainage network. The locations where flood water enters the pit are depicted in Figure 2-1 and the
specific mechanisms which cause flooding are discussed in greater detail in Section 5.3.

The 0.1% AEP flood envelope and depths for the modelled area are shown in Figure 2-1. As the critical

durations vary spatially the results from 3 hour and 6 hour events have been sampled to generate a single
maximum flood extent.
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Figure 2-1. 0.1% AEP flood extents and depth for Hat and Spade Creeks (3 hour and 6 hour events combined)
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2.2.2 Flood mitigation options

As discussed in Section 2.2.1, the existing conditions Hat and Spade Creek flood modelling highlighted three
locations where flood risk exists for the 0.1% AEP event.

All three locations will require modification to provide the required flood protection. Conceptual design details
for the preferred options are provided in the following pages.

Levee protection is considered the most practical option for all three locations. In total, approximately 900m of
levee is required although this will often only require that existing bunds be raised to provide sufficient levee
protection — providing they are geotechnically suitable to be regarded as levees. Given the close proximity of
pit end walls to these locations, pit wall stability is a further geotechnical risk to providing adequate, long term
flood protection in these areas.

Following the development of each option, the existing conditions model was updated, to include the
suggested levees, and the model was re-run. The resulting flood depth outputs are presented below in Figure
2-2.

Broadmeadow Pit (Northern End)

Flood waters enter the northern end of Broadmeadow Pit via the Spade Creek Diversion as a result of two flow
restrictions or low capacity areas. One is the Spade Creek Diversion crossing and the other is caused by the
constricted channel 350m downstream of the crossing (refer to Figure 2-1). The road crossing raises the bed
level and subsequently the water surface elevation by approximately 1m while the downstream constriction
causes a surcharge of approximately 0.8m.

The preferred option is to block off the road on the south side of the diversion by using a levee (see Section
5.5.1).

The conceptual design details for the Broadmeadow Pit (northern end) levee are summarised in Table 2-2 and
the conceptual alighment is shown in Figure 2-2.

Table 2-2. Broadmeadow Pit (northern end) Levee, summary of preferred levee option
Parameter Value

Water surface elevation (m AHD) 281.3-282.5

Total length of levee ~200m

Typical raise height ~0.0 to 2.0m*

* Assuming 0.5m freeboard

BM NW DW Dam
Flood waters enter the dam during the 0.1% AEP event and, once the dam is full, overtop and continue into
the drainage network which outfalls into the northern end of Broadmeadow Pit (refer back to Figure 2-1).

The preferred option is to remove and rehabilitate the dams and build a levee alongside Broadmeadow Pit, in
the location of the existing dam’s eastern wall. In addition, a plug is required 200m north of the location to
prevent ingress of water via the drainage channel. The conceptual design for the BM NW DW Dam levee and
plug are summarised in Table 2-3 and the conceptual alignments are shown in Figure 2-2.
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Table 2-3. BM NW DW Dam Levee, summary of preferred levee and plug option

Parameter Value
Water surface elevation (m AHD) 278.7 —280.0
Levee Total length of levee ~500m
Typical raise height ~0.0 to 4m*
Water surface elevation (m AHD) 281.5
Plug Total length of levee ~30m
Typical raise height ~4m*

* Assuming 0.5m freeboard

Broadmeadow Pit (Southern End)

Flood waters enter the southern end of Broadmeadow Pit as a result of a flow constriction approximately
600m downstream of the spill point caused by a smaller dump, on the south side of the Broadmeadow OOP
Dump, which impinges on the Hat Creek flood plain (refer back to Figure 2-1). The restriction causes a 1.5m
water surface elevation surcharge upstream.

A levee is the preferred option providing geotechnical conditions in relation to the pit end wall and
geomorphic conditions in relation to channel migration can be satisfied.

The conceptual design details for the Broadmeadow Pit (southern end) levee are summarised in Table 2-4 and
the conceptual alighment is shown in Figure 2-2.

Table 2-4. Broadmeadow Pit (Southern End) levee, brief summary of preferred levee option
Parameter Value

Water surface elevation (m AHD) 284.4-284.9

Total length of levee ~200m

Typical raise height ~0.0to 1.5m*

* Assuming 0.5m freeboard
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Figure 2-2. 0.1% AEP (with levees) flood depths for Hat and Spade Creeks (3 hour & 6 hour events combined)
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2.3 Flood risk assessment Bullock Creek

Hydrodynamic modelling was undertaken to assess the existing conditions flood risk for mining activities
adjacent to Bullock Creek to determine the following:

e Flood extents and risks, and

e  Conceptual options to mitigate the flood risk.
The follow section provides summary details of the project findings. See Attachment B for further details.

2.3.1 Existing conditions

Modelling demonstrated that mining activities on the south side of Bullock Creek are vulnerable to flooding as
a result of the lack of culvert capacity under the two Bullock Creek haul road crossings, up and downstream of
the diversion.

Table 2-5 details the volumes of water into the pit for the 0.1% AEP event.

Table 2-5. Flood volumes (ML) entering Bullock Creek Pit for the 0.1% AEP event

Duration Upstream Bullock Creek HR Crossing Downstream Bullock Creek HR Crossing
30 mins 104 0

1 hour 179 1

3 hour 250 7

Note — Hydrodynamic modelling does not account for the potential effect of rapid erosion of failing flood protection measures which
would further increase the inundation volume.

Modelling indicates that pit flooding occurs as a direct result of each of the road crossings causing water
surcharge upstream and effectively funnelling water directly into the pit at each location. This explains why
the spill volumes continue increasing for increasing storm durations, despite the small catchment size.

The 0.1% AEP flood envelope and depths for the modelled area are shown in Figure 2-3. As the critical

durations vary spatially the results from 30 minute, 1hour and 3 hour events have been sampled to generate a
single maximum flood extent.
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Figure 2-3. 0.1% AEP flood extents and depth for Bullock Creek (30 mins, 1 hour and 3 hour events combined)
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2.3.2 Flood mitigation options

As discussed in Section 2.3.1, the existing conditions Bullock Creek flood modelling highlighted two locations
where flood risk exists for the 0.1% AEP event.

Three possible options were investigated:
e Increasing the culvert capacity to prevent backwatering upstream.
e Removal of the haul road crossings and restoration to natural surface.

e Providing levee protection.

Burton Mine has indicated that the second option is preferred. The pit is in the process of being rehabilitated
and heavy vehicle access is not required. If light vehicle access is required then a creek crossing can be
installed at the channel bed level.

Further details on all three options are provided in Attachment B.

The resulting flood depth outputs for the preferred option are presented in Figure 2-4.

2.4 Low flow release triggers for GST6 and GST1

In order to develop rating curves to provide flow depths corresponding to the low flow release triggers in Table
2-6 from Burton Mine’s EA, hydraulic models were developed for the flow gauging stations at Teviot Creek
(GST6) and Sandy Creek (GST1). The low flow release triggers flow rates and depths are provided below in
Table 2-6.

Table 2-6. Low flow release triggers for GST6 and GST1

Flow Station Release Trigger (m3/s) Corresponding WSE (m AHD) Invert (m AHD) Depth (m)
Teviot Creek (GST6) 0.5 315.04 314.45 0.59
Sandy Creek (GST1) 1.5 305.34 304.98 0.36

See Attachment C for further details on the development of the Teviot Creek flow gauging station (GST6) and
Sandy Creek flow gauging station (GST1) rating curves, including development of the models and the separated
curves for the channels and floodplains.
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Figure 2-4. 0.1% AEP (upgraded culverts) flood depths for Bullock Creeks (1 hour and 3 hour events combined)
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2.5 Spade Creek diversion hydraulic assessment

Modelling has demonstrated that the average hydraulic parameter values for the reach upstream of the
diversion are all within recommended thresholds for both the 1:2 and 1:50 ARI events.

Through the diversion reach, the average value of velocity for the 1:50 ARI and average values of velocity and
stream power for the 1:2 ARI exceed recommended thresholds. Modelling indicates that this is primarily as a
result of the steep (~10 times steeper than the upstream and downstream reaches) section associated Spade
Creek Crossing which may have been a drop structure at some point in time. This causes significant spikes in
the velocity and stream power, driving both averages above threshold. This is illustrated on Figure 2-5.

The average hydraulic parameter values for the reach of Spade Creek downstream of the diversion are
generally below recommended thresholds for both the 1:2 and 1:50 ARI events. However, the recommended
velocity threshold is exceeded for the 1:2 ARI event. Modelling indicates that this is not caused by any
particular section of the reach; velocities are reasonably consistent along the reach.

The overall longitudinal gradient of the diversion is 0.00376m/m, approximately double the gradient of the
adjoining upstream and downstream reaches. With this overall gradient it would not be unusual for the
diversion to be subject to high hydraulic parameter values and substantial instabilities throughout the entire
reach. However, the presence and continual maintenance, especially following flow events, of the two
diversion road crossings prevents this from occurring. Maintenance of the crossings holds the upstream bed
elevation in place and prevents deepening of the bed from occurring.

The crossings also have the impact of reducing sediment transport through the reach and have localised high
flow energies on the downstream elevation drop of both crossings. Materials washed out of the haul road
during each event are depositing downstream, providing some armouring of the bed and thus limiting the
potential for deepening to occur.

If the two road crossings were removed (or maintenance ceased) the gradient along the diversion would be
too steep, and significant erosion would be expected to progress upstream with substantial aggradation
occurring downstream of the diversion.

In its current form, the diversion is not considered to be a self-sustaining waterway and not likely to be
suitable for licence relinquishment in the future. Therefore, rehabilitation of the diversion is recommended to
reduce potential risks to the Burton mining operation and the adjoining environment, and establish it on a
condition trajectory that is self-sustaining and suitable for the prospect of licence relinquishment in the future.
Rehabilitation of the diversion is likely to involve lengthening to establish a stable longitudinal gradient
without the requirement for ongoing maintenance.

See Attachment D for further details.
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Figure 2-5. 1:2 ARI hydraulic parameters modelled for Spade Creek

2.6 Bullock Creek hydraulic assessment

Modelling has demonstrated that the average hydraulic parameter values for the reach upstream of the
Bullock Creek Diversion are all below recommended thresholds for both the 1:2 and 1:50 ARI events.
Increased headwater elevation upstream of the Upstream Bullock Creek Haul Road Crossing results in a
decrease in hydraulic parameter values for both the 1:2 and 1:50 ARI events for approximately 300m in the
upstream reach.

Through the diversion reach, average hydraulic parameter values are mostly below recommended thresholds
with the exception of the 1:2 ARI stream power. Modelling indicates that the high stream power value is
largely a result of the overtopping of the Upstream Bullock Creek Haul Road Crossing which causes a large
localised spike in all hydraulic parameter values. It should be noted that the overall longitudinal bed gradient
of the diversion is 0.0060m/m, approximately double the gradient of the adjoining downstream reach and half
the gradient of the adjoining upstream reach. Average hydraulic parameter values through the diversion reach
are influenced by two backwater zones. A floodplain confinement just downstream of the diversion increases
water surface elevations (which reduces hydraulic parameter values) through the downstream portion of the
diversion. The haul road crossing has a similar effect at the upstream end of the diversion. The removal of the
haul road may be a long term option to stabilise the hydraulic parameters.

The average hydraulic parameter values for the reach of Bullock Creek downstream of the diversion are all
below recommended thresholds for both the 1:2 and 1:50 ARI events. As was the case for the upstream reach,
these low hydraulic parameters are influenced by increased headwater elevations resulting from the
respective road crossings: Downstream Bullock Creek Haul Road Crossing, and Mallawa Haul Road Crossing.
Also associated with these crossings are localised elevated hydraulic parameter values which suggest that
whilst the roads are in operation, continued maintenance will be required.

With these modelling results and limited on-ground assessment, it is difficult to draw accurate conclusions
about the performance of the diversion and likely suitability for future licence relinquishment (assuming the
haul road would be removed for the relinquishment scenario). It is recommended that the diversion be
modelled without the haul road in place and further on-ground assessment be undertaken (if required) to
better understand potential suitability for future licence relinquishment.
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As highlighted in Section 11.4, vegetative rehabilitation of the diversion reach will assist by reducing stream
parameters and providing increased resistance to erosion from stream flows.

See Attachment E for further details.
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4 Hydrologic Modelling

As delineated for this project, the Teviot Brook catchment extends from the headwaters of Bullock and Spade
Creeks in the north, from Hat Creek in the south and outfalls to the west side of the northern end of
Broadmeadow Pit, in the west. The Teviot Brook catchment, including the three tributaries, covers an area of
approximately 131km°. See Figure 4-1.

As per the project objectives, hydrologic information for Hat, Spade and Bullock Creeks has been derived at
relevant locations in order to facilitate a flood risk assessment of existing mining operations due to flooding
arising from these watercourses.

A hydrologic model was built of the entire catchment and flows were generated for up to the 0.05% AEP for
existing conditions. The hydrologic models have not been calibrated as no observed flow data was available for
the catchment.

4.1 RORB model description

The hydrologic modelling software used in this study is RORBWin version 6.15 (Nathan 2010), a Windows
version of the industry accepted RORB program (Laurenson & Mein 1997).

A RORB model represents the rainfall runoff process occurring in a catchment by:

e  Conceptualising the catchment as a linked series of sub-catchments represented in the model by
catchment storages and river reach storages;

e Applying rainfall excess (rainfall minus losses) to each sub-catchment (rainfalls are assumed to enter
the sub-catchment at its centroid);

e (Calculating the resulting runoff from each sub-catchment storage;
e  Routing the runoff through the catchment system, combining flows at channel junctions; and

e  Outputting flow hydrographs at points of interest in the catchment.

The model represents only the rapid flow or surface runoff component of stream flow, and the slow response
or base flow component has not been included in the model.

Setting up the model comprises:
e Determining the catchment boundary and dividing the catchment into sub-catchments;
e (Calculating the area of each sub-catchment;
e  Placing model nodes at sub-catchment inflows and junctions;
e Placing reach storages between nodes; and

e  Measuring the length of reach between adjacent nodes.

The RORB model requires four parameters to be specified which include k., m, initial loss (IL) and continuing
loss (CL). The k. and m parameters are factors in the storage discharge relationship.

The storage discharge relationship for the reach storages in the model has the general form:

S 3600kQ™
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Where:

S is the volume of water in storage (m3);
k is related to travel time of a particular reach and the characteristics of the whole catchment;
Q is outflow rate from the reach storage; and

m is a dimensionless exponent representing the non-linearity of catchment response. m varies in the

range 0.6 to 1.0 with a value of 1 representing a linear response. Many studies adopt a value of 0.8.
The relationship between k and k. is given by the equation:

k = kii ke
Where:

k. is the relative delay time of reach i; and
k. is an empirical coefficient applicable to the catchment and is a constant for the whole catchment.

The two rainfall loss parameters of initial loss and continuing loss are used in the generation of the rainfall
excess hyetograph for the model. Initial loss is the rainfall at the start of a storm event which fills soil and
groundwater storage, is intercepted by vegetation, or is lost by another process and does not contribute to
runoff. Continuing loss is the ongoing portion of rainfall that falls after the initial loss that does not produce
surface runoff. This could be due to deep soil storage, vegetation interception or evaporation. The loss
parameters used in the model are storm and catchment specific.

4.2 Catchment delineation

Catchment delineation and subdivision was undertaken using the CatchmentSIM software program which
delineates sub-catchments from a Digital Terrain Model (DTM), calculates their properties and creates output
files for a range of hydrologic models including RORB.

For this project, two different data sources were used in the following order:
e LiDAR data collected in May 2012. This covered the area within the mine lease.

e LiDAR data collected in July 2011. This data covers the remainder of the catchment.

The catchment delineation and subdivision took account of all known diversions and waterways within the
project area. Following delineation of the sub-catchments, the CatchmentSIM model was exported as a RORB
catchment file using a CatchmentSIM-RORB macro (6.0 v3). This automatically sets up the connections
between sub-catchments and reaches and calculates and assigns the sub-catchment areas, reach lengths and
slopes in the RORB catchment file. This file was then modified to specify the locations where hydrograph
outputs were required.

The existing conditions model for Teviot Brook has 230 subcatchments. The resulting layout of subcatchments
and reaches is shown in Figure 4-2.
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Figure 4-1. Teviot Brook catchment watercourse and features surrounding mine
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Figure 4-2. Teviot Brook subcatchment delineation
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4.3 Model parameter derivation

Due to the lack of either stream flow data or a comparable sized catchment nearby, it was not possible to
calibrate the model. Therefore, a regional method was used to derive the parameters required for the RORB
model.

Weeks regional relationship method
Australian Rainfall and Runoff (ARR) outlines, in section 3.6.2, the regional relationships developed to calculate
k. for ungauged catchments. For Queensland, the relevant method was derived by Weeks and takes the form:

k. = 0.88*Area””’

Table 4-1, below, lists the Weeks derived k. values for existing conditions.

Table 4-1. Calculated Weeks value based on existing conditions scenario
Scenario Catchment Area (kmz) Weeks k. Value*
Existing Conditions 132.0 11.71

*Note, that the underlying assumption is that m = 0.8.

Other modelling parameters
For this project it was considered suitable to use typical Queensland design values for Initial Loss (IL) and
Continuing Loss (CL). These are presented in Table 4-2.

Table 4-2. Adopted model parameters for initial loss and continuing loss
Parameter All ARI and AEP

Initial Loss 25mm

Continuing Loss 2.5mm/hr

4.4 Design rainfall

Design rainfall depths for up to the 0.05% AEP events were generated for this study. The 1:2 ARI to the 1:50
ARI design rainfalls were determined using the ARR method inbuilt in RORB (with site parameters determined
from ARR Vol 2).

The 1% to 0.05% AEP design rainfalls were determined using DERM design rainfall data (2005) for Queensland.
This data was based on analysis of rainfall records on a regional basis using a technique developed by the
CRCCH known as CRC-FORGE.

In order to generate appropriate design flood hydrographs for each of the two key mining areas within the
catchment it was necessary to development Intensity, frequency, duration (IFD) data for each area separately

to account for the spatial variation and differences in catchment size.

IFD tables for the Teviot Brook and the Bullock Creek catchment are presented in Table 4-3 and Table 4-4,
respectively.
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Table 4-3. IFD Table for Bullock Creek catchment, total rainfall depth in mm (includes Areal Reduction Factors)

Event 1:2 1:5 1:10 1:20 1:50 0.5% 0.2% 0.05%
ARI ARI ARI ARI ARI 1% AEP  AEP AEP 0.1% AEP  AEP

15 min 20.62 25.73 28.72 32.83 38.25 53.39 60.87 71.74 80.80 90.66

30 min 30.01 36.92 40.89 46.42 53.69 74.90 85.40 100.65 113.36 127.18
1 hour 42.13 51.00 56.00 63.12 72.40 100.94  115.08 135.64 152.77 171.40
3 hours 56.32 70.62 79.03 90.51 105.73 142,64 162.62 191.67 215.88 242.20
6 hours 66.54 85.36 96.70 11190 132.26  175.82 200.46  236.26  266.10 298.54
12 hours 78.82 103.41 118.60 138.65 165.80 217.21 247.64 291.88 328.74 368.82

18 hours 88.61 117.41 13535 158.93 191.02 253.19 288.67 340.23  383.20 429.92
24 hours 96.04 128.13  148.28 174.67 210.69 281.33 31936 37290 416.77 462.70
48 hours 113.77 15450 180.50 214.34 260.93 371.54 418.22 48192 531.67 582.95
72 hours 121.82 167.33  196.69 234.77 287.49 41937 473.18 548.19 607.39 668.92

96 hours 450.73 509.98 592.82 659.06 728.19
120 hours N/A 47121 533.59 620.43 690.35 763.73
Table 4-4. IFD Table for Teviot Brook catchment, total rainfall depth in mm (includes Areal Reduction Factors)
Event 1:2 1:5 1:10 1:20 1:50 0.5% 0.2% 0.05%
ARI ARI ARI ARI ARI 1% AEP  AEP AEP 0.1% AEP  AEP

15 min 15.83 19.75 22.05 25.20 29.37 48.09 54.83 64.62 72.78 81.66

30 min 23.04 28.34 31.39 35.64 41.21 67.49 76.95 90.70 102.15 114.60
1 hour 36.18 43.79 48.08 54.20 62.16 91.00 103.75 122.28 137.73 154.52
3 hours 52.38 65.68 73.50 84.17 98.33 129.09 147.18 173.47 195.38 219.20
6 hours 63.21 81.09 91.87 106.31 125.65 159.53 181.88 214.37 241.45 270.88

12 hours 75.67 99.27 113.86  133.10 159.17 197.58 225.26  265.50  299.03 335.49
18 hours 85.07 112.71  129.94 152,57 183.38 229.89 262.10 308.92 34794 390.35
24 hours 93.16 12429 143.83 169.43 20437 25499 289.32 337.66 37731 418.81
48 hours 110.36 149.87 175.09 207.91 253.10 342.29 385.12 443.65 489.36 536.45
72 hours 119.38 163.98 192.76  230.07 281.74 391.67 441.58 511.13  565.92 622.77
96 hours 424.23 479.61 556.83  618.50 682.81

N/A
120 hours 445.80 504.27 585.68  651.03 719.63

Temporal patterns
For events ranging from 1:2 to 1:50 ARI the standard ARR zone 3 temporal patterns were utilised.

A design temporal pattern suitable for all events greater than 1:50 ARI was derived from the 10 patterns
provided in the Jordan et al. (2005) paper combined with the Bulletin 53 pattern from the Generalised Short
Duration Method (GSDM) PMP. The resulting “Rare Design” temporal pattern is depicted in Figure 4-3.

Attachment A — Hydrology



Figure 4-3. Selection of the design temporal pattern for rare events

4.5 RORB model output flow

Presented in Table 4-5 below are the RORB model outputs for existing conditions. The output locations are
depicted in Figure 4-2 and have been chosen to facilitate reporting.

Note that the peak flow rates did not all coincide on the same duration storm event — overall the critical
duration varied between the 1 hour and 6 hour events depending on event probability and location.

Table 4-5. Design discharges generated from hydrologic modelling of existing conditions
Bullock Creek Sandy Creek Hat Creek at Teviot Brook
Diversion Diversion Broadmeadow Confluence
Upstream catchment
(km?) 26.2 80.4 88.8 93.5
ARI/AEP Peak Discharge (m*/s)*
1:2 9 86 32 116
1:50 27 359 130 492
1% 33 500 188 714
0.1% 61 877 326 1268
0.05% 73 1015 384 1477

* Please note that the peak flow rates will not necessarily match with the corresponding events modelled using 2D flood
modelling software due to the differences in the modelling methods.
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5 Hydrodynamic Modelling of Hat and Spade Creeks Existing Conditions

5.1 2D hydrodynamic modelling overview

Hydrodynamic modelling was undertaken to assess the existing conditions flood risk for mining activities
adjacent to Hat and Spade Creeks to determine the following:

e Flood extents and risks, and

e  Conceptual options to mitigate the flood risk.

The model was built from LiDAR survey data along with design rainfall hydrology (as discussed in Attachment
A) to determine flood extents and depths in the area surrounding the northern and southern ends of
Broadmeadow Pit. The flood envelope was generated using the 2D hydrodynamic modelling package
XPSWMM.

As is explained in Section 5.5, water levels were used to ascertain the necessary levee embankment elevations
and extents to provide the required 0.1% AEP flood immunity for the mining activities. The model was then
rerun to confirm the effectiveness of the recommendations.

5.2 2D hydrodynamic model set-up

A 2D hydrodynamic model of the Hat and Spade Creek catchments surrounding the northern and southern
ends of Broadmeadow Pit was built using XPSWMM, a hydrodynamic modelling software package which
couples together the SWMM 1D model and the 2D finite difference model TUFLOW.

The hydrodynamic model outfalls at Teviot Brook approximately 400m downstream of the confluence of
Spade and Hat Creeks. The model is extended up into the catchment to approximately 500m upstream of the
Spade Creek Mallawa Haul Road crossing (including Cockies Dam) and approximately 800m upstream of the
Hat Creek Mallawa Haul Road crossing. See Figure 5-1.

The digital terrain model (DTM) used for the model consists of a processed amalgam of two LiDAR sources
supplied by Burton Mine. Both sources were acquired by Atlass, one in July 2011 and the other in May 2012.
The data used to generate the model and the source of the data is summarised in Table 5-1.

Table 5-1. Summary of data used in Hat and Spade Creeks 2D model

Data Provider Comments

LiDAR DTM of mine and surrounds  Burton Mine Provides full coverage. Acquisition date May 2012 and June 2011
(Atlass)

Aerial of mine and surrounds Burton Mine Provides full coverage. Acquisition date May 2012 and June 2011
(Atlass)

Manning’s delineation of site Alluvium Assessed from aerial image provided

Catchment Hydrology Alluvium Determined using RORB (see Attachment A)

The model was configured using a 5m cell size. The active area of the model is shown in Figure 5-1.
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Figure 5-1. XPSWMM Hat and Spade Creeks model set up
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Manning’s n roughness coefficients for the model were set using polygons delineated from aerial imagery
(without onsite verification). Manning’s n values adopted for the different polygons are presented in Table 5-2
with the delineation of the Manning’s n polygons shown in Figure 5-1.

Table 5-2. Manning’s n roughness values for Bullock Creek 2D model
Land use/Vegetation Type Roughness value
River bed 0.025
Extremely dense riparian 0.1

Dense riparian 0.065

Medium density riparian 0.05

Low density riparian 0.035
Extremely dense vegetation 0.1

Medium density vegetation 0.075

Medium low density vegetation 0.055

Low density vegetation 0.040
Extremely low density vegetation 0.025

Hydrologic inputs suitable for 2D modelling were developed for the 0.1% AEP event. This event was chosen
based on guidance contained in the Manual for Assessing Hazard Categories and Hydraulic Performance of
Dams (DERM, 2012).

Design hydrographs were input into the hydrodynamic model at the locations shown in Figure 5-1 to represent
inputs from both the catchments external to the area and runoff generated locally.

The hydrodynamic model was tested with storm durations of 3 hours, 6 hours and 12 hours in order to confirm
the critical duration which generated the greatest flood extents. It was determined that the 6 hour was the
primary critical duration for Spade Creek and most of Hat Creek (as was found during hydrologic modelling)
however for some areas of the catchment the 3 hour event was critical. This is shown in Figure 5-2.

It should be noted that the XPSWMM hydrodynamic model does not predict erosion and sediment transport
impacts. Dam and other embankment failure scenarios have not been modelled in this assessment and
therefore results are based on stable topography over the full length of the modelled events. Therefore the
predicted flood volumes entering the mining areas, in particular the pits, are likely to be higher than indicated.

Attachment B — Hydrodynamic Modelling

34



Figure 5-2. Critical storm durations in the Hat and Spade Creeks area
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5.3 2D hydrodynamic modelling results

Modelling demonstrated that both the northern and southern ends of Broadmeadow Pit are vulnerable to
flooding as a direct result of the lack of capacity in Hat and Spade Creeks. Table 5-3 presents the modelled
peak flow rates and volumes of water entering the pit for the 0.1% AEP event.

Table 5-3. Flow rates and volumes entering Bullock Creek Pit for the 0.1% AEP event
Spade Creek Diversion BM NW DW Dam Hat Creek, at crossing
Duration Peak flow rate Volume Peak flow rate Volume Peak flow rate Volume
entering pit entering entering pit entering entering pit entering
(m?/s) pit (ML) (m’/s) pit (ML) (m’/s) pit (ML)
3 hour 0 0 17.3 160 1.7 6.7
6 hour 0.1 0.145 18.3 208 1.5 7.1

Note — Hydrodynamic modelling does not account for the potential effect of rapid erosion of failing flood protection measures which
would further increase the inundation volume.

Figure 5-3 illustrates the hydrographs corresponding to flow rates and volumes from Table 5-3. Due to the
small flow rates and volumes entering the pit from the Spade Creek Diversion they are not depicted.

Figure 5-3. 0.1% AEP spill hydrographs into the northern and southern ends of Broadmeadow Pit

For Hat Creek, the pit ingress is mainly due to backwatering caused by the Broadmeadow OOP Dump
restricting the flood plain, 650m downstream of the Hat Creek Mallawa Haul Road crossing. For Spade Creek
Diversion the process is similar, with backwatering due to the Spade Creek Diversion crossing and the
restricted channel 350m downstream of the crossing. Along the west side of the north end of Broadmeadow
Pit, the BM NW DW Dam overtops and water enters the pit via the drainage network. The sites where water
enters the pit are depicted in Figure 5-4 and the flood mechanisms are discussed in Section 5.5.

The 0.1% AEP flood envelope and depths for the modelled area are shown in Figure 5-4. The corresponding

velocities are shown in Figure 5-5. As the critical durations vary spatially the results from 3 hour and 6 hour
events have been sampled to generate a single maximum flood extent.
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Figure 5-4. 0.1% AEP flood extents and depth for Hat and Spade Creeks (3 hour and 6 hour events combined)
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Figure 5-5. 0.1% AEP peak velocities for Hat and Spade Creeks (3 hour and 6 hour events combined)
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5.4 Sensitivity testing to model inputs
Sensitivity testing was undertaken for the following scenarios:

e Increase flows by 10%

e Vary the Manning’s “n” roughness values by +/- 10%

Typical flood depth variations of up to 0.3m occurred throughout out the area modelled. The greatest
variation occurred at and around the upstream end of the Spade Creek diversion. The least variation occurred
around the Hat Creek Mallawa Haul Road crossing.

The changes in water surface elevation at various points throughout the model are listed below in Table 5-4,
with each reporting point shown in Figure 5-6, below.

Table 5-4. Sensitivity testing and effect on water surface elevations throughout model
Point Existing (m) +10% Flow (m) -10% ‘n’ (m) +10% ‘n’ (m) Maximum Difference (m)
1 283.06 283.31 282.99 283.13 0.25
2 283.00 283.24 282.92 283.07 0.24
3 282.77 283.05 282.69 282.86 0.28
4 281.19 281.37 281.09 281.31 0.18
5 281.32 281.48 281.26 281.38 0.16
6 280.16 280.25 280.10 280.22 0.09
7 278.86 278.93 278.81 278.91 0.07
8 285.17 285.25 285.12 285.23 0.09
9 284.86 284.96 284.78 284.94 0.11
10 284.35 284.45 284.27 284.42 0.10

Testing demonstrated that the peaks flow rates and volumes entering the pit were quite sensitive to input
parameters. This is particularly the case for the Spade Creek Diversion and Hat Creek, where the flood
mechanism is primarily the result of backwatering.

In the case of the water entering the northern end of Broadmeadow Pit via the BM NW DW Dam the
sensitivity to inputs is approximately linear.

The percentage impacts on peak spill rates and volumes into the northern and southern ends of Broadmeadow
Pit resulting from the altered input parameters are summarised below in Table 5-5.

Table 5-5. Sensitivity analysis and effect on peak flows and volumes spilling into Bullock Creek Pit

Spade Creek Diversion BM NW DW Dam Hat Creek, at crossing
Original Model 100% 100% 100%
+10% Flow Increases spill* +12% to +24% +94% to +153%
+10% Manning’s Increases spill* -12% to -4% -67% to -54%
-10% Manning's No spill +4% to +12% +65% to +104%

* Providing meaningful results for the Spade Creek Diversion is problematic as the initial spill rates and volumes are very
small therefore even small changes can have a large relative effect.

Overall, while the modelling results did exhibit some sensitivity to inputs, testing demonstrated that flood risk
exists in all cases. Therefore, it is considered acceptable to use fixed input parameters.
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Figure 5-6. Sensitivity testing output locations for Hat and Spade Creeks

Attachment B — Hydrodynamic Modelling

40



5.5 Flood mitigation options

As discussed in Section 5.3, the existing conditions Hat and Spade Creek flood modelling highlighted three
locations where flood risk exists for the 0.1% AEP event.

All three locations will require modification to provide the required flood protection and conceptual design
details are provided over the following pages.

Levee protection is considered the most practical option for all three locations. In total, approximately 900m
of levee is required though this will often only require that existing bunds be raised to provide sufficient levee
protection — providing they are geotechnically suitable to be regarded as levees.

Following the development of each option the existing conditions model was updated to include the suggested
levees and re-run. The resulting flood depth and velocity outputs are presented below in Figure 5-7 and Figure
5-8.
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Figure 5-7. 0.1% AEP (with levees) flood depths for Hat and Spade Creeks (3 hour & 6 hour events combined)
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Figure 5-8. 0.1% AEP (with levees) peak velocities for Hat & Spade Creeks (3 hour & 6 hour events combined)
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5.5.1 Broadmeadow Pit (Northern End)

Flood waters enter the northern end of Broadmeadow Pit via the Spade Creek Diversion as a result of two flow
restrictions, one caused by the Spade Creek Diversion crossing and the other by the constricted channel 350m
downstream of the crossing (refer back to Figure 5-4). The road crossing raises the bed level and subsequently
the water surface elevation by approximately 1m (see Figure 9-5 and Figure 9-6 in Section 9.4) while the
downstream constriction causes a surcharge of approximately 0.8m.

Removing the restrictions may be possible as Burton Mine has indicated that heavy vehicle access is not
required at the crossing. However, as highlighted in Section 9.5, the continued presence of the road crossing
minimises the impact that that steep diversion has on erosion upstream and aggradation downstream.
Therefore, the removal of the crossing is not a practical option without further work to stabilise the diversion.

The preferred option is to block off the road on the south side of the diversion by using a levee. The
conceptual design details for the Broadmeadow Pit (northern end) levee are summarised in Table 5-6.

Table 5-6. Broadmeadow Pit (Northern End) Levee, brief summary of preferred levee option
Parameter Value

Water surface elevation (m AHD) 281.3-282.5

Total length of levee ~200m

Typical raise height ~0.0to 2.0m*

* Assuming 0.5m freeboard

A long section of the water surface with the levee in place is presented in Figure 5-9, and a plan view is
presented in Figure 5-10, next page.

Figure 5-9. Broadmeadow Pit (northern end) diversion levee long section
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Figure 5-10. Broadmeadow Pit (northern end) diversion levee plan view

Attachment B — Hydrodynamic Modelling

45



5.5.2 BM NW DW Dam

Flood waters enter the dam during the 0.1% AEP event and, once the dam is full, overtop and continue into
the drainage network which outfalls into the northern end of Broadmeadow Pit (refer back to Figure 5-4).

While the dam does encroach into the flood plain and is located in close proximity to Spade Creek, the
hydraulic gradient along Spade Creek suggests that, in this area, there is no specific flow restriction to which
the overtopping can be attributed. Consequently, a levee is considered the only practical option to protect the

pit.

The preferred option is to remove and rehabilitate the dams and build a levee alongside Broadmeadow Pit, in
the location of the existing dam’s eastern wall. In addition, a plug is required 200m north of the location to
prevent ingress of water via the drainage channel.

The conceptual design details for the BM NW DW Dam levee and plug are summarised in Table 5-7.

Table 5-7. BM NW DW Dam Levee, brief summary of preferred levee and plug option
Parameter Value
Water surface elevation (m AHD) 278.7 —280.0
Levee Total length of levee ~500m
Typical raise height ~0.0. to 4m*
Water surface elevation (m AHD) 281.5
Plug Total length of levee ~30m
Typical raise height ~4m*

* Assuming 0.5m freeboard

A long section of the water surface with the levee in place is presented in Figure 5-11 and a plan view of both
the levee and plug is presented in Figure 5-12.

Figure 5-11. BM NW DW Dam levee long section
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Figure 5-12. BM NW DW Dam levee plan view
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5.5.3 Broadmeadow Pit (Southern End)

Flood waters enter the southern end of Broadmeadow Pit as a result of a flow constriction approximately
600m downstream of the spill point. This is caused by a smaller dump, on the south side of the Broadmeadow
OOP Dump, which impinges on the Hat Creek flood plain (refer back to Figure 5-4). The restriction causes a
1.5m water surface elevation surcharge upstream.

While the removal of the restriction may result in the water surface dropping and eliminating, or at least
reducing, flood water ingress to the pit, the scope of earthworks required to implement this option is
estimated to require relocation of an estimated 50,000m3 of ground material. This would most likely exceed
the cost of the option of constructing a levee across the southern edge of the pit to achieve the same
objective. Consequently, a levee is the preferred option.

The conceptual design details for the Broadmeadow Pit (southern end) levee are summarised in Table 5-8.

Table 5-8. Broadmeadow Pit (southern end) levee, brief summary of preferred levee option
Parameter Value

Water surface elevation (m AHD) 284.4-284.9

Total length of levee ~200m

Typical raise height ~0.0to 1.5m*

* Assuming 0.5m freeboard

A long section of the water surface with the levee in place is presented in Figure 5-13, below, and a plan view
is present in Figure 5-14, next page.

Figure 5-13. Broadmeadow Pit (southern end) diversion levee long section
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Figure 5-14. Broadmeadow Pit (southern end) levee plan view
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6 Hydrodynamic Modelling of Bullock Creek Existing Conditions

6.1 2D hydrodynamic modelling overview

Hydrodynamic modelling was undertaken to assess the existing conditions flood risk for mining activities
adjacent to Bullock Creek to determine the following:

e Flood extents and risks, and

e Conceptual options to mitigate the flood risk.

The model was built from LiDAR survey data along with design rainfall hydrology (as discussed in Attachment
A) to determine flood extents and depths in the Bullock Creek diversion area. The flood envelope was
generated using the 2D hydrodynamic modelling package XPSWMM.

As will be explained in Section 6.5, water levels were then used to ascertain the necessary levee embankment
elevations and extents to provide the required 0.1% AEP flood immunity for the mining activities. The model
was then rerun to confirm the effectiveness of the recommendations.

6.2 2D hydrodynamic model set-up

A 2D hydrodynamic model of the Bullock Creek catchment surrounding Bullock Creek Pit was built using
XPSWMM, a hydrodynamic modelling software package which couples together the SWMM 1D model and the
2D finite difference model TUFLOW.

The model starts on Bullock Creek approximately 800m upstream of the upstream tie-in of the Bullock Creek
diversion and continues to approximately 700m downstream of the Mallawa Haul road crossing.

The digital terrain model (DTM) used for the model consists of a processed amalgam of two LiDAR sources
supplied by Burton Mine. Both sources were acquired by Atlass, one in July 2011 and the other in May 2012.
The data used to generate the model and the source of the data is summarised in Table 6-1.

Table 6-1. Summary of data used in Bullock Creek 2D model

Data Provider Comments

LiDAR DTM of mine and surrounds ~ Burton Mine Provides full coverage. Acquisition date May 2012 and June 2011
(Atlass)

Aerial of mine and surrounds Burton Mine Provides full coverage. Acquisition date May 2012 and June 2011
(Atlass)

Manning’s delineation of site Alluvium Assessed from aerial image provided

Catchment Hydrology Alluvium Determined using RORB (see Attachment A)

The model was configured using a 5m cell size.

The active area of the model is shown in Figure 6-1.
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Figure 6-1. XPSWMM Bullock Creek model set up
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Manning’s n roughness coefficients for the model were set using polygons delineated from aerial imagery
(without onsite verification). Manning’s n values adopted for the different polygons are presented in Table 6-2
with the delineation of the Manning’s n polygons shown in Figure 6-1.

Table 6-2. Manning’s n roughness values for Bullock Creek 2D model

Land use/Vegetation Type Roughness value
Dense riparian 0.070

Medium density riparian 0.045

Low density riparian 0.035

Medium density vegetation 0.075

Medium low density vegetation 0.055

Low density vegetation 0.040

Extremely low density vegetation 0.030

Hydrologic inputs suitable for 2D modelling were developed for the 0.1% AEP. This event was chosen based on
guidance contained in the Manual for Assessing Hazard Categories and Hydraulic Performance of Dams
(DERM, 2012).

Design hydrographs were input into the hydrodynamic model at the locations shown in Figure 6-1 to represent
inputs from both the catchments external to the area and runoff generated locally.

The hydrodynamic model was tested with storm durations of 30 minutes, 1 hour and 3 hours in order to
confirm the critical duration which generated the greatest flood extents. It was determined that the 1 hour
was the primary critical duration for Bullock Creek (as was found during hydrologic modelling) however this did
vary spatially, as shown in Figure 6-2.

As discussed in Section 5.2, the inability for the model to predict erosion means that the predicted flood
volumes entering the pit are likely to be underestimates.
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Figure 6-2. Critical storm durations in the Bullock Creek area
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6.3 2D hydrodynamic modelling results

Modelling demonstrated that mining activities on the south side of Bullock Creek are vulnerable to flooding as
a result of the lack of culvert capacity under the two Bullock Creek haul road crossings, up and downstream of
the diversion. Table 6-3 details the peak flow rates and volumes of water into the pit for the 0.1% AEP event.
Figure 6-3 depicts the hydrographs corresponding to flow rates and volumes from Table 6-3.

Table 6-3. Flow rates and volumes entering Bullock Creek Pit for the 0.1% AEP event
Upstream Bullock Creek HR Crossing Downstream Bullock Creek HR Crossing
Peak flow rate into Volume entering pit Peak flow rate into Volume entering pit
Duration pit (m*/s) (ML) pit (m?/s) (ML)
30 mins 58.6 104 0 0
1 hour 72,5 179 0.4 1
3 hour 43.6 250 1.5 7

Note — Hydrodynamic modelling does not account for the potential effect of rapid erosion of failing flood protection measures which
would further increase the inundation volume.

Figure 6-3. 0.1% AEP spill hydrographs into Bullock Creek Pit

Modelling indicates that pit flooding occurs as a direct result of each of the road crossings causing water
surcharge upstream and effectively funnelling water directly into the pit at each location. This explains why
the spill volumes continue increasing for increasing storm durations, despite the small catchment size.

Historically, water has entered the pit immediately west of upstream haul road crossing as a result of the
diversion channel overtopping. While modelling did not exactly replicate this flow path this is most probably
as a result of earthworks to repair road damage.

The 0.1% AEP flood envelope and depths for the modelled area are shown in Figure 6-4. The corresponding

velocities are shown in Figure 6-5. As the critical durations vary spatially the results from 30 minute, 1hour
and 3 hour events have been sampled to generate a single maximum flood extent.
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Figure 6-4. 0.1% AEP flood extents and depth for Bullock Creek (30 mins, 1 hour and 3 hour events combined)
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Figure 6-5. 0.1% AEP peak velocities for Bullock Creek (30 mins, 1 hour and 3 hour events combined)
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6.4 Sensitivity testing to model inputs
Sensitivity testing was undertaken for the following scenarios:

e Increase flows by 10%
e Vary the Manning’s “n” roughness values by +/- 10%
e Removal of the bunds on either side of the haul roads

e Blocked culverts

Typical flood depth variations of up to 0.4m occurred throughout out the area modelled. The greatest
variation occurred between the two haul road crossings, particularly at the start of the Bullock Creek diversion
(point 2) during the “No bunds over Haul Roads” scenario where the flow rate over the Haul Road increased
due to the removal of the bunds — resulting in a higher downstream water surface elevation.

The changes in water surface elevation at various points throughout the model are listed below in Table 6-4,
with each reporting point shown in Figure 6-6, below.

Table 6-4. Sensitivity testing and effect on water surface elevations throughout model
No Bunds Maximum Blocked
Existing over Haul +10% Flow  -10% ‘n’ +10% ‘n’ Difference  Culverts Difference

Point (m) Roads (m) (m) (m) (m) (m) (m) (m)
1 335.73 335.62 335.81 335.73 335.73 0.12 335.94 0.21
2 330.87 331.24 330.97 330.84 330.97 0.37 330.05 0.82
3 329.69 330.03 329.73 329.64 329.74 0.33 328.28 1.41
4 327.29 327.47 327.30 327.27 327.31 0.17 N/A N/A
5 325.67 325.37 325.69 325.67 325.68 0.30 325.64 0.03
6 321.49 321.71 321.52 321.43 321.53 0.23 320.85 0.64
7 320.65 320.72 320.67 320.65 320.66 0.06 320.58 0.07
8 317.59 317.60 317.71 317.57 317.59 0.12 317.44 0.15

The percentage impacts on peak spill rates and volumes into Bullock Creek Pit resulting from the altered input
parameters are summarised below in Table 6-5.

Table 6-5. Sensitivity analysis and effect on peak flows and volumes spilling into Bullock Creek Pit
Bullock Creek Haul Road Crossing Bullock Creek Haul Road Crossing
(upstream) (downstream)

Original Model 100% 100%

No Bunds over Haul Roads -20% to -4% No spill

+10% Flow +11% to +17% +15% to +82%

+10% Manning’s -3% to +2% -3% to +8%

-10% Manning's -2% to -1% -11% to -3%

Blocked Culverts +31% to +102% -25% to +90%

Overall, the greatest impact was caused by blocking the haul road culverts. This demonstrates the benefit of
maintaining the culverts in good condition, though in this instance water will still enter the pit for a 0.1% AEP
event regardless of culvert condition.

While the modelling results did exhibit some sensitivity to inputs, testing demonstrated that flood risk exists in
all cases. Therefore, it is considered acceptable to use fixed input parameters.
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Figure 6-6. Sensitivity testing output locations for Bullock Creek
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6.5 Flood mitigation options

As discussed in Section 6.3, the existing conditions Bullock Creek flood modelling highlighted two locations
where flood risk exists for the 0.1% AEP event.

Three possible options were investigated:
e Increasing the culvert capacity to prevent backwatering upstream.
e Removal of the haul road crossings and restoration to natural surface.

e Providing levee protection.

Following the development of each option the existing conditions model was updated and re-run. The overall
model outputs are presented below.

Figure 6-7 and Figure 6-8 show the respective flood depths and velocities for the upgraded culvert option.

Figure 6-9 and Figure 6-10 show the respective flood depths and velocities for the option of lowering the haul
roads.

Figure 6-11 and Figure 6-12 show the respective flood depths and velocities for the levee option.
The conceptual design details are provided over the following pages. While each option has been modelled as
being applied to each of the two haul roads the options can be mixed and matched as required though it is

recommended that the final option be modelled so confirm its validity.

Burton Mine has indicated that the second option, that of haul road removal is the preferred option. The pit is
in the process of being rehabilitated and heavy vehicle access is not required. If light vehicle is required then a
creek crossing can be installed at the natural ground level.

Attachment B — Hydrodynamic Modelling

59



Figure 6-7. 0.1% AEP (upgraded culverts) flood depths for Bullock Creeks (1 hour and 3 hour events combined)
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Figure 6-8. 0.1% AEP (upgraded culverts) peak velocities for Bullock Creek (1 hour & 3 hour events combined)
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Figure 6-9. 0.1% AEP (removed haul roads) flood depths for Bullock Creeks (1 hour & 3 hour events combined)
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Figure 6-10. 0.1% AEP (removed haul roads) peak velocities for Bullock Creek (1 and 3 hour events combined)
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Figure 6-11. 0.1% AEP (with levees) flood depths for Bullock Creeks (1 and 3 hour events combined)
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Figure 6-12. 0.1% AEP (with levees) peak velocities for Bullock Creek (1 hour and 3 hour events combined)
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6.5.1 Upstream Bullock Creek Haul Road Crossing

Upgraded culverts
The upstream haul road crossing is culverted by a pair of 1.6m diameter corrugated metal pipes (CMPs).
Culvert capacity peaks at 23m%/s compared to the incoming flowrate of between 60 and 100 m’/s.

The Haul Road sits clear of the channel bed by approximately 3.5 to 4m and bridges the 80m wide diversion.
This provides considerable scope to increase the culvert capacity with minimal reconfiguration of the existing
road crossing other than during construction.

Modelling determined that 4 large capacity Reinforced Concrete Box Culverts (RCBC) would be capable of
passing the required flow while maintaining at least 0.5m of freeboard below the haul road crest. The
conceptual details of the culvert design are provided in Table 6-6.

Table 6-6. Upstream Bullock Creek Haul Road Crossing levee, culvert upgrade details
Parameter Existing Upgrade
Material and type CMP RCBC
Diameter (or width/height) 1.6m 3.6m/3m
Length 30m 30m

# of barrels 2 4

The resulting effect the upgrade would have on the water surface elevation can be seen in Figure 6-13.

Surcharge forces
water into pit

Figure 6-13. Long section comparing effect of upstream haul road crossing culvert upgrade on WSE
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Remove haul road crossing

While increasing culvert capacity is one method of decreasing the flow restriction caused by the haul road, an
alternative is to remove the haul road entirely and increase the reach conveyance capacity by removing the
hydraulic restriction.

Burton Mine has indicated that this is the preferred option as the pit is in the process of being rehabilitated
and heavy vehicle access is not required. If light vehicle access is required then a creek crossing can be
installed at the natural ground level.

Levee protection
While raising the existing levee along the south bank of the diversion will effectively prevent flood water
ingress to the pit, being able to do so while maintaining effective use of the haul road would be problematic.

Modelling suggested the water surface elevation for this scenario would be approximately 336.5m AHD for the
0.1% AEP event. As the terrain slopes sharply downwards from north to south and the existing haul road
surface on the south side of the diversion is approximately 333.5m AHD, the resulting levee crest would be at
least 3.5m high. Consequently, it would be necessary to reroute the haul road to avoid the obstacle, as would
be required for the option of lowering the haul road crossing.

Overall, this option is not recommended as it does not address the underlying issue of the flow restriction
caused by the haul road.

6.5.2 Downstream Bullock Creek Haul Road Crossing

Upgraded culverts
The downstream haul road crossing is culverted by a pair of 1.6m diameter CMPs. Culvert capacity peaks at
20m3/s compared to the incoming flowrate of over 30m3/s.

The Haul Road sits clear of the channel bed by approximately 3 to 3.5m and bridges a 160m crossing over the
diversion. This provides considerable scope to increase the culvert capacity with minimal reconfiguration of
the existing road crossing (other than to facilitate construction).

Modelling determined that 5 large capacity RCBCs would be capable of passing the required flow while
maintaining approximately 0.5m of freeboard below the spill crest into the pit. Note that with the upgraded
culverts at the upstream Bullock Creek Haul Road crossing, the incoming flow rate increases from
approximately 30m*/s to over 100m*/s.

The conceptual details of the culvert design are provided below in Table 6-7.

Table 6-7. Downstream Bullock Creek Haul Road Crossing levee, culvert upgrade details
Parameter Existing Upgrade
Material and type CMP RCBC
Diameter (or width/height) 1.6m 3.6m/3m
Length 30m 30m

# of barrels/cells 2 5

The resulting effect the upgrade would have on the water surface elevation can be seen in Figure 6-14.
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Surcharge forces
water into pit

Figure 6-14. Long section comparing effect of downstream haul road crossing culvert upgrade on WSE

Remove haul road crossing

As is the case for the upstream Bullock Creek Haul Road crossing, while increasing culvert capacity is one way
of decreasing the flow restriction from the road, an alternative is to remove the road entirely and increase
capacity by removing the hydraulic restriction

Burton Mine has indicated that this is the preferred option as the pit is in the process of being rehabilitated
and heavy vehicle access is not required. If light vehicle is required then a creek crossing can be installed at
the natural ground level.

Levee protection

While the two options of increasing the capacity through the downstream Bullock Creek Haul Road crossing
will prevent flood waters entering Bullock Creek Pit during the 0.1% AEP event, the conventional option of
levee protection is the simplest alternative.

As the Haul Road itself has been identified as the conveyor of flood flows, it is not possible to directly protect
the road. Instead, the road must be raised to a sufficient elevation to prevent flood ingress.

The conceptual design details for modifying the haul road are summarised in Table 6-8.

Table 6-8. Downstream Bullock Creek Haul Road raising, brief summary of conceptual option
Parameter Value

Water surface elevation (m AHD) 326.2

Total length of levee ~400m

Typical raise height ~0.5.to 2.0m*

* Allowing for 0.5m freeboard

A long section of the raised haul road is presented in Figure 6-15, below, and a plan view is presented in Figure
6-16, next page.
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Figure 6-15. Downstream Bullock Creek Haul Road Crossing levee long section
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Figure 6-16. Downstream Bullock Creek Haul Road Crossing levee plan view
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7 Stage Discharge Curve Development for Teviot Creek Flow Gauging
Station (GST6)

Burton Mine operates a pressure sensing gauging station on Teviot Creek (GST6). In order to determine the
relevant low flow release trigger, it is necessary to convert flow rates into water depth estimates using a stage
discharge curve for the location. Alluvium has undertaken the hydraulic analysis and produced a stage-
discharge curve at the location of the gauging station. This chapter provides a brief description of the hydraulic
analysis undertaken, and presents the resultant stage discharge curves and relates the EA low flow release
trigger back to a measurable depth in the channel.

7.1 Teviot Creek gauge location

The Teviot Creek flow gauging station is located approximately 55m upstream of the Mallawa Haul road
culvert crossing, as shown in Figure 7-1. The presence of the culverts causes backwater upstream of the gauge
station location. This will introduce additional complexity to the hydraulic behaviour in the area surrounding
the site. The close proximity of the culvert crossing to the location of the gauge is not ideal, particularly for
high flow events. Confidence in the results reduces as flows, and hence the influence of the haul road and
culvert, increase. The stage discharge curve will need to be updated regularly, following flow events which
change the channel form (mobile sand bed).

Although modelling has been undertaken based on the location of GST6, it is suggested that the gauging
station be relocated approximately 400m upstream to avoid backwater impacts from the culverts for flows less
than 3m3/s. For flows greater than 3m3/s, the gauging station will need to be relocated even further upstream
to avoid influence from the culvert.

7.2 Teviot Creek model setup

One dimensional, steady state modelling has been undertaken using HEC-RAS to develop the stage discharge
curves required for the Teviot Creek gauging station. Water levels were determined by the model at the
location of the gauging station for a range of flows, allowing a stage discharge curve to be defined.

The model was built for an approximate 1500m length of Spade Creek with cross sections at 50m spacing with
the exception of the 500m section of channel closest to the gauging station, where 25m spacing was used for
increased accuracy. See Figure 7-2.

In the absence of any specific stage/flow data, the boundary conditions were set to normal depth, as
measured from the supplied DTM; see Table 7-1.

Table 7-1. Upstream and downstream settings adopted for the Teviot Creek rating curve hydraulic model
Boundary Adopted normal depths

Upstream 0.00198 m/m

Downstream 0.00349 m/m

Roughness, represented in the form of Manning’s “n” values, was selected and applied to the model using an
aerial image to determine vegetation cover and channel form. Identified vegetation types and corresponding
roughness’s are detailed below in Table 7-2.

Table 7-2. Vegetation types and adopted Manning’s “n” values
Vegetation Category Description Assigned Manning’s “n” Value
Medium dense Woodland with medium dense cover 0.075

Medium Density Riparian/Clean,  Sections of diversion where some regeneration has  0.040
Straight occurred, or natural creek with medium cover
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Figure 7-1. Teviot Creek flow gauging station location map
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Figure 7-2. Location of Teviot Creek flow gauging station and HEC RAS model setup
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The topographic data used to undertake this analysis included the haul road crossing over the Teviot Creek
subject reach. Alluvium was provided with information on the size of the culverts in an email from Burton
Mine on 7 September 2012. Given Alluvium was not provided with details on the end conditions of the
culvert, it was assumed that the culvert is configured as a pipe projecting from fill with no headwall

Table 7-3 provides detail on the culverts that were included in the model and Table 7-4 outlines the
parameters that were adopted for the culvert.

Table 7-3. Mallawa Haul Road culvert details

Culvert type Number of culverts Diameter (mm) U/s invert level (m AHD) D/s invert level (m AHD)
Helcor 1 1050 314.4 314.25

Table 7-4. Mallawa Haul Road culvert crossing adopted parameters

Parameter Adopted value

Entrance loss coefficient (kep) 0.9 (Table 6-3 HEC RAS Reference Manual, CMP projecting from fill)

P UM

Manning’s “n” value 0.024 (Table 6-1 HEC RAS Reference Manual, applied to top and bottom of culvert)

The model was tested for sensitivity to the end wall configured. The model results were compared against a
model configured with the pipes conforming to the fill slope. As outlined in Table 6-3 of the HEC RAS Hydraulic
Reference Manual (2008), CMPs that conform to the fill slope are allocated an k., value of 0.7. It determined
that the model was largely insensitive to the entrance loss coefficient adopted.

7.3 Teviot Creek subject reach modelling results
Flows ranging from 0.25m>/s to 1000m’/s were applied to the model.

Due to the presence of the haul road embankment approximately 55m downstream of the gauge location,
backwater influence and hydraulic complexity increases with flow rate, with a corresponding reduction in
confidence in modelling results. It is therefore considered appropriate to separate the curves for flow “through
culvert” and flow “overtopping haul road” as the trajectories are different, and as a result a more accurate fit
is possible.

It is not applicable in this case to provide a combined stage discharge curve for the full range of flows. It was
found that if the combined flows were plotted, for both through the culvert and overtopping the haul road,
that an appropriately fitted curve is not possible. This is due to the overtopping of Mallawa Haul road, which
occurs between 2m3/s and 3m3/s, for which HEC-RAS uses an alternative equation.

Stage discharge curves are presented in Figure 7-3 and Figure 7-4, next page, for the “through culvert” only
and the “overtopping haul road” only, respectively.

The tables used to plot the figures are provided in the accompanying Excel spreadsheet named “Teviot Creek
Stage Discharge Curve.xlsx”.

The polynomial equations used to define the stage discharge curves for the Teviot Creek gauging station are
presented in Table 7-5.

Table 7-5. Teviot Creek stage discharge curve equations and associated R? values

Curve Equation (based on 314.45m AHD invert) R’ Value Applicable Range
Through culvert only y= -0.1872x"* - 0.0255x> + 1.183x” + 0.1941x + 0.00004 1.00 0.25-2m’/s
Overtopping haul road only  y =0.0177x" - 0.8407x’ + 15.227x” - 32.868x + 16.69 1.00 3-1000 m*/s
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The decision as to which equation to use should reflect the range of flows which need to be most accurately
gauged.

Figure 7-3. Teviot Creek stage discharge curve — through culvert only

Figure 7-4. Teviot Creek stage discharge curve — overtopping haul road only
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7.4 EA Conditions for GST6

The low flow release trigger flow rate, water surface elevation (WSE) and depth is provided in Table 7-6.

Table 7-6. Low flow release trigger for GST6
Flow Station Release Trigger (m3/s) Corresponding WSE (m AHD) Invert (m AHD) Depth (m)
Teviot Creek (GST6) 0.5 315.04 314.45 0.59

7.5 Summary and limitations

The stage discharge curves developed during this analysis have been produced through 1D hydraulic
modelling, based on the assumptions outlined in this report. This allows recorded depths to be converted into
flow rate estimates using the equations provided.

The selection of Manning’s “n” values and other design coefficients are based on review of aerial photography
and experience. No calibration or validation of the hydraulic model has been undertaken and as a result, the
stage discharge curves can only be considered approximate.

Due to the presence of the Mallawa haul road across Teviot Creek, as well as the culvert, confidence in the
results reduces as flows increase. Given that the haul road overtops for flows between 2m3/s and 3 m3/s and
greater, the channel rating curve should be used with caution.

If the rating curves is intended to build a flow data set for the purposes of hydrologic analysis, in which case
lower probability flow rates are of importance, a more suitable gauge location should be considered.

Another limitation of the Teviot Creek flow gauging station is that the culvert opening is relatively small, and
may become blocked during a high flow event. This will result in erroneous flow rates measured at the gauge.
This should be considered when processing and checking data from high flow events.

Given the presence of the haul road and the culvert crossing, in conjucnition with high sediment inputs from

upstream channel cross section will change from event to event. It is therefore essential that the stage
discharge curve is updated following each substantial flow event to ensure the validity of calculated flow data.
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8 Stage Discharge Curve Development for Sandy Creek Flow Gauging
Station (GST1)

Burton Mine currently operates a gauging station on Sandy Creek (GST1) which records water height and
electrical conductivity. In order to determine the relevant low flow release trigger, it is necessary to convert
flow rates into water depth estimates using a stage discharge curve for the location.

Alluvium has undertaken hydraulic analysis and produced a stage discharge curve at the location of the
gauging station. This chapter provides a brief description of the hydraulic analysis undertaken, and presents
the resultant stage discharge curves and relates the EA low flow release trigger back to a measurable depth in
the channel.

8.1 Sandy Creek gauge location

The Sandy Creek flow gauging station is located approximately 1500m downstream, and to the northwest, of
the Mallawa Haul road crossing as shown in Figure 8-1. The station is located on a high angle meander in the
Sandy Creek watercourse. Whilst lower flows contained within the channel (160m3/s and less) are unlikely to
be influenced by the location of the gauging station on the meander, the higher out of bank flows (greater
than 160 m3/s) are likely to introduce additional complexity to the hydraulic behaviour surrounding the site.

The location of the gauging station on the meander is not ideal, particularly for high flow events. Confidence in
modelling results reduces as flows, and hence the influence of the out of bank flows through the neck of the
meander, increase. The stage discharge curve will need to be updated regularly, following events which
change the channel form.

8.2 Sandy Creek model setup

One dimensional, steady state modelling has been undertaken using HEC-RAS to develop the stage discharge
curves required for the Sandy Creek gauging station. Water levels are predicted by the model at the location
of the gauging station for a range of flows, allowing a stage discharge curve to be defined.

The model was built for approximately 1800 m of Sandy Creek with cross sections at 50m spacing except for
the 300m section of channel closest to the gauging station, where approximately 25m spacing was used for
increased accuracy. Figure 8-2 presents the model setup and the location of the gauging station. In the
absence of any specific stage/flow data, the boundary conditions were set to normal depth, as measured from
the supplied DTM and as outlined in Table 8-1.

Table 8-1. Upstream and downstream settings adopted for the Sandy Creek rating curve hydraulic model
Boundary Adopted normal depths

Upstream 0.00155 m/m

Downstream 0.00166 m/m

Roughness, represented in the form of Manning’s “n” values, was selected and applied to the model using an
aerial image to determine vegetation cover and channel form. Identified vegetation types and corresponding
roughness coefficients are detailed below in Table 8-2. Sensitivities of the different Manning’s value on the
depth of flow are outlined in section 8.3.

Table 8-2. Vegetation types and adopted Manning’s “n” values
Vegetation Category Description Assigned Manning’s “n” Value
Medium dense Woodland with medium dense cover 0.065

Medium Density Riparian/Clean, Sections of diversion where some regeneration has  0.040
Straight occurred, or natural creek with medium cover

The topographic data used to undertake this analysis did not include any road or culvert crossings.
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Figure 8-1. Sandy Creek flow gauging station location map
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Figure 8-2. Location of Sandy Creek flow gauging station and HEC RAS model setup
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8.3 Sandy Creek subject reach modelling results

Flows ranging from O.25m3/s to 1000m3/s were applied to the model. Stage discharge curves are presented in
Figure 8-3 and Figure 8-4 for the channel only and the floodplain only, respectively.

Figure 8-3. Sandy Creek stage discharge curve — channel only

Figure 8-4. Sandy Creek stage discharge curve — floodplain only
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Due to the location of the station on the meander of the watercourse, complexity increases as the flow rate
increases. As a one-dimensional modelling program, HEC RAS is unable to simulate the lateral diffusion of a
flood wave, as it represents topographic input as cross sections rather than as a surface. Therefore, in the case
of modelling the outputs of flow data on the meander, the increasing complexity corresponds with a reduction
in confidence in modelling results. Consequently, it is considered appropriate to separate the curves for
channel and floodplain as the trajectories are different, and as a result a more accurate fit is possible.

In this instance, it is expected that out-of-bank flows will occur for flows of greater than 120 m3/s. As a result,
flows analysed in this range should be assessed and utilised with caution.

The tables used to plot the above figures are provided in the accompanying Excel spreadsheet named “Sandy
Creek Stage Discharge Curve.xlsx”.

The equations used to define the stage discharge curves for the Sandy Creek gauging station are shown in
Table 8-3. To obtain a better fit for the channel curve, it was necessary to use a sixth order polynomial.

Table 8-3. Sandy Creek stage discharge curve equations and associated R values

Curve Equation (based on 304.98m AHD invert) R’ Value Applicable Range

Channel only y =-0.4389x° + 4.5429x° - 17.273x" + 27.087x" + 1.0000 0.25-120 m%/s
0.3335x” + 1.4524x - 0.062

Floodplain only y =1.3273x" - 21.231x° + 146.65x* - 368.18x + 371.95 0.9998 120 - 1000 m*/s

The decision as to which equation to use should reflect the range of flows which need to be most accurately
gauged. In this instance it is recommended to use the “Channel only” equation due to the location of the flow
gauging station on the meander and the lack of confident in the stage discharge curve for higher flow rates.

8.4 EA Conditions for GST1

The low flow release trigger flow rate, water surface elevation (WSE) and depth is provided in Table 8-4.

Table 8-4. Low flow release trigger for GST1
Flow Station Release Trigger (m3/s) Corresponding WSE (m AHD) Invert (m AHD) Depth (m)
Sandy Creek (GST1) 1.5 305.34 304.98 0.36

8.5 Summary and limitations

The stage discharge curves developed during this analysis have been produced through 1D hydraulic
modelling, based on the assumptions outlined in this report. This allows recorded depths to be converted into
flow rate estimates using the equations provided.

The selection of Manning’s “n” values and other design coefficients are based on review of aerial photography
and experience. No calibration or validation of the hydraulic model has been undertaken and as a result, the
stage discharge curves can only be considered approximate.

Given that the flow gauging station is located on a sharp meander in the Sandy Creek watercourse, higher out
of bank flows (greater than 120m3/s) are likely to skew results in the area surrounding the gauging site. If the
rating curves is intended to build a flow data set for the purposes of hydrologic analysis, in which case lower
probability flow rates are of importance, a more suitable gauge location should be considered.

Channel migration and aggradation provide a mechanism for cross section change at this therefore it is

essential that the stage discharge curve be updated following each substantial flow event to ensure the validity
of calculated flow data.
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9 Overview of Spade Creek Hydraulic Assessment

Spade Creek is a watercourse within the Teviot Brook catchment. The section of the Spade Creek under
investigation in this hydraulic analysis is 5100m long (hereafter “subject reach”). It is located at the southern
end of the Teviot Brook catchment and encompasses the Spade Creek diversion, which is approximately
1060m long, and is diverted around the northern end of Broadmeadow Pit. See Figure 9-1.

The Spade Creek diversion is licenced under the Water Act 2000 in accordance with Water Licence Reference
number 175670.

A one-dimensional steady state hydraulic model of the Spade Creek diversion encompassing the reach
constructed for the diversion was developed using the US Army Corps Hydrologic Engineering Centre’s River
Analysis System (HEC-RAS).

This section outlines the design methodology for this process and offers some recommendations to manage
the stream processes resulting from the operation of the Spade Creek diversion.

9.1 Hydraulic modelling overview

During a hydraulic assessment of a watercourse, a number of key hydraulic parameters are analysed which
includes stream power, velocity, and shear stress. These parameters allow for comparative assessment
between waterways and against diversion design criteria established in ACARP (2002).

The diversion design criteria established by ACARP (2002) is based on reach average parameter values of
existing creeks within the Bowen Basin in Central Queensland and is detailed in Table 9-1.

Table 9-1. Bowen Basin diversion design criteria (reach average) (ACARP 2002)

Scenario Stream Power (W/m?) Velocity (m/s) Shear Stress (N/m?)
1:2 ARI event in channel with vegetation 20 to 60 1.0to 1.5 <40

1:50 ARI event in channel with vegetation 100 to 150 1.5t025 <80

This design criterion can be used as threshold design levels for rehabilitation works, and is described in more
detail below.

Stream power

Stream power is a product of channel slope and discharge that represents the excess energy available to do
work in and on the channel. Recovery usually involves a balance of deposition and erosion. If the flow is too
powerful, then the channel erosion may persist or increase.

PYQS
W

Stream Power w =

p = density of water (kg/m?)
g = gravitational acceleration constant (m?/s)
Q =discharge (ma/s)
S = hydraulic gradient (m/m)
W = water surface top width (m)
Velocity

Stream velocity is the speed at which water flows through a stream. The higher the velocity, the greater the
erosive force of the stream. Stream velocity is calculated by dividing total flow by the cross-sectional area.
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Velocity v=—

Q = discharge (ma/s)
A = cross sectional area (mz)

Shear stress
Shear stress, otherwise known as tractive force, is described as the force exerted on the channel bed and
banks by the action of flowing water. It is also a function of channel slope and discharge.

Shear Stress = (pgds)
p = density of water (kg/m?)
g = gravitational acceleration constant (mz/s)
d = depth of water (m)
s = water surface slope (m/m)

9.2 Catchment hydrology

A hydrologic assessment of the Spade Creek catchment is presented in Attachment A. The estimated flow rates
for the 1:2 and 1: 50 ARI events through the Spade Creek diversion are shown in Table 9-2.

Table 9-2. Estimated flow rates for 1:2 and 1:50 ARI events through Spade Creek diversion
Flow Change Location Chainage (m) ARI Peak Flow Rate (ms/s)
A 5086 2 54
50 223
B 4540 2 86
50 359

The extent of the Spade Creek hydraulic model and the flow change locations are illustrated in Figure 9-1.
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Figure 9-1. Spade Creek subject reach and hydraulic model setup
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9.3 Model setup

The HEC RAS model is formed by creating a series of cross-sections, extracted from the digital terrain model
(DTM), which extend across the channel and onto the floodplain on either side. Other inputs into the model
include the Manning’s roughness coefficient (n), model boundary conditions, topographic data, and flow
estimates for the main channel as outlined in section 9.2.

The subject reach was divided into three sections for the HEC RAS assessment: upstream reach; diversion
reach; and downstream reach. Cross sections for the model were typically created at 50m intervals for the
entire length of the subject reach. This is with the exception of areas of interest, such as steeper sections and
road crossings, where finer spacing was used.

Manning’s roughness coefficient (n) varies between the channel and floodplain and represents the frictional
resistance to flow provided by the surface and shape of the bed and banks, vegetation and debris of the
channel and floodplain. Typically, these values would vary considerably across the extent of the model at a
local scale.

The values were selected and applied to the model using an aerial image to determine vegetation cover and
channel form. Identified vegetation types and corresponding roughnesses are detailed in Table 9-3.

Table 9-3. Vegetation types and adopted manning’s “n” value’s for Spade Creek hydraulic model

Category Description n Value
Dense Riparian/ Clean, Winding, = Dense vegetation along the majority of Spade Creek. 0.065
Sand Bed An average of bed and banks.

Medium Density Riparian/Clean,  Sections of diversion where some regeneration has occurred, or natural 0.035
Straight creek with medium cover

Low Density Riparian/Clean, Sections of diversion where negligible regeneration has occurred. 0.025
Straight

The boundary conditions for the model were determined using the known upstream and downstream normal
depths for the model, as outlined in Table 9-4.

Table 9-4. Upstream and downstream setting adopted for Spade Creek hydraulic model
Boundary Adopted normal depth slope (m/m)

Upstream 0.00291

Downstream 0.00140

The topographic data used to undertake this analysis included the three road crossings over Spade Creek:
e Spade Creek Mallawa Haul Road Crossing (culvert crossing)
e Spade Creek Crossing (culvert crossing), and

e Spade Creek Diversion Crossing (no culverts present).

Table 9-5 provides detail on the culverts that were included in the model and Table 9-6 outlines the
parameters that were adopted for both of the culverted crossings.

Table 9-5. Spade Creek culvert details for hydraulic assessment

Culvert Culvert Number of Diameter Upstream invert Downstream invert
crossing type culverts (mm) level (m AHD) level (m AHD)
Mallawa Haul Road Helcor 6 1050 279.90 279.50

Spade Creek Crossing Helcor 2 1600 277.40 277.10
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Table 9-6. Spade Creek culvert parameters adopted for hydraulic assessment

Parameter Adopted value

Entrance loss coefficient (ken) 0.9 (Table 6-3 HEC RAS Reference Manual, CMP projecting from fill)

Manning’s “n” value 0.024 (Table 6-1 HEC RAS Reference Manual, applied to top and bottom of culvert)
9.4 Results

In order to assess the existing hydraulic conditions of Spade Creek, the subject reach has been divided into
three separate reaches: upstream of the diversion off take (upstream of chainage 3600); the diversion
(chainage 2500 to 3600); and downstream of the constructed diversion tie-in (at chainage 2500).

The tabulated results for each reach are presented below in Table 9-7 for the upstream reach, Table 9-8 for
the diversion reach and Table 9-9 for the downstream reach.

Hydraulic parameter plots for the entire subject reach for the 1:2 and 1:50 ARI events are presented below in
Figure 9-3 and Figure 9-4, respectively. The graphs of each parameter must be understood in context of local
and reach scale geomorphic characteristics due to the dramatic appearance of spikes that exceed threshold
levels. If these spikes are localised and not in consecutive cross sections then they do not necessarily
represent an area of instability.

Upstream reach

The upstream reach is characterised by a sharp meander and a culvert crossing at the Spade Creek Mallawa
Haul Road Crossing at chainage 4475. There is also the risk of development of a high flow cut off connecting
chainage 4400 almost directly to 3500.

Overall, as demonstrated in Table 9-7, Figure 9-3 and Figure 9-4, the average hydraulics of the upstream reach
were all within threshold.

Table 9-7. Spade Creek upstream reach hydraulic characteristics
Parameter Units ARI Bowen Basin Modelled parameters
?:::::i:::rr;;r;a Minimum Maximum Average

Shear Stress N/m’ 12 <40 4.05 118.42 18.91
1:50 <80 3.46 69.16 21.39

Stream Power N/m.s 1:2 with vegetation <60 2.59 390.39 34.21
1:50 <150* 2.22 189.01 39.72

Velocity m/s 1:2 with vegetation<1.5 0.65 2.79 1.19
1:50 <2.5 0.62 2.74 1.49

Diversion reach

Modelling confirmed that the average shear stress throughout the diversion reach is below the ACARP
thresholds. However, modelling showed that average velocities are higher than threshold for both the 1:2 and
1:50 ARI events and that stream power substantially exceeds threshold for the 1:2 ARl event. See Table 9-8.

Given that the channel is largely confined and vegetation has yet to establish, higher velocities and stream
power in this area would be expected. Furthermore, immediately downstream of the Spade Creek Diversion
Crossing, the diversion drops by 1.7m over 65m, at a gradient of 0.026m/m (see Figure 9-5 and Figure 9-6).
High stream power immediately downstream of this location is likely to cause erosion and deepening of the
channel bed if the weak armouring present continues getting mobilised and is not replenished.

Modelling shows that overtopping of the Spade Creek Crossing, at chainage 3375, is occurring for both the 1:2
and 1:50 ARI events. As a result, backwater is providing drowned out conditions for part of the reach

Attachment D — Spade Creek Hydraulic Analysis 88



upstream of this location. As would be expected, the results show low hydraulics for approximately 500
metres upstream of this location.

Table 9-8. Spade Creek diversion reach hydraulic characteristics
Parameter Units ARI Bowen Basin Modelled parameters
?:::::i:::rr:;r;a Minimum Maximum Average

Shear Stress N/m2 1:2 <40 7.50 202.18 33.20
1:50 <80 12.75 159.84 38.64

Stream Power N/m.s 1:2 no vegetation <35 8.91 1,118.17 112.74
1:50 <150* 22.58 854.60 136.09

Velocity m/s 1:2 no vegetation <1.0 0.71 5.53 2.25
1:50 <2.5 1.75 5.35 2.90

Figure 9-2. Spade Creek diversion crossing

Downstream reach

Aggradation of sediment has been occurring in the channel through the downstream reach and high flows are
engaging the floodplain. Modelling suggests that these floodplain flows have resulted in lower hydraulics in
the downstream reach. However sections of excessive hydraulics were modelled at chainages 350, 850 and
1150 which may be due to the presence of localised bed grade changes at these locations. Overall, average
hydraulic parameters are below threshold with the exception of velocity which exceeds the threshold for the
1:2 ARl event. See Table 9-9.
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Table 9-9.

Parameter

Shear Stress

Stream Power

Velocity
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Spade Creek downstream reach hydraulic characteristics

Units

N/m2

N/m.s

m/s

ARI

1:2
1:50
1:2
1:50
1:2
1:50

Bowen Basin
diversion criteria

(reach average)
<40

<80

with vegetation <60
<150*

with vegetation<1.5

<2.5

Minimum

10.52
6.52
11.31
5.56
1.08
0.85

Modelled parameters

Maximum

56.15
240.15
134.92
1,255.45
2.75
5.18

Average

31.12
38.24
58.60
108.28
191
1.94

920



Figure 9-3. Modelled 1:2 ARI hydraulic parameters for Spade Creek
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Figure 9-4. Modelled 1:50 ARI hydraulic parameters for Spade Creek
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Figure 9-5. Spade Creek water surface elevation existing conditions for 1:2 and 1:50 ARl events
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Figure 9-6. Bed grade analysis of Spade Creek subject reach
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9.5 Summary and Recommendations

Modelling has demonstrated that the average stream parameter values for the reach upstream of the
diversion are all below the recommended thresholds for diversions for both the 1:2 and 1:50 ARI events.

Through the diversion reach, the average value of velocity for the 1:50 ARI and average values of velocity and
stream power for the 1:2 ARI exceed recommended thresholds. This is primarily as a result of the Spade Creek
Crossing and associated steep gradient downstream of it which causes significant spikes in the velocity and
stream power, driving both averages above threshold.

The average stream parameter values for the reach of Spade Creek downstream of the diversion are generally
below recommended diversion thresholds for both the 1:2 and 1:50 ARI events. However, the recommended
velocity threshold is exceeded for the 1:2 ARI event. This is not caused by any particular section of the reach;
it is as a result of consistently high velocities along the entire reach. No field assessment to investigate
stability and presence/absence of bedrock controls in this reach has been undertaken.

The overall longitudinal gradient of the diversion is 0.00402m/m, approximately double the gradient of the
adjoining upstream and downstream reaches. With this overall gradient it would not be unusual for the
diversion to be subject to high stream parameter values and substantial instabilities throughout the entire
reach. However, the presence and continual maintenance, especially following flow events, of the two
diversion road crossings presently mitigates this risk. Maintenance of the crossings holds the upstream bed
elevation in place and prevents deepening of the bed from occurring. Materials washed out of the haul road
during each event are depositing downstream, providing some armouring of the bed and thus limiting the
potential for deepening to occur.

If the two road crossings were removed (or maintenance ceased) the gradient along the diversion would be
too steep, and significant erosion would be expected to progress upstream with potential for substantial
aggradation downstream of the diversion.

In its current form, the diversion is not considered to be a self-sustaining waterway and not likely to be
suitable for licence relinquishment in the future. Therefore, rehabilitation of the diversion is recommended to
reduce potential risks to the Burton Mining operation and environment, and establish it on a condition
trajectory that is self-sustaining and suitable for the prospect of licence relinquishment in the future.
Rehabilitation of the diversion is likely to involve lengthening to establish a stable longitudinal gradient
without the requirement for ongoing maintenance of structures such as crossings.
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10 Bullock Creek Diversion Overview

Alluvium has undertaken a diversion compliance assessment of the Bullock Creek diversion. The Bullock Creek
diversion is approximately 650m in length and is located between the Bullock OOP Dump and Bullock Creek
Pit, starting at the upstream Bullock Creek Haul Road crossing and extending downstream partway towards to
the downstream Bullock Creek Haul Road crossing.

The Bullock Creek diversion is licenced under the Water Act 2000 in accordance with Water Licence Reference
number 577239.

10.1 Background

As the original Bullock Creek alignment intercepted the proposed Bullock Creek Pit, a watercourse diversion
was required to undertake mining at that location.

The Bullock Creek diversion was designed by Mathew Palmer Consulting Engineers in 2009. Construction of
the diversion was completed by Windsor Earthmoving Contractors in 2010.

Figure 10-1 illustrates the general arrangement of works for the Bullock Creek diversion as constructed.

10.2 Task objectives

The objective of this component of the report is to deliver a compliance check of construction against the
proposed design for the Bullock Creek diversion.

The report provides a comparison of horizontal alignments, longitudinal profiles, cross sections, and other
points of interest for the following sets of data:

e Bullock Creek diversion design strings created by Mathew Palmer Consulting Engineers (provided to
Alluvium on 15 November 2012), and

e  Bullock Creek diversion As Constructed survey compiled by Windsor Earthmoving Contractors
(provided to Alluvium on 9 October 2012).

10.3 Bullock Creek diversion design

The Bullock Creek diversion report, completed by Mathew Palmer Consulting Engineers in October 2009, was
commissioned by Burton Mine to carry out an evaluation of the channel requirements for the diversion of a
section of Bullock Creek through their Burton Coal mining lease.

The Bullock Creek diversion report was provided to Alluvium on 24 September 2012 by Burton Mine. The
following drawings, which formed part of Appendix B in the design report, have formed the basis for this
comparative assessment:

e (G0909-1-01 — General arrangement

e (G0909-1-02 — Plan & longitudinal section

e (G0909-1-03 — Cross sections sheet 1 of 3

e (G0909-1-04 — Cross sections sheet 2 of 3

e  (G0909-1-05 — Cross sections sheet 3 of 3, and

e  (G0909-1-06 — Construction tables sheet 1 of 2, and Construction tables sheet 2 of 2.
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Figure 10-1. Bullock Creek diversion general arrangement
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The typical section illustrated in Figure 10-2 was adopted for the design of the diversion and was used as a
basis of comparison against the constructed works.

~—— CONTROL LINE

17.5m 60m | 40m | 6.0m 17.5m

DIVERSION CHANNEL TYPE CROSS SECTION
NTS

Figure 10-2. Bullock Creek diversion typical cross section taken from Mathew Palmer Consulting Engineers (2009)

The electronic design strings (in DXF form) were also provided to Alluvium by Burton Mine. These electronic
design strings were used to generate a longitudinal profile and cross sections for comparison against the as
constructed survey data. The data has been tabulated for comparison and is provided in Table 10-1.

Typically, the zero chainage for a watercourse would be located downstream of the reach. However, the
design was completed with the zero chainage at the upstream section. Based on this, and for ease of
comparing the as constructed report with the design report, the cross sections for comparison were cut using
the design string provided, i.e. “cross section 0” is located at the most upstream point along the design reach.

10.4 Construction tolerances

For construction compliance, it is generally accepted that earthworks shall conform to the lines, grades and
cross-sections shown on the drawings or as directed by the superintendent/designer. Design lines and levels
define the required finished surface profile, inclusive of any surface treatments as specified on the drawings.

Given that Alluvium did not have access to the technical specification for the design of the Bullock Creek
diversion, it is assumed that the following tolerances were applied to the construction works:

e  Formation width: the widths measured on each side from the specified control-line to the toes of cut
batters and/or tops of fill batters should not be less than the widths specified, and no portion of cut
batters should encroach within these widths.

e Batter slopes: at all levels the average plane of the batters should not be steeper than the slope
specified, within a vertical tolerance of 150mm, and shall have a neat and natural appearance.

e Batter line:

Cut batters should be constructed so that the top of the batter is not more than 600 mm outside the
planned batter line in the case of batters less than 3m high or 20% of the batter height in the case of
higher batters. In sections where the width of work area is limited, batters should be constructed so
that the tops of cut batters are not more than 300mm outside the planned batter line, and the toes of
fill batters are not more than 600mm outside the planned batter line.

Similarly, fill batters should be constructed so that the toe of the batter is not more than 1.2 m
outside the planned batter line in the case of batters less than 6m high or 20% of the batter height in
the case of higher batters.

Cut batters and fill batters typically should not be constructed to grades steeper than shown on the project
drawings without the approval of the designer/superintendent.
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10.5 Comparison results

Longitudinal and cross sectional profiles have been produced comparing the design surface with the As
Constructed surface of the all the major features including: diversion channel and rock chutes.

Diversion channel
The diversion channel has been constructed along the design alignment, achieving the desired length and
overall bed grade. See Figure 10-3 for a photo of the general diversion and floodplain.

A plan view was prepared to compare the design and As Constructed alignment; see Figure 10-4.

Longitudinal and cross sectional profiles have been produced comparing the design surface with the As
Constructed surface and the 2012 LiDAR data set. The cross sections, attached at the end of the report, were
taken at regular chainages which correspond with the design cross section profiles. A longitudinal section

profile has also been provided and is attached at the end of the report.

Table 10-1 provides a summary and comparison of the Bullock Creek Diversion design longitudinal section
against the As Constructed surface and 2012 LiDAR surface.

Table 10-1.

Chainage
(m) — see
Figure
10-4

Comparison of Bullock Creek Diversion design longitudinal section using various data sets

Data set

Method of
capture /
development

Acquired /
Designed

Units
50
100
150
200
250
300
350
400
450
500
550
600
650
700

2009 design surface

Design strings

27/10/2009
m AHD
330.73
330.37
330.02
329.66
329.30
328.95
328.58
328.22
327.86
327.50
327.14
326.77
326.41
326.05

As Con survey surface

Topographic survey

6/05/2010

m AHD (Diff. to 2009 surface)

330.95 (0.21)
330.36 (-0.01)
329.84 (-0.18)
329.60 (-0.06)
329.14 (-0.16)
328.87 (-0.07)
328.41 (-0.18)
328.01 (-0.21)
327.82 (-0.04)
327.27 (-0.23)
326.96 (-0.17)
326.62 (-0.15)
326.38 (-0.03)
325.68 (-0.37)

2012 LiDAR surface

LiDAR

04/05/2012
m AHD (Diff. to 2009 surface)
336.72 (5.99)
331.16 (0.79)
330.22 (0.20)
330.13 (0.47)
329.54 (0.25)
329.36 (0.42)
329.05 (0.46)
328.75 (0.53)
328.47 (0.62)
328.20 (0.70)
327.94 (0.81)
327.83 (1.06)
327.58 (1.17)
327.43 (1.38)

In general, the following observations were made regarding the comparison of the available information:

e The constructed alignment is generally along the proposed design alignment. At approximate
chainages 200, 270, 550, 600 and 650 the constructed alignment is slightly straighter than the design

alignment and is approximately offset by three metres at these points.

e The longitudinal profile shows small fluctuations in the As Constructed survey with the creation of
small pools in some sections and small sediment deposits in other sections. The As Constructed bed
surface is slightly lower than the proposed design surface from chainage 450 to 700 which possibly
demonstrates slight erosion following lower flows in this area. The higher levels in the survey are
likely to represent minor sediment deposits following local sediment inputs from the diversion
batters.
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e Bed width and overall channel dimensions meet design intent based on the cross sections, despite
slight variations in the horizontal alignment of the diversion channel.

e Bench height and cross fall toward the low flow channel meet design intent. There are some local
variances in bench width and height, particularly at cross section 150, 350, 400 and 450.

e In general, the 2012 LiDAR data surface shows that significant aggradation has occurred since
construction was completed in mid-2010.

It was not confirmed at the time of this report, whether the Bullock Creek diversion channel was topsoiled,
deep ripped and revegetated.

10.6 Construction of chutes

The designer proposed the construction of two rock chute structures approximately at chainages 350 and 600,
respectively. Based on aerial photography of the diversion, it shows that the rock chute structures were
constructed in approximately the locations that were proposed. Given that a site inspection was not carried
out by Alluvium engineers as part of this compliance report, a detail assessment cannot be made of the
construction of the rock chutes.

10.7 Design compliance and summary

Based on the assumed construction tolerances set out in section 10.4, the construction of the Bullock Creek
diversion tends to comply with the proposed design. It appears that either minor modifications to design were
made during construction or small changes have occurred since the operation of the diversion.

It should be noted that while the dimensions of levee construction can be confirmed as part of this report,
confirmation of suitable construction with regards to materials and standards should be supplied by a suitably
qualified engineer or the project superintendent.

Figure 10-3. Bullock Creek diversion and floodplain
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Figure 10-4. Bullock Creek diversion plan view comparison of design and as constructed
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11 Overview of Bullock Creek Hydraulic Assessment

Bullock Creek is a watercourse within the Teviot Brook catchment. The section of the Bullock Creek under
investigation in this hydraulic analysis is 3630m long (hereafter “subject reach”). It is located at the northern
end of the Teviot Brook catchment and encompasses the Bullock Creek diversion, which is approximately
860m long and diverts water around the Bullock Creek Pit. See Figure 11-1.

The Bullock Creek diversion is licenced under the Water Act 2000 in accordance with Water Licence Reference
number 577239.

HEC RAS modelling of the Bullock Creek diversion has been undertaken to determine the existing conditions
hydraulic parameters.

This section outlines the methodology for this process and offers some recommendations to manage the
stream processes resulting from the operation of the Bullock Creek diversion.

11.1 Hydraulic modelling overview

During a hydraulic assessment of a watercourse, a number of key hydraulic parameters are analysed which
includes stream power, velocity, and shear stress. These parameters allow for comparative assessment
between waterways and against diversion design criteria established in ACARP (2002).

The diversion design criteria established by ACARP (2002) is based on reach average parameter values of
actual existing creeks within the Bowen Basin in Central Queensland and is detailed in Table 11-1.

Table 11-1. Bowen Basin diversion design criteria (reach average) (ACARP 2002)

Scenario Stream Power (W/m?) Velocity (m/s) Shear Stress (N/m?)
1:2 ARI event in channel with vegetation 20 to 60 1.0to 1.5 <40

1:50 ARI event in channel with vegetation 100 to 150 1.5t025 <80

This design criterion can be used as threshold design levels for rehabilitation works, and are described in more
detail in Section 9.1.

11.2 Catchment hydrology

A detailed hydrologic assessment of Bullock Creek catchment was undertaken by Alluvium and is presented in
Attachment A. The estimated flow rates for the 1:2 ARl and 1:50 ARI events through Bullock Creek diversion
are shown in Table 11-2.

Table 11-2. Estimated flow rates for 1:2 and 1:50 ARI events through Bullock Creek
Flow Change Location Chainage (m) ARI Peak Flow Rate (m?’/s)
A 3618 2 5
50 16
B 3078 2 9
50 27

The extent of the Spade Creek hydraulic model and the flow change locations are illustrated in Figure 11-1.
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Figure 11-1. Bullock Creek subject reach and hydraulic model setup
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11.3 Model setup

The HEC RAS model is formed by creating a series of cross-sections, extracted from the digital terrain model
(DTM), which extend across the channel and onto the floodplain on either side. Other inputs into the model
include the Manning’s roughness coefficient (n), model boundary conditions, topographic data, and flow
estimates for the main channel as outlined in section 11.2.

The subject reach was divided into three sections for the HEC RAS assessment: upstream reach; diversion
reach; and downstream reach. Cross sections for the model were typically created at 20m intervals for the
entire length of the subject reach. This is with the exception of areas of interest, such as steep sections and
road crossings, where finer accuracy was used.

Manning’s roughness coefficient (n) varies between the channel and floodplain and represents the frictional
resistance to flow by the surface and shape of the bed and banks, vegetation and debris of the channel and
floodplain. Typically, these values would vary considerably across the model extents at a local scale.

The values were selected and applied to the model using an aerial image to determine vegetation cover and
channel form. Identified vegetation types and corresponding roughness are detailed in Table 11-3.

Table 11-3. Vegetation types and adopted manning’s “n” value’s for Bullock Creek hydraulic model

Category Description n Value
Dense Riparian/ Clean, Winding, = Dense vegetation along the majority of Bullock Creek. 0.065
Sand Bed An average of bed and banks.

Medium Density Riparian/Clean,  Sections of diversion where some regeneration has occurred, or natural 0.035
Straight creek with medium cover

Low Density Riparian/Clean, Sections of diversion where negligible regeneration has occurred. 0.025
Straight

The boundary conditions for the model were determined using the known upstream and downstream normal
depths for the model, as outlined in Table 11-4.

Table 11-4. Upstream and downstream setting adopted for Bullock Creek hydraulic model
Boundary Adopted normal depth slope (m/m)

Upstream 0.0117

Downstream 0.0020

The topographic data used to undertake this analysis included the three road crossings over Bullock Creek:
e  Upstream Bullock Creek Haul Road Crossing
e  Downstream Bullock Creek Haul Road Crossing, and

e  Bullock Creek Mallawa Haul Road Crossing.

Table 11-5 provides detail on the culverts that were included in the model and Table 11-6 outlines the
parameters that were adopted for the three culverted crossings.

Table 11-5. Bullock Creek culvert details for hydraulic assessment

Upstream Downstream
Culvert Culvert Number of Diameter invert level invert level
crossing type culverts (mm) (m AHD) (m AHD) Other details
Bullock Creek HR CMP 2 1600 332.00 331.80 Highly damaged;
Upstream 75% blocked
Bullock Creek HR CMP 2 1600 321.40 321.00 Damaged in centre;
Downstream 25% blocked
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Upstream Downstream

Culvert Culvert Number of Diameter invert level invert level

crossing type culverts (mm) (m AHD) (m AHD) Other details
Mallawa Haul Road Helcor 2 1050 318.50 317.00 -

Table 11-6. Bullock Creek culvert crossing adopted parameters for hydraulic assessment

Parameter Adopted value

Entrance loss coefficient (kep) 0.9 (Table 6-3 HEC RAS Reference Manual, CMP projecting from fill)

Manning’s “n” value 0.024 (Table 6-1 HEC RAS Reference Manual, applied to top and bottom of culvert)

11.4 Results

In order to assess the existing hydraulic conditions of Bullock Creek, the subject reach has been divided into
three separate reaches: upstream of the diversion off take (upstream of chainage 3040); the diversion
(chainage 2170 to 3040); and downstream of the constructed diversion tie-in (at chainage 2170).

The tabulated results for each reach are presented below in Table 11-7 for the upstream reach, Table 11-8 for
the diversion reach and Table 11-9 for the downstream reach.

Hydraulic parameter plots for the entire subject reach for the 1:2 and 1:50 ARI events are presented below in
Figure 11-2 and Figure 11-3, respectively. The graphs of each parameter must be understood in context of
local and reach scale geomorphic characteristics due to the dramatic appearance of spikes that exceed
threshold levels. If these spikes are localised and not in consecutive cross sections then they do not
necessarily represent an area of instability.

Upstream reach

Table 11-7, Figure 11-2 and Figure 11-3 demonstrate that the average hydraulic parameter values of the
upstream reach are mostly below recommended threshold levels for diversions. For the 1:2 ARI event the
stream power and velocity parameters exceed the “no vegetation” threshold however the reach is moderately
vegetated so can probably be considered acceptable.

It should be noted that the Upstream Bullock Creek Haul Road Crossing acts as a weir (see Figure 11-4) and
supresses stream parameters for 200m upstream. This issue is addressed in more detail in Section 11.5.

Table 11-7. Upstream Bullock Creek reach hydraulic characteristics
Parameter Units ARI Bowen Basin Modelled parameters
:i:::::i::::ait;r)ia Minimum Maximum Average
Shear Stress N/m’ 12 <40 0.41 78.60 30.20
1:50 <80 3.54 114.85 50.47
Stream Power N/m.s 12 no vegetation <35 0.08 177.34 53.61
with vegetation <60
1:50 <150* 211 327.80 114.77
Velocity m/s 12 no vegetation <1.0 0.20 2.26 1.23
with vegetation<1.5
1:50 <2.5 0.59 2.85 1.82

Diversion reach
Table 11-8, Figure 11-2 and Figure 11-3 demonstrate that the average hydraulics of the diversion reach are
mostly below recommended threshold levels for diversions.
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Average stream power and velocity both exceed threshold for the 1:2 ARI event however this is primarily as a
result of the Upstream Bullock Creek Haul Road Crossing overtopping. The very high peak velocities and
stream power (for both the 1:2 and 1:50 ARI) are likely to cause erosion and deepening of the channel bed.

At the downstream end of the diversion reach, higher WSEs for both the 1:2 and 1:50 ARI are most likely the
result of a confinement of the floodplain where the diversion ties-in with the downstream reach. This is
resulting in lower stream parameters at this section.

Sensitivity testing demonstrated that restoring culvert capacity did little to change the hydraulics through the
diversion reach. This issue is addressed in more detail in Section 11.5. Alternatively, revegetation of the
diversion reach would be sufficient to increase the allowable threshold to the point where only the stream

power would exceed threshold however this would not address the issue of water overtopping the haul road.

Table 11-8.

Parameter Units
Shear Stress N/m2
Stream Power N/m.s
Velocity m/s

Downstream reach

Table 11-9, Figure 11-2 and Figure 11-3 demonstrate that the average hydraulics of the downstream reach are

ARI

1:2
1:50

1:2

1:50

1:2

1:50

Bowen Basin
diversion criteria

(reach average)
<40
<80

no vegetation <35
with vegetation <60
<150*

no vegetation <1.0
with vegetation<1.5

<2.5

Bullock Creek diversion reach hydraulic characteristics

Minimum

0.09
0.51

0.01

0.16

0.14

031

Modelled parameters

Maximum

285.98
334.45

1452.32
2133.21
5.08

6.38

all below recommended threshold levels for diversions. However, it should be noted that both the
Downstream Bullock Creek Haul Road Crossing and Mallawa Haul Road Crossing act as weirs (see Figure 9-5)

and supress stream parameters for some distance upstream. In the case of the Mallawa Haul Road,
sedimentation has occurred upstream of the crossing part way up to the Downstream Bullock Creek Haul Road

Average

23.22
35.98

66.95

135.23

1.32

1.85

Crossing and creates a disconnect with the longitudinal profile of the downstream reach (see Figure 11-4 and

Figure 11-5). Haul Road failure would most likely result in deepening and widening of the reach upstream and

poses a long term threat to the stability of the diversion and may threaten levee integrity and increase the

flood risk to the mine.

Table 11-9.

Parameter Units
Shear Stress N/m2
Stream Power N/m.s
Velocity m/s

ARI

1:2
1:50

1:2

1:50

1:2

1:50
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Bowen Basin
diversion criteria

(reach average)
<40
<80

no vegetation <35
with vegetation <60
<150*

no vegetation <1.0

with vegetation<1.5

<2.5

Bullock Creek downstream reach hydraulic characteristics

Minimum

0.33
0.68
0.06

0.19
0.18

0.29

Modelled parameters

Maximum

136.37
173.50
382.65

614.16
2.81

3.54

Average

24.24
34.13
43.87

78.97
1.17

1.50
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Figure 11-2. Modelled 1:2 ARI hydraulic parameters for Bullock Creek
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Figure 11-3. Modelled 1:50 ARI hydraulic parameters for Bullock Creek
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Figure 11-4. Bullock Creek water surface elevation existing conditions for the 1:2 and 1:50 ARl events

Attachment F — Bullock Creek Hydraulic Analysis 111



Figure 11-5. Bed grade analysis of Bullock Creek subject reach
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11.5 Model sensitivity to Upstream Bullock Creek Haul Road Crossing culvert blockage

The culverts passing under the Upstream Bullock Creek Haul Road Crossing (at chainage 2900) are highly
damaged and have been assumed to be approximately 75% blocked (refer to Table 11-5).

In order to quantify the impact of this assumption, sensitivity testing was undertaken to compare the effect of
completely restoring culvert capacity and it was determined that, as a result of the reduced backwater effect,
this scenario tended to increase parameters upstream and downstream of the crossing but reduced
parameters directly at the crossing.

In the case of the 1:2 ARI, little impact occurred at, or downstream of, the crossing. However, the parameters
upstream, in the 200m length which backwaters due to the mostly blocked culverts, increased to meet or
slightly exceed the recommended threshold levels for diversions.

For the 1:50 ARI, unblocking the culverts had a very limited effect upstream but did increase parameters
downstream. As a result of the increased capacity, the hydraulics over the road itself dropped noticeably,
particularly for velocity and shear stress. However, the reach average hydraulics did not exceed threshold and
the peaks value over the road crossing did not decrease enough to reduce the likelihood of erosion.

The differences for stream power, velocity and shear stress are illustrated from Figure 11-6 to Figure 11-8,
respectively.

Figure 11-6. Sensitivity testing, effect of unblocking the culverts at chainage 2900 on stream power
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Figure 11-7. Sensitivity testing, effect of unblocking the culverts at chainage 2900 on velocity

Figure 11-8. Sensitivity testing, effect of unblocking the culverts at chainage 2900 on shear stress
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11.6 Summary and Recommendations

Modelling has demonstrated that the average stream parameter values for the reach upstream of the Bullock
Creek Diversion are all below recommended threshold levels for diversions for both the 1:2 and 1:50 ARl
events. Increased headwater elevation upstream of the Upstream Bullock Creek Haul Road Crossing is
resulting in a decrease in stream parameter values for both the 1:2 and 1:50 ARI events for approximately
300m in the upstream reach.

Through the diversion reach, average parameter values are mostly below recommended thresholds with the
exception of the 1:2 ARI stream power. The high stream power value is largely a result of the overtopping of
the Upstream Bullock Creek Haul Road Crossing which causes a large localised spike in all stream parameter
values. It should be noted that the overall longitudinal bed gradient of the diversion is 0.0060m/m,
approximately double the gradient of the adjoining downstream reach and half the gradient of the adjoining
upstream reach, and average stream parameter values through the diversion reach are influenced by two
backwater zones. A floodplain confinement just downstream of the diversion increases water surface
elevations (and thus reduces stream parameter values) through the downstream portion of the diversion and
the haul road crossing has a similar effect at the upstream end of the diversion. The removal of the haul road
may be a long term option to stabilise the hydraulic parameters.

The average stream parameter values for the reach of Bullock Creek downstream of the diversion are all below
recommended thresholds for both the 1:2 and 1:50 ARI events. As was the case for the upstream reach, these
low stream parameters are influenced by increased headwater elevations resulting from the respective road
crossings: Downstream Bullock Creek Haul Road Crossing, and Mallawa Haul Road Crossing. Also associated
with these crossings are localised elevated parameter values which suggest that whilst the roads are in
operation, continued maintenance will be required. The difference in bed level upstream and downstream of
the Mallawa Haul Road crossing requires further investigation as the risk of major bed deepening upstream of
it appears substantial.

With these modelling results and limited on-ground assessment, it is difficult to draw accurate conclusions
about the performance of the diversion and likely suitability for future licence relinquishment (assuming the
haul road would be removed for the relinquishment scenario). It is recommended that the diversion be
modelled without the haul road in place and further on-ground assessment be undertaken (if required) to
better understand potential suitability for future licence relinquishment.

As highlighted in Section 11.4, vegetative rehabilitation of the diversion reach will assist by reducing stream
parameters and providing increased resistance to erosion from stream flows.
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SCALE A IS THE HORIZONTAL SCALE.
SCALE B IS THE VERTICAL SCALE.
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NOTES

1. SCALE A IS THE HORIZONTAL SCALE.
2. SCALE B IS THE VERTICAL SCALE.
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Important note about your report

This Report is provided for the exclusive use of the Client pursuant to the Scope of Works 5 February 2020,
which requires us to provide Services relating to a soil assessment.

This Report is provided to the Client on the terms and conditions set out in the Standard Terms of SGM
environmental Pty Ltd (SGME, we, us or our).

We derive data in this Report from information (or confirmation of the absence thereof) sourced from the
Client and their subcontractors, designated laboratories and / or information that has been made available in the
public domain at the time or times outlined in this Report. The passage of time, manifestation of latent conditions
or impacts of future events may require further examination of the soil assessment and subsequent data analysis,
and re-evaluation of the data, findings, observations and conclusions expressed in this Report.

SGME has prepared this Report in accordance with the usual care and thoroughness of the consulting profession,
for the sole purpose described above and by reference to any applicable standards, guidelines, procedures and
practices outlined in the Scope of Works as at the date of issue of this Report. For the reasons outlined above,
however, no other warranty or guarantee, whether expressed or implied, is made as to the data, observations
and findings expressed in this Report, to the extent permitted by law.

This Report should be read in full and no excerpts are to be taken as representative of the findings. No
responsibility is accepted by SGME for use of any part of this Report in any other context.

Reporting of the soil assessment are based on a desktop assessment of data that has been measured by the
Client and their subcontractors and other third parties.

SGME does not accept any Liability whatsoever for, or in respect of, any use of, or reliance upon this Report by
any person contrary to the above or our Standard Terms.
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Executive summary

Peabody Burton Mine (the Mine) commenced care, maintenance and rehabilitation in November 2016 with the
end of mining and coal processing. Peabody (Burton) Pty Limited (Peabody) aims to return the land to a safe,
stable, self-sustaining and non-polluting landform capable of achieving an agreed post mining land use (PMLU).

SGM environmental Pty Limited (SGME) was engaged by Peabody to undertake soil sampling and characterisation
for the remaining stockpiles in accordance with the requirements of the Guideline: Progressive rehabilitation and
closure plans (the PRC plan guideline) (the soil assessment). The soil assessment supports the Progressive
Rehabilitation and Closure Plan (PRC plan) being prepared by SGME for the Mine.

Soils play an important role in plant community structure and diversity as they determine the availability of
nutrients including, nitrogen (N), phosphorous (P) and micronutrients. The nutrient content of soil can decline
while it is stored in stockpiles; decreasing fertility and reducing post-mining land suitability.

Peabody has been monitoring rehabilitation at the Mine since 2015 to investigate plant and ground cover
condition, pasture productivity and landform stability. Rehabilitation monitoring was undertaken by AECOM
Australia Pty Limited (AECOM) (2015), AECOM (2016), WSP Pty Limited (WSP) (2017) and WSP (2018).
Reference sites were selected based on vegetation composition, condition and land use. Rehabilitation
monitoring shows that rehabilitation is trending towards reference sites.

The soil assessment has found that soil at the Mine has low fertility because of strong alkalinity, exchangeable
cation imbalances, low N, P, total organic carbon (TOC) and cation exchange capacity (CEC) and is also expected
to be dispersive. Low fertility and soil dispersion can be overcome by adding fertilisers and ameliorants (gypsum)
prior to or during rehabilitation.

Soil identified within the Broadmeadow project spoil stockpile is not recommended for use in rehabilitation as
it has high electrical conductivity (EC) in the form of chloride salinity.

Notwithstanding, the soil assessment has found that the soil can support the proposed PMLU; that is largely
grazing and bushland.

The following recommendations are made for the amelioration of soil for use in rehabilitation:

e It is recommended that fertiliser is applied before or during rehabilitation to ameliorate low
macronutrients (N and P). Suitable fertilisers to use include monoammonium P (MAP), diammonium P
(DAP) or equivalent.

* It is recommended (but not essential) that elemental sulfur or iron sulfate are used if alkaline soil
conditions are impacting plant growth. Bacteria in the soil will oxidise with the sulfur, forming sulfuric
acid, which will then lower soil pH. Noting that some plants are able to tolerate alkaline soils.

* Itis recommended that gypsum is applied to soil to decrease the exchangeable sodium percentage (ESP),
reduce dispersion potential and increase stability. The likely gypsum application rate will be between 1.2
to 2.4 tonnes per hectare for the top 10 centimetres of soil. Noting that the effectiveness of gypsum
will be dependent on the properties of the soil. Additional testing would be required at the time of
application to verify gypsum as an appropriate management option.

Project number | 19016 Page | viii



|.0 Introduction

Peabody Burton Mine (the Mine) is located approximately (~) 90 kilometres (km) southwest of the city of
Mackay, 67 km from Nebo and 36 km from Glenden. The Mine commenced care, maintenance and rehabilitation
in November 2016 with the end of mining and coal processing.

This report has been completed to support the Progressive Rehabilitation and Closure Plan (PRC plan) which is
currently being prepared by SGM environmental Pty Limited (SGME) in accordance with the Guideline: Progressive

rehabilitation and closure plans (the PRC plan guideline).

[.1 Scope

The scope of this report is to complete soil sampling and field characterisation for the remaining stockpiles (the
soil assessment) while meeting the requirements of the PRC plan guideline.

I.1.1 PRC plan guideline

The PRC plan guideline states that the PRC plan must include all supporting information required by the
Department of Environment and Science (DES) to reach a decision on the ‘soundness’ of the proposed
rehabilitation strategies and delivery techniques to meet the approved land outcomes.

The soil assessment will form an appendix in the PRC plan. How the requirements of the PRC plan guideline
have been addressed is summarised in Table I.

Table | How the PRC plan guideline has been addressed
Requirements Report section
Quantity of soil available to complete rehabilitation Section 1.2.1.1 b
Chemical and physical properties of stockpiled soil including fertility and Section 4.1 and 4.2 respectively

erosion and dispersion potential

Location (ie with respect to haul distance) and accessibility of cover Section 1.2.1.1 a
material (soil)

An assessment of the need for ameliorants and / or fertilisers and the Section 4.1
suitability as a growth medium

The relationship between soils and vegetation ecosystems for the PMLU Section 4.3
and rehabilitation methodology

1.2 Review of progressive rehabilitation

|.2.1 Rehabilitation strategy and objectives

Mining is a temporary use of land. Peabody (Burton) Pty Limited (Peabody) aims to return all areas disturbed by
mining activities to a condition that is safe, stable, self-sustaining and non-polluting. Suitable areas will be returned
to grazing while other areas will be covered with soil and seeded with trees, shrubs and grasses in a manner
which is consistent with environmental authority (EA) EMPL00879213.

Project number | 19016 Page | |



The proposed post mining land use (PMLU) includes:

*  water storage;

*  pit water storage (pits including Broadmeadow pit, Plumtree pit, Bullock Creek pit, Wallanbah pit and
farm dams);

* grazing;

*  bushland (disturbed and undisturbed areas);

*  riparian (riparian areas along Bullock Creek and Spade Creek diversion);

* infrastructure (including laydowns, hardstands, roads and loading ramps); and

* undisturbed (pre-existing land uses).

[.2.1.1 Soil stockpiles

Soil stockpiles will be removed by using the soil in rehabilitation. Where final landforms need to be constructed,
they will be built by excavating and / or dozer pushing suitable materials for the landform (spoil) and loading and
hauling material for the cover (soil).

a Location

Plumtree has large soil stockpiles located to the east and west of the run of mine pad and out of pit spoil storage
areas. Several other soil stockpiles exist within the Wallanbah and Broadmeadow project areas.

The soil assessment considers only the remaining soil stockpiles that will be used in rehabilitation (ie shortest
haul). Other stockpiles were excluded based on distance (cost).

b Material balance

The volume of soil available / required for rehabilitation is listed in Table 2, noting that there will be a soil
inventory surplus of 136,599 metres cube (m°).

Table 2 Soil inventory

Project area Amount available (m?®) Amount required (m°)
Plumtree 430,415 297,000

Bullock Creek - 10,000

Wallanbah 163,024 180,000

Broadmeadow 110,160 80,000

Total 703,599 567,000
1.2.2 Progressive rehabilitation monitoring history

Peabody have been monitoring the progressive rehabilitation at the Mine since 2015 to investigate plant and
ground cover condition, pasture productivity and landform stability. Rehabilitation monitoring has been
completed in accordance with the methods detailed in the Peabody Rehabilitation Monitoring Manual.
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1.2.2.1 Monitoring events

Progressive rehabilitation monitoring events are summarised in Table 3. AECOM Australia Pty Limited (AECOM)
monitored 83 transects across numerous landforms in 2015 and 107 rehabilitated transects with an additional 9
transects in reference sites for grazing and open woodland in 2016. In 2017, WSP Pty Limited (WSP) monitored
50 rehabilitated transects with no additional reference sites. The transects were revisited in 2018 and assessed
against the results obtained in the 2017 and 2016 assessment.

Reference sites were established in areas that most accurately match conditions (slope length, angle, plant
communities and land use) at the Mine. Pasture reference sites are located in the adjacent land holder properties.
A number of native ecosystem (bushland) reference sites were also established. These are located in areas of
remnant regional ecosystems adjacent to the Mine.

Table 3 Progressive rehabilitation monitoring events

Monitoring event Location Rehabilitation year

2015! Burton north 1999-2005
Burton widening east out of pit dump 2014
Ellensfield south out of pit dump 2014
Ellensfield west out of pit dump 2003, 2014
Plumtree south out of pit dump 2007
Plumtree north out of pit dump 2011
Bullock Creek in pit dump 2013
Wallanbah east out of pit dump 2009
Wallanbah in pit dump 2011
Broadmeadow west out of pit dump 2011

2016 Broadmeadow west out of pit dump 2011
Burton widening east out of pit dump 2014
Burton widening west out of pit dump 2015
Ellensfield east out of pit dump 2003
Ellensfield west out of pit dump 2003, 2014
Plumtree north out of pit dump 2011
Wallanbah east out of pit dump 2009
Wallanbah in pit dump 2011
Wallanbah run of mine 2011
Wallanbah west out of pit dump 2011

20172 Broadmeadow west out of pit dump 2011
Bullock Creek out of pit dump 2010

Project number | 19016
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Monitoring event  Location Rehabilitation year

Bullock Creek in pit dump 2013
Wallanbah east out of pit dump 2009
Wallanbah in pit dump 2012
Plumtree south out of pit dump 2007
Plumtree north out of pit dump 2007
20182 Plumtree north out of pit dump 2007
Broadmeadow west out of pit dump 2011
Wallanbah west out of pit dump 2011
Wallanbah in pit dump 2011
Wallanbah in pit dump 2012
Wallanbah in pit dump 2013
Bullock Creek out of pit dump 2017
Wallanbah east out of pit dump 2017

I. Undertaken by AECOM.
2. Undertaken by WSP.

1.2.2.2 Rehabilitated landform development

Rehabilitation monitoring has shown that landforms at Bullock Creek, Broadmeadow, Plumtree and Wallanbah
are performing reasonably well with an adequate plant cover and diversity. Sites that recorded high to very high
plant cover were dominated by high biomass pasture grasses such as Cenchrus ciliaris (WSP 2018). Species
richness varied across sites, noting that species richness is highly responsive to available soil moisture.
Overstorey richness and density is variable ranging from low to moderate. The highest transect average was the
Plumtree south landform recording a total of || species. By comparison the youngest site, Bullock Creek,
recorded the lowest woody species (zero) (WSP 2018). It is important to note that areas that have a PMLU of
open woodland had higher woody species richness than sites which have a grazing PMLU.

Rehabilitation monitoring indicates sites are generally stable. Noting that several active rills and minor erosion
gullies were observed in 2018; particularly on slopes at Wallanbah west out of pit dump rehabilitation area
completed in 2011 (WSP 2018).

Average transect yields for understory biomass show that rehabilitated areas recorded moderate to high biomass
yields (WSP 2018). Biomass trends show that pasture productivity correlated with pasture vegetation cover
rather than the age of rehabilitation (WSP 2018).

The seed mix used to establish the rehabilitated landforms largely comprised of introduced pasture grass and
legume species including Bothriochloa pertusa (Indian Blue Grass — Coated), Melinis repens (Ref Natal Grass),
Urochloa mosambicensis (Sabi Grass) and Cenchrus ciliaris (American Buffel). All species mentioned above were
recorded in varying densities and abundances across rehabilitated landforms suggesting that the establishment of
seeded species was generally successful (WSP 2018). Noting that the most successful species was Cenchrus ciliaris
(American Buffel).
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2.0 Method

2.1 Soil sample sites

Soil samples were collected from |5 locations (one location per hectare (ha) of soil stockpile) (Figure 1).

Additional soil was identified and collected from the following Mine spoil locations (Figure 2):

*  Plumtree project area (site 12, 25 and 28);
*  Broadmeadow project area (site 5 and 8); and
*  Bullock Creek project area (site 42).

2.2 Sampling method

A minimum of three composite soil samples were collected per location. Soil samples were collected from a
depth of 1-1.5 metres (m) below the surface of the stockpile using a hand auger.

The Guidelines for Surveying Soil and Land Resources: 2nd edition (McKenzie et al. 2008) advocate one sample per
horizon. However, as the soil stockpiles are a mix of topsoil and subsoil, the top, middle and bottom were
sampled to adequately reflect soil stockpiles.

Sampling was completed also having regard for the following guidelines:

*  Australian Soil and Land Survey Handbook: 3rd Edition (NCST 2009); and
*  The Austrdlian Soil Classification (Isbell & NCST 2016).

2.3 Field testing
All soil samples were analysed in the field for pH and electrical conductivity (EC). These are screening tests for

acidic / alkaline soils and saline soils respectively. The tests were used to select soil samples for laboratory
analysis.

2.4 Field observations

Field observations were made including:
*  soil texture;

*  soil colour; and
¢ soil surface condition.

Project number | 19016 Page | 5
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2.5 Laboratory testing

A National Association of Testing Authorities (NATA) accredited laboratory was used to ensure testing was

undertaken using correct methods.

The following tests were completed by SGS on 37 soil samples:

» pH (I:5) and EC (I:5);

*  water-soluble chloride and sulfate;

» exchangeable cations (calcium (Ca), magnesium (Mg), sodium (Na), potassium (K), aluminium (Al) and
cation exchange capacity (CEC));

* organic matter and total organic carbon (TOC);

+ total nitrogen (N) including total Kjeldahl N (TKN) and nitrate plus nitrite as N;

*  Colwell phosphorous (P (Colwell));

*  Emerson aggregate test; and

* Diethylenetriaminepentaacetic acid (DTPA) extractable metals (copper (Cu), iron (Fe), manganese (Mn)

and zinc (Zn)).

2.6 Assessment criteria

Soil used for rehabilitation must be able to support plant establishment and continued growth. Soil has been
assessed against sufficiency values from APAL (2017), Baker and Eldershaw (1993), DERM (2011) and Perverill
et al. (1999) for pasture and food crops (Table 4). Noting that sufficiency values represent ‘best case’ criteria
and may be overly conservative for the establishment of native plants.

Table 4 Sufficiency for common plant nutrition indicators
Constituent Unit Sufficiency
pH pH unit 6.0-7.5
ECe deciSiemens per metre (dS/m) <l.9
Chloride Milligrams per kilogram (mg/kg) <800
CEC Milliequivalent per 100 grams (megq/100g) [2-25
Exchangeable Ca % 60-75
Exchangeable Mg % 10-20
Exchangeable K % 3-8
ESP % <6
Ca:Mg - >2
Total N mg/kg >1,500
P (Colwell) mg/kg >10
Organic carbon % >1.2
DTPA extractable metals
Cu mg/kg >0.3

Project number | 19016
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Constituent Unit Sufficiency

Zn mg/kg >0.8

Mn mg/kg >2
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3.0 Results

3.1 Field observations

Field observations were made regarding soil texture, soil colour and soil surface condition (Table 5). Detailed
field sheets can be found in Appendix A.

Table 5 Summary of field observations
Project area Location Hand texture Field colour
Plumtree TSI Clay loam Brown
TS2 Loamy sand (0-10 centimetres below  Reddish brown (0-10 cm bgl) to
ground level (cm bgl)) to clayey sand dark brown (70-80 cm bgl) to
(70-85 cm bgl) to loamy sand (90-100  reddish brown (90-100 cm bgl)
cm bgl)
TS3 Loamy sand Reddish brown
TS4 Loamy sand Reddish brown
TS5 Clay Very dark grey
Wallanbah TS6 Sandy loam Dark reddish brown (0-10 cm bgl)
to dark brown (90-100 cm bgl)
TS7 Sandy loam (0-10 cm bgl) to clay loam  Brown
(90-100 cm bgl)
TS8 Clay loam (0-10 cm bgl) to sandy clay = Dark brown
loam (90-100 cm bgl)
TS9 Sandy clay loam Dark brown
TSI10 Loamy sand Brown
TSI Loamy sand Brown
TSI12 Loamy sand Brown
Broadmeadow TSI3 Clay Very dark grey
TS14 Clay Very dark grey
TSI5 Loamy sand (0-10 cm bgl) to clay (90-  Brown (0-10 cm bgl) to very dark

100 cm bgl)

grey (90-100 cm bgl)

3.2 Laboratory

Laboratory analysis was completed by SGS. The certificate of analysis is presented in Appendix B.

Fertility and DTPA extractable metals are presented in Table 6 and Table 7. Erosion and dispersion potential
results are presented in Table 8.
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Table 7 DTPA extractable metals

Analyte Cu Zn Mn Fe
Units mg/kg mg/kg mg/kg mg/kg
Sample  Sufficiency >0.3 >0.8 >2 -

Plumtree project area

TSI 0-10 0.48 0.11 6 5.2
TSI 140-150 0.91 0.17 8.1 8

TS2 0-10 0.26 0.1 83 84
TS2 70-85 0.78 0.14 14 8

TS2 90-100 0.47 0.07 14 10
TS3 0-10 0.42 0.23 12 9.9
TS3 90-100 0.15 0.09 5.4 5.4
TS4 0-10 0.21 0.08 45 19
TS4 100-110 0.25 0.06 5.1 5.2
TS5 0-10 0.84 0.47 6.2 6.6
TS5 100-110 I 0.49 I5 13
Plumtree 12 0.17 0.10 2.1 23
Plumtree 25 0.48 <0.05 1.7 1.7
Plumtree 28 0.18 0.06 1.5 2.0

Wiallanbah project area

TS6 0-10 0.36 0.98 17 20
TS6 90-100 0.72 0.9 46 100
TS7 0-10 0.75 1.5 I5 6.1
TS7 90-100 0.49 0.56 I5 8
TS8 0-10 0.65 0.82 79 5.9
TS8 90-100 0.52 0.36 8.6 4.6
TS9 0-10 0.8 0.19 34 8.1
TS9 90-100 0.8 0.34 5.9 8.7
TSI100-10 0.26 0.07 9.3 49
TS10 90-100 0.24 0.05 9.7 4.1
TSI10-10 0.5 0.16 14 85
TSI1 90-100 0.43 0.18 12 10
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Analyte Cu Zn Mn Fe

Units mg/kg mg/kg mg/kg mg/kg
Sample  Sufficiency >0.3 >0.8 >2 -
TSI120-10 0.33 0.43 6.7 4.1
TS12 90-100 0.4 0.12 78 82
Broadmeadow project area
TS13 0-10 0.58 0.46 35 3.6
TS13 90-100 0.8 0.24 57 5.8
TS14 0-10 0.38 0.39 3.6 3.2
TS14 90-100 1.1 0.28 7 7.6
TSI150-10 1.3 0.06 13 27
TSI5 90-100 0.94 0.17 5.9 33
Broadmeadow 5 0.47 0.19 2.0 2.4
Broadmeadow 8 0.12 0.05 1.1 1.7
Bullock Creek project area
Bullock Creek 42 0.80 0.49 29 4.4

I.  Bold indicates value did not meet sufficiency criteria.
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4.0

Discussion

4.1

Fertility

Fertility results are presented in Table 6 and Table 7:

pH ranges from neutral to strongly alkaline. 22% of soil samples (eight samples) are considered strongly
alkaline. Noting that these were largely soil identified within the spoil stockpiles (six samples). Alkaline
soils may restrict the growth of some plant species sensitive to alkalinity.

ECe is generally low indicating that majority of stockpiled soil is non-saline. Five soil samples are
considered slightly saline (TS2, TS5, TS6, Plumtree 12 and Plumtree 28). Four soil samples are
considered moderately saline (TS8, TS9, Plumtree 25 and Bullock Creek 42). TS|5, Broadmeadow 5
and Broadmeadow 8 are considered highly saline. Saline soils inhibit the growth of some plant species.
Water-soluble chloride is low except for elevated concentrations at Broadmeadow 5 and Broadmeadow
8. Water soluble sulfate is elevated at TS5 and therefore is likely the main contributor to the elevated
ECe.

Total N is low indicating low reserves of N. This may restrict plant growth.

P (Colwell) is low in 89% of soil samples. P deficiency may therefore restrict growth of some plant
species (noting that most native plants are adapted to soils with low P concentrations).

TOC is low across the majority of samples which can indicate poor structural condition, nutrient and
moisture retention. TOC for soil stockpiles at Broadmeadow (TS14 and TS15) are above the sufficiency
value.

Exchangeable Ca is sufficient in 49% of soil samples. 40% have an exchangeable Ca slightly lower than
the sufficiency range while | 1% of soil samples are slightly higher. Exchangeable K is within the sufficiency
range for 46% of soil samples. 43% of soil samples are lower than the sufficiency range. | 1% are higher
than the sufficiency range. Exchangeable cation imbalances may restrict plant growth.

81% of soil samples have an exchangeable Mg percentage higher than the sufficiency range; all other soil
samples are sufficient.

43% of soil samples have a CEC lower than the sufficiency range indicating a limited capacity to store
nutrients. Soils with a low CEC are susceptible to leaching, leading to deficiencies in K and Mg.

DTPA extractable Zn was low across majority of soil samples. Low concentrations are associated with
soils with a high pH. DTPA extractable Cu was low across some soil samples (24% of soil samples).
DTPA extractable Mn was largely sufficient. Micronutrients are unlikely to restrict plant growth.

It is expected that the soil will exhibit low soil fertility. Strong alkalinity, exchangeable cation imbalances, low N,
P, TOC and CEC are the main restrictions to plant growth. Soil identified within the Broadmeadow spoil
stockpiles (Broadmeadow 5 and Broadmeadow 8) have high EC in the form of chloride salinity and therefore
are not recommended for use in rehabilitation.

Fertiliser may be required to ameliorate low macronutrients (N and P) in the soil prior to or during rehabilitation.
Fertiliser is used to provide readily available source of nutrients to supplement fertility, maximise the growth of
seeded areas and establish plants on rehabilitated land.
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4.2 Erosion and dispersion potential

The structural stability of soil is heavily influenced by a combination of EC and ESP. Soil is considered sodic when
the ESP is greater than 6 and highly sodic when the ESP is greater than 15. TSI, TS7, TS8, TS9, TS14, TSI5 ata
depth between 90-100 cm and TSI5 at the surface (ie 0-10 cm) have an ESP greater than 6 but less than 15,
indicating the soil samples are sodic (Table 8). TS6 at a depth between 90-100 cm has an ESP greater than 15%
(18.4%) indicating that it is highly sodic (Table 8). Plumtree 25 and Bullock Creek 42 have an ESP greater than
6% but less than 15%. Plumtree 12, Plumtree 28, Broadmeadow 5 and Broadmeadow 8 have an ESP greater than
15%. If a soil is sodic, it is vulnerable to dispersion and structural instability. Dispersed soils have reduced
infiltration and hydraulic conductivity leading to an increased potential for erosion and build-up of salts in the
root zone.

Dispersion declines as the EC of the soil solution increases. The Electrochemical Stability Index (ESI) expresses
the relationship between sodicity and salinity (EQNI).

ESI = EC,s/ESP [EQNI]

Australian soils with an ESI less than 0.05 are potentially dispersive. 73% of soil samples (27 samples) have an ESI
less than 0.05 indicating they are potentially dispersive and have low structural stability (Error! Reference
source not found.). It is important to note that rainwater may leach salts from the soil over time, leading to a
further increase in dispersion potential. All soil identified within spoil stockpiles have an ESI less than 0.05 (Table
8).

The Emerson aggregate test measures the instability of the soil structure when immersed in water. This test was
used to predict the dispersive behaviour of the soil samples. Emerson aggregate classes are consistent with the
ESI results. Six soil samples were Class 2 indicating a moderate risk of dispersion (Table 8). All soil identified
within spoil stockpiles were Class 2. 60% (9 samples) were Class 3, indicating that the remoulded soil (heavily
trafficked) at the plastic limit will disperse in water (Table 8). Soil dispersion and loss of soil structure can cause
poor water infiltration, water holding capacity, oxygen supply to roots and nutrient use efficiency.

Appropriate amelioration should be used to limit the dispersion potential of soil (ie minimising overhandling and
gypsum application). Gypsum may be applied to decrease ESP, reduce dispersion and increase stability.

4.3 Compatibility with the PMLU

Reference sites (often illustrating pre-mining conditions) provide useful comparisons to determine the
composition, structure and function of the desired rehabilitation outcome. Noting that reference sites should
be used for guidance and not as firm targets.

Rehabilitated areas are trending towards composition, structure and function of reference sites for pasture and
bushland (WSP 2018).

4.3.1 Reference site comparison

The soil properties of the soil stockpiles were compared to the reference sites monitored in 2016 (AECOM
2017).
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Table 10 Pasture reference site comparison

Analyte Pasture reference site Soil
pH Sufficient Sufficient
ECe Sufficient Sufficient
Total N Slightly lower than sufficiency value Low
P (Colwell) Sufficient Low
CEC Sufficient Sufficient

Exchangeable cations

Ca Sufficient Sufficient

Mg Slightly higher than sufficiency range Slightly higher than sufficiency range

K Sufficient Sufficient

ESP Sufficient Sufficient (noting that some samples are

considered sodic)

Alkalinity may be a restriction to some plant species. However, given the similar pH of rehabilitated areas, it is
unlikely to be an issue (Table 9). The soil at pasture reference sites is not sodic. Gypsum may be applied to
reduce the ESP in stockpiled soil. Soil used in to rehabilitate areas to grazing may require fertiliser to ameliorate
very low total N and low P (Colwell). Noting that pasture reference sites were slightly below the sufficiency
value for total N. It is expected that soil at the Mine can support pasture if ameliorated with gypsum and fertiliser.

Table Il  Bushland reference site comparison

Analyte Bushland reference site Soil

pH Sufficient Alkaline
ECe Sufficient Sufficient
Total N Low Low

P (Colwell) Low Low
CEC Low Sufficient

Exchangeable cations

Ca Sufficient Sufficient

Mg Slightly higher than sufficiency range Slightly higher than sufficiency range

K Sufficient Sufficient

ESP Sufficient Sufficient (noting that some samples are

considered sodic)

Alkalinity may be a limitation for areas returned to bushland. However, it is unlikely given the similar pH of
rehabilitated areas. Gypsum may be required to reduce ESP. It is expected that soil can support bushland if
ameliorated with gypsum. Noting that bushland reference sites are also low in total N and P (Colwell).
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5.0 Conclusions and recommendations

It is expected that the soil will exhibit low soil fertility. Strong alkalinity, exchangeable cation imbalances, low N,
P, TOC, CEC and dispersion potential are the main restrictions to plant growth. Soil identified within Mine spoil
stockpiles is also expected to have low soil fertility. Soil identified within the Broadmeadow project spoil
stockpile has high EC in the form of chloride salinity and therefore is not recommended for use in rehabilitation.

Peabody’s aim is to return the land to a safe, stable, self-sustaining and non-polluting final landform that is
consistent with an agreed PMLU. Based on the chemical properties, soil can support the PMLUs if appropriately
amended with fertiliser and gypsum.

5.1 Recommendations

5.1.1 Fertiliser

It is recommended that fertiliser is used to ameliorate low macronutrients (N and P) in the soil. Fertiliser is used
to provide a readily available source of nutrients to supplement fertility, maximise the growth of seeded areas
and establish plants on rehabilitated land. Suitable fertilisers to use include monoammonium P (MAP),
diammonium P (DAP) or equivalent with the main nutrients added to the soil being N and P.

5.1.2 Elemental sulfur and iron sulfate

It is recommended (but not essential) that elemental sulfur or iron sulfate are used if alkaline soil conditions are
impacting plant growth. Bacteria in the soil will oxidise with the sulfur, forming sulfuric acid, which will then
lower soil pH. Noting that some native species are able to tolerate alkaline soils.

5.1.3 Gypsum application

Adding gypsum to dispersive soils may decrease the ESP, reduce dispersion and increase stability. The
effectiveness of gypsum will be dependent on the properties of the soil. Gypsum application rates were calculated
from the observed pH, EC and exchangeable cations and is adjusted for a target ESP (ie <6%). The likely gypsum
application rate will be between 1.2 to 2.4 tonnes per hectare for the top 10 cm of soil. While applying gypsum
to stockpiled dispersive soil may provide some benefit, this would likely be contained to the top 0.2 m of soail. It
is therefore recommended to wait until after the soil has been spread before adding any amelioration.
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ANALYTICAL REPORT

Accreditation No. 2562

— CLIENT DETAILS LABORATORY DETAILS

Contact Timothy Rohde Manager Anthony Nilsson
Client SGM ENVIRONMENTAL Laboratory SGS Cairns Environmental
Address PO BOX 5622 Address Unit 2, 58 Comport St
STAFFORD HEIGHTS QLD 4053 Portsmith QLD 4870
Telephone 0488 111 722 Telephone +61 07 4035 5111
Facsimile (Not specified) Facsimile +61 07 4035 5122
Email trohde@sgmenvironmental.com Email AU.Environmental.Cairns@sgs.com
Project 19016 Soil SGS Reference CE145676 RO
Order Number (Not specified) Date Received 20 Apr 2020
Samples 37 Date Reported 01 May 2020

-
(N

COMMENTS N
Accredited for compliance with ISO/IEC 17025 - Testing. NATA accredited laboratory 2562(3146).
G J
SIGNATORIES
~
e
Anthony NILSSON Jon Dicker Maristela GANZAN
Operations Manager Manager Northern QLD Metals Team Leader
- J
SGS Australia Pty Ltd
ABN 44 000 964 278 Environment, Health and Safety Unit 2 58 Comport St Portsmith QLD 4870 Australia  t+61 7 4035 5111 f+617 4035 5122 WWW.sgs.com.au

Member of the SGS Group
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ANALYTICAL REPORT CE145676 RO

Sample Number CE145676.001 CE145676.002 CE145676.003 CE145676.004
Sample Matrix Soil Soil Soil Soil
Sample Name TS10-10 TS1 140-150 TS2 0-10 TS2 90-100

Parameter

pHin soil (1:5) Method: AN101  Tested: 27/4/2020

pH pH Units 0.1 8.1 83 73 7.0
pH (CaCl2)* pH Units 0.1 76 78 6.1 6.1

Conductivity and TDS by Calculation - Soil Method: AN106  Tested: 27/4/2020

Conductivity of Extract (1:5 dry sample basis) | uS/cm | 2 | 120 | 120 | 190 | 29 |

Chloride (water extractable) Method: AN274 Tested: 28/4/2020

Chloride (water extractable 1:5) | mg/kg | 5 | <5 | 2% | <5 | <5 |

Nitrate Nitrogen and Nitrite Nitrogen (NOx) by Auto Analyser in Soil Method: AN248  Tested: 27/4/2020

Nitrate/Nitrite Nitrogen, NOx as N mg/kg 0.05 41 6.6 25 75
Nitrate as NOs* mg/kg 0.2 18 29 1 33
Nitrate Nitrogen, NOs as N mg/kg 0.05 41 6.6 25 75

Nitrite Nitrogen in Soil Method: AN277 Tested: 30/4/2020

Nitrite, NO: as N in Soil markg | 005 | <0.05 <0.05 <0.05 <0.05

Total Kjeldahl Nitrogen and Total Nitrogen in Soil/Sludges Method: AN281 Tested: 27/4/2020

Total Kjeldahl Nitrogen mg/kg 20 560 740 230 230
Total Nitrogen mg/kg 20 570 740 230 240
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ANALYTICAL REPORT CE145676 RO

Sample Number  CE145676.001 CE145676.002 CE145676.003 CE145676.004
Sample Matrix Soil Soil Soil Soil
Sample Name TS10-10 TS1 140-150 TS2 0-10 TS2 90-100

Parameter

Colwell Phosphorus  Method: AN015 Tested: 28/4/2020

Colwell Phosphorus mg/kg [ 1 [ 2 2 2 2

Total Organic Carbon by Heanes Oxidation Method: AN273  Tested: 28/4/2020

Total Organic Carbon Yow/w 0.05 0.71 11 0.39 0.37
Organic Matter Yowlw 0.1 12 18 0.67 0.64
Exchangeable Cations and Cation Exchange Capacity (CEC/ESP/SAR) Method: AN122  Tested: 27/4/2020

Exchangeable Sodium, Na mg/kg 2 66 430 9 12
Exchangeable Potassium, K mg/kg 2 98 120 150 100
Exchangeable Calcium, Ca mg/kg 2 2300 3900 420 530
Exchangeable Magnesium, Mg mg/kg 2 470 930 62 110
Exchangeable Sodium, Na cmol (+)/kg 0.01 0.29 1.9 0.04 0.05
Exchangeable Potassium, K cmol (+)/kg 0.01 0.25 0.32 039 0.26
Exchangeable Calcium, Ca cmol (+)/kg 0.01 12 20 21 26
Exchangeable Magnesium, Mg cmol (+)/kg 0.02 3.8 7.6 0.50 0.89
Exchangeable Sodium Percentage* % 0.1 1.8 6.3 13 13
Exchangeable Calcium Percentage* % 0.1 72.8 66.7 69.1 68.8
Exchangeable Potassium Percentage* % 0.1 1.6 1.1 12.8 6.8
Exchangeable Magnesium Percentage* % 0.1 238 259 16.8 23.1
Cation Exchange Capacity cmol (+)/kg 0.02 16 29 3.0 38
Sodium Adsorption Ratio* No unit 0.1 0.1 0.5 <0.1 <0.1
Exchangeable Calcium/Exchangeable Magnesium Ratio* No unit 0.1 3.1 26 41 3.0
Soil - Aluminium (KCL Extraction) Method: AN046 Tested: 29/4/2020

Exchangeable Aluminium* mg/kg 1 - - - -
Exchangeable Aluminium* cmol (+)/kg 0.01 - - - -
DTPA Extractable Metals in Soil Method: AN025/AN320 Tested: 27/4/2020

Copper, Cu mg/kg 0.05 0.48 0.91 0.26 0.47
Zinc, Zn mg/kg 0.05 0.11 0.17 0.10 0.07
Manganese, Mn mg/kg 0.5 6.0 8.1 83 14
Iron, Fe mg/kg 0.5 52 8.0 8.4 10
Water Soluble Metals in Soil by ICPOES  Method: ANO02/AN320 Tested: 28/4/2020

Sulfur, S [ mg/kg [ 1 2 7 1 4
Sulphur as Sulfate, SO4 [ mg/kg [ 3 6 21 3 1
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ANALYTICAL REPORT CE145676 RO

Sample Number CE145676.001 CE145676.002 CE145676.003 CE145676.004
Sample Matrix Soil Soil Soil Soil
Sample Name TS10-10 TS1 140-150 TS2 0-10 TS2 90-100

Parameter

Emerson Class Number Method: AN0O09 Tested: 24/4/2020

Emerson Class Number No unit | 1 | 3 - 3
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ANALYTICAL REPORT CE145676 RO

Sample Number CE145676.005 CE145676.006 CE145676.007 CE145676.008
Sample Matrix Soil Soil Soil Soil
Sample Name TS2 70-85 TS3 0-10 TS3 90-100 TS4 0-10

Parameter

pHin soil (1:5) Method: AN101  Tested: 27/4/2020

pH pH Units 0.1 76 7.0 74 74
pH (CaCl2)* pH Units 0.1 6.0 6.8 6.6 6.3

Conductivity and TDS by Calculation - Soil Method: AN106  Tested: 27/4/2020

Conductivity of Extract (1:5 dry sample basis) | uS/cm | 2 | 52 | 16 | 26 | 24 |

Chloride (water extractable) Method: AN274 Tested: 28/4/2020

Chloride (water extractable 1:5) | mg/kg | 5 | <5 | <5 | <5 | <5 |

Nitrate Nitrogen and Nitrite Nitrogen (NOx) by Auto Analyser in Soil Method: AN248  Tested: 27/4/2020

Nitrate/Nitrite Nitrogen, NOx as N mg/kg 0.05 5.0 1.4 8.0 1.4
Nitrate as NOs* mg/kg 0.2 22 6.1 35 6.0
Nitrate Nitrogen, NOs as N mg/kg 0.05 5.0 1.4 8.0 1.4

Nitrite Nitrogen in Soil Method: AN277 Tested: 30/4/2020

Nitrite, NO: as N in Soil markg | 005 | <0.05 <0.05 <0.05 <0.05

Total Kjeldahl Nitrogen and Total Nitrogen in Soil/Sludges Method: AN281 Tested: 27/4/2020

Total Kjeldahl Nitrogen mg/kg 20 380 360 250 270

Total Nitrogen mg/kg 20 380 360 260 270
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ANALYTICAL REPORT CE145676 RO

Sample Number  CE145676.005 CE145676.006 CE145676.007 CE145676.008
Sample Matrix Soil Soil Soil Soil
Sample Name TS270-85 TS3 0-10 TS3 90-100 TS40-10

Parameter

Colwell Phosphorus  Method: AN015 Tested: 28/4/2020

Colwell Phosphorus mg/kg [ 1 [ 2 2 2 2

Total Organic Carbon by Heanes Oxidation Method: AN273  Tested: 28/4/2020

Total Organic Carbon Yow/w 0.05 0.53 0.62 0.26 0.36
Organic Matter Yowlw 0.1 0.92 11 0.46 0.62
Exchangeable Cations and Cation Exchange Capacity (CEC/ESP/SAR) Method: AN122  Tested: 27/4/2020

Exchangeable Sodium, Na mg/kg 2 25 ] 6 4
Exchangeable Potassium, K mg/kg 2 180 140 63 250
Exchangeable Calcium, Ca mg/kg 2 1600 820 380 330
Exchangeable Magnesium, Mg mg/kg 2 410 120 48 62
Exchangeable Sodium, Na cmol (+)/kg 0.01 0.11 0.04 0.03 0.02
Exchangeable Potassium, K cmol (+)/kg 0.01 0.47 0.37 0.16 0.63
Exchangeable Calcium, Ca cmol (+)/kg 0.01 78 41 19 1.7
Exchangeable Magnesium, Mg cmol (+)/kg 0.02 34 1.0 0.40 0.51
Exchangeable Sodium Percentage* % 0.1 0.9 0.7 1.0 0.7
Exchangeable Calcium Percentage* % 0.1 66.3 74.2 76.7 58.9
Exchangeable Potassium Percentage* % 0.1 4.0 6.7 6.4 22.5
Exchangeable Magnesium Percentage* % 0.1 28.8 18.3 15.9 18.0
Cation Exchange Capacity cmol (+)/kg 0.02 12 55 25 28
Sodium Adsorption Ratio* No unit 0.1 <0.1 <0.1 <0.1 <0.1
Exchangeable Calcium/Exchangeable Magnesium Ratio* No unit 0.1 23 4.0 438 33
Soil - Aluminium (KCL Extraction) Method: AN046 Tested: 29/4/2020

Exchangeable Aluminium* mg/kg 1 - - - -
Exchangeable Aluminium* cmol (+)/kg 0.01 - - - -
DTPA Extractable Metals in Soil Method: AN025/AN320 Tested: 27/4/2020

Copper, Cu mg/kg 0.05 0.78 0.42 0.15 0.21
Zinc, Zn mg/kg 0.05 0.14 0.23 0.09 0.08
Manganese, Mn mg/kg 0.5 14 12 54 4.5
Iron, Fe mg/kg 0.5 8.0 9.9 54 19
Water Soluble Metals in Soil by ICPOES  Method: ANO02/AN320 Tested: 28/4/2020

Sulfur, S mg/kg 1 11 <1 <1 <1
Sulphur as Sulfate, SO4 mg/kg 3 33 <3 <3 <3
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ANALYTICAL REPORT CE145676 RO

Sample Number CE145676.005 CE145676.006 CE145676.007 CE145676.008
Sample Matrix Soil Soil Soil Soil
Sample Name TS2 70-85 TS3 0-10 TS3 90-100 TS4 0-10

Parameter

Emerson Class Number Method: AN0O09 Tested: 27/4/2020

Emerson Class Number No unit | 1 | - 3 - 2
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ANALYTICAL REPORT

Sample Number
Sample Matrix
Sample Name

Parameter

pHin soil (1:5) Method: AN101  Tested: 27/4/2020

CE145676.009
Soil
TS4 100-110

CE145676.010
Soil
TS5 0-10

CE145676 RO

CE145676.011
Soil
TS5 100-110

CE145676.012
Soil
TS6 0-10

pH pH Units 0.1 75 8.2 8.2 6.6
pH (CaCl2)* pH Units 0.1 6.5 7.5 75 5.4
Conductivity and TDS by Calculation - Soil Method: AN106  Tested: 27/4/2020
| Conductivity of Extract (1:5 dry sample basis) | uS/cm | 2 | 12 | 130 | 240 44 |
Chloride (water extractable) Method: AN274 Tested: 28/4/2020
| Ghloride (water extractable 1:5) | mg/kg E <5 | <5 | 04 19 |
Nitrate Nitrogen and Nitrite Nitrogen (NOx) by Auto Analyser in Soil Method: AN248  Tested: 27/4/2020
Nitrate/Nitrite Nitrogen, NOx as N mg/kg 0.05 1.1 27 20 5.2
Nitrate as NOs* mg/kg 0.2 49 12 89 23
Nitrate Nitrogen, NOs as N mg/kg 0.05 1.1 27 20 52
Nitrite Nitrogen in Soil Method: AN277 Tested: 30/4/2020
Nitrite, NO: as N in Soil markg | 005 | <0.05 <0.05 <0.05 <0.05
Total Kjeldahl Nitrogen and Total Nitrogen in Soil/Sludges Method: AN281 Tested: 27/4/2020
Total Kjeldahl Nitrogen mg/kg 20 230 1500 690 540
Total Nitrogen mg/kg 20 230 1500 710 550

01-May-2020
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ANALYTICAL REPORT CE145676 RO

Sample Number  CE145676.009 CE145676.010 CE145676.011 CE145676.012
Sample Matrix Soil Soil Soil Soil
Sample Name TS4 100-110 TS5 0-10 TS5 100-110 TS6 0-10

Parameter

Colwell Phosphorus  Method: AN015 Tested: 28/4/2020

Colwell Phosphorus mg/kg [ 1 [ 1 8 5 4

Total Organic Carbon by Heanes Oxidation Method: AN273  Tested: 28/4/2020

Total Organic Carbon Yow/w 0.05 0.26 17 1.1 0.90
Organic Matter Yowlw 0.1 0.45 29 18 16
Exchangeable Cations and Cation Exchange Capacity (CEC/ESP/SAR) Method: AN122  Tested: 27/4/2020

Exchangeable Sodium, Na mg/kg 2 4 39 230 55
Exchangeable Potassium, K mg/kg 2 79 360 160 160
Exchangeable Calcium, Ca mg/kg 2 610 5700 2600 430
Exchangeable Magnesium, Mg mg/kg 2 75 820 640 170
Exchangeable Sodium, Na cmol (+)/kg 0.01 0.02 0.17 0.99 0.24
Exchangeable Potassium, K cmol (+)/kg 0.01 0.20 0.93 0.42 0.41
Exchangeable Calcium, Ca cmol (+)/kg 0.01 3.1 28 13 21
Exchangeable Magnesium, Mg cmol (+)/kg 0.02 0.61 6.7 53 1.4
Exchangeable Sodium Percentage* % 0.1 05 0.5 5.0 57
Exchangeable Calcium Percentage* % 0.1 78.5 78.3 66.2 50.9
Exchangeable Potassium Percentage* % 0.1 52 26 21 9.7
Exchangeable Magnesium Percentage* % 0.1 15.8 18.6 26.7 33.8
Cation Exchange Capacity cmol (+)/kg 0.02 3.9 36 20 4.2
Sodium Adsorption Ratio* No unit 0.1 <0.1 <0.1 0.3 0.2
Exchangeable Calcium/Exchangeable Magnesium Ratio* No unit 0.1 5.0 42 25 15
Soil - Aluminium (KCL Extraction) Method: AN046 Tested: 29/4/2020

Exchangeable Aluminium* mg/kg 1 - - - -
Exchangeable Aluminium* cmol (+)/kg 0.01 - - - -
DTPA Extractable Metals in Soil Method: AN025/AN320 Tested: 27/4/2020

Copper, Cu mg/kg 0.05 0.25 0.84 1.0 0.36
Zinc, Zn mg/kg 0.05 0.06 0.47 0.49 0.98
Manganese, Mn mg/kg 0.5 5.1 6.2 15 17
Iron, Fe mg/kg 0.5 52 6.6 13 20
Water Soluble Metals in Soil by ICPOES  Method: ANO02/AN320 Tested: 28/4/2020

Sulfur, S mg/kg 1 <1 4 1 3
Sulphur as Sulfate, SO4 mg/kg 3 <3 1 32 10
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ANALYTICAL REPORT CE145676 RO

Sample Number CE145676.009 CE145676.010 CE145676.011 CE145676.012
Sample Matrix Soil Soil Soil Soil
Sample Name TS4 100-110 TS5 0-10 TS5 100-110 TS6 0-10

Parameter

Emerson Class Number Method: AN0O09 Tested: 27/4/2020

Emerson Class Number No unit | 1 | - 3 - 2
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ANALYTICAL REPORT CE145676 RO

Sample Number CE145676.013 CE145676.014 CE145676.015 CE145676.016
Sample Matrix Soil Soil Soil Soil
Sample Name TS6 90-100 TS7 0-10 TS7 90-100 TS8 0-10

Parameter

pHin soil (1:5) Method: AN101  Tested: 27/4/2020

pH pH Units 0.1 6.1 6.9 75 78
pH (CaCl2)* pH Units 0.1 52 6.1 6.7 7.1

Conductivity and TDS by Calculation - Soil Method: AN106  Tested: 27/4/2020

Conductivity of Extract (1:5 dry sample basis) | uS/cm | 2 | 180 | 62 | 160 | 74 |

Chloride (water extractable) Method: AN274 Tested: 28/4/2020

Chloride (water extractable 1:5) | mg/kg | 5 | 190 | 9 | 110 | 9 |

Nitrate Nitrogen and Nitrite Nitrogen (NOx) by Auto Analyser in Soil Method: AN248  Tested: 27/4/2020

Nitrate/Nitrite Nitrogen, NOx as N mg/kg 0.05 13 14 15 24
Nitrate as NOs* mg/kg 0.2 56 61 66 11
Nitrate Nitrogen, NOs as N mg/kg 0.05 13 14 15 24

Nitrite Nitrogen in Soil Method: AN277 Tested: 30/4/2020

Nitrite, NO: as N in Soil markg | 005 | <0.05 <0.05 <0.05 <0.05

Total Kjeldahl Nitrogen and Total Nitrogen in Soil/Sludges Method: AN281 Tested: 27/4/2020

Total Kjeldahl Nitrogen mg/kg 20 460 480 450 980
Total Nitrogen mg/kg 20 460 490 460 980
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ANALYTICAL REPORT CE145676 RO

Sample Number  CE145676.013 CE145676.014 CE145676.015 CE145676.016
Sample Matrix Soil Soil Soil Soil
Sample Name TS6 90-100 TS7 0-10 TS7 90-100 TS8 0-10

Parameter

Colwell Phosphorus  Method: AN015 Tested: 28/4/2020

Colwell Phosphorus [ mg/kg [ 1 [ 6 9 9 10

Total Organic Carbon by Heanes Oxidation Method: AN273  Tested: 28/4/2020

Total Organic Carbon [ Yow/w [ 0.05 0.80 0.98 0.76 1.1
Organic Matter 1 Yow/w 1 0.1 14 17 13 1.8
Exchangeable Cations and Cation Exchange Capacity (CEC/ESP/SAR) Method: AN122  Tested: 27/4/2020

Exchangeable Sodium, Na mg/kg 2 200 32 200 77
Exchangeable Potassium, K mg/kg 2 65 250 110 310
Exchangeable Calcium, Ca mg/kg 2 420 940 1100 2300
Exchangeable Magnesium, Mg mg/kg 2 190 530 310 740
Exchangeable Sodium, Na cmol (+)/kg 0.01 0.85 0.14 0.87 0.34
Exchangeable Potassium, K cmol (+)/kg 0.01 0.17 0.63 0.29 0.79
Exchangeable Calcium, Ca cmol (+)/kg 0.01 21 47 53 1
Exchangeable Magnesium, Mg cmol (+)/kg 0.02 1.5 4.4 25 6.1
Exchangeable Sodium Percentage* % 0.1 18.4 1.4 9.7 1.8
Exchangeable Calcium Percentage* % 0.1 44.8 47.6 59.0 61.4
Exchangeable Potassium Percentage* % 0.1 3.6 6.4 3.2 43
Exchangeable Magnesium Percentage* % 0.1 33.2 44.5 28.1 325
Cation Exchange Capacity cmol (+)/kg 0.02 46 9.8 9.0 19
Sodium Adsorption Ratio* No unit 0.1 0.6 <0.1 04 0.1
Exchangeable Calcium/Exchangeable Magnesium Ratio* No unit 0.1 13 1.1 21 19
Soil - Aluminium (KCL Extraction) Method: AN046 Tested: 29/4/2020

Exchangeable Aluminium* mg/kg 1 - - - -
Exchangeable Aluminium* cmol (+)/kg 0.01 - - - -
DTPA Extractable Metals in Soil Method: AN025/AN320 Tested: 27/4/2020

Copper, Cu mg/kg 0.05 0.72 0.75 0.49 0.65
Zinc, Zn mg/kg 0.05 0.90 15 0.56 0.82
Manganese, Mn mg/kg 0.5 46 15 15 79
Iron, Fe mg/kg 0.5 100 6.1 8.0 59
Water Soluble Metals in Soil by ICPOES  Method: ANO02/AN320 Tested: 28/4/2020

Sulfur, S mg/kg 1 22 3 19 2
Sulphur as Sulfate, SO4 mg/kg 3 65 9 56 6
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ANALYTICAL REPORT CE145676 RO

Sample Number CE145676.013 CE145676.014 CE145676.015 CE145676.016
Sample Matrix Soil Soil Soil Soil
Sample Name TS6 90-100 TS7 0-10 TS7 90-100 TS8 0-10

Parameter

Emerson Class Number Method: AN0O09 Tested: 27/4/2020

Emerson Class Number No unit | 1 | - 2 - 3
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ANALYTICAL REPORT

Sample Number
Sample Matrix
Sample Name

Parameter

pHin soil (1:5) Method: AN101  Tested: 27/4/2020

CE145676.017
Soil
TS8 90-100

CE145676.018
Soil
TS9 0-10

CE145676 RO

CE145676.019
Soil
TS9 90-100

CE145676.020

Soil
TS10 0-10

pH pH Units 0.1 79 8.6 7.9 7.4
pH (CaCl2)* pH Units 0.1 75 7.6 73 6.3
Conductivity and TDS by Calculation - Soil Method: AN106  Tested: 27/4/2020
| Conductivity of Extract (1:5 dry sample basis) | uS/cm | 2 | 540 | 120 | 430 1 |
Chloride (water extractable) Method: AN274 Tested: 28/4/2020
| Ghloride (water extractable 1:5) | mg/kg | 5 | 530 | 7 | 400 <5 |
Nitrate Nitrogen and Nitrite Nitrogen (NOx) by Auto Analyser in Soil Method: AN248  Tested: 27/4/2020
Nitrate/Nitrite Nitrogen, NOx as N mg/kg 0.05 30 2.6 86 13
Nitrate as NOs* mg/kg 0.2 130 12 380 57
Nitrate Nitrogen, NOs as N mg/kg 0.05 30 26 86 13
Nitrite Nitrogen in Soil Method: AN277 Tested: 30/4/2020
Nitrite, NO: as N in Soil markg | 005 | <0.05 <0.05 <0.05 <0.05
Total Kjeldahl Nitrogen and Total Nitrogen in Soil/Sludges Method: AN281 Tested: 27/4/2020
Total Kjeldahl Nitrogen mg/kg 20 740 800 1000 230
Total Nitrogen mg/kg 20 770 800 1100 230
01-May-2020
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ANALYTICAL REPORT CE145676 RO

Sample Number  CE145676.017 CE145676.018 CE145676.019 CE145676.020
Sample Matrix Soil Soil Soil Soil
Sample Name TS8 90-100 TS9 0-10 TS9 90-100 TS10 0-10

Parameter

Colwell Phosphorus  Method: AN015 Tested: 28/4/2020

Colwell Phosphorus mg/kg [ 1 [ 7 2 8 3

Total Organic Carbon by Heanes Oxidation Method: AN273  Tested: 28/4/2020

Total Organic Carbon Yow/w 0.05 0.83 1.0 1.2 0.26
Organic Matter Yowlw 0.1 14 17 21 0.45
Exchangeable Cations and Cation Exchange Capacity (CEC/ESP/SAR) Method: AN122  Tested: 27/4/2020

Exchangeable Sodium, Na mg/kg 2 440 310 870 8
Exchangeable Potassium, K mg/kg 2 140 210 240 78
Exchangeable Calcium, Ca mg/kg 2 2300 3000 2600 700
Exchangeable Magnesium, Mg mg/kg 2 690 1200 1100 170
Exchangeable Sodium, Na cmol (+)/kg 0.01 19 1.4 3.8 0.03
Exchangeable Potassium, K cmol (+)/kg 0.01 0.36 0.55 0.61 0.20
Exchangeable Calcium, Ca cmol (+)/kg 0.01 1 15 13 35
Exchangeable Magnesium, Mg cmol (+)/kg 0.02 56 10 8.7 1.4
Exchangeable Sodium Percentage* % 0.1 10.0 51 14.3 0.7
Exchangeable Calcium Percentage* % 0.1 58.8 55.4 50.1 68.2
Exchangeable Potassium Percentage* % 0.1 19 2.0 23 39
Exchangeable Magnesium Percentage* % 0.1 293 375 332 27.2
Cation Exchange Capacity cmol (+)/kg 0.02 19 27 26 5.2
Sodium Adsorption Ratio* No unit 0.1 0.7 0.4 1.1 <0.1
Exchangeable Calcium/Exchangeable Magnesium Ratio* No unit 0.1 20 1.5 1.5 25
Soil - Aluminium (KCL Extraction) Method: AN046 Tested: 29/4/2020

Exchangeable Aluminium* mg/kg 1 - - - -
Exchangeable Aluminium* cmol (+)/kg 0.01 - - - -
DTPA Extractable Metals in Soil Method: AN025/AN320 Tested: 27/4/2020

Copper, Cu mg/kg 0.05 0.52 0.80 0.80 0.26
Zinc, Zn mg/kg 0.05 0.36 0.19 0.34 0.07
Manganese, Mn mg/kg 0.5 8.6 3.4 5.9 9.3
Iron, Fe mg/kg 0.5 4.6 8.1 8.7 4.9
Water Soluble Metals in Soil by ICPOES  Method: ANO02/AN320 Tested: 28/4/2020

Sulfur, S mg/kg 1 50 4 39 <1
Sulphur as Sulfate, SO4 mg/kg 3 150 1 120 <3
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ANALYTICAL REPORT CE145676 RO

Sample Number CE145676.017 CE145676.018 CE145676.019 CE145676.020
Sample Matrix Soil Soil Soil Soil
Sample Name TS8 90-100 TS9 0-10 TS9 90-100 TS10 0-10

Parameter

Emerson Class Number Method: AN0O09 Tested: 27/4/2020

Emerson Class Number No unit | 1 | - 3 - 2
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ANALYTICAL REPORT

Sample Number
Sample Matrix
Sample Name

Parameter

pHin soil (1:5) Method: AN101  Tested: 27/4/2020

CE145676.021
Soil
TS10 90-100

CE145676.022
Soil
TS11 0-10

CE145676 RO

CE145676.023
Soil
TS11 90-100

CE145676.024

Soil
TS12 0-10

pH pH Units 0.1 76 7.5 74 8.3
pH (CaCl2)* pH Units 0.1 6.4 6.4 6.5 7.5
Conductivity and TDS by Calculation - Soil Method: AN106  Tested: 27/4/2020
| Conductivity of Extract (1:5 dry sample basis) | uS/cm | 2 | 14 | 45 | 55 100 |
Chloride (water extractable) Method: AN274 Tested: 28/4/2020
| Ghloride (water extractable 1:5) | mg/kg | 5 | <5 | 5 | 12 <5 |
Nitrate Nitrogen and Nitrite Nitrogen (NOx) by Auto Analyser in Soil Method: AN248  Tested: 27/4/2020
Nitrate/Nitrite Nitrogen, NOx as N mg/kg 0.05 1.0 39 12 1.5
Nitrate as NOs* mg/kg 0.2 44 17 53 6.7
Nitrate Nitrogen, NOs as N mg/kg 0.05 1.0 39 12 15
Nitrite Nitrogen in Soil Method: AN277 Tested: 30/4/2020
Nitrite, NO: as N in Soil markg | 005 | <0.05 <0.05 <0.05 <0.05
Total Kjeldahl Nitrogen and Total Nitrogen in Soil/Sludges Method: AN281 Tested: 27/4/2020
Total Kjeldahl Nitrogen mg/kg 20 180 530 270 370
Total Nitrogen mg/kg 20 180 540 280 380
01-May-2020
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ANALYTICAL REPORT CE145676 RO

Sample Number  CE145676.021 CE145676.022 CE145676.023 CE145676.024
Sample Matrix Soil Soil Soil Soil
Sample Name TS10 90-100 TS110-10 TS11 90-100 TS12 0-10

Parameter

Colwell Phosphorus  Method: AN015 Tested: 28/4/2020

Colwell Phosphorus mg/kg [ 1 [ 4 16 17 1

Total Organic Carbon by Heanes Oxidation Method: AN273  Tested: 28/4/2020

Total Organic Carbon Yow/w 0.05 0.20 0.66 0.40 0.44
Organic Matter Yowlw 0.1 0.35 11 0.69 0.75
Exchangeable Cations and Cation Exchange Capacity (CEC/ESP/SAR) Method: AN122  Tested: 27/4/2020

Exchangeable Sodium, Na mg/kg 2 16 14 61 87
Exchangeable Potassium, K mg/kg 2 95 610 140 190
Exchangeable Calcium, Ca mg/kg 2 750 1200 930 1500
Exchangeable Magnesium, Mg mg/kg 2 210 260 250 390
Exchangeable Sodium, Na cmol (+)/kg 0.01 0.07 0.06 0.26 0.38
Exchangeable Potassium, K cmol (+)/kg 0.01 024 1.6 035 0.48
Exchangeable Calcium, Ca cmol (+)/kg 0.01 3.7 58 46 7.4
Exchangeable Magnesium, Mg cmol (+)/kg 0.02 1.7 21 20 32
Exchangeable Sodium Percentage* % 0.1 12 0.6 3.6 33
Exchangeable Calcium Percentage* % 0.1 64.7 60.7 63.7 64.5
Exchangeable Potassium Percentage* % 0.1 42 16.3 49 4.2
Exchangeable Magnesium Percentage* % 0.1 299 223 278 28.0
Cation Exchange Capacity cmol (+)/kg 0.02 58 95 73 1
Sodium Adsorption Ratio* No unit 0.1 <0.1 <0.1 0.1 0.2
Exchangeable Calcium/Exchangeable Magnesium Ratio* No unit 0.1 22 27 23 23
Soil - Aluminium (KCL Extraction) Method: AN046 Tested: 29/4/2020

Exchangeable Aluminium* mg/kg 1 - - - -
Exchangeable Aluminium* cmol (+)/kg 0.01 - - - -
DTPA Extractable Metals in Soil Method: AN025/AN320 Tested: 27/4/2020

Copper, Cu mg/kg 0.05 0.24 0.50 043 0.33
Zinc, Zn mg/kg 0.05 0.05 0.16 0.18 0.43
Manganese, Mn mg/kg 0.5 9.7 14 12 6.7
Iron, Fe mg/kg 0.5 41 8.5 10 4.1
Water Soluble Metals in Soil by ICPOES  Method: ANO02/AN320 Tested: 28/4/2020

Sulfur, S mg/kg 1 1 2 5 6
Sulphur as Sulfate, SO4 mg/kg 3 4 5 15 19
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ANALYTICAL REPORT CE145676 RO

Sample Number CE145676.021 CE145676.022 CE145676.023 CE145676.024
Sample Matrix Soil Soil Soil Soil
Sample Name TS10 90-100 TS11 0-10 TS11 90-100 TS12 0-10

Parameter

Emerson Class Number Method: AN0O09 Tested: 27/4/2020

Emerson Class Number No unit | 1 | - 2 - 2
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ANALYTICAL REPORT CE145676 RO

Sample Number CE145676.025 CE145676.026 CE145676.027 CE145676.028
Sample Matrix Soil Soil Soil Soil
Sample Name TS12 90-100 TS13 0-10 TS13 90-100 TS14 0-10

Parameter

pHin soil (1:5) Method: AN101  Tested: 27/4/2020

pH pH Units 0.1 79 82 85 83
pH (CaCl2)* pH Units 0.1 65 76 78 76

Conductivity and TDS by Calculation - Soil Method: AN106  Tested: 27/4/2020

Conductivity of Extract (1:5 dry sample basis) | uS/cm | 2 | 26 | 140 | 170 | 150 |

Chloride (water extractable) Method: AN274 Tested: 28/4/2020

Chloride (water extractable 1:5) | mg/kg | 5 | <5 | <5 | <5 | <5 |

Nitrate Nitrogen and Nitrite Nitrogen (NOx) by Auto Analyser in Soil Method: AN248  Tested: 27/4/2020

Nitrate/Nitrite Nitrogen, NOx as N mg/kg 0.05 26 43 14 79
Nitrate as NOs* mg/kg 0.2 12 19 63 35
Nitrate Nitrogen, NOs as N mg/kg 0.05 26 43 14 79

Nitrite Nitrogen in Soil Method: AN277 Tested: 30/4/2020

Nitrite, NO: as N in Soil markg | 005 | <0.05 <0.05 <0.05 <0.05

Total Kjeldahl Nitrogen and Total Nitrogen in Soil/Sludges Method: AN281 Tested: 27/4/2020

Total Kjeldahl Nitrogen mg/kg 20 180 1200 850 1200
Total Nitrogen mg/kg 20 180 1200 870 1200
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ANALYTICAL REPORT CE145676 RO

Sample Number  CE145676.025 CE145676.026 CE145676.027 CE145676.028
Sample Matrix Soil Soil Soil Soil
Sample Name TS12 90-100 TS13 0-10 TS13 90-100 TS140-10

Parameter

Colwell Phosphorus  Method: AN015 Tested: 28/4/2020

Colwell Phosphorus [ mg/kg [ 1 [ 5 3 4 16

Total Organic Carbon by Heanes Oxidation Method: AN273  Tested: 28/4/2020

Total Organic Carbon [ Yow/w [ 0.05 0.14 1.6 1.1 1.6
Organic Matter 1 Yowlw 1 0.1 0.24 28 19 28
Exchangeable Cations and Cation Exchange Capacity (CEC/ESP/SAR) Method: AN122  Tested: 27/4/2020

Exchangeable Sodium, Na mg/kg 2 7 19 260 21
Exchangeable Potassium, K mg/kg 2 93 540 140 520
Exchangeable Calcium, Ca mg/kg 2 700 4400 4300 5800
Exchangeable Magnesium, Mg mg/kg 2 240 720 910 490
Exchangeable Sodium, Na cmol (+)/kg 0.01 0.31 0.08 1.1 0.09
Exchangeable Potassium, K cmol (+)/kg 0.01 024 1.4 035 13
Exchangeable Calcium, Ca cmol (+)/kg 0.01 35 22 22 29
Exchangeable Magnesium, Mg cmol (+)/kg 0.02 20 59 7.5 4.0
Exchangeable Sodium Percentage* % 0.1 5.1 03 3.6 03
Exchangeable Calcium Percentage* % 0.1 58.1 74.8 70.8 84.2
Exchangeable Potassium Percentage* % 0.1 3.9 47 1.2 38
Exchangeable Magnesium Percentage* % 0.1 328 20.2 244 1.7
Cation Exchange Capacity cmol (+)/kg 0.02 6.0 29 31 35
Sodium Adsorption Ratio* No unit 0.1 02 <0.1 0.3 <0.1
Exchangeable Calcium/Exchangeable Magnesium Ratio* No unit 0.1 1.8 37 29 7.2
Soil - Aluminium (KCL Extraction) Method: AN046 Tested: 29/4/2020

Exchangeable Aluminium* mg/kg 1 - - - -
Exchangeable Aluminium* cmol (+)/kg 0.01 - - - -
DTPA Extractable Metals in Soil Method: AN025/AN320 Tested: 27/4/2020

Copper, Cu mg/kg 0.05 0.40 0.58 0.80 0.38
Zinc, Zn mg/kg 0.05 0.12 0.46 0.24 0.39
Manganese, Mn mg/kg 0.5 7.8 3.5 57 3.6
Iron, Fe mg/kg 0.5 82 3.6 58 3.2
Water Soluble Metals in Soil by ICPOES  Method: ANO02/AN320 Tested: 28/4/2020

Sulfur, S mg/kg 1 3 2 4 3
Sulphur as Sulfate, SO4 mg/kg 3 10 5 1 9
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ANALYTICAL REPORT CE145676 RO

Sample Number CE145676.025 CE145676.026 CE145676.027 CE145676.028
Sample Matrix Soil Soil Soil Soil
Sample Name TS12 90-100 TS13 0-10 TS13 90-100 TS14 0-10

Parameter

Emerson Class Number Method: AN0O09 Tested: 27/4/2020

Emerson Class Number No unit | 1 | - 3 - 3
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ANALYTICAL REPORT CE145676 RO

Sample Number CE145676.029 CE145676.030 CE145676.031 CE145676.032
Sample Matrix Soil Soil Soil Soil
Sample Name TS14 90-100 TS15 0-10 TS15 90-100 Plumtree 25

Parameter

pHin soil (1:5) Method: AN101  Tested: 27/4/2020

pH pH Units 0.1 87 79 8.0 93
pH (CaCl2)* pH Units 0.1 78 75 77 8.2

Conductivity and TDS by Calculation - Soil Method: AN106  Tested: 27/4/2020

Conductivity of Extract (1:5 dry sample basis) | uS/cm | 2 | 230 | 660 | 1800 | 570 |

Chloride (water extractable) Method: AN274 Tested: 28/4/2020

Chloride (water extractable 1:5) | mg/kg E <5 | 620 | 650 | 440 |

Nitrate Nitrogen and Nitrite Nitrogen (NOx) by Auto Analyser in Soil Method: AN248  Tested: 27/4/2020

Nitrate/Nitrite Nitrogen, NOx as N mg/kg 0.05 28 81 59 13
Nitrate as NOs* mg/kg 0.2 120 350 20 58
Nitrate Nitrogen, NOs as N mg/kg 0.05 28 80 45 13

Nitrite Nitrogen in Soil Method: AN277 Tested: 30/4/2020

Nitrite, NO: as N in Soil markg | 005 | <0.05 13 13 <0.05

Total Kjeldahl Nitrogen and Total Nitrogen in Soil/Sludges Method: AN281 Tested: 27/4/2020

Total Kjeldahl Nitrogen mg/kg 20 970 1100 1000 220
Total Nitrogen mg/kg 20 1000 1200 1000 220
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ANALYTICAL REPORT CE145676 RO

Sample Number  CE145676.029 CE145676.030 CE145676.031 CE145676.032
Sample Matrix Soil Soil Soil Soil
Sample Name TS14 90-100 TS15 0-10 TS15 90-100 Plumtree 25

Parameter

Colwell Phosphorus  Method: AN015 Tested: 28/4/2020

Colwell Phosphorus mg/kg [ 1 [ 5 4 2 1

Total Organic Carbon by Heanes Oxidation Method: AN273  Tested: 28/4/2020

Total Organic Carbon Yow/w 0.05 12 1.2 13 0.13
Organic Matter Yowlw 0.1 20 2.0 23 0.23
Exchangeable Cations and Cation Exchange Capacity (CEC/ESP/SAR) Method: AN122  Tested: 27/4/2020

Exchangeable Sodium, Na mg/kg 2 460 530 1300 1400
Exchangeable Potassium, K mg/kg 2 160 500 120 140
Exchangeable Calcium, Ca mg/kg 2 4500 5100 6500 4900
Exchangeable Magnesium, Mg mg/kg 2 990 910 1700 1200
Exchangeable Sodium, Na cmol (+)/kg 0.01 20 23 5.7 59
Exchangeable Potassium, K cmol (+)/kg 0.01 0.41 13 0.31 0.35
Exchangeable Calcium, Ca cmol (+)/kg 0.01 22 26 33 24
Exchangeable Magnesium, Mg cmol (+)/kg 0.02 8.2 7.4 14 10
Exchangeable Sodium Percentage* % 0.1 6.1 6.3 10.8 14.5
Exchangeable Calcium Percentage* % 0.1 68.0 69.9 61.8 59.9
Exchangeable Potassium Percentage* % 0.1 12 35 0.6 09
Exchangeable Magnesium Percentage* % 0.1 247 20.3 26.8 24.8
Cation Exchange Capacity cmol (+)/kg 0.02 33 37 53 41
Sodium Adsorption Ratio* No unit 0.1 05 0.6 1.2 14
Exchangeable Calcium/Exchangeable Magnesium Ratio* No unit 0.1 27 34 23 24
Soil - Aluminium (KCL Extraction) Method: AN046 Tested: 29/4/2020

Exchangeable Aluminium* mg/kg 1 - - - -
Exchangeable Aluminium* cmol (+)/kg 0.01 - - - -
DTPA Extractable Metals in Soil Method: AN025/AN320 Tested: 27/4/2020

Copper, Cu mg/kg 0.05 1.1 13 0.94 0.48
Zinc, Zn mg/kg 0.05 0.28 0.06 0.17 <0.05
Manganese, Mn mg/kg 0.5 7.0 13 5.9 1.7
Iron, Fe mg/kg 0.5 76 27 33 17
Water Soluble Metals in Soil by ICPOES Method: AN002/AN320 Tested: 28/4/2020

Sulfur, S [ mg/kg [ 1 13 15 1300 58
Sulphur as Sulfate, SO4 [ markg I 40 4 3900 180
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ANALYTICAL REPORT CE145676 RO

Sample Number CE145676.029 CE145676.030 CE145676.031 CE145676.032
Sample Matrix Soil Soil Soil Soil
Sample Name TS14 90-100 TS15 0-10 TS15 90-100 Plumtree 25

Parameter

Emerson Class Number Method: AN0O09 Tested: 27/4/2020

Emerson Class Number No unit | 1 | - 3 - 2
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ANALYTICAL REPORT CE145676 RO

Sample Number CE145676.033 CE145676.034 CE145676.035 CE145676.036
Sample Matrix Soil Soil Soil Soil
Sample Name Bullock Creek 42 Plumtree 28 Plumtree 12 Broadmedow 5

Parameter

pHin soil (1:5) Method: AN101  Tested: 27/4/2020

pH pH Units 0.1 9.2 9.4 9.4 8.8
pH (CaCl2)* pH Units 0.1 8.1 8.2 8.1 8.1

Conductivity and TDS by Calculation - Soil Method: AN106  Tested: 27/4/2020

Conductivity of Extract (1:5 dry sample basis) | uS/cm | 2 | 520 | 270 | 400 | 1100 |

Chloride (water extractable) Method: AN274 Tested: 28/4/2020

Chloride (water extractable 1:5) | mg/kg E 450 | 31 | 200 | 1400 |

Nitrate Nitrogen and Nitrite Nitrogen (NOx) by Auto Analyser in Soil Method: AN248  Tested: 27/4/2020

Nitrate/Nitrite Nitrogen, NOx as N mg/kg 0.05 15 1.9 14 24
Nitrate as NOs* mg/kg 0.2 6.6 8.5 6.4 11
Nitrate Nitrogen, NOs as N mg/kg 0.05 15 1.9 14 24

Nitrite Nitrogen in Soil Method: AN277 Tested: 30/4/2020

Nitrite, NO: as N in Soil markg | 005 | <0.05 <0.05 <0.05 <0.05

Total Kjeldahl Nitrogen and Total Nitrogen in Soil/Sludges Method: AN281 Tested: 27/4/2020

Total Kjeldahl Nitrogen mg/kg 20 320 160 390 480
Total Nitrogen mg/kg 20 320 160 390 480
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Sample Number  CE145676.033 CE145676.034 CE145676.035 CE145676.036
Sample Matrix Soil Soil Soil Soil
Sample Name Bullock Creek 42 Plumtree 28 Plumtree 12 Broadmedow 5

Parameter

Colwell Phosphorus  Method: AN015 Tested: 28/4/2020

Colwell Phosphorus mg/kg [ 1 [ 1 2 2 2

Total Organic Carbon by Heanes Oxidation Method: AN273  Tested: 28/4/2020

Total Organic Carbon Yow/w 0.05 0.48 0.14 0.28 0.65
Organic Matter Yowlw 0.1 0.83 0.24 0.48 1.1
Exchangeable Cations and Cation Exchange Capacity (CEC/ESP/SAR) Method: AN122  Tested: 27/4/2020

Exchangeable Sodium, Na mg/kg 2 870 800 970 1800
Exchangeable Potassium, K mg/kg 2 150 62 83 100
Exchangeable Calcium, Ca mg/kg 2 3500 1600 2900 2700
Exchangeable Magnesium, Mg mg/kg 2 1000 720 860 1100
Exchangeable Sodium, Na cmol (+)/kg 0.01 38 35 4.2 77
Exchangeable Potassium, K cmol (+)/kg 0.01 0.38 0.16 021 0.26
Exchangeable Calcium, Ca cmol (+)/kg 0.01 17 8.0 15 14
Exchangeable Magnesium, Mg cmol (+)/kg 0.02 8.6 59 71 8.9
Exchangeable Sodium Percentage* % 0.1 12.5 19.8 16.1 252
Exchangeable Calcium Percentage* % 0.1 57.6 457 55.8 49
Exchangeable Potassium Percentage* % 0.1 12 0.9 0.8 0.9
Exchangeable Magnesium Percentage* % 0.1 286 33.6 272 29.1
Cation Exchange Capacity cmol (+)/kg 0.02 30 18 26 31
Sodium Adsorption Ratio* No unit 0.1 1.0 13 13 23
Exchangeable Calcium/Exchangeable Magnesium Ratio* No unit 0.1 20 1.4 21 15
Soil - Aluminium (KCL Extraction) Method: AN046 Tested: 29/4/2020

Exchangeable Aluminium* mg/kg 1 - - - -
Exchangeable Aluminium* cmol (+)/kg 0.01 - - - -
DTPA Extractable Metals in Soil Method: AN025/AN320 Tested: 27/4/2020

Copper, Cu mg/kg 0.05 0.80 0.18 0.17 0.47
Zinc, Zn mg/kg 0.05 0.49 0.06 0.10 0.19
Manganese, Mn mg/kg 0.5 29 15 21 20
Iron, Fe mg/kg 0.5 44 2.0 23 24
Water Soluble Metals in Soil by ICPOES  Method: ANO02/AN320 Tested: 28/4/2020

Sulfur, S [ mg/kg [ 1 66 2 7 62
Sulphur as Sulfate, SO4 [ mg/kg [ 3 200 6 20 190
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ANALYTICAL REPORT CE145676 RO

Sample Number CE145676.033 CE145676.034 CE145676.035 CE145676.036
Sample Matrix Soil Soil Soil Soil
Sample Name Bullock Creek 42 Plumtree 28 Plumtree 12 Broadmedow 5

Parameter

Emerson Class Number Method: AN0O09 Tested: 24/4/2020

Emerson Class Number No unit | 1 | 2 2 2 2
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Sample Number  CE145676.037
Sample Matrix Soil
Sample Name Broadmedow 8

Parameter

pHin soil (1:5) Method: AN101  Tested: 27/4/2020

pH pH Units 0.1 9.1
pH (CaCl2)* pH Units 0.1 8.1

Conductivity and TDS by Calculation - Soil Method: AN106 Tested: 27/4/2020

Conductivity of Extract (1:5 dry sample basis) | uS/icm | 2 | 1100 |

Chloride (water extractable) Method: AN274 Tested: 28/4/2020

Chloride (water exiractable 1:5) | mg/kg | 5 | 1400 |

Nitrate Nitrogen and Nitrite Nitrogen (NOx) by Auto Analyser in Soil Method: AN248  Tested: 27/4/2020

Nitrate/Nitrite Nitrogen, NOx as N mg/kg 0.05 19
Nitrate as NOs* mg/kg 0.2 8.6
Nitrate Nitrogen, NOs as N mg/kg 0.05 1.9

Nitrite Nitrogen in Soil Method: AN277 Tested: 30/4/2020

Nitrite, NO= as N in Soil mg/kg | 0.05 | <0.05

Total Kjeldahl Nitrogen and Total Nitrogen in Soil/Sludges Method: AN281 Tested: 27/4/2020

Total Kjeldahl Nitrogen mg/kg 20 370

Total Nitrogen mg/kg 20 370
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Sample Number  CE145676.037
Sample Matrix Soil
Sample Name Broadmedow 8

Parameter

Colwell Phosphorus  Method: AN015 Tested: 28/4/2020

Colwell Phosphorus mg/kg [ 1 [ <1

Total Organic Carbon by Heanes Oxidation Method: AN273  Tested: 28/4/2020

Total Organic Carbon Yowlw 0.05 0.26
Organic Matter Yowlw 0.1 0.45
Exchangeable Cations and Cation Exchange Capacity (CEC/ESP/SAR) Method: AN122  Tested: 27/4/2020
Exchangeable Sodium, Na mg/kg 2 2000
Exchangeable Potassium, K mg/kg 2 91
Exchangeable Calcium, Ca mg/kg 2 2900
Exchangeable Magnesium, Mg mg/kg 2 950
Exchangeable Sodium, Na cmol (+)/kg 0.01 87
Exchangeable Potassium, K cmol (+)/kg 0.01 0.23
Exchangeable Calcium, Ca cmol (+)/kg 0.01 14
Exchangeable Magnesium, Mg cmol (+)/kg 0.02 78
Exchangeable Sodium Percentage* % 0.1 279
Exchangeable Calcium Percentage* % 0.1 46.4
Exchangeable Potassium Percentage* % 0.1 0.7
Exchangeable Magnesium Percentage* % 0.1 25.0
Cation Exchange Capacity cmol (+)/kg 0.02 3
Sodium Adsorption Ratio* No unit 0.1 26
Exchangeable Calcium/Exchangeable Magnesium Ratio* No unit 0.1 1.9
Soil - Aluminium (KCL Extraction) Method: AN046 Tested: 29/4/2020

Exchangeable Aluminium* mg/kg 1 -
Exchangeable Aluminium* cmol (+)/kg 0.01 -
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Sample Number  CE145676.037
Sample Matrix Soil
Sample Name Broadmedow 8

Parameter

DTPA Extractable Metals in Soil Method: AN025/AN320 Tested: 27/4/2020

Copper, Cu mg/kg 0.05 0.12
Zinc, Zn mg/kg 0.05 0.05
Manganese, Mn mg/kg 0.5 11
Iron, Fe mg/kg 0.5 17

Water Soluble Metals in Soil by ICPOES  Method: AN002/AN320 Tested: 28/4/2020

Sulfur, S mg/kg 1 35

Sulphur as Sulfate, SO4 mg/kg 3 110

Emerson Class Number Method: AN009 Tested: 24/4/2020

Emerson Class Number No unit | 1 | 2
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QC SUMMARY

MB blank results are compared to the Limit of Reporting

LCS and MS spike recoveries are measured as the percentage of analyte recovered from the sample compared the the amount of analyte spiked into the sample.

DUP and MSD relative percent differences are measured against their original counterpart samples according to the formula : the absolute difference of the two results divided
by the average of the two results as a percentage. Where the DUP RPD is 'NA', the results are less than the LOR and thus the RPD is not applicable.

Chloride (water extractable) Method: ME-(AU)-[ENV]AN274
Parameter QcC DUP %RPD LCS

Reference %Recovery
Chloride (water extractable 1:5) LB078234 mg/kg 5 <5 0-1% 108 - 109%

Colwell Phosphorus  Method: ME-(AU)-[ENV]JANO15
Parameter QcC DUP %RPD LCS

Reference %Recovery
Colwell Phosphorus LB078233 ma/kg 1 <1 0-5% 108 - 112%

DTPA Extractable Metals in Soil Method: ME-(AU)-[ENV]JAN025/AN320

Parameter QcC DUP %RPD LCS
Reference %Recovery
Copper, Cu LB078176 ma/kg 0.05 <0.05 0-3% 99 - 105%
Zinc, Zn LB078176 ma/kg 0.05 <0.05 10 - 82% 86 - 90%
Manganese, Mn LB078176 mg/kg 0.5 <0.5 1-6% 111-113%
Iron, Fe LB078176 ma/kg 0.5 <0.5 0-6% 89 -92%

Exchangeable Cations and Cation Exchange Capacity (CEC/ESP/SAR) Method: ME-(AU)-[ENV]AN122

Parameter QcC DUP %RPD LCS
Reference %Recovery
Exchangeable Sodium, Na LB078174 mg/kg 97 -101%

Exchangeable Potassium, K LB078174 mg/kg 105%

Exchangeable Calcium, Ca LB078174 mg/kg 101 -102%

Exchangeable Magnesium, Mg LB078174 mg/kg 97 -101%

Exchangeable Sodium, Na LB078174 cmol (+)/kg <0.01

Exchangeable Potassium, K LB078174 cmol (+)/kg <0.01

Exchangeable Calcium, Ca LB078174 cmol (+)/kg <0.01

Exchangeable Magnesium, Mg LB078174 cmol (+)/kg <0.02

Exchangeable Sodium Percentage* LB078174 A 23.1-58.1

Exchangeable Calcium Percentage* LB078174 A 33.4-37.2

Exchangeable Potassium Percentage* LB078174 A 21-92

Exchangeable Magnesium Percentage™ LB078174 A 2.6-34.3

Cation Exchange Capacity LB078174 cmol (+)/kg <0.02

Sodium Adsorption Ratio* LB078174 No unit A <0.1

Exchangeable Calcium/Exchangeable Magnesium Ratio* LB078174 No unit A 1.0-14.3
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QC SUMMARY

MB blank results are compared to the Limit of Reporting

LCS and MS spike recoveries are measured as the percentage of analyte recovered from the sample compared the the amount of analyte spiked into the sample.

DUP and MSD relative percent differences are measured against their original counterpart samples according to the formula : the absolute difference of the two results divided
by the average of the two results as a percentage. Where the DUP RPD is 'NA', the results are less than the LOR and thus the RPD is not applicable.

Nitrate Nitrogen and Nitrite Nitrogen (NOx) by Auto Analyser in Soil Method: ME-(AU)-[ENV]AN248
Parameter Qc DUP %RPD LCS

Reference %Recovery

Nitrate/Nitrite Nitrogen, NOx as N LB078204 mg/kg 0.05 <0.05 0-11% 98 - 99%

Nitrite Nitrogen in Soil Method: ME-(AU)-[ENV]JAN277
Parameter Qc DUP %RPD LCS

Reference %Recovery
Nitrite, NOz as N in Soil LB078202 ma/kg 0.05 <0.05 0-35% 98 - 100%

Total Kjeldahl Nitrogen and Total Nitrogen in Soil/Sludges Method: ME-(AU)-[ENV]AN281
Parameter Qc DUP %RPD LCS

Reference %Recovery

Total Kjeldahl Nitrogen LB078197 mg/kg 20 <20 0-3% 1M17%

Total Organic Carbon by Heanes Oxidation Method: ME-(AU)-[ENV]AN273

Parameter Qc i DUP %RPD LCS MSD %RPD
Reference %Recovery

Total Organic Carbon LB078232 Yowlw 0.05 <0.05 7-10% 98 - 104% NA

Organic Matter LB078232 Yowlw 0.1 <0.10 7-10% NA NA

Water Soluble Metals in Soil by ICPOES Method: ME-(AU)-[ENV]JAN002/AN320

Parameter Qc i DUP %RPD LCS
Reference %Recovery

Sulfur, S LB078209 ma/kg 1 <1 1-7% NA

Sulphur as Sulfate, SO4 LB078209 ma/kg 3 <3 1-7% NA
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METHOD SUMMARY

ﬁ METHOD
ANO002/AN320/AN321

ANO009

ANO009

ANO009

ANO15

ANO025/AN320

AN101

AN103

AN106

AN122

METHODOLOGY SUMMARY

Soil sample is extracted in deionised water (1:2 or 1:5) and metals analysed by ICP OES, method AN320/AN321,
with results reported on the dried sample basis.

The method follows AS1289 3.8.1 - 2006. Soils are divided into seven classes on the basis of their coherence in
water, with one further class being distinguished by the presence of calcium-rich minerals.

Class 1: Air-dried crumbs of soil show a strong dispersion reaction, i.e., a colloidal cloud covers nearly the whole of
the bottom of the beaker, usually in a very thin layer. The reaction should be evident within 10min. In extreme
cases all the water in the beaker becomes cloudy, leaving only a coarse residue in a cloud of clay.

Class 2: Air-dried crumbs of soil show a moderate to slight reaction. A moderate reaction consists of an easily
recognisable cloud of colloids in suspension, usually spreading in thin streaks on the bottom of the beaker. A slight
reaction consists of the bare hint of cloud in water at the surface of the crumbs.

Class 3: The soil remoulded at the plastic limit disperses in water.

Class 4: The remoulded soil does not disperse in water. Calcium carbonate (calcite) or calcium sulfate (gypsum) is
present.

Class 5: The remoulded soil does not disperse in water and the 1:5 soil/water suspension remains dispersed after
5 min.

Class 6: The remoulded soil does not disperse in water and the 1:5 soil/water suspension begins to flocculate
within 5 min.

Class 7: The air-dried crumbs of soil remain coherent in water and swells.

Class 8: The air-dried crumbs of soil remain coherent in water and do not swell.

Soil sample is extracted in an end over end roller in 0.5 N sodium bicarbonate at pH 8.5 with the supernatant liquor
analysed for Phosphorous. Orthophosphate anion (PO43-) is reacted with ammonium molybdate and potassium
antimony tartrate in sulfuric acid solution. The resulting phospho-molybdate complex is reduced, using ascorbic
acid, to an intense blue coloured complex Molybdenum Blue. The absorbance of this complex is measured at 880
nm by Discrete Analyser, and compared with calibration standards to obtain the concentration of orthophosphate in
the sample. Based on Rayment & Higginson 9B1.

A chelating agent is used to complex metal ions in solution. The extracted elements are determined bylCP OES.

pH in Soil Sludge Sediment and Water: pH is measured electrometrically using a combination electrode and is
calibrated against 3 buffers purchased commercially. For soils, sediments and sludges, an extract with water (or
0.01M CaCl2) is made at a ratio of 1:5 and the pH determined and reported on the extract. Reference APHA
4500-H+.

pH in Soil Sludge Sediment and Water: pH is measured electrometrically using a combination electrode (glass plus
reference electrode) and is calibrated against 3 buffers purchased commercially. For soils, an extract with water is
made at a ratio of 1:5 and the pH determined and reported on the extract. Reference APHA 4500-H+.

Conductivity and TDS by Calculation: Conductivity is measured by meter with temperature compensation and is
calibrated against a standard solution of potassium chloride. Conductivity is generally reported as pmhos/cm or
pS/cm @ 25°C. For soils, an extract of as received sample with water is made at a ratio of 1:5 and the EC
determined and reported on the extract, or calculated back to the as-received sample. Salinity can be estimated
from conductivity using a conversion factor, which for natural waters, is in the range 0.55 to 0.75. Reference APHA
2510 B.

Exchangeable Cations, CEC and ESP: Soil sample is extracted in 1 M Ammonium Acetate at pH=7 (or 1M
Ammonium Chloride at pH=7) with cations (Na, K, Ca & Mg) then determined by ICP OES/ICP MS and reported as
Exchangeable Cations. For saline soils, these results can be corrected for water soluble cations and reported as
Exchangeable cations in meqg/100g or soil can be pre-treated (aqueous ethanol/aqueous glycerol) prior to
extraction. Cation Exchange Capacity (CEC) is the sum of the exchangeable cations in meg/100g.
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AN248

AN273

AN274

AN277

AN281

SOL061

CE145676 RO

METHOD SUMMARY

METHODOLOGY SUMMARY

The Exchangeable Sodium Percentage (ESP) is calculated as the exchangeable sodium divided by the CEC (all in
meq/100g) times 100.
ESP can be used to categorise the sodicity of the soil as below:

ESP < 6% non-sodic
ESP 6-15% sodic
ESP >15% strongly sodic

Method is referenced to Rayment and Lyons, 2011, sections 15D3 and 15N1.-

Nitrate / Nitrite in extract by Auto Analyser: In an acidic medium, nitrate is reduced quantitatively to nitrite by
cadmium metal. This nitrite plus any original nitrite is determined as an intense red-pink azo dye at 540 nm
following diazotisation with sulphanilamide and subsequent coupling with N-(1-naphthyl) ethylenediamine
dihydrochloride. Reference APHA 4500-NO3- F.

The sample is digested in Dichromate / Sulfuric Acid to oxidise the organic carbon. The determination is completed
colourimetrically by Aquakem Discrete Analyser at 600 nm. Based on Rayment & Higginson 6B1.

Chloride by Aquakem DA following 1:5 or 1:2 DI water extraction: Chloride reacts with mercuric thiocyanate forming
a mercuric chloride complex. In the presence of ferric iron, highly coloured ferric thiocyanate is formed which is
proportional to the chloride concentration. Results reported on dry sample basis. Reference APHA 4500CI-

Nitrite on the extract is determined as an intense red-pink azo dye at 540 nm following diazotisation with
sulphanilamide and subsequent coupling with N-(1-naphthyl) ethylenediamine dihydrochloride. The original nitrite is
determined. Reference APHA 4500-NO2- B.

The sample is heated in the presence of Sulphuric acid, K2SO4 and CuSO4 for two and half hours using a
temperature controlled digestion block. Amino Nitrogen of many organic materials is converted to ammonium ion.
Free ammonia also is converted to ammonium. The digest is cooled and placed on the Aquakem 250 discrete
analyser for Ammonia determination.

Soil sample is extrcated 1:10 in 1TMKCI with aluminium determined by ICP OES.
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— FOOTNOTES ™
1S Insufficient sample for analysis. LOR Limit of Reporting
LNR  Sample listed, but not received. 11 Raised or Lowered Limit of Reporting
* NATA accreditation does not cover the QFH QC result is above the upper tolerance
performance of this service. QFL QC result is below the lower tolerance
* Indicative data, theoretical holding time exceeded. - The sample was not analysed for this analyte

NVL Not Validated

Unless it is reported that sampling has been performed by SGS, the samples have been analysed as received.
Solid samples expressed on a dry weight basis.

Where "Total" analyte groups are reported (for example, Total PAHs, Total OC Pesticides) the total will be calculated as the sum of the individual
analytes, with those analytes that are reported as <LOR being assumed to be zero. The summed (Total) limit of reporting is calcuated by summing
the individual analyte LORs and dividing by two. For example, where 16 individual analytes are being summed and each has an LOR of 0.1 mgl/kg,
the "Totals" LOR will be 1.6 / 2 (0.8 mg/kg). Where only 2 analytes are being summed, the " Total" LOR will be the sum of those two LORs.

Some totals may not appear to add up because the total is rounded after adding up the raw values.

If reported, measurement uncertainty follow the + sign after the analytical result and is expressed as the expanded uncertainty calculated using a
coverage factor of 2, providing a level of confidence of approximately 95%, unless stated otherwise in the comments section of this report.

Results reported for samples tested under test methods with codes starting with ARS-SOP, radionuclide or gross radioactivity concentrations are
expressed in becquerel (Bg) per unit of mass or volume or per wipe as stated on the report. Becquerel is the Sl unit for activity and equals one
nuclear transformation per second.
Note that in terms of units of radioactivity:

a. 1Bqis equivalent to 27 pCi

b. 37 MBq is equivalent to 1 mCi

For results reported for samples tested under test methods with codes starting with ARS-SOP, less than (<) values indicate the detection limit for
each radionuclide or parameter for the measurement system used. The respective detection limits have been calculated in accordance with ISO
11929.

The QC and MU criteria are subject to internal review according to the SGS QAQC plan and may be provided on request or alternatively can be
found here: www.sgs.com.au/en-gb/environment-health-and-safety .

This document is issued by the Company under its General Conditions of Service accessible at www.sgs.com/en/Terms-and-Conditions.aspx.
Attention is drawn to the limitation of liability, indemnification and jurisdiction issues defined therein.

Any holder of this document is advised that information contained hereon reflects the Company's findings at the time of its intervention only and
within the limits of Client's instructions, if any. The Company's sole responsibility is to its Client only. Any unauthorized alteration, forgery or
falsification of the content or appearance of this document is unlawful and offenders may be prosecuted to the fullest extent of the law .

This report must not be reproduced, except in full.

- J
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Important note about your report

This Report is provided for the exclusive use of the Client pursuant to the Scope of Works 5 February, which
requires us to provide Services relating to spoil characterisation.

This Report is provided to the Client on the terms and conditions set out in the Standard Terms of SGM
Environment Pty Ltd (SGME, we, us or our).

We derive data in this Report from information (or confirmation of the absence thereof) sourced from the
Client and their subconsultants, designated laboratories and / or information that has been made available in the
public domain at the time or times outlined in this Report. The passage of time, manifestation of latent conditions
or impacts of future events may require further examination of the spoil characterisation and subsequent data
analysis, and re-evaluation of the data, findings, observations and conclusions expressed in this Report.

SGME has prepared this Report in accordance with the usual care and thoroughness of the consulting profession,
for the sole purpose described above and by reference to any applicable standards, guidelines, procedures and
practices outlined in the Scope of Works as at the date of issue of this Report. For the reasons outlined above,
however, no other warranty or guarantee, whether expressed or implied, is made as to the data, observations
and findings expressed in this Report, to the extent permitted by law.

This Report should be read in full and no excerpts are to be taken as representative of the findings. No
responsibility is accepted by SGME for use of any part of this Report in any other context.

Reporting of the spoil characterisation are based on a desktop assessment of data that has been measured by
the Client and subconsultants and other third parties.

SGME does not accept any Liability whatsoever for, or in respect of, any use of, or reliance upon this Report by
any person contrary to the above or our Standard Terms.
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Executive summary

Peabody Burton Mine (the Mine) is located approximately (~) 90 kilometres (km) southwest of the city of
Mackay, 67 km from Nebo and 36 km from Glenden. The Mine commenced care, maintenance and rehabilitation
in November 2016 with the end of mining activity and coal processing.

SGM environmental Pty Limited (SGME) was engaged by Peabody (Burton) Pty Limited (Peabody) to prepare a
spoil characterisation report for the Mine. This report is intended to support the Progressive Rehabilitation and
Closure Plan (PRC plan) which is currently being prepared by SGME. This report is consistent with the
requirements of the Guideline: Progressive rehabilitation and closure plans (the PRC plan guideline) and includes:

* volumes of out-of-pit spoil;
* justification that the characterisation has been done to a high level of confidence;
» chemical and physical properties of the spoil under stored conditions including:
— classification of spoil based on the potential for acid mine drainage (AMD), neutral mine drainage
(NMD) and / or saline drainage (SD);
— elemental composition and future speciation and mobility; and
— fertility;
» assessment of the suitability as a growth medium beneath the topsoil (cover); and
* management recommendations.

Geochemical characterisation suggests that spoil at the Mine is largely acid neutralising. Plumtree 14 had a net
acid generation (NAG)pH less than 4.5. However, this is likely a result of the organic acids dissolved in the NAG
procedure and are not going to contribute to AMD.

Spoil with an acid neutralising capacity to maximum potential acidity (ANC/MPA) mass ratio greater than two is
considered to have a negligible to low risk of acid generation and a high factor of safety in terms of potential for
AMD. All samples have an ANC/MPA ratio greater than two except for Wallanbah 34, 40 and 52. These samples
have a reactive S of less than 0.1% and can therefore be considered barren. Barren spoil has almost no capacity
to generate acidity even in the absence of significant ANC. Further, any acidity generated would quickly be
neutralised by the ANC of the surrounding spoil.

Net acidity is negative for all samples, except Wallanbah 40 and 52, indicating sufficient ANC to neutralise any
acid released. Actual and retained acidity are low for all samples indicating minimal past oxidation.

Water-soluble metal and metalloid concentrations are low for the majority of samples. Aluminium, barium, iron
and manganese (Al, Ba, Fe and Mn) were elevated in some samples. It is expected that further dilution effects
from rainfall and natural attenuation would occur prior to any spoil drainage arriving at a receptor. Seepage from
the spoil is therefore likely to contain very low concentrations of metals and metalloids.

Most samples are expected to have low salinity based on the Department of Mines and Energy (DME) (1995)
soil salinity classification. It is unlikely that surface runoff and seepage from the spoil will be saline. Accordingly,
water-soluble sulfate is low.

Strong alkalinity may be a restriction to plant growth; however, vegetation and groundcover did not appear to
be limited / restricted at any of the test pit locations.

Actual acidity is low across all samples (less than 0.06%). pH (potassium chloride (KCI)) is greater than 4.5,
indicating that any retained acidity present is very low.

There were no AMD / NMD or SD issues observed during this assessment. Spoil is suitable for use in
rehabilitation and as a growth medium beneath a topsoil layer (cover). Further, progressive rehabilitation at the
Mine has been successful. Therefore, no changes are recommended to the rehabilitation strategy.
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1.0 Introduction

Peabody Burton Mine (the Mine) is located approximately (~) 90 kilometres (km) southwest of the city of
Mackay, 67 km from Nebo and 36 km from Glenden. The Mine commenced care, maintenance and rehabilitation

in November 2016 with the end of mining activity and coal processing.

This report has been completed to support the Progressive Rehabilitation and Closure Plan (PRC plan) which is
currently being prepared by SGM environmental Pty Limited (SGME) in accordance with the Guideline: Progressive

rehabilitation and closure plans (the PRC plan guideline).

.1 Scope

The scope of this report is to complete spoil sampling and field characterisation while meeting the requirements
of the PRC plan guideline. The purpose is to characterise spoil and identify any contaminants that pose a risk to

the environment for the following features:

* Broadmeadow out-of-pit spoil storage area;

*  Plumtree out-of-pit spoil storage areas (two);

*  Bullock Creek out-of-pit spoil storage area; and
*  Wallanbah out-of-pit spoil storage areas (two).

[.1.1 PRCP plan guideline

The PRC plan guideline states that the PRC plan must include all supporting information required by the
Department of Environment and Science (DES) to reach a decision on the ‘soundness’ of the proposed
rehabilitation strategies and delivery techniques to meet the approved land outcomes. This report will form an

appendix in the PRC plan.

How this report meets the requirements of the PRC plan guideline is addressed in Table I.

Table | How the PRC plan guideline is addressed in this report

Requirements Report section
Volumes of out-of-pit spoil Section 1.2.2.1
Justification that the characterisation has been done to a high level of Section 2.0

confidence

Chemical and physical properties of the spoil under stored conditions

including:

* classification of spoil based on the potential for acid mine drainage
(AMD), neutral mine drainage (NMD) and / or saline drainage (SD);

* elemental composition and future specification and mobility; and

Section 3.0 & 4.0

+ fertility.
An assessment of the suitability as a growth medium beneath the topsoil Section 4.5
Any management recommendations Section 5.1
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.2 Review

1.2.1 Geology

[.2.1.1 Regional geology

The Mine is in the Bowen Basin which is an important Permian coal basin located in Central Queensland. The
basin extends south in the subsurface beneath Mesozoic sediments of the Surat Basin and connects with the
Gunnedah and Sydney Basins in New South Wales.

The stratigraphic sequence of the Bowen Basin can be summarised as Permo-Triassic sediments overlain by a
thin covering of unconsolidated Quaternary alluvium and colluvium and poorly consolidated Tertiary sediments
of the Tertiary Suttor and Duaringa formations as well as remnants of Tertiary basalt flows.

Coal seams in the Bowen Basin show major variations in rank and quality, reflecting both the depositional and
tectonic history of the basin.

[.2.1.2 Mine geology

The Mine is located within the Rangal Coal Measures. The Rangal and Fort Cooper Coal Measure sequences sub
crop within the Plumtree, Broadmeadow and Wallanbah Coal Project areas. The Fort Cooper Coal Measures
that overlie the Moranbah Coal Measures comprise grey lithic sandstones, conglomerate, siltstone, mudstone
coal and tuffaceous sediments. The Girrah seam (uppermost seam in the Fort Cooper Coal Measures) is a thick
banded sequence of coal, cream to brown tuffaceous claystones, mudstones and siltstones. The target seam
(Leichardt and Vermot splits) occurs in the Rangal Coal Measures.

Overlying the Rangal Coal Measures are greenish sediments of the Rewan Group. Quaternary soil, alluvium and
/ or colluvium cover:

* all of the Plumtree Coal Project area, particularly adjacent to Sandy Creek;
*  most of the western part of the Broadmeadow Coal Project area adjacent to Hat Creek; and
* most of the eastern part of the Wallanbah Coal Project area adjacent to Bullock Creek and Spade Creek.

The Wallanbah Coal Project area lies to the west of the Burton Range Fault and is covered by Triassic Clematis
Sandstone and at depth by red, brown and green mudstones and siltstones of the Triassic Arcadia Formation.

It is accepted that Tertiary sediments have low strengths, are dispersive in nature and highly erodible due to
their physical and chemical characteristics. Weathered Rewan Formation is generally less susceptible to erosion.
The interbedded sandstone layers are generally more slake resistant in comparison to the siltstone layers which
tend to degrade rapidly.

1.2.2 Rehabilitation

[.2.2.1 Volume of out-of-pit spoil
The volume of out-of-pit spoil available for rehabilitation is presented in Table 2.

Table 2 Volume of out-of-pit spoil

Project area Volume (bank cubic metres (BCM))
Broadmeadow 23,400,237
Plumtree 39,164,040
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Project area Volume (bank cubic metres (BCM))

Bullock Creek 9,308,031
Wallanbah 33,000,000
Total 104,872,308
1.2.2.2 Relinquishment goals and objectives

The general rehabilitation goals for the Mine include:

* the Mine will be safe to humans and livestock;

» disturbed land will be rehabilitated so that it is non-polluting;

* rehabilitation will aim to create a landform that is stable and conducive to the post-mining land use
(PMLU); and

* rehabilitation will be completed to a standard that is conducive to the PMLU.

Peabody intends to return most of the disturbed area to grazing in a manner which is consistent with the PRC
plan guideline and environmental authority (EA) EMPL00879213 conditions regarding rehabilitation (ie
Conditions FI-FI5).

1.2.2.3 Post-mining land use

Mining is a temporary use of land. Suitable areas will be returned to grazing while other areas will be covered
with soil and seeded with trees, shrubs and grasses in a manner which is consistent with EA conditions regarding
rehabilitation (Conditions FI-FI5).

The proposed PMLU comprises:

*  water management;

*  pit water storage (pits including Broadmeadow pit, Plumtree pit, Bullock Creek pit, Wallanbah pit and
farm dams);

* grazing;

* bushland (disturbed and undisturbed areas);

* riparian (riparian areas along Bullock Creek and Spade Creek diversions);

* infrastructure (including laydowns, hardstands, roads and loading ramps); and

* undisturbed (pre-existing land uses).

Figure | shows the spatial distribution of PMLUs.
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20 Method

2.1 Sample sites

10 samples were collected at six out-of-pit storage areas (a total of 60 samples). Spoil sample locations are
shown in Figure 2 and Figure 3.

2.2 Sampling density

The International Network for Acid Prevention (INAP) Global Acid Rock Drainage (GARD) Guide (2014) does not
contain clear guidance on sampling densities for out-of-pit spoil dump characterisation. Within Australia, the
Preventing Acid and Metalliferous Drainage: Leading Practice Sustainable Development Program for the Mining Industry
(2016) also does not provide clear guidance on sampling densities for out-of-pit spoil dump characterisation.

The Department of Mines and Energy (DME) 1995 guideline Assessment and Management of Acid Drainage,
describes sampling density based on volume of spoil. Notwithstanding, sampling density was selected based on
the Guidelines for Surveying Soil and Land Resources (McKenzie et al. 2008) for field level and detailed project
planning (ie one sample per 5-25 hectares (ha) or 4-20 samples per square kilometre (km?) of spoil). The sampling
density is spatially representative of the spoil stockpiles because sampling was done at a rate of one sample per
9 ha. Spatial representation is important when considering rooting depth.

2.3 Sampling method

I metre (m) composite samples were collected from ground level (or the bottom of applied soil) down to | m
below ground level (bgl) from a test pit dug by backhoe.

24 Field testing

All 60 samples were analysed in the field for pH and electrical conductivity (EC). These are screening tests for
acidic / alkaline and saline spoil respectively. These tests were used to select samples for laboratory analysis.

2.5 Laboratory testing

A National Association of Testing Authorities (NATA) laboratory (SGS) was used to assess 35 samples for the
following:

hd PH|;5 and EC|;5;

¢ water-soluble chloride and sulfate;

* water-soluble metals (aluminium (Al), arsenic (As), barium (Ba), beryllium (Be), cadmium (Cd), cobalt
(Co), chromium (Cr), copper (Cu), iron (Fe), mercury (Hg), lead (Pb), manganese (Mn), molybdenum
(Mo), nickel (Ni) and zinc (Zn));

*  chromium reducible sulfur (CRS);

*  pH (potassium chloride (KCI) and titratable actual acidity (TAA);

* acid neutralising capacity (ANC);

* potassium chloride (KCI) and hydrochloric acid (HCI) extractable sulfur; and

* netacid generation (NAG)pH and NAG7.0 and NAG4.5.
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2.6 Screening criteria

The screening criteria used for determining AMD potential are listed in . These are taken from Preventing Acid
and Metalliferous Drainage: Leading Practice Sustainable Development Program for the Mining Industry (DFAT 2016).

Table 3 AMD potential screening criteria

Classification Net acid producing potential (NAPP) (kilograms NAGpH
of sulfuric acid per tonne (kg H.SO./t))

Potentially acid forming (PAF) >10 <45

PAF-low capacity (PAF-LC) 0-10 <45

Non-acid forming (NAF) Negative 245

Acid-consuming (AC) Less than -100 245

Uncertain (UC) Positive 245
Negative <4.5
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3.0 Results

3.1 Field

Detailed field sheets can be found in Appendix A.

3.2 Laboratory

Geochemical analysis was completed by SGS. The certificate of analysis is presented in Appendix B.

Acid base accounting and NAGpH test results are shown in Table 4. Water-soluble metal and metalloid
concentrations are presented in Table 5.
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Table 4

Acid base accounting and NAGpH test results

Analyte pHis ECi; Water-soluble @~ TAA CRS Maximum potential ANC Net Classification based = ANC/MPA NAG NAG NAGpH Classification based on MPA,
sulfate acidity (MPA)' acidity on net acidity only (pHas) (pHY) ANC/MPA and NAGpH

Sample Unit  pH Microsiemens per Milligrams per % % kg H.SO4/t kg kg - kg kg pH units

units  centimetre (uS/cm)  kilogram (mg/kg) H,SO4/t  H SO/t H.,SO4/t  H,SOu4/t
Broadmeadow | 9.2 280 35 0.0l 0.011 0.587 28 -27.4 NAF 47.7 <0.5 <0.5 8.7 NAF
Broadmeadow 2 9.4 370 170 0.0l 0.009 0.525 29 -28.5 NAF 55.2 <0.5 <0.5 9.4 NAF
Broadmeadow 3 9.2 380 19 0.0l 0.005 0.403 20 -19.6 NAF 49.6 <0.5 <0.5 8.9 NAF
Broadmeadow 4 8.7 460 600 0.01 0.025 1.015 36 -35.0 NAF 355 <0.5 <0.5 9.4 NAF
Broadmeadow 7 8.8 360 370 0.01 0.10 3.616 31 -27.4 NAF 8.6 <0.5 <0.5 8.6 NAF
Broadmeadow 9 9.1 700 100 0.01 0.005 0.403 44 -43.6 NAF 109.2 <0.5 <0.5 8.9 NAF
Plumtree || 9.1 250 35 0.01 0.005 0.403 32 -31.6 NAF 79.4 <0.5 <0.5 9.7 NAF
Plumtree |3 84 340 440 0.0l 0.034 1.290 I8 -16.7 NAF 13.9 <0.5 <0.5 8.7 NAF
Plumtree 14 7.0 220 260 0.0l 0.018 0.801 9.8 -9.0 NAF 2.2 32 12.0 3.6 UC (NAF)
Plumtree 16 9.0 510 180 0.0l 0.007 0.464 51 -50.5 NAF 109.9 <0.5 <0.5 10.1 NAF
Plumtree 17 9.0 200 <3 0.0l 0.005 0.403 32 -31.6 NAF 794 <0.5 <0.5 9.0 NAF
Plumtree 20 9.3 290 40 0.0l 0.005 0.403 25 -24.6 NAF 62.0 <0.5 <0.5 9.5 NAF
Plumtree 21 9.1 800 75 0.01 0.005 0.403 72 -71.6 NAF 178.7 <0.5 <0.5 9.6 NAF
Plumtree 22 8.9 260 130 0.01 0.007 0.464 16 -15.5 NAF 345 <0.5 <0.5 8.3 NAF
Plumtree 25 8.9 300 200 0.01 0.007 0.464 27 -26.5 NAF 58.2 <0.5 <0.5 9.7 NAF
Plumtree 26 8.7 200 19 0.01 0.005 0.403 320 -319.6 NAF 794.0 <0.5 <0.5 9.9 NAF (AC)
Plumtree 30 8.6 570 10 0.0l 0.005 0.403 8.6 -8.2 NAF 21.3 <0.5 <0.5 84 NAF
Bullock Creek 38 8.7 300 300 0.0l 0.050 1.780 44 -42.2 NAF 247 <0.5 <0.5 9.5 NAF
Bullock Creek 41 8.9 760 99 0.0l 0.007 0.464 110 -109.5 NAF 237.0 <0.5 <0.5 9.9 NAF (AC)
Bullock Creek 43 9.2 720 <3 0.0l 0.005 0.403 28 -27.6 NAF 69.5 <0.5 <0.5 9.9 NAF
Bullock Creek 46 8.7 550 6 0.0l 0.005 0.403 I8 -17.6 NAF 44.7 <0.5 <0.5 8.7 NAF
Bullock Creek 47 9.1 510 57 0.01 0.005 0.403 20 -19.6 NAF 49.6 <0.5 <0.5 9.2 NAF
Bullock Creek 50 8.9 430 56 0.01 0.005 0.403 29 -28.6 NAF 72.0 <0.5 <0.5 9.4 NAF
Wallanbah 32 8.4 95 170 0.01 0.005 0.403 74 -7.0 NAF 18.4 <0.5 <0.5 7.6 NAF
Wallanbah 33 9.1 380 13 0.01 0.012 0617 32 -31.4 NAF 51.8 <0.5 <0.5 9.6 NAF
Wallanbah 34 5.9 90 9 0.02  0.005 0.643 1.2 -0.6 NAF 1.87 <0.5 1.4 5.5 UC (NAF)
Wallanbah 35 9.1 380 140 0.0l 0.018 0.801 13 -12.2 NAF 16.2 <0.5 <0.5 74 NAF
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Analyte pHis EC; Water-soluble @ TAA CRS Maximum potential ANC Net Classification based = ANC/MPA NAG NAG NAGpH Classification based on MPA,

sulfate acidity (MPA)' acidity on net acidity only (pHas) (pHY) ANC/MPA and NAGpH
Wallanbah 38 7.2 300 51 0.01 0.005 0.403 1.2 -0.8 NAF 3.0 <0.5 <0.5 7.7 NAF
Wallanbah 40 6.5 70 41 0.0l 0.007 0.464 0.1 0.4 PAF-LC 0.215 <0.5 1.4 5.0 UC (NAF)
Wallanbah 52 6.0 33 16 0.06  0.005 1.853 0.1 1.8 PAF-LC 0.054 <0.5 1.6 4.9 UC (NAF)
Wallanbah 54 7.5 180 18 0.01 0.005 0.403 1.2 -0.8 NAF 3.0 <0.5 <0.5 7.1 NAF
Wallanbah 56 9.0 230 <3 0.01 0.005 0.403 31 -30.6 NAF 76.9 <0.5 <0.5 9.3 NAF
Wallanbah 57 7.1 300 53 0.01 0.005 0.403 25 2.1 NAF 6.2 <0.5 <0.5 6.1 NAF
Wallanbah 58 9.1 390 170 0.0l 0.007 0.464 32 -31.5 NAF 68.9 <0.5 <0.5 8.9 NAF
Wallanbah 59 8.6 180 <3 0.0l 0.005 0.403 16 -15.6 NAF 39.7 <0.5 <0.5 8.1 NAF

I. MPA = CRS multiplied by 30.6.
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Table 5

Woater-soluble metal and metalloid concentrations

Analyte Al As Ba Be Cd Cr Co Cu Fe Pb Mn Hg Mo Ni Zn
Units mg/kg mg/kg mg/kg mg/kg mg/kg mg/kg mg/kg mg/kg mg/kg mg/kg mg/kg mg/kg mg/kg mg/kg mg/kg
Broadmeadow | 77 <0.2 6.7 0.06 <0.01 <0.05 0.3 1.6 38 0.7 28 <0.005 <0.1 0.2 0.2
Broadmeadow 2 48 <0.2 3 <0.05 <0.01 <0.05 0.2 .1 37 0.5 6 <0.005 <0.1 0.15 0.2
Broadmeadow 3 60 <0.2 48 <0.05 <0.01 <0.05 0.2 0.28 9.4 0.2 I <0.005 <0.1 0.11 0.2
Broadmeadow 4 63 <0.2 8 0.05 <0.01 <0.05 0.4 1.2 62 0.7 28 <0.005 <0.1 0.18 0.3
Broadmeadow 7 31 <0.2 42 <0.05 <0.01 <0.05 0.2 0.44 23 0.5 18 <0.005 <0.1 0.14 0.5
Broadmeadow 9 60 <0.2 42 <0.05 <0.01 <0.05 0.2 0.6 14 0.4 20 <0.005 <0.1 0.09 0.4
Plumtree | | 33 <0.2 9.2 <0.05 <0.01 <0.05 0.2 0.66 18 0.4 6 <0.005 <0.1 0.11 0.4
Plumtree |3 I <0.2 .1 <0.05 <0.01 <0.05 <0.1 0.2 9.8 <0.2 42 <0.005 <0.1 0.07 0.2
Plumtree 14 59 <0.2 13 0.05 <0.01 <0.05 0.5 22 24 I 12 <0.005 <0.1 0.22 |.4
Plumtree 16 48 <0.2 I <0.05 <0.01 <0.05 0.2 0.68 36 0.6 23 <0.005 <0.1 0.09 0.5
Plumtree 17 49 <0.2 5.4 <0.05 <0.01 <0.05 0.2 0.22 6.5 <0.2 9.2 <0.005 <0.1 <0.05 0.2
Plumtree 20 52 <0.2 7.8 <0.05 <0.01 <0.05 0.2 0.72 26 0.6 19 <0.005 <0.1 0.1 0.3
Plumtree 21 50 <0.2 6 <0.05 <0.01 <0.05 0.3 0.34 8.9 0.2 I <0.005 <0.1 0.13 0.2
Plumtree 22 40 <0.2 6 <0.05 0.01 <0.05 0.7 |.4 35 0.8 I3 <0.005 <0.1 0.47 2.8
Plumtree 25 51 <0.2 13 <0.05 <0.01 <0.05 0.2 .1 23 0.6 20 <0.005 <0.1 0.16 0.2
Plumtree 26 63 <0.2 8.4 <0.05 0.01 <0.05 0.2 2.1 19 2.1 21 <0.005 <0.1 0.09 0.3
Plumtree 30 120 <0.2 6.9 0.05 <0.01 <0.05 0.3 0.23 18 0.3 6 <0.005 <0.1 0.06 0.3
Bullock Creek 38 48 0.2 48 <0.05 <0.01 <0.05 0.6 1.2 51 0.9 24 <0.005 <0.1 0.46 1.6
Bullock Creek 41 84 <0.2 22 <0.05 0.01 <0.05 0.2 0.75 I5 0.4 23 <0.005 <0.1 0.17 0.3
Bullock Creek 43 70 <0.2 2.1 <0.05 <0.01 <0.05 0.2 0.25 6 0.4 21 <0.005 <0.1 <0.05 0.2
Bullock Creek 46 60 <0.2 12 <0.05 <0.01 <0.05 0.1 0.38 8.6 <0.2 14 <0.005 <0.1 0.08 0.2
Bullock Creek 47 38 <0.2 72 <0.05 <0.01 <0.05 0.2 0.28 7.1 0.3 10 <0.005 <0.1 0.05 0.3
Bullock Creek 50 35 <0.2 6.9 <0.05 <0.01 <0.05 0.1 0.32 45 0.3 7.8 <0.005 <0.1 0.05 0.2
Wallanbah 32 41 <0.2 2.4 <0.05 <0.01 <0.05 0.2 0.59 26 0.6 18 <0.005 <0.1 0.11 0.3
Wallanbah 33 30 <0.2 6.5 <0.05 <0.01 <0.05 <0.1 0.28 25 <0.2 3.3 <0.005 <0.1 <0.05 0.2
Wallanbah 34 16 <0.2 27 <0.05 <0.01 <0.05 0.2 0.14 1.9 <0.2 1.6 <0.005 <0.1 0.37 0.3
Wallanbah 35 57 <0.2 22 <0.05 0.02 <0.05 0.2 1.2 36 1.8 17 <0.005 <0.1 0.06 0.3
Wallanbah 38 25 <0.2 57 0.11 <0.01 <0.05 0.5 0.12 4.1 <0.2 13 <0.005 <0.1 0.23 1.7
Wallanbah 40 19 <0.2 25 <0.05 <0.01 <0.05 <0.1 <0.05 8.2 <0.2 .1 <0.005 <0.1 0.07 <0.1
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Analyte Al As Ba Be Cd Cr Co Cu Fe Pb Mn Hg Mo Ni Zn
Wallanbah 52 30 <0.2 14 <0.05 <0.01 <0.05 <0.1 0.06 20 <0.2 0.46 <0.005 <0.1 0.18 <0.1
Wallanbah 54 29 <0.2 23 0.05 <0.01 <0.05 0.3 0.15 2.6 <0.2 6.1 <0.005 <0.1 0.19 2
Wallanbah 56 56 <0.2 8 <0.05 <0.01 <0.05 0.1 0.23 6.9 <0.2 8.8 <0.005 <0.1 <0.05 0.2
Wallanbah 57 27 <0.2 5.1 <0.05 <0.01 <0.05 0.2 0.2 12 <0.2 8.1 <0.005 <0.1 0.17 0.4
Wallanbah 58 58 <0.2 4.6 0.06 <0.01 <0.05 0.3 0.78 22 0.8 20 <0.005 <0.1 0.22 0.4
Wallanbah 59 59 <0.2 13 <0.05 <0.01 <0.05 0.2 0.64 17 0.6 13 <0.005 <0.1 0.06 0.2
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40 Discussion

4.1 AMD, NMD and SD

AMD occurs when reactive sulfides (mainly pyrite) contained in spoil are exposed to water and oxygen. Sulfide
oxidation has the potential to produce sulfates, acidity and dissolved metals which can be transported by
hydrological processes. NMD occurs when the acid generated is neutralised by dissolution of surrounding
minerals such as dolomite. As the solubility of many metals is pH-dependent, the neutralisation process can lead
to the precipitation of many metals. However, at near neutral pH, concentrations of metals can remain elevated.
The drainage will also have high sulfate salinity. SD occurs when acidic drainage is completely neutralised by
surrounding minerals and contains no significant concentrations of metals; leaving elevated calcium, magnesium,
sulfate and salinity.

The potential for AMD can be assessed by the NAG test. This involves reaction of the sample with hydrogen
peroxide to rapidly oxidise any sulfides. It therefore incorporates both acid-generation and acid-neutralising
reactions giving a net result of the amount of acid released. A pH after reaction (NAGpH) of less than 4.5
generally indicates that the sample is net acid generating. All samples, except Plumtree 14 (3.6), have a NAGpH
greater than 4.5 indicating that the spoil is net acid neutralising (Table 4). Low NAGpH, in combination with high
ANC is often characteristic of organic acids that get dissolved in the NAG procedure. These organic acids are
not going to contribute to any AMD issues. Plumtree 14 is therefore classified as UC (NAF). There is potential
for NAG tests to result in an overestimate of the extent of oxidation relative to field conditions (Stewart et al.
2003). NAG tests are therefore most useful when used in combination with other static and kinetic geochemical
test methods.

The MPA for most of the samples is less than the ANC indicating that spoil has enough ANC to neutralise any
acid generation. This may be due to naturally occurring calcium and magnesium carbonates or other acid
neutralising material. Net acidity for Wallanbah 40 and 52 is 0.4 and 1.8 kg H:SO./t respectively. Based on net
acidity only, Wallanbah 40 and 52 are classified as PAF-LC (Table 4). Spoil with an ANC to MPA (ANC/MPA)
mass ratio greater than two is considered to have a negligible to low risk of acid generation and a high factor of
safety in terms of potential for AMD; that is, a high probability that it will remain neutral in pH (DITR 2007). All
samples have an ANC/MPA ratio greater than two except for Wallanbah 34, 40 and 52 (1.870, 0.215 and 0.054
respectively) (Table 4). Wallanbah 34, 40 and 52 have a CRS (reactive sulfides) of less than 0.1% and can therefore
be considered barren (Table 4). Barren spoil has negligible capacity to generate acidity, even in the absence of
significant ANC. Further, any acidity generated would quickly be neutralised by the ANC of the surrounding
spoil. Titration value at pH 7 is from less available metallic ions that precipitate as hydroxides and therefore
these samples are likely NAF (Table 4). Based on the MPA, ANC/MPA and NAGpH, spoil at the Mine is NAF.

4.2 Existing acidity

Existing acidity is the acidity that has already been generated during past AMD activity. It is made up of actual
acidity (readily water-soluble eg melanterite) and retained acidity (sparingly water-soluble eg jarosite). It is
important to consider existing acidity in materials that have experienced high levels of oxidation as significant
existing acidity is likely to be present. In material with low reactive sulfides and high existing acidity, existing
acidity may be the primary driver for drainage water quality. The dissolution of these sulfates may also accelerate
the oxidation of any remaining sulfides in PAF spoil by providing ferric iron as an oxidising agent. The solubility
of sulfates is highly variable and dependent on factors such as rainfall, pH, redox potential and pore solution
chemistry. Actual acidity generates acid proportionally with wetting-up (ie rainfall) while retained acidity will
generate acid based on dissolution kinetics (unrelated to wetting-up). Actual acidity will continue to impact water
quality until it is flushed from the system. If reactive sulfides and / or retained acidity is present, actual acidity will
continue to be replenished until all reactive sulfides have oxidised and / or all retained acidity has dissolved.
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TAA measures the readily-water soluble acidity (actual acidity). Actual acidity is low across all samples (<0.06%).
pHKCI is >4.5, indicating that any retained acidity present is low. A low actual and retained acidity (ie existing
acidity) indicates that minimal oxidation of reactive sulfides has occurred.

4.3 Metal leaching

Water-soluble metal and metalloid concentrations are low for most of the samples (). Al, Ba, Fe and Mn were
elevated in some samples (). It is worth noting that water-soluble metals data represents pore water chemistry
for pulverised samples and that further dilution effects from rainfall and natural attenuation would likely occur
prior to any spoil drainage arriving at a receptor. Seepage from the spoil dumps is therefore likely to contain
low concentrations of metals and metalloids.

4.4 Salinity

High salt levels can negatively affect spoil structure and water quality. Spoil salinity can be classified from the
EC,;s results. EC;:s ranged from very low 33 pS/cm to medium 800 pS/cm with a median of 300 uS/cm (Table 4).
Based on the DME (1995) soil salinity classification, spoil is expected to have very low to medium salinity. It is
unlikely that surface runoff and seepage from the spoil will be saline.

Water-soluble sulfate ranged from 3 to 600 mg/kg with a median of 53 mg/kg (Table 4). EC,;s was largely
consistent with water-soluble sulfate concentrations.

4.5 Fertility

Spoil that is proposed for use as growth media is equivalent to the B Horizon in the soil profile, with its primary
function being plant available water. Therefore, its assessment for use as growth media has been limited to AMD,
NMD and SD as these will influence the quality of plant available water and / or limit plant growth.

Strong alkalinity may be a restriction to plant growth (Table 4); however, vegetation and groundcover did not
appear to be limited / restricted at any of the test pit locations.
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5.0 Conclusions and recommendations

This assessment suggests that spoil at the Mine is largely acid neutralising. Spoil has a low CRS, EC and negligible
soluble metal profile indicating that it is barren. Notwithstanding, spoil salinity ranged from very low to medium.
Therefore, there is a negligible chance of AMD / NMD or SD developing from the spoil. Based on this assessment,
spoil is considered suitable for use in the construction of the final landform and as a growth medium beneath a
topsoil layer (cover).

5.1 Recommendations

There were no AMD / NMD or SD issues observed during this assessment. Further, progressive rehabilitation
at the Mine has been successful. Therefore, no actions or changes are recommended to the rehabilitation
strategy.
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Location: Broadmeadow |

Soil profile Landscape Ground surface
North South East West

Soil description Field

Depth (cm) Description pH EC (uS/cm)

0-150 Spoil (grey) 9.32 270.6
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Location: Broadmeadow 2

Soil profile Landscape Ground surface
North South East West

Soil description Field

Depth (cm) Description pH EC (uS/cm)

0-150 Spoil (dark grey) 9.39 478.8
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Location: Broadmeadow 3

Soil profile Landscape Ground surface
North South East West

Soil description Field

Depth (cm) Description pH EC (uS/cm)

0-150 Spoil (brown) 9.34 346
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Location: Broadmeadow 4

Soil profile Landscape Ground surface
North South East West

Soil description Field

Depth (cm) Description pH EC (uS/cm)

0-150 Spoil (grey) 8.58 7353
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Location: Broadmeadow 5

Soil profile Landscape Ground surface
North South East West

Soil description Field

Depth (cm) Description pH EC (uS/cm)

0-200 Spoil / Soil (grey) 8.63 1,183
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Location: Broadmeadow 7

Soil profile Landscape Ground surface
North South East West

Soil description Field

Depth (cm) Description pH EC (uS/cm)

0-150 Spoil (dark grey) 8.76 506.2
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Location: Broadmeadow 8

Soil profile Landscape Ground surface
North South East West

Soil description Field

Depth (cm) Description pH EC (uS/cm)

0-150 Spoil / Soil (grey) 9.05 1,152
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Location: Broadmeadow 9

Soil profile Landscape Ground surface
North South East West

Soil description Field

Depth (cm) Description pH EC (uS/cm)

0-150 Spoil (brown) 9.30 643.2
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Location: Plumtree | |

Soil profile

Landscape

Ground surface
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Description pH

EC (uS/cm)
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Location: Plumtree 12

Soil profile

Landscape
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Soil description
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Depth (cm)

Description pH

EC (uS/cm)

0-150
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Location: Plumtree 13

Soil profile

Landscape

Ground surface
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Soil description

Field

Depth (cm)

Description pH

EC (uS/cm)

0-150

Soil 8.15
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Location: Plumtree 14

Soil profile Landscape Ground surface
North South East West

Soil description Field

Depth (cm) Description pH EC (uS/cm)

0-150 Soil / Coal reject 8.36 204.8
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50 Soil

90

100-150 Coal reject
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Location: Plumtree 16

Soil profile

Landscape

Ground surface
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West

Soil description

Field

Depth (cm)

Description pH

EC (uS/cm)

0-150

Spoil 9.23

6133
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100-150

Project number | 19016

Page | 31



Location: Plumtree 17

Soil profile Landscape Ground surface
North South East West

Soil description Field

Depth (cm) Description pH EC (uS/cm)

0-150 Fresh brown oxide 9.45 177.4
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Location: Plumtree 20

Soil profile

Landscape

Ground surface

North South
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West

Soil description

Field

Depth (cm)

Description pH

EC (uS/cm)

0-150

Spoil 9.68

3222
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Location: Plumtree 21

Soil profile Landscape Ground surface
North South East West

Soil description Field

Depth (cm) Description pH EC (uS/cm)

0-150 Spoil (weathered brown)  9.38 614.5
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Location: Plumtree 22

Soil profile Landscape Ground surface
North South East West

Soil description Field

Depth (cm) Description pH EC (uS/cm)

0-150 Spoil (coal reject?) 9.40 230.2
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Location: Plumtree 24

Soil profile
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Description pH

EC (uS/cm)
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Location: Plumtree 26

Soil profile
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Location: Plumtree 28

Soil profile
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Depth (cm)

Description pH

EC (uS/cm)

0-150

Soil 9.39

203.5
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Location: Plumtree 30

Soil profile
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Soil description
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Description pH

EC (uS/cm)

0-150

Spoil 853
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Location: Bullock Creek 38

Soil profile
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Description pH

EC (uS/cm)

0-150
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Location: Bullock Creek 41

Soil profile

Landscape

Ground surface

North South

East

West

Soil description
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Description pH

EC (uS/cm)

0-150

Soil / Spoail 9.17
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Location: Bullock Creek 42

Soil profile

Landscape

Ground surface
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Soil description
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Depth (cm)

Description pH

EC (uS/cm)

0-150

Soil 9.32

482.9
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Location: Bullock Creek 43

Soil profile

Landscape

Ground surface

North South

East

West

Soil description
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Depth (cm)

Description pH

EC (uS/cm)

0-150

Spoil 9.42

8734
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Location: Bullock Creek 46

Soil profile
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Ground surface
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Description pH

EC (uS/cm)
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Location: Bullock Creek 47

Soil profile
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Location: Bullock Creek 50

Soil profile
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Location: Wallanbah 32

Soil profile Landscape Ground surface
North South East West

Soil description Field

Depth (cm) Description pH EC (uS/cm)

0-150 Spoil (brown) 7.96 91.93
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Location: Wallanbah 33

Soil profile Landscape Ground surface
North South East West

Soil description Field

Depth (cm) Description pH EC (uS/cm)

0-150 Spoil (grey) 9.50 398.1
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Location: Wallanbah 34

Soil profile Landscape Ground surface
North South East West

Soil description Field

Depth (cm) Description pH EC (uS/cm)

0-150 Spoil (weathered brown)  5.89 85.58

0-10

30

50

90

140-150

Project number | 19016

Page | 49



Location: Wallanbah 35

Soil profile Landscape Ground surface
North South East West

Soil description Field

Depth (cm) Description pH EC (uS/cm)

0-150 Spoil (grey) 9.18 293.2
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Location: Wallanbah 38

Soil profile
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Location: Wallanbah 40

Soil profile
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Location: Wallanbah 51

Soil profile Landscape Ground surface
North South East West

Soil description Field

Depth (cm) Description pH EC (uS/cm)

0-150 Spoil (weathered brown)  6.64 303.5
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Location: Wallanbah 52

Soil profile
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Location: Wallanbah 54

Soil profile Landscape Ground surface
North South East West

Soil description Field

Depth (cm) Description pH EC (uS/cm)

0-150 Spoil (weathered brown)  8.36 149.4
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Location: Wallanbah 56

Soil profile Landscape Ground surface
North South East West

Soil description Field

Depth (cm) Description pH EC

0-150 Spoil (weathered brown) 9.5 177.7
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Location: Wallanbah 58
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Location: Wallanbah 59

Soil profile Landscape Ground surface
North South East West

Soil description Field

Depth (cm) Description pH EC (uS/cm)

0-150 Spoil (brown) 8.03 162.0
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Laboratory results

Project number | 19016 Page | 59



ANALYTICAL REPORT

Accreditation No. 2562

CLIENT DETAILS LABORATORY DETAILS

- R
Contact Timothy Rohde Manager Anthony Nilsson
Client SGM ENVIRONMENTAL Laboratory SGS Cairns Environmental
Address PO BOX 5622 Address Unit 2, 58 Comport St
STAFFORD HEIGHTS QLD 4053 Portsmith QLD 4870
Telephone 0488 111 722 Telephone +61 07 4035 5111
Facsimile (Not specified) Facsimile +61 07 4035 5122
Email trohde@sgmenvironmental.com Email AU.Environmental.Cairns@sgs.com
Project 19016 Geochemistry SGS Reference CE145677 RO
Order Number (Not specified) Date Received 20 Apr 2020
Samples 35 Date Reported 01 May 2020

e
-

COMMENTS N
Accredited for compliance with ISO/IEC 17025 - Testing. NATA accredited laboratory 2562(3146).
G J
SIGNATORIES
~
—"—"_-——-_‘
Anthony NILSSON Jon Dicker Maristela GANZAN
Operations Manager Manager Northern QLD Metals Team Leader
G J
SGS Australia Pty Ltd
ABN 44 000 964 278 Environment, Health and Safety Unit 2 58 Comport St Portsmith QLD 4870 Australia  t+617 4035 5111 f+617 4035 5122 WWWw.sgs.com.au
I Member of the SGS Group

01-May-2020 Page 1 of 24



ANALYTICAL REPORT CE145677 RO

Sample Number  CE145677.001 CE145677.002 CE145677.003 CE145677.004
Sample Matrix Soil Soil Soil Soil
Sample Name Plumtree 26 Plumtree 30 Plumtree 22 Plumtree 25

Parameter

pH in soil (1:5) Method: AN101  Tested: 28/4/2020

‘ pH ‘ pH Units ‘ 0.1 ‘ 8.7 ‘ 8.6 ‘ 8.9 ‘ 89 ‘

Conductivity and TDS by Calculation - Soil Method: AN106 Tested: 28/4/2020

Conductivity of Extract (1:5 dry sample basis) ‘ uS/cm ‘ 2 ‘ 200 ‘ 570 ‘ 260 ‘ 300 ‘

Chloride (water extractable) Method: AN274 Tested: 28/4/2020

Chloride (water extractable 1:5) ‘ mg/kg ‘ 5 ‘ 7 ‘ 570 ‘ 28 ‘ 12 ‘

Water Soluble Metals in Soil by ICPOES  Method: AN002/AN320 Tested: 29/4/2020

Aluminium, Al mg/kg 0.2 63 120 40 51
Arsenic, As mg/kg 0.2 <0.2 <0.2 <0.2 <0.2
Barium, Ba mg/kg 0.05 8.4 6.9 16 13
Beryllium, Be mg/kg 0.05 <0.05 0.05 <0.05 <0.05
Cadmium, Cd mg/kg 0.01 0.01 <0.01 0.01 <0.01
Cobalt, Co mg/kg 0.1 0.2 0.3 0.7 0.2
Chromium, Cr mg/kg 0.05 <0.05 <0.05 <0.05 <0.05
Copper, Cu mg/kg 0.05 21 0.23 14 11
Iron, Fe mg/kg 0.2 19 18 35 23
Lead, Pb mg/kg 0.2 21 0.3 08 06
Manganese, Mn mg/kg 0.05 21 16 13 20
Molybdenum, Mo mg/kg 0.1 <0.1 <0.1 <0.1 <0.1
Nickel, Ni mg/kg 0.05 0.09 0.06 047 0.16
Sulfur, S mg/kg 1 6 3 42 66
Sulphur as Sulfate, SO4 mg/kg 3 19 10 130 200
Zinc, Zn mg/kg 0.1 03 0.3 28 0.2

Water Soluble Mercury in Soil Method: AN002/AN311  Tested: 29/4/2020

Mercury, Hg ‘ mg/kg ‘ 0.005 ‘ <0.005 ‘ <0.005 ‘ <0.005 ‘ <0.005 ‘

Moisture Content Method: AN002 Tested: 20/4/2020

% Moisture ‘ Y%w/w ‘ 0.5 ‘ 4.8 ‘ 7.8 ‘ 6.7 ‘ 42 ‘
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Parameter

Chromium Reducible Sulphur (CRS)

Method: AN217

ANALYTICAL REPORT

Sample Number
Sample Matrix
Sample Name

Tested: 28/4/2020

CE145677.001
Soil
Plumtree 26

CE145677.002
Soil
Plumtree 30

CE145677 RO

CE145677.003
Soil
Plumtree 22

CE145677.004
Soil
Plumtree 25

Chromium Reducible Sulphur (Scr) % 0.005 <0.005 <0.005 0.007 0.007
Chromium Reducible Sulphur (Scr) moles H+/T 5 <5 <5 <5 <5
TAA (Titratable Actual Acidity) Method: AN219 Tested: 27/4/2020

pH KCI pH Units - 8.8 77 8.9 9.0
Titratable Actual Acidity (TAA) moles H+/tonne moles H+/T 5 <5 <5 <5 <5
Titratable Actual Acidity (TAA) S%w/w Yow/w S 0.01 <0.01 <0.01 <0.01 <0.01
Net Acid Soluble Sulphur (Snas) Yowlw 0.005 - - - -
Net Acid Soluble Sulphur (Snas) moles H+/tonne moles H+/T 5 - - - -
Sulphur (SKCI) Yow/w 0.005 <0.005 <0.005 0.007 0.010
Titratable Actual Acidity kg H2S04/T 0.25 <0.25 <0.25 <0.25 <0.25
HCI Extractable S, Ca and Mg in Soil ICP OES Method: AN014  Tested: 30/4/2020

Acid Soluble Sulfur (SHCI) %owiw ‘ 0.005 ‘ <0.005 <0.005 0.019 0.014
Acid Neutralising Capacity (ANC) Method: AN214  Tested: 28/4/2020

Lime Equivalence % CaCO3 0.1 33 0.9 1.6 28
Acid Neutralisation Capacity (ANCBT) as % CaCOs % CaCO3 0.1 33 0.9 1.6 28
Acid Neutralisation Capacity (ANCBT) as kg H2SOu4/t kg H2S04/T 0.1 320 8.6 16 27
Acid Neutralisation Capacity (ANCBT) as acidity units moles H+/T 5 6500 170 320 550
Acid Neutralisation Capacity (ANCBT) as % S %wiw S 0.005 10 0.28 0.52 0.88
ANC as % CaCOs % CaCO3 0.1 33 0.9 1.6 28
Chromium Suite Net Acidity Calculations Method: AN220 Tested: 30/4/2020

s-Net Acidity Y%w/w S 0.005 <0.005 <0.005 <0.005 <0.005
s-Net Acidity without ANC Y%wiw S 0.005 <0.005 <0.005 0.007 0.007
a-Net Acidity moles H+/T 5 <5 <5 <5 <5
Liming Rate kg CaCO3/T 0.1 <0.1 <0.1 <0.1 <0.1
Verification s-Net Acidity Yow/w S -20 6.9 0.19 -0.34 -0.58
a-Net Acidity without ANCBT moles H+/T 5 <5 <5 <5 <5
Liming Rate without ANCBT kg CaCO3/T 0.1 <0.1 <0.1 <0.1 <0.1
Single Addition Net Acid Generation (NAG) Method: AN216 Tested: 28/4/2020

ECox (NAG Conductivity) pS/icm 1 130 79 180 140
pHox (NAG pH) No unit - 9.9 8.4 8.3 97
NAG as kg H2SOa/tonne to pH 4.5 kg H2S04/T 0.5 <0.5 <0.5 <0.5 <0.5
NAG as kg H2SOa/tonne to pH 7 kg H2S04/T 0.5 <0.5 <0.5 <0.5 <0.5
NAG as kg CaCO3/tonne to pH 4.5 kg CaCO3/T 0.5 <0.5 <0.5 <0.5 <0.5
NAG as kg CaCO3/tonne to pH 7 kg CaCO3/T 0.5 <0.5 <0.5 <0.5 <0.5
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ANALYTICAL REPORT CE145677 RO

Sample Number  CE145677.005 CE145677.006 CE145677.007 CE145677.008
Sample Matrix Soil Soil Soil Soil
Sample Name Plumtree 17 Plumtree 20 Plumtree 21 Plumtree 13

Parameter

pH in soil (1:5) Method: AN101  Tested: 28/4/2020

‘ pH ‘ pH Units ‘ 0.1 ‘ 9.0 ‘ 9.3 ‘ 9.1 ‘ 8.4 ‘

Conductivity and TDS by Calculation - Soil Method: AN106 Tested: 28/4/2020

Conductivity of Extract (1:5 dry sample basis) ‘ uS/cm ‘ 2 ‘ 200 ‘ 290 ‘ 800 ‘ 340 ‘

Chloride (water extractable) Method: AN274 Tested: 28/4/2020

Chloride (water extractable 1:5) mg/kg 5 <5 7 750 27
Water Soluble Metals in Soil by ICPOES Method: AN002/AN320 Tested: 29/4/2020
Aluminium, Al mg/kg 0.2 49 52 50 11
Arsenic, As mg/kg 0.2 <0.2 <0.2 <0.2 <0.2
Barium, Ba mg/kg 0.05 54 7.8 16 11
Beryllium, Be mg/kg 0.05 <0.05 <0.05 <0.05 <0.05
Cadmium, Cd mg/kg 0.01 <0.01 <0.01 <0.01 <0.01
Cobalt, Co mg/kg 0.1 0.2 0.2 03 <0.1
Chromium, Cr mg/kg 0.05 <0.05 <0.05 <0.05 <0.05
Copper, Cu mg/kg 0.05 0.22 0.72 0.34 0.20
Iron, Fe mg/kg 0.2 6.5 26 8.9 9.8
Lead, Pb mg/kg 0.2 <0.2 0.6 0.2 <0.2
Manganese, Mn mg/kg 0.05 92 19 1 42
Molybdenum, Mo mg/kg 0.1 <0.1 <0.1 <0.1 <0.1
Nickel, Ni mg/kg 0.05 <0.05 0.10 0.13 0.07
Sulfur, S mg/kg 1 <1 13 25 150
Sulphur as Sulfate, SO4 mg/kg 3 <3 40 75 440
Zinc, Zn mg/kg 0.1 0.2 0.3 0.2 0.2
Water Soluble Mercury in Soil Method: AN002/AN311  Tested: 29/4/2020

‘ Mercury, Hg ‘ mg/kg ‘ 0.005 ‘ <0.005 ‘ <0.005 ‘ <0.005 ‘ <0.005 ‘
Moisture Content Method: AN002 Tested: 20/4/2020

‘ % Moisture ‘ Y%w/w ‘ 0.5 ‘ 57 ‘ 49 ‘ 94 ‘ 6.4 ‘
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Parameter

Chromium Reducible Sulphur (CRS)

Method: AN217

ANALYTICAL REPORT

Sample Number
Sample Matrix
Sample Name

Tested: 28/4/2020

CE145677.005
Soil
Plumtree 17

CE145677.006
Soil
Plumtree 20

CE145677 RO

CE145677.007
Soil
Plumtree 21

CE145677.008

Soil
Plumtree 13

Chromium Reducible Sulphur (Scr) % 0.005 <0.005 0.005 <0.005 0.034
Chromium Reducible Sulphur (Scr) moles H+/T 5 <5 <5 <5 21
TAA (Titratable Actual Acidity) Method: AN219 Tested: 27/4/2020

pH KCI pH Units - 8.8 9.0 9.0 8.8
Titratable Actual Acidity (TAA) moles H+/tonne moles H+/T 5 <5 <5 <5 <5
Titratable Actual Acidity (TAA) S%w/w Yow/w S 0.01 <0.01 <0.01 <0.01 <0.01
Net Acid Soluble Sulphur (Snas) Yowlw 0.005 - - - -
Net Acid Soluble Sulphur (Snas) moles H+/tonne moles H+/T 5 - - - -
Sulphur (SKCI) Yow/w 0.005 <0.005 <0.005 0.006 0.017
Titratable Actual Acidity kg H2S04/T 0.25 <0.25 <0.25 <0.25 <0.25
HCI Extractable S, Ca and Mg in Soil ICP OES Method: AN014  Tested: 30/4/2020

Acid Soluble Sulfur (SHCI) %owiw ‘ 0.005 ‘ <0.005 <0.005 0.013 0.021
Acid Neutralising Capacity (ANC) Method: AN214  Tested: 28/4/2020

Lime Equivalence % CaCO3 0.1 33 25 74 19
Acid Neutralisation Capacity (ANCBT) as % CaCOs % CaCO3 0.1 33 25 74 19
Acid Neutralisation Capacity (ANCBT) as kg H2SOu4/t kg H2S04/T 0.1 32 25 72 18
Acid Neutralisation Capacity (ANCBT) as acidity units moles H+/T 5 650 500 1500 370
Acid Neutralisation Capacity (ANCBT) as % S %wiw S 0.005 1.0 0.80 24 0.60
ANC as % CaCOs % CaCO3 0.1 33 25 74 19
Chromium Suite Net Acidity Calculations Method: AN220 Tested: 30/4/2020

s-Net Acidity Y%w/w S 0.005 <0.005 <0.005 <0.005 <0.005
s-Net Acidity without ANC Y%wiw S 0.005 <0.005 0.005 <0.005 0.034
a-Net Acidity moles H+/T 5 <5 <5 <5 <5
Liming Rate kg CaCO3/T 0.1 <0.1 <0.1 <0.1 <0.1
Verification s-Net Acidity Yow/w S -20 -0.69 -0.53 -1.6 0.37
a-Net Acidity without ANCBT moles H+/T 5 <5 <5 <5 21
Liming Rate without ANCBT kg CaCO3/T 0.1 <0.1 <0.1 <0.1 16
Single Addition Net Acid Generation (NAG) Method: AN216  Tested: 28/4/2020

ECox (NAG Conductivity) pS/icm 1 98 110 150 140
pHox (NAG pH) No unit - 9.0 9.5 9.6 87
NAG as kg H2SOa/tonne to pH 4.5 kg H2S04/T 0.5 <0.5 <0.5 <0.5 <0.5
NAG as kg H2SOa/tonne to pH 7 kg H2S04/T 0.5 <0.5 <0.5 <0.5 <0.5
NAG as kg CaCO3/tonne to pH 4.5 kg CaCO3/T 0.5 <0.5 <0.5 <0.5 <0.5
NAG as kg CaCO3/tonne to pH 7 kg CaCO3/T 0.5 <0.5 <0.5 <0.5 <0.5
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ANALYTICAL REPORT CE145677 RO

Sample Number  CE145677.009 CE145677.010 CE145677.011 CE145677.012
Sample Matrix Soil Soil Soil Soil
Sample Name Plumtree 14 Plumtree 16 Bullock Creek 50 Plumtree 11

Parameter

pH in soil (1:5) Method: AN101  Tested: 28/4/2020

| pH ‘ pH Units o | 7.0 ‘ 9.0 ‘ 8.9 ‘ 9.1 ‘

Conductivity and TDS by Calculation - Soil Method: AN106 Tested: 28/4/2020

Conductivity of Extract (1:5 dry sample basis) ‘ uS/cm ‘ 2 ‘ 220 ‘ 510 ‘ 430 ‘ 250 ‘

Chloride (water extractable) Method: AN274 Tested: 28/4/2020

Chloride (water extractable 1:5) ‘ mg/kg ‘ 5 ‘ 81 ‘ 280 ‘ 310 ‘ 9 ‘

Water Soluble Metals in Soil by ICPOES  Method: AN002/AN320 Tested: 29/4/2020

Aluminium, Al mg/kg 0.2 59 48 35 33
Arsenic, As mg/kg 0.2 <0.2 <0.2 <0.2 <0.2
Barium, Ba mg/kg 0.05 13 1 6.9 92
Beryllium, Be mg/kg 0.05 0.05 <0.05 <0.05 <0.05
Cadmium, Cd mg/kg 0.01 <0.01 <0.01 <0.01 <0.01
Cobalt, Co mg/kg 0.1 05 0.2 0.1 0.2
Chromium, Cr mg/kg 0.05 <0.05 <0.05 <0.05 <0.05
Copper, Cu mg/kg 0.05 22 0.68 0.32 0.66
Iron, Fe mg/kg 0.2 24 36 45 18
Lead, Pb mg/kg 0.2 1.0 0.6 03 04
Manganese, Mn mg/kg 0.05 12 23 7.8 16
Molybdenum, Mo mg/kg 0.1 <0.1 <0.1 <0.1 <0.1
Nickel, Ni mg/kg 0.05 0.22 0.09 0.05 0.11
Sulfur, S mg/kg 1 86 61 19 12
Sulphur as Sulfate, SO4 mg/kg 3 260 180 56 35
Zinc, Zn mg/kg 0.1 14 0.5 0.2 04

Water Soluble Mercury in Soil Method: AN002/AN311  Tested: 29/4/2020

Mercury, Hg ‘ mg/kg ‘ 0.005 ‘ <0.005 ‘ <0.005 ‘ <0.005 ‘ <0.005 ‘

Moisture Content Method: AN002 Tested: 20/4/2020

% Moisture ‘ Y%w/w ‘ 0.5 ‘ 52 ‘ 55 ‘ 77 ‘ 43 ‘
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Parameter

Chromium Reducible Sulphur (CRS)

Method: AN217

ANALYTICAL REPORT

CE145677.009
Soil
Plumtree 14

Sample Number
Sample Matrix
Sample Name

Tested: 28/4/2020

CE145677.010
Soil
Plumtree 16

CE145677 RO

CE145677.011
Soil
Bullock Creek 50

CE145677.012

Soil
Plumtree 11

Chromium Reducible Sulphur (Scr) % 0.005 0.018 0.007 <0.005 0.005
Chromium Reducible Sulphur (Scr) moles H+/T 5 1 <5 <5 <5
TAA (Titratable Actual Acidity) Method: AN219 Tested: 27/4/2020

pH KCI pH Units - 6.2 9.0 8.9 9.0
Titratable Actual Acidity (TAA) moles H+/tonne moles H+/T 5 <5 <5 <5 <5
Titratable Actual Acidity (TAA) S%w/w %w/w S 0.01 <0.01 <0.01 <0.01 <0.01
Net Acid Soluble Sulphur (Snas) Yowlw 0.005 - - - -
Net Acid Soluble Sulphur (Snas) moles H+/tonne moles H+/T 5 - - - -
Sulphur (SKCI) Yow/w 0.005 0.015 0.008 <0.005 <0.005
Titratable Actual Acidity kg H2S04/T 0.25 <0.25 <0.25 <0.25 <0.25
HCI Extractable S, Ca and Mg in Soil ICP OES Method: AN014  Tested: 30/4/2020

Acid Soluble Sulfur (SHCI) %owiw ‘ 0.005 ‘ 0.033 0.012 0.008 <0.005
Acid Neutralising Capacity (ANC) Method: AN214  Tested: 28/4/2020

Lime Equivalence % CaCO3 0.1 1.0 53 3.0 33
Acid Neutralisation Capacity (ANCBT) as % CaCOs % CaCO3 0.1 1.0 53 3.0 33
Acid Neutralisation Capacity (ANCBT) as kg H2SOu4/t kg H2S04/T 0.1 9.8 51 29 32
Acid Neutralisation Capacity (ANCBT) as acidity units moles H+/T 5 200 1000 600 650
Acid Neutralisation Capacity (ANCBT) as % S %wiw S 0.005 0.32 17 0.96 1.0
ANC as % CaCOs % CaCO3 0.1 1.0 53 3.0 33
Chromium Suite Net Acidity Calculations Method: AN220 Tested: 30/4/2020

s-Net Acidity %w/w S 0.005 <0.005 <0.005 <0.005 <0.005
s-Net Acidity without ANC Y%wiw S 0.005 0.020 0.007 <0.005 0.005
a-Net Acidity moles H+/T 5 <5 <5 <5 <5
Liming Rate kg CaCO3/T 0.1 <0.1 <0.1 <0.1 <0.1
Verification s-Net Acidity Yow/w S -20 -0.20 -1.1 -0.64 -0.69
a-Net Acidity without ANCBT moles H+/T 5 12 <5 <5 <5
Liming Rate without ANCBT kg CaCO3/T 0.1 NA <0.1 <0.1 <0.1
Single Addition Net Acid Generation (NAG) Method: AN216  Tested: 28/4/2020

ECox (NAG Conductivity) pS/icm 1 230 160 150 120
pHox (NAG pH) No unit - 3.6 10.1 94 97
NAG as kg H2SO./tonne to pH 4.5 kg H2S04/T 0.5 32 <0.5 <0.5 <0.5
NAG as kg H2SOa/tonne to pH 7 kg H2S04/T 0.5 12 <0.5 <0.5 <0.5
NAG as kg CaCO3/tonne to pH 4.5 kg CaCO3/T 0.5 33 <0.5 <0.5 <0.5
NAG as kg CaCO3/tonne to pH 7 kg CaCO3/T 0.5 12 <0.5 <0.5 <0.5
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ANALYTICAL REPORT CE145677 RO

Sample Number  CE145677.013 CE145677.014 CE145677.015 CE145677.016
Sample Matrix Soil Soil Soil Soil
Sample Name Bullock Creek 43 Bullock Creek 46  Bullock Creek 38  Bullock Creek 47

Parameter

pH in soil (1:5) Method: AN101  Tested: 28/4/2020

‘pH ‘ pH Units ‘ 0.1 ‘ 9.2 ‘ 87 ‘ 8.7 ‘ 9.1 ‘

Conductivity and TDS by Calculation - Soil Method: AN106 Tested: 28/4/2020

Conductivity of Extract (1:5 dry sample basis) ‘ uS/cm ‘ 2 ‘ 720 ‘ 550 ‘ 300 ‘ 510 ‘

Chloride (water extractable) Method: AN274 Tested: 28/4/2020

Chloride (water extractable 1:5) ‘ mg/kg ‘ 5 ‘ 780 ‘ 590 ‘ 10 ‘ 380 ‘

Water Soluble Metals in Soil by ICPOES  Method: AN002/AN320 Tested: 29/4/2020

Aluminium, Al mg/kg 0.2 70 60 48 38
Arsenic, As mg/kg 0.2 <0.2 <0.2 0.2 <0.2
Barium, Ba mg/kg 0.05 21 12 48 72
Beryllium, Be mg/kg 0.05 <0.05 <0.05 <0.05 <0.05
Cadmium, Cd mg/kg 0.01 <0.01 <0.01 <0.01 <0.01
Cobalt, Co mg/kg 0.1 0.2 0.1 0.6 0.2
Chromium, Cr mg/kg 0.05 <0.05 <0.05 <0.05 <0.05
Copper, Cu mg/kg 0.05 0.25 0.38 1.2 0.28
Iron, Fe mg/kg 0.2 16 8.6 51 71
Lead, Pb mg/kg 0.2 0.4 <0.2 0.9 03
Manganese, Mn mg/kg 0.05 21 14 24 10
Molybdenum, Mo mg/kg 0.1 <0.1 <0.1 <0.1 <0.1
Nickel, Ni mg/kg 0.05 <0.05 0.08 0.46 0.05
Sulfur, S mg/kg 1 <1 2 100 19
Sulphur as Sulfate, SO4 mg/kg 3 <3 6 300 57
Zinc, Zn mg/kg 0.1 0.2 0.2 1.6 03

Water Soluble Mercury in Soil Method: AN002/AN311  Tested: 29/4/2020

Mercury, Hg ‘ mg/kg ‘ 0.005 ‘ <0.005 ‘ <0.005 ‘ <0.005 ‘ <0.005 ‘

Moisture Content Method: AN002 Tested: 20/4/2020

% Moisture ‘ Y%w/w ‘ 0.5 ‘ 8.8 ‘ 8.8 ‘ 59 ‘ 74 ‘
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ANALYTICAL REPORT CE145677 RO

Sample Number  CE145677.013 CE145677.014 CE145677.015 CE145677.016
Sample Matrix Soil Soil Soil Soil
Sample Name Bullock Creek 43 Bullock Creek 46  Bullock Creek 38  Bullock Creek 47

Parameter

Chromium Reducible Sulphur (CRS) Method: AN217 Tested: 28/4/2020

Chromium Reducible Sulphur (Scr) % 0.005 <0.005 <0.005 0.050 <0.005
Chromium Reducible Sulphur (Scr) moles H+/T 5 <5 <5 31 <5
TAA (Titratable Actual Acidity) Method: AN219 Tested: 27/4/2020

pH KCI pH Units - 89 8.8 9.0 89
Titratable Actual Acidity (TAA) moles H+/tonne moles H+/T 5 <5 <5 <5 <5
Titratable Actual Acidity (TAA) S%w/w Yow/w S 0.01 <0.01 <0.01 <0.01 <0.01
Net Acid Soluble Sulphur (Snas) Yowlw 0.005 - - - -
Net Acid Soluble Sulphur (Snas) moles H+/tonne moles H+/T 5 - - - -
Sulphur (SKCI) Yow/w 0.005 <0.005 0.83 0.013 <0.005
Titratable Actual Acidity kg H2S04/T 0.25 <0.25 <0.25 <0.25 <0.25

HCI Extractable S, Ca and Mg in Soil ICP OES Method: AN014  Tested: 30/4/2020

Acid Soluble Sulfur (SHCI) %owiw ‘ 0.005 ‘ <0.005 <0.005 0.017 0.005

Acid Neutralising Capacity (ANC) Method: AN214  Tested: 28/4/2020

Lime Equivalence % CaCO3 0.1 29 1.9 45 20
Acid Neutralisation Capacity (ANCBT) as % CaCOs % CaCO3 0.1 29 1.9 45 20
Acid Neutralisation Capacity (ANCBT) as kg H2SOu4/t kg H2S04/T 0.1 28 18 44 20
Acid Neutralisation Capacity (ANCBT) as acidity units moles H+/T 5 570 370 900 400
Acid Neutralisation Capacity (ANCBT) as % S %wiw S 0.005 0.92 0.60 14 0.64
ANC as % CaCOa % CaCO3 0.1 29 19 45 20

Chromium Suite Net Acidity Calculations Method: AN220 Tested: 30/4/2020

s-Net Acidity Y%w/w S 0.005 <0.005 <0.005 <0.005 <0.005
s-Net Acidity without ANC Yow/w S 0.005 <0.005 <0.005 0.050 <0.005
a-Net Acidity moles H+/T 5 <5 <5 <5 <5
Liming Rate kg CaCO3/T 0.1 <0.1 <0.1 <0.1 <0.1
Verification s-Net Acidity Yow/w S -20 -0.61 -0.40 -0.91 042
a-Net Acidity without ANCBT moles H+/T 5 <5 <5 31 <5
Liming Rate without ANCBT kg CaCO3/T 0.1 <0.1 <0.1 23 <0.1

Single Addition Net Acid Generation (NAG) Method: AN216  Tested: 28/4/2020

ECox (NAG Conductivity) pS/icm 1 150 120 150 110
pHox (NAG pH) No unit - 9.9 8.7 9.5 92
NAG as kg H2SOa/tonne to pH 4.5 kg H2S04/T 0.5 <0.5 <0.5 <0.5 <0.5
NAG as kg H2SOa/tonne to pH 7 kg H2S04/T 0.5 <0.5 <0.5 <0.5 <0.5
NAG as kg CaCO3/tonne to pH 4.5 kg CaCO3/T 0.5 <0.5 <0.5 <0.5 <0.5
NAG as kg CaCO3/tonne to pH 7 kg CaCO3/T 0.5 <0.5 <0.5 <0.5 <0.5
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ANALYTICAL REPORT CE145677 RO

Sample Number  CE145677.017 CE145677.018 CE145677.019 CE145677.020
Sample Matrix Soil Soil Soil Soil
Sample Name Bullock Creek 41 Broadmedow 1 Broadmedow 2 Broadmedow 3

Parameter

pH in soil (1:5) Method: AN101  Tested: 28/4/2020

‘ pH ‘ pH Units ‘ 0.1 ‘ 89 ‘ 9.2 ‘ 94 ‘ 92 ‘

Conductivity and TDS by Calculation - Soil Method: AN106 Tested: 28/4/2020

Conductivity of Extract (1:5 dry sample basis) ‘ uS/cm ‘ 2 ‘ 760 ‘ 280 ‘ 370 ‘ 380 ‘

Chloride (water extractable) Method: AN274 Tested: 28/4/2020

Chloride (water extractable 1:5) ‘ mg/kg ‘ 5 ‘ 870 ‘ 7 ‘ 28 ‘ 150 ‘

Water Soluble Metals in Soil by ICPOES  Method: AN002/AN320 Tested: 29/4/2020

Aluminium, Al mg/kg 0.2 84 77 48 60
Arsenic, As mg/kg 0.2 <0.2 <0.2 <0.2 <0.2
Barium, Ba mg/kg 0.05 22 6.7 3.0 4.8
Beryllium, Be mg/kg 0.05 <0.05 0.06 <0.05 <0.05
Cadmium, Cd mg/kg 0.01 0.01 <0.01 <0.01 <0.01
Cobalt, Co mg/kg 0.1 0.2 0.3 0.2 0.2
Chromium, Cr mg/kg 0.05 <0.05 <0.05 <0.05 <0.05
Copper, Cu mg/kg 0.05 0.75 1.6 1.1 0.28
Iron, Fe mg/kg 0.2 15 38 37 94
Lead, Pb mg/kg 0.2 0.4 0.7 05 0.2
Manganese, Mn mg/kg 0.05 23 28 16 1
Molybdenum, Mo mg/kg 0.1 <0.1 <0.1 <0.1 <0.1
Nickel, Ni mg/kg 0.05 0.17 0.20 0.15 0.11
Sulfur, S mg/kg 1 33 12 57 6
Sulphur as Sulfate, SO4 mg/kg 3 99 35 170 19
Zinc, Zn mg/kg 0.1 03 0.2 0.2 0.2

Water Soluble Mercury in Soil Method: AN002/AN311  Tested: 29/4/2020

Mercury, Hg ‘ mg/kg ‘ 0.005 ‘ <0.005 ‘ <0.005 ‘ <0.005 ‘ <0.005 ‘

Moisture Content Method: AN002 Tested: 20/4/2020

% Moisture ‘ Yow/w ‘ 0.5 ‘ 9.2 ‘ 6.3 ‘ 52 ‘ 78 ‘
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Parameter

Chromium Reducible Sulphur (CRS)

Method: AN217

ANALYTICAL REPORT

CE145677.017
Soil

Sample Number
Sample Matrix

Sample Name Bullock Creek 41

Tested: 28/4/2020

CE145677.018
Soil
Broadmedow 1

CE145677 RO

CE145677.019
Soil
Broadmedow 2

CE145677.020
Soil
Broadmedow 3

Chromium Reducible Sulphur (Scr) % 0.005 0.007 0.011 0.009 <0.005
Chromium Reducible Sulphur (Scr) moles H+/T 5 <5 7 6 <5
TAA (Titratable Actual Acidity) Method: AN219 Tested: 27/4/2020

pH KCI pH Units - 9.1 8.8 9.0 8.8
Titratable Actual Acidity (TAA) moles H+/tonne moles H+/T 5 <5 <5 <5 <5
Titratable Actual Acidity (TAA) S%w/w Yow/w S 0.01 <0.01 <0.01 <0.01 <0.01
Net Acid Soluble Sulphur (Snas) Yowlw 0.005 - - - -
Net Acid Soluble Sulphur (Snas) moles H+/tonne moles H+/T 5 - - - -
Sulphur (SKCI) Yow/w 0.005 <0.005 <0.005 0.007 <0.005
Titratable Actual Acidity kg H2S04/T 0.25 <0.25 <0.25 <0.25 <0.25
HCI Extractable S, Ca and Mg in Soil ICP OES Method: AN014  Tested: 30/4/2020

Acid Soluble Sulfur (SHCI) %owiw ‘ 0.005 ‘ 0.010 <0.005 0.008 <0.005
Acid Neutralising Capacity (ANC) Method: AN214  Tested: 28/4/2020

Lime Equivalence % CaCO3 0.1 1 29 3.0 20
Acid Neutralisation Capacity (ANCBT) as % CaCOs % CaCO3 0.1 1 29 3.0 20
Acid Neutralisation Capacity (ANCBT) as kg H2SOu4/t kg H2S04/T 0.1 110 28 29 20
Acid Neutralisation Capacity (ANCBT) as acidity units moles H+/T 5 2200 570 600 400
Acid Neutralisation Capacity (ANCBT) as % S %wiw S 0.005 3.6 0.92 0.96 0.64
ANC as % CaCOs % CaCO3 0.1 11 29 3.0 20
Chromium Suite Net Acidity Calculations Method: AN220 Tested: 30/4/2020

s-Net Acidity Y%w/w S 0.005 <0.005 <0.005 <0.005 <0.005
s-Net Acidity without ANC Yow/w S 0.005 0.007 0.011 0.009 <0.005
a-Net Acidity moles H+/T 5 <5 <5 <5 <5
Liming Rate kg CaCO3/T 0.1 <0.1 <0.1 <0.1 <0.1
Verification s-Net Acidity Yow/w S -20 24 -0.60 -0.63 043
a-Net Acidity without ANCBT moles H+/T 5 <5 7 6 <5
Liming Rate without ANCBT kg CaCO3/T 0.1 <0.1 NA NA <0.1
Single Addition Net Acid Generation (NAG) Method: AN216  Tested: 28/4/2020

ECox (NAG Conductivity) pS/icm 1 170 97 98 95
pHox (NAG pH) No unit - 9.9 8.7 94 89
NAG as kg H2SOa/tonne to pH 4.5 kg H2S04/T 0.5 <0.5 <0.5 <0.5 <0.5
NAG as kg H2SOa/tonne to pH 7 kg H2S04/T 0.5 <0.5 <0.5 <0.5 <0.5
NAG as kg CaCO3/tonne to pH 4.5 kg CaCO3/T 0.5 <0.5 <0.5 <0.5 <0.5
NAG as kg CaCO3/tonne to pH 7 kg CaCO3/T 0.5 <0.5 <0.5 <0.5 <0.5
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ANALYTICAL REPORT CE145677 RO

Sample Number  CE145677.021 CE145677.022 CE145677.023 CE145677.024
Sample Matrix Soil Soil Soil Soil
Sample Name Broadmedow 9 Broadmedow 7 Broadmedow 4 Wallanbah 38

Parameter

pH in soil (1:5) Method: AN101  Tested: 28/4/2020

‘ pH ‘ pH Units ‘ 0.1 ‘ 9.1 ‘ 8.8 ‘ 8.7 ‘ 72 ‘

Conductivity and TDS by Calculation - Soil Method: AN106 Tested: 28/4/2020

Conductivity of Extract (1:5 dry sample basis) ‘ uS/cm ‘ 2 ‘ 700 ‘ 360 ‘ 460 ‘ 300 ‘

Chloride (water extractable) Method: AN274 Tested: 28/4/2020

Chloride (water extractable 1:5) ‘ mg/kg ‘ 5 ‘ 640 ‘ 8 ‘ 35 ‘ 340 ‘

Water Soluble Metals in Soil by ICPOES  Method: AN002/AN320 Tested: 29/4/2020

Aluminium, Al mg/kg 0.2 60 31 63 25
Arsenic, As mg/kg 0.2 <0.2 <0.2 <0.2 <0.2
Barium, Ba mg/kg 0.05 42 42 8.0 57
Beryllium, Be mg/kg 0.05 <0.05 <0.05 0.05 0.11
Cadmium, Cd mg/kg 0.01 <0.01 <0.01 <0.01 <0.01
Cobalt, Co mg/kg 0.1 0.2 0.2 04 05
Chromium, Cr mg/kg 0.05 <0.05 <0.05 <0.05 <0.05
Copper, Cu mg/kg 0.05 0.60 0.44 1.2 0.12
Iron, Fe mg/kg 0.2 14 23 62 41
Lead, Pb mg/kg 0.2 0.4 0.5 0.7 <0.2
Manganese, Mn mg/kg 0.05 20 18 28 13
Molybdenum, Mo mg/kg 0.1 <0.1 <0.1 <0.1 <0.1
Nickel, Ni mg/kg 0.05 0.09 0.14 0.18 0.23
Sulfur, S mg/kg 1 33 120 200 17
Sulphur as Sulfate, SO4 mg/kg 3 100 370 600 51
Zinc, Zn mg/kg 0.1 0.4 0.5 03 17

Water Soluble Mercury in Soil Method: AN002/AN311  Tested: 29/4/2020

Mercury, Hg ‘ mg/kg ‘ 0.005 ‘ <0.005 ‘ <0.005 ‘ <0.005 ‘ <0.005 ‘

Moisture Content Method: AN002 Tested: 20/4/2020

% Moisture ‘ Y%w/w ‘ 0.5 ‘ 7.8 ‘ 58 ‘ 48 ‘ 8.1 ‘
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ANALYTICAL REPORT CE145677 RO

Sample Number  CE145677.021 CE145677.022 CE145677.023 CE145677.024
Sample Matrix Soil Soil Soil Soil
Sample Name Broadmedow 9 Broadmedow 7 Broadmedow 4 Wallanbah 38

Parameter

Chromium Reducible Sulphur (CRS) Method: AN217 Tested: 28/4/2020

Chromium Reducible Sulphur (Scr) % 0.005 <0.005 0.1 0.025 <0.005
Chromium Reducible Sulphur (Scr) moles H+/T 5 <5 71 16 <5
TAA (Titratable Actual Acidity) Method: AN219 Tested: 27/4/2020

pH KCI pH Units - 9.0 9.1 9.0 57
Titratable Actual Acidity (TAA) moles H+/tonne moles H+/T 5 <5 <5 <5 <5
Titratable Actual Acidity (TAA) S%w/w Yow/w S 0.01 <0.01 <0.01 <0.01 <0.01
Net Acid Soluble Sulphur (Snas) Yowlw 0.005 - - - -
Net Acid Soluble Sulphur (Snas) moles H+/tonne moles H+/T 5 - - - -
Sulphur (SKCI) Yow/w 0.005 0.006 0.015 0.023 <0.005
Titratable Actual Acidity kg H2S04/T 0.25 <0.25 <0.25 <0.25 <0.25

HCI Extractable S, Ca and Mg in Soil ICP OES Method: AN014  Tested: 30/4/2020

Acid Soluble Sulfur (SHCI) %owiw ‘ 0.005 ‘ 0.008 0.021 0.033 <0.005

Acid Neutralising Capacity (ANC) Method: AN214  Tested: 28/4/2020

Lime Equivalence % CaCO3 0.1 45 31 3.6 0.1
ANCBT) as % CaCOs % CaCO3 0.1 4.5 31 36 0.1

)
ANCBT) as kg H2SO4/t kg H2S04/T 0.1 44 31 36 12
)
)

Acid Neutralisation Capacity

Acid Neutralisation Capacity

Acid Neutralisation Capacity (ANCBT) as acidity units moles H+/T 5 900 620 720 25
Acid Neutralisation Capacity (ANCBT) as % S %wiw S 0.005 14 1.0 1.2 0.040

ANC as % CaCOs % CaCO3 0.1 45 3.1 36 0.1

Chromium Suite Net Acidity Calculations Method: AN220 Tested: 30/4/2020

s-Net Acidity Y%w/w S 0.005 <0.005 <0.005 <0.005 <0.005
s-Net Acidity without ANC Yow/w S 0.005 <0.005 0.1 0.025 <0.005
a-Net Acidity moles H+/T 5 <5 <5 <5 <5
Liming Rate kg CaCO3/T 0.1 <0.1 <0.1 <0.1 <0.1
Verification s-Net Acidity Yow/w S -20 -0.96 -0.55 0.75 -0.03
a-Net Acidity without ANCBT moles H+/T 5 <5 7 16 <5
Liming Rate without ANCBT kg CaCO3/T 0.1 <0.1 5.4 NA <0.1

Single Addition Net Acid Generation (NAG) Method: AN216  Tested: 28/4/2020

ECox (NAG Conductivity) pS/icm 1 130 180 130 56
pHox (NAG pH) No unit - 8.9 8.6 94 77
NAG as kg H2SOa/tonne to pH 4.5 kg H2S04/T 0.5 <0.5 <0.5 <0.5 <0.5
NAG as kg H2SOa/tonne to pH 7 kg H2S04/T 0.5 <0.5 <0.5 <0.5 <0.5
NAG as kg CaCO3/tonne to pH 4.5 kg CaCO3/T 0.5 <0.5 <0.5 <0.5 <0.5
NAG as kg CaCO3/tonne to pH 7 kg CaCO3/T 0.5 <0.5 <0.5 <0.5 <0.5
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ANALYTICAL REPORT CE145677 RO

Sample Number  CE145677.025 CE145677.026 CE145677.027 CE145677.028
Sample Matrix Soil Soil Soil Soil
Sample Name Wallanbah 56 Wallanbah 33 Wallanbah 32 Wallanbah 54

Parameter

pH in soil (1:5) Method: AN101  Tested: 28/4/2020

‘ pH ‘ pH Units ‘ 0.1 ‘ 9.0 ‘ 9.1 ‘ 84 ‘ 75 ‘

Conductivity and TDS by Calculation - Soil Method: AN106 Tested: 28/4/2020

Conductivity of Extract (1:5 dry sample basis) ‘ uS/cm ‘ 2 ‘ 230 ‘ 380 ‘ 95 ‘ 180 ‘

Chloride (water extractable) Method: AN274 Tested: 28/4/2020

Chloride (water extractable 1:5) ‘ mg/kg ‘ 5 ‘ 6 ‘ 130 ‘ 35 ‘ 150 ‘

Water Soluble Metals in Soil by ICPOES  Method: AN002/AN320 Tested: 29/4/2020

Aluminium, Al mg/kg 0.2 56 30 41 29
Arsenic, As mg/kg 0.2 <0.2 <0.2 <0.2 <0.2
Barium, Ba mg/kg 0.05 8.0 6.5 24 23
Beryllium, Be mg/kg 0.05 <0.05 <0.05 <0.05 0.05
Cadmium, Cd mg/kg 0.01 <0.01 <0.01 <0.01 <0.01
Cobalt, Co mg/kg 0.1 0.1 <0.1 0.2 03
Chromium, Cr mg/kg 0.05 <0.05 <0.05 <0.05 <0.05
Copper, Cu mg/kg 0.05 0.23 0.28 0.59 0.15
Iron, Fe mg/kg 0.2 6.9 25 26 26
Lead, Pb mg/kg 0.2 <0.2 <0.2 0.6 <0.2
Manganese, Mn mg/kg 0.05 8.8 33 18 6.1
Molybdenum, Mo mg/kg 0.1 <0.1 <0.1 <0.1 <0.1
Nickel, Ni mg/kg 0.05 <0.05 <0.05 0.1 0.19
Sulfur, S mg/kg 1 <1 4 57 6
Sulphur as Sulfate, SO4 mg/kg 3 <3 13 170 18
Zinc, Zn mg/kg 0.1 0.2 0.2 03 20

Water Soluble Mercury in Soil Method: AN002/AN311  Tested: 29/4/2020

Mercury, Hg ‘ mg/kg ‘ 0.005 ‘ <0.005 ‘ <0.005 ‘ <0.005 ‘ <0.005 ‘

Moisture Content Method: AN002 Tested: 20/4/2020

% Moisture Yow/w 0.5 10 76 9.2 13
| | | | | | |
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ANALYTICAL REPORT CE145677 RO

Sample Number  CE145677.025 CE145677.026 CE145677.027 CE145677.028
Sample Matrix Soil Soil Soil Soil
Sample Name Wallanbah 56 Wallanbah 33 Wallanbah 32 Wallanbah 54

Parameter

Chromium Reducible Sulphur (CRS) Method: AN217 Tested: 28/4/2020

Chromium Reducible Sulphur (Scr) % 0.005 0.005 0.012 <0.005 <0.005
Chromium Reducible Sulphur (Scr) moles H+/T 5 <5 8 <5 <5
TAA (Titratable Actual Acidity) Method: AN219 Tested: 27/4/2020

pH KCI pH Units - 8.8 9.1 6.5 58
Titratable Actual Acidity (TAA) moles H+/tonne moles H+/T 5 <5 <5 <5 <5
Titratable Actual Acidity (TAA) S%w/w Yow/w S 0.01 <0.01 <0.01 <0.01 <0.01
Net Acid Soluble Sulphur (Snas) Yowlw 0.005 - - - -
Net Acid Soluble Sulphur (Snas) moles H+/tonne moles H+/T 5 - - - -
Sulphur (SKCI) Yow/w 0.005 <0.005 0.008 <0.005 <0.005
Titratable Actual Acidity kg H2S04/T 0.25 <0.25 <0.25 <0.25 <0.25

HCI Extractable S, Ca and Mg in Soil ICP OES Method: AN014  Tested: 30/4/2020

Acid Soluble Sulfur (SHCI) %owiw ‘ 0.005 ‘ <0.005 0.009 <0.005 0.006

Acid Neutralising Capacity (ANC) Method: AN214  Tested: 28/4/2020

Lime Equivalence % CaCO3 0.1 3.1 33 08 0.1
Acid Neutralisation Capacity (ANCBT) as % CaCOs % CaCO3 0.1 3.1 33 08 0.1
Acid Neutralisation Capacity (ANCBT) as kg H2SOu4/t kg H2S04/T 0.1 31 32 74 12
Acid Neutralisation Capacity (ANCBT) as acidity units moles H+/T 5 620 650 150 25
Acid Neutralisation Capacity (ANCBT) as % S %wiw S 0.005 1.0 1.0 0.24 0.040
ANC as % CaCOa % CaCO3 0.1 31 33 08 0.1

Chromium Suite Net Acidity Calculations Method: AN220 Tested: 30/4/2020

s-Net Acidity Y%w/w S 0.005 <0.005 <0.005 <0.005 <0.005
s-Net Acidity without ANC Y%wiw S 0.005 0.005 0.012 <0.005 0.006
a-Net Acidity moles H+/T 5 <5 <5 <5 <5
Liming Rate kg CaCO3/T 0.1 <0.1 <0.1 <0.1 <0.1
Verification s-Net Acidity Yow/w S -20 -0.66 -0.68 -0.16 -0.02
a-Net Acidity without ANCBT moles H+/T 5 <5 8 <5 <5
Liming Rate without ANCBT kg CaCO3/T 0.1 <0.1 NA <0.1 <0.1

Single Addition Net Acid Generation (NAG) Method: AN216  Tested: 28/4/2020

ECox (NAG Conductivity) pS/cm 1 91 110 47 56
pHox (NAG pH) No unit - 93 9.6 7.6 71
NAG as kg H2SOa/tonne to pH 4.5 kg H2S04/T 0.5 <0.5 <0.5 <0.5 <0.5
NAG as kg H2SOa/tonne to pH 7 kg H2S04/T 0.5 <0.5 <0.5 <0.5 <0.5
NAG as kg CaCO3/tonne to pH 4.5 kg CaCO3/T 0.5 <0.5 <0.5 <0.5 <0.5
NAG as kg CaCO3/tonne to pH 7 kg CaCO3/T 0.5 <0.5 <0.5 <0.5 <0.5
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ANALYTICAL REPORT

Sample Number
Sample Matrix
Sample Name

Parameter

pH in soil (1:5) Method: AN101  Tested: 28/4/2020

CE145677.029
Soil
Wallanbah 59

CE145677.030
Soil
Wallanbah 40

CE145677 RO

CE145677.031
Soil
Wallanbah 57

CE145677.032

Soil

Wallanbah 34

‘ pH ‘ pH Units ‘ 0.1 ‘ 8.6 6.5 71 59 ‘
Conductivity and TDS by Calculation - Soil Method: AN106 Tested: 28/4/2020

‘ Conductivity of Extract (1:5 dry sample basis) ‘ uS/cm ‘ 2 ‘ 180 70 300 90 ‘
Chloride (water extractable) Method: AN274 Tested: 28/4/2020

‘ Chloride (water extractable 1:5) ‘ mg/kg ‘ 5 ‘ <5 32 370 72 ‘
Water Soluble Metals in Soil by ICPOES Method: AN002/AN320 Tested: 29/4/2020
Aluminium, Al mg/kg 0.2 59 19 27 16
Arsenic, As mg/kg 0.2 <0.2 <0.2 <0.2 <0.2
Barium, Ba mg/kg 0.05 13 25 51 27
Beryllium, Be mg/kg 0.05 <0.05 <0.05 <0.05 <0.05
Cadmium, Cd mg/kg 0.01 <0.01 <0.01 <0.01 <0.01
Cobalt, Co mg/kg 0.1 0.2 <0.1 0.2 0.2
Chromium, Cr mg/kg 0.05 <0.05 <0.05 <0.05 <0.05
Copper, Cu mg/kg 0.05 0.64 <0.05 0.20 0.14
Iron, Fe mg/kg 0.2 17 8.2 12 19
Lead, Pb mg/kg 0.2 0.6 <0.2 <0.2 <0.2
Manganese, Mn mg/kg 0.05 13 1.1 8.1 16
Molybdenum, Mo mg/kg 0.1 <0.1 <0.1 <0.1 <0.1
Nickel, Ni mg/kg 0.05 0.06 0.07 0.17 0.37
Sulfur, S mg/kg 1 <1 14 18 3
Sulphur as Sulfate, SO4 mg/kg 3 <3 41 53 9
Zinc, Zn mg/kg 0.1 0.2 <0.1 04 03
Water Soluble Mercury in Soil Method: AN002/AN311  Tested: 29/4/2020

‘ Mercury, Hg ‘ mg/kg ‘ 0.005 ‘ <0.005 <0.005 <0.005 <0.005 ‘
Moisture Content Method: AN002 Tested: 20/4/2020

‘ % Moisture ‘ Yow/w ‘ 0.5 ‘ 72 10 9.9 12 ‘
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Parameter

Chromium Reducible Sulphur (CRS)

Method: AN217

ANALYTICAL REPORT

Sample Number CE145677.029

Sample Matrix Soil
Sample Name

Wallanbah 59

Tested: 28/4/2020

CE145677.030
Soil
Wallanbah 40

CE145677.031
Soil
Wallanbah 57

CE145677 RO

CE145677.032
Soil
Wallanbah 34

Chromium Reducible Sulphur (Scr) % 0.005 0.005 0.007 <0.005 <0.005
Chromium Reducible Sulphur (Scr) moles H+/T 5 <5 <5 <5 <5
TAA (Titratable Actual Acidity) Method: AN219 Tested: 27/4/2020

pH KCI pH Units - 85 53 6.4 47
Titratable Actual Acidity (TAA) moles H+/tonne moles H+/T 5 <5 <5 <5 10
Titratable Actual Acidity (TAA) S%w/w Yow/w S 0.01 <0.01 <0.01 <0.01 0.02
Net Acid Soluble Sulphur (Snas) Yowlw 0.005 - - - -
Net Acid Soluble Sulphur (Snas) moles H+/tonne moles H+/T 5 - - - -
Sulphur (SKCI) Yow/w 0.005 <0.005 <0.005 0.006 <0.005
Titratable Actual Acidity kg H2S04/T 0.25 <0.25 <0.25 <0.25 0.49
HCI Extractable S, Ca and Mg in Soil ICP OES Method: AN014  Tested: 30/4/2020

Acid Soluble Sulfur (SHCI) %owiw ‘ 0.005 ‘ <0.005 0.008 0.010 0.005
Acid Neutralising Capacity (ANC) Method: AN214  Tested: 28/4/2020

Lime Equivalence % CaCO3 0.1 1.6 <0.1 0.3 0.1
Acid Neutralisation Capacity (ANCBT) as % CaCOs % CaCO3 0.1 1.6 <0.1 03 0.1
Acid Neutralisation Capacity (ANCBT) as kg H2SOu4/t kg H2S04/T 0.1 16 <0.1 25 12
Acid Neutralisation Capacity (ANCBT) as acidity units moles H+/T 5 320 <5 50 25
Acid Neutralisation Capacity (ANCBT) as % S %wiw S 0.005 0.52 <0.005 0.080 0.040
ANC as % CaCOs % CaCO3 0.1 1.6 <0.1 03 0.1
Chromium Suite Net Acidity Calculations Method: AN220 Tested: 30/4/2020

s-Net Acidity Y%w/w S 0.005 <0.005 0.015 <0.005 <0.005
s-Net Acidity without ANC Y%wiw S 0.005 0.005 0.015 0.006 0.020
a-Net Acidity moles H+/T 5 <5 9 <5 <5
Liming Rate kg CaCO3/T 0.1 <0.1 NA <0.1 <0.1
Verification s-Net Acidity Yow/w S -20 -0.34 0.01 -0.05 -0.02
a-Net Acidity without ANCBT moles H+/T 5 <5 9 <5 12
Liming Rate without ANCBT kg CaCO3/T 0.1 <0.1 NA <0.1 NA
Single Addition Net Acid Generation (NAG) Method: AN216 Tested: 28/4/2020

ECox (NAG Conductivity) uS/cm 1 7 50 63 47
pHox (NAG pH) No unit - 8.1 5.0 6.1 55
NAG as kg H2SOa/tonne to pH 4.5 kg H2S04/T 0.5 <0.5 <0.5 <0.5 <0.5
NAG as kg H2SOa/tonne to pH 7 kg H2S04/T 0.5 <0.5 1.4 <0.5 14
NAG as kg CaCO3/tonne to pH 4.5 kg CaCO3/T 0.5 <0.5 <0.5 <0.5 <0.5
NAG as kg CaCO3/tonne to pH 7 kg CaCO3/T 0.5 <0.5 1.4 <0.5 14
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ANALYTICAL REPORT

Sample Number
Sample Matrix
Sample Name

Parameter

pH in soil (1:5) Method: AN101  Tested: 28/4/2020

CE145677.033
Soil
Wallanbah 52

CE145677.034
Soil
Wallanbah 35

CE145677 RO

CE145677.035
Soil
Wallanbah 58

‘ pH ‘ pH Units ‘ 0.1 ‘ 6.0 9.1 9.1
Conductivity and TDS by Calculation - Soil Method: AN106 Tested: 28/4/2020

‘ Conductivity of Extract (1:5 dry sample basis) ‘ uS/cm ‘ 2 ‘ 33 380 390
Chloride (water extractable) Method: AN274 Tested: 28/4/2020

‘ Chloride (water extractable 1:5) ‘ mg/kg ‘ 5 ‘ <5 110 98
Water Soluble Metals in Soil by ICPOES Method: AN002/AN320 Tested: 29/4/2020
Aluminium, Al mg/kg 0.2 30 57 58
Arsenic, As mg/kg 0.2 <0.2 <0.2 <0.2
Barium, Ba mg/kg 0.05 14 22 46
Beryllium, Be mg/kg 0.05 <0.05 <0.05 0.06
Cadmium, Cd mg/kg 0.01 <0.01 0.02 <0.01
Cobalt, Co mg/kg 0.1 <0.1 0.2 03
Chromium, Cr mg/kg 0.05 <0.05 <0.05 <0.05
Copper, Cu mg/kg 0.05 0.06 1.2 0.78
Iron, Fe mg/kg 0.2 20 36 22
Lead, Pb mg/kg 0.2 <0.2 1.8 08
Manganese, Mn mg/kg 0.05 0.46 17 20
Molybdenum, Mo mg/kg 0.1 <0.1 <0.1 <0.1
Nickel, Ni mg/kg 0.05 0.18 0.06 0.22
Sulfur, S mg/kg 1 5 48 56
Sulphur as Sulfate, SO4 mg/kg 3 16 140 170
Zinc, Zn mg/kg 0.1 <0.1 0.3 04
Water Soluble Mercury in Soil Method: AN002/AN311  Tested: 29/4/2020
Mercury, Hg mg/kg ‘ 0.005 ‘ <0.005 <0.005 <0.005
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Parameter

Moisture Content Method: AN002

Tested: 20/4/2020

ANALYTICAL REPORT

Sample Number CE145677.033

Sample Matrix Soil
Sample Name

Wallanbah 52

CE145677.034
Soil
Wallanbah 35

CE145677 RO

CE145677.035
Soil
Wallanbah 58

% Moisture Y%w/w ‘ 0.5 ‘ 8.8 79 71
Chromium Reducible Sulphur (CRS) Method: AN217 Tested: 28/4/2020

Chromium Reducible Sulphur (Scr) % 0.005 0.005 0.018 0.007
Chromium Reducible Sulphur (Scr) moles H+/T 5 <5 1 <5
TAA (Titratable Actual Acidity) Method: AN219  Tested: 27/4/2020

pH KCI pH Units - 45 8.7 8.9
Titratable Actual Acidity (TAA) moles H+/tonne moles H+/T 5 35 <5 <5
Titratable Actual Acidity (TAA) S%w/w %wiw S 0.01 0.06 <0.01 <0.01
Net Acid Soluble Sulphur (Snas) %ow/w 0.005 - - -
Net Acid Soluble Sulphur (Snas) moles H+/tonne moles H+/T 5 - - -
Sulphur (SKCI) %owiw 0.005 <0.005 0.008 0.007
Titratable Actual Acidity kg H2S04/T 0.25 17 <0.25 <0.25
HCI Extractable S, Ca and Mg in Soil ICP OES Method: AN014  Tested: 30/4/2020

Acid Soluble Sulfur (SHCI) %owiw ‘ 0.005 ‘ <0.005 0.017 0.010
Acid Neutralising Capacity (ANC) Method: AN214  Tested: 28/4/2020

Lime Equivalence % CaCO3 0.1 <0.1 1.4 33
Acid Neutralisation Capacity (ANCBT) as % CaCOs % CaCO3 0.1 <0.1 14 33
Acid Neutralisation Capacity (ANCBT) as kg H2SO4/t kg H2S04/T 0.1 <0.1 13 32
Acid Neutralisation Capacity (ANCBT) as acidity units moles H+/T 5 <5 270 650
Acid Neutralisation Capacity (ANCBT) as % S Yowlw S 0.005 <0.005 0.44 1.0
ANC as % CaCOs % CaCO3 0.1 <0.1 1.4 33
Chromium Suite Net Acidity Calculations Method: AN220 Tested: 30/4/2020

s-Net Acidity Yow/w S 0.005 0.061 <0.005 <0.005
s-Net Acidity without ANC Y%w/w S 0.005 0.061 0.018 0.007
a-Net Acidity moles H+/T 5 38 <5 <5
Liming Rate kg CaCO3/T 0.1 29 <0.1 <0.1
Verification s-Net Acidity Y%wiw S -20 0.01 -0.28 -0.69
a-Net Acidity without ANCBT moles H+/T 5 38 1 <5
Liming Rate without ANCBT kg CaCO3/T 0.1 29 NA <0.1
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Parameter

Single Addition Net Acid Generation (NAG)

Method: AN216

ANALYTICAL REPORT

Sample Number
Sample Matrix
Sample Name

Tested: 28/4/2020

CE145677.033
Soil
Wallanbah 52

CE145677.034
Soil
Wallanbah 35

CE145677 RO

CE145677.035
Soil
Wallanbah 58

ECox (NAG Conductivity) uS/cm 1 47 7 120
pHox (NAG pH) No unit - 49 74 8.9
NAG as kg H2SOa/tonne to pH 4.5 kg H2S04/T 0.5 <0.5 <0.5 <0.5
NAG as kg H2SOa/tonne to pH 7 kg H2S04/T 0.5 1.6 <0.5 <0.5
NAG as kg CaCO3/tonne to pH 4.5 kg CaCO3/T 0.5 <0.5 <0.5 <0.5
NAG as kg CaCO3/tonne to pH 7 kg CaCO3/T 0.5 1.6 <0.5 <0.5
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CE145677 RO
QC SUMMARY

MB blank results are compared to the Limit of Reporting

LCS and MS spike recoveries are measured as the percentage of analyte recovered from the sample compared the the amount of analyte spiked into the sample.

DUP and MSD relative percent differences are measured against their original counterpart samples according to the formula : the absolute difference of the two results divided
by the average of the two results as a percentage. Where the DUP RPD is 'NA', the results are less than the LOR and thus the RPD is not applicable.

Acid Neutralising Capacity (ANC) Method: ME-(AU)-[ENV]AN214

Parameter Qc DUP %RPD LCS
Reference %Recovery

Lime Equivalence LB078241 % CaCO3

Acid Neutralisation Capacity (ANCBT) as % CaCOs LB078241 % CaCO3 0.1 <0.1 0-4% 100%
Acid Neutralisation Capacity (ANCBT) as kg H2SO4/t LB078241 kg H2S04/T 0.1 <0.1 0-4% NA

Acid Neutralisation Capacity (ANCBT) as acidity units LB078241 moles H+/T 5 <5 0-4% NA

Acid Neutralisation Capacity (ANCBT) as % S LB078241 %w/w S 0.005 <0.005 0-4% NA
ANC as % CaCOs LB078241 % CaCO3 0.1 <0.1 0-4% NA

Chloride (water extractable) Method: ME-(AU)-[ENV]AN274
Parameter (e]03 DUP %RPD LCS

Reference %Recovery
Chloride (water extractable 1:5) LB078235 mg/kg 5 <5 4-10% 107 - 108%

Chromium Reducible Sulphur (CRS) Method: ME-(AU)-[ENV]AN217

Parameter Qc DUP %RPD LCS
Reference %Recovery

Chromium Reducible Sulphur (Scr) LB078222 %

Chromium Reducible Sulphur (Scr) LB078222 moles H+/T

Single Addition Net Acid Generation (NAG) Method: ME-(AU)-[ENV]AN216

Parameter Qc DUP %RPD LCS
Reference %Recovery
ECox (NAG Conductivity) LB078240 uS/cm 1 40 - 42 0-4% 90%
pHox (NAG pH) LB078240 No unit - 6.0-6.1 0-1% 96%
NAG as kg H2SOa/tonne to pH 4.5 LB078240 kg H2S04/T 0.5 <0.5 0-3% 108 - 109%
NAG as kg H2SOa/tonne to pH 7 LB078240 kg H2S04/T 0.5 <0.5 0% 96 - 104%
NAG as kg CaCO3/tonne to pH 4.5 LB078240 kg CaCO3/T 0.5 <0.5 0-3% 108 - 109%
NAG as kg CaCO3/tonne to pH 7 LB078240 kg CaCO3/T 0.5 <0.5 0% 96 - 104%

TAA (Titratable Actual Acidity) Method: ME-(AU)-[ENV]AN219

Parameter Qc DUP %RPD LCS
Reference %Recovery
pH KCI LB078182 pH Units - 0% 101%
Titratable Actual Acidity (TAA) moles H+/tonne LB078182 moles H+/T 5 0% 92%
Titratable Actual Acidity (TAA) S%w/w LB078182 %w/w S 0.01 0% 92%
Sulphur (SKCI) LB078182 Y%wlw 0.005 0-7% 88%
Titratable Actual Acidity LB078182 kg H2S04/T 0.25 0% NA

01-May-2020 Page 21 of 24



CE145677 RO

QC SUMMARY

MB blank results are compared to the Limit of Reporting

LCS and MS spike recoveries are measured as the percentage of analyte recovered from the sample compared the the amount of analyte spiked into the sample.

DUP and MSD relative percent differences are measured against their original counterpart samples according to the formula : the absolute difference of the two results divided
by the average of the two results as a percentage. Where the DUP RPD is 'NA', the results are less than the LOR and thus the RPD is not applicable.

Water Soluble Mercury in Soil Method: ME-(AU)-[ENV]AN002/AN311
Parameter (e]03 DUP %RPD LCS

Reference %Recovery
Mercury, Hg LB078260 mg/kg 0.005 <0.005 0% 90 - 92%

Water Soluble Metals in Soil by ICPOES Method: ME-(AU)-[ENV]AN002/AN320

Parameter Qc DUP %RPD LCS
Reference %Recovery
Aluminium, Al LB078258 mg/kg 0.2 <0.2 3-5% NA
LB078259 mg/kg 0.2 <0.2 9% NA
Arsenic, As LB078258 mg/kg 0.2 <0.2 0% NA
LB078259 mg/kg 0.2 <0.2 0% NA
Barium, Ba LB078258 mg/kg 0.05 <0.05 2-7% NA
LB078259 mg/kg 0.05 <0.05 15-77% NA
Beryllium, Be LB078258 mg/kg 0.05 <0.05 0% NA
LB078259 mg/kg 0.05 <0.05 0% NA
Cadmium, Cd LB078258 mg/kg 0.01 <0.01 0-2% NA
LB078259 mg/kg 0.01 <0.01 0% NA
Cobalt, Co LB078258 mg/kg 0.1 <0.1 4-5% NA
LB078259 mg/kg 0.1 <0.1 15-61% NA
Chromium, Cr LB078258 mg/kg 0.05 <0.05 0% NA
LB078259 mg/kg 0.05 <0.05 0% NA
Copper, Cu LB078258 mg/kg 0.05 <0.05 1-6% NA
LB078259 mg/kg 0.05 <0.05 18-71% NA
Lead, Pb LB078258 mg/kg 0.2 <0.2 2-4% NA
LB078259 mg/kg 0.2 <0.2 0-14% NA
Manganese, Mn LB078258 mg/kg 0.05 <0.05 3-7% NA
LB078259 mg/kg 0.05 <0.05 6-90% NA
Molybdenum, Mo LB078258 mg/kg 0.1 <0.1 0% NA
LB078259 mg/kg 0.1 <0.1 0% NA
Nickel, Ni LB078258 mg/kg 0.05 <0.05 3-7% NA
LB078259 mg/kg 0.05 <0.05 12-82% NA
Sulfur, S LB078258 mg/kg 1 <1 1% NA
LB078259 ma/kg 1 <1 3-12% NA
Sulphur as Sulfate, SO4 LB078258 mg/kg 3 <3 1% NA
LB078259 ma/kg 3 <3 3-12% NA
Zinc, Zn LB078258 mg/kg 0.1 <0.1 2-3% NA
LB078259 mg/kg 0.1 <0.1 20-78% NA
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CE145677 RO
METHOD SUMMARY

METHOD
' METHODOLOGY SUMMARY ™

AN002 The test is carried out by drying (at either 40°C or 105°C) a known mass of sample in a weighed evaporating basin.
After fully dry the sample is re-weighed. Samples such as sludge and sediment having high percentages of
moisture will take some time in a drying oven for complete removal of water.

ANO002/ AN311 Soil sample is extracted 1:5 in deionised water and mercury analysed by CVAAS, method AN311, with results
reported on the dried sample basis.

ANO002/AN320/AN321 Soil sample is extracted in deionised water (1:2 or 1:5) and metals analysed by ICP OES, method AN320/AN321,
with results reported on the dried sample basis.

ANO14 This method is for the determination of soluble sulfate (SO4-S) by extraction with hydrochloric acid. Sulphides
should not react and would normally be expelled. Sulfur is determined by ICP.

AN101 pH in Soil Sludge Sediment and Water: pH is measured electrometrically using a combination electrode and is
calibrated against 3 buffers purchased commercially. For soils, sediments and sludges, an extract with water (or
0.01M CaCl2) is made at a ratio of 1:5 and the pH determined and reported on the extract. Reference APHA
4500-H+.

AN106 Conductivity and TDS by Calculation: Conductivity is measured by meter with temperature compensation and is
calibrated against a standard solution of potassium chloride. Conductivity is generally reported as pmhos/cm or
pS/cm @ 25°C. For soils, an extract of as received sample with water is made at a ratio of 1:5 and the EC
determined and reported on the extract, or calculated back to the as-received sample. Salinity can be estimated
from conductivity using a conversion factor, which for natural waters, is in the range 0.55 to 0.75. Reference APHA
2510 B.

AN214 Acid Neutralising Capacity (ANC)or Neutralising Value (NV): The crushed or as received sample is reacted with
excess normal acid (HCI) and then back titrated with standard sodium hydroxide to determine the acid consumed.
The result is expressed as kg H2SO4/tonne or %CaCO3. Based on AS4969-13.

AN216 Pulverised sub-sample of a waste rock or an as received sample of filter cake, soil or sludge is subjected to an
oxidising digest with 15% hydrogen peroxide adjusted to pH 4.5. The pH and EC of the NAG suspension is
recorded at various stages in the digest. The acid produced (if any) is titrated using standardised NaOH to pH 7.0.
NAG results are reported to 0.5 kg H2SO4/tonne.

AN217 Dried pulped sample is mixed with acid and chromium metal in a rapid distillation unit to produce hydrogen sulfide
(H2S) which is collected and titrated with iodine (12(aq)) to measure SCR.

AN219 Dried pulped sample is extracted for 4 hours in a 1 M KClI solution. The ratio of sample to solution is 1:40. The
extract is titrated for acidity. Calcium, magnesium, and sulfur are determined by ICP-AES.

AN220 Chromium Suite: Scheme for the calculation of net acidities and liming rates using a Fineness Factor of 1.5.

AN274 Chloride by Aquakem DA following 1:5 or 1:2 DI water extraction: Chloride reacts with mercuric thiocyanate forming
a mercuric chloride complex. In the presence of ferric iron, highly coloured ferric thiocyanate is formed which is
proportional to the chloride concentration. Results reported on dry sample basis. Reference APHA 4500CI-
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— FOOTNOTES ~
IS Insufficient sample for analysis. LOR Limit of Reporting
LNR  Sample listed, but not received. 1 Raised or Lowered Limit of Reporting
* NATA accreditation does not cover the QFH QC result is above the upper tolerance
performance of this service. QFL QC result is below the lower tolerance
** Indicative data, theoretical holding time exceeded. - The sample was not analysed for this analyte

NVL Not Validated

Unless it is reported that sampling has been performed by SGS, the samples have been analysed as received.
Solid samples expressed on a dry weight basis.

Where "Total" analyte groups are reported (for example, Total PAHs, Total OC Pesticides) the total will be calculated as the sum of the individual
analytes, with those analytes that are reported as <LOR being assumed to be zero. The summed (Total) limit of reporting is calcuated by summing
the individual analyte LORs and dividing by two. For example, where 16 individual analytes are being summed and each has an LOR of 0.1 mg/kg,
the "Totals" LOR will be 1.6 / 2 (0.8 mg/kg). Where only 2 analytes are being summed, the " Total" LOR will be the sum of those two LORs.

Some totals may not appear to add up because the total is rounded after adding up the raw values.

If reported, measurement uncertainty follow the * sign after the analytical result and is expressed as the expanded uncertainty calculated using a
coverage factor of 2, providing a level of confidence of approximately 95%, unless stated otherwise in the comments section of this report.

Results reported for samples tested under test methods with codes starting with ARS-SOP, radionuclide or gross radioactivity concentrations are
expressed in becquerel (Bq) per unit of mass or volume or per wipe as stated on the report. Becquerel is the Sl unit for activity and equals one
nuclear transformation per second.
Note that in terms of units of radioactivity:

a. 1Bqis equivalent to 27 pCi

b. 37 MBq is equivalent to 1 mCi

For results reported for samples tested under test methods with codes starting with ARS-SOP, less than (<) values indicate the detection limit for
each radionuclide or parameter for the measurement system used. The respective detection limits have been calculated in accordance with 1SO
11929.

The QC and MU criteria are subject to internal review according to the SGS QAQC plan and may be provided on request or alternatively can be
found here: www.sgs.com.au/en-gb/environment-health-and-safety .

This document is issued by the Company under its General Conditions of Service accessible at www.sgs.com/en/Terms-and-Conditions.aspx.
Attention is drawn to the limitation of liability, indemnification and jurisdiction issues defined therein.

Any holder of this document is advised that information contained hereon reflects the Company's findings at the time of its intervention only and
within the limits of Client's instructions, if any. The Company's sole responsibility is to its Client only. Any unauthorized alteration, forgery or
falsification of the content or appearance of this document is unlawful and offenders may be prosecuted to the fullest extent of the law .

This report must not be reproduced, except in full.

- J
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1 BACKGROUND
1.1 The Burton Coal Mine

The Burton Mine is an open-cut mine owned by Peabody. It is located 150 kilometres west of Mackay,
and has been operating since 1995.

Between 1995 and 2016, mining was conducted by dragline and truck-shovel operations, mining coking
coal. In 2017, the northern portion of the mine was taken over by New Hope Coal for continued
operation as the New Lenton Coal Project. The part of the mine still under Peabody’s management is
now being rehabilitated for final closure.

There are four pits to be closed; Broadmeadow, Wallanbah, Bullock Creek, and PlumTree. Each pit
includes highwalls, endwalls and lowwalls, as well as associated out-of-pit dumps.

Waste rock at Burton broadly consists of two dominant material types:
e a finetextured Tertiary overburden that is commonly sodic, dispersive, and highly erodible, and

e Permian sandstones and mudstones of varying competence, but that are generally alkaline and
dispersive.

1.2 Work scope

Burton Coal engaged Landloch Pty Ltd (Landloch) to undertake a review of waste material properties and
landform design options for Burton Mine, using the following work program:

a) Review existing data and identify sampling locations;

b) Site visit to assess erosion mechanisms and key aspects of site rehabilitation and stability, and
to collect initial material samples;

c) Interpretation of laboratory data and selection of bulk samples for erodibility measurement;

d) Erodibility measurement; and

e) Review existing and proposed landforms on site and explore options for modification of current
practices and optimisation of designs.

2 SITE VISIT

Landloch staff conducted a site visit to Burton Mine in November 2018. With the assistance of site
personnel, examples of the various topsoil and waste materials present on-site were identified and
sampled for laboratory analysis.

Multiple examples of each identified material were recorded to provide some redundancy in case
preferred locations for bulk sample collection were made inaccessible by mining operations.
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3 MATERIAL SAMPLING AND CHARACTERISATION

3.1 Site geology and overburden types
The waste materials at Burton Mine can be broadly classified into two categories:

e Weathered zone materials: Cainozoic (Tertiary) clays, sands, claystones and sandstones. The
Weathered Zone materials (referred to generally as Tertiary materials in this report) are typically
sodic, highly erodible and prone to clay dispersion. These materials have varying levels of
salinity, but their main constraint is their high erosion risk.

e Unweathered zone materials: Permian sandstones, siltstones, and mudstones. Carbonaceous
zones are present close to the coal seams. These materials are referred to generally as Permian
materials in this report. The physical properties of these materials are highly variable. They are
generally sodic, alkaline and non-saline, although there are some materials with elevated salinity
levels, and some with lower sodicity levels. Erosion risk varies, based on physical properties and
sodicity, but generally the sandstones are somewhat more competent and resistant to weathering
and erosion than are the siltstones and mudstones.

3.2 Initial sampling

Grab samples of a total of five topsoil and nine waste materials were taken for initial analysis. Sample
locations are shown in Figure 1. Chemical properties of the materials selected for bulk sampling are
presented in in Table 1.

3.3 Bulk samples for erodibility testing

Based on the data obtained, it was decided to take bulk samples of the topsoils represented by samples
BO4 and BO7 to largely cover the range in clay contents in the stockpiled topsoils available for use on
rehabilitation areas.

Wastes BO2 and B10 were selected to cover the range of Permian materials onsite. However, due to
accessibility difficulties, a bulk sample of the tertiary waste BO3 was provided in lieu of the BO2
Broadmeadow Permian material.

Access to sites for bulk sampling was constrained somewhat by wet weather, but samples of
approximately 1 m® of each of these materials were collected and transported to Landloch’s Toowoomba
erosion laboratory.
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Figure 1: Locations of initial samples collected during site visit.
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Table 1: Laboratory analysis results for materials used for erodibility testing. ltems that may impact
stability or revegetation success are highlighted in yellow.

Analyses Unit Sample
Mudstone Tertiary B07 Clay | B04 Loam

waste waste topsoil topsoil
pH - Water pH units 9.46 6.26 8.56 8.05
Electrical Conductivity dS/m 0.65 0.38 0.16 0.08
Chioride molkg 260.0 416.0 16.5 77
Cation Extraction Method RaLyyn;;a]rS]t& 15C1 15A2 15C1 15C1
Cation Exchange Capacity meq/100g 215 10.0 376 96
Exch. Calcium Percent % 5717 19.69 720 77.99
Exch. Magnesium Percent % 2710 70.20 246 18.85
Exch. Potassium Percent % 121 116 143 259
Exch. Sodium Percent % 14.46 8.84 195 0.45
Exch. Aluminium Percent % 0.05 0.11 0.03 0.12
Exchangeable Calcium mg/kg 2454 395 5414 1496
Exchangeable Magnesium mg/kg 698 845 1112 217
Exchangeable Potassium mg/kg 101 45.4 210 96.9
Exchangeable Sodium mg/kg 714 204 169 10
Exchangeable Aluminium mg/kg 10 10 10 10
Calcium/Magnesium Ratio - 21 0.3 29 41
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4 EROSION AND LANDFORM EVOLUTION MODELLING

4.1 Soil loss targets

This study used runoff, erosion, and landform evolution modelling to identify landform options that would
erode at rates low enough to provide longterm stability. Effectively, the landforms are planned to be
consistent with tolerable rates of soil loss. Wischmeier and Smith (1978) defined tolerable soil loss for
cropland as "the maximum rate of soil erosion that will permit a high level of crop productivity to be
sustained economically and indefinitely."

A value of 11.2 t/ha/y is often cited as a tolerable soil loss rate, but that value was derived by US soil
conservation agencies for deep fertile cultivated soils, and has litle relevance to most rehabilitated
minesites. Using similar criteria to those applied for crop land, a lower soil loss tolerance value of 4.5
t/ha/y was developed by US agencies for erosion of rangeland soils and shallow cultivated soils (Wight
and Siddoway 1979).

This latter value is more appropriate to minesite revegetation in Australia. A similar value of 5 t/ha/y
has been widely used in planning by Landloch on the basis that — at that value - rilling is largely if not
completely absent. The elimination of rilling greatly reduces the potential for channelised flow to form
gullies, and experience to date with a large number of waste landforms designed by Landloch has shown
that a tolerance soil loss value of 5 t/ha/y does achieve acceptable levels of stability to erosion.

4.2 Strategy adopted
In considering landform design, the strategy applied was to:

a) use the WEPP model to consider runoff and erosion from a range of landform and rehabilitation
options as its flexibility and detailed output is ideal for that purpose.

b) generate time series data from WEPP which are then used to derive parameters for the SIBERIA
landform evolution model.

c) run SIBERIA for 3-dimensional landforms to consider impacts of potential flow concentrations and
of changes in landform profile through time.

WEPP is used to consider 2-dimensional slope profiles, and cannot, therefore, consider impacts of flow
concentration over areas of tens of hectares. However, the detail provided by WEPP with respect to
runoff and erosion and the location and timing of significant losses makes it an excellent design tool.

4.3 The WEPP model

The Water Erosion Prediction Program (WEPP) (Flanagan and Livingston 1995) was developed by the
United States Department of Agriculture (USDA) to predict runoff, erosion, and deposition for hillslopes
and watersheds. It is a simulation model with a daily input time step, but internal calculations can use
shorter time steps. For example, the climate file (for each day) includes information on:

e Amount of rain

e Duration of the rain

Time to peak intensity

Ratio between peak intensity and average intensity.

This information is used in infiltration calculations, so that the model takes intensity and duration of rainfall
into account. For every day, plant and soil characteristics important to erosion processes are updated.
When rainfall occurs, those plant and soil characteristics are considered in determining whether runoff
occurs. If runoff is predicted to occur, the model computes sediment detachment, transport, and
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deposition at points along the slope profile, and, depending on the version used, in channels and
reservoirs.

Conceptually, the WEPP model can be divided into six components: climate generation, hydrology, plant
growth, soils, management, and erosion.

The erosion component 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 critical shear and the flow sediment load is below transport capacity. Deposition in rills is computed
when the sediment load is greater than the capacity of the flow to transport it.

4.4 The SIBERIA model

The SIBERIA model simulates runoff and erosion from a landform that evolves in response to predicted
erosion and deposition. It is a 3-dimensional topographic evolution model, which predicts the long-term
evolution of channels and hillslopes in a catchment on the basis of runoff and erosion, and has been
successfully applied to explain aspects of geomorphology of natural landforms (Willgoose 1994). The
location and speed with which gullies develop are controlled by a channelisation function that is related
to runoff and soil erodibility (Willgoose et al. 1989). The model solves for two variables; elevation, from
which slope geometries are determined, and an indicator function that determines where channels exist.
Channel growth is governed by an activation threshold. A surface may commence with no gullies, but
when the activation threshold, which depends on discharge and slope gradient, is exceeded, a channel
develops.

The SIBERIA model has been widely used for assessment of the evolution of constructed landforms on a
range of minesites across Australia and overseas (Willgoose 1994, Willgoose and Riley 1995, Boggs
et al. 2000, Hancock et al. 2003, Hancock and Willgoose 2004, Hancock 2004).

4.5 Validation of WEPP and SIBERIA

Both models can be considered "industry standard".

WEPP has been widely used and validated for application in agricultural situations (Nearing and Nicks
1998; Ghidey and Alberts 1996; Liu et al. 1997; Zhang et al. 1996; Tiwari et al. 2000; Yu and
Rosewell 2001).

It has also been widely used in design of constructed landforms for minesites across Australia. Erosion
of minesite landforms modelled with WEPP using parameters derived using Landloch's methods has
shown extremely strong correlation with observed rates for the same time periods, rainfall and surface
conditions (Howard and Roddy 2012), confirming the accuracy of WEPP simulations for waste landform
designs.

SIBERIA has been extensively used by the Supervising Scientist Division of the Commonwealth
Department of Sustainability, Environment, Water, Population and Communities, and subjected to
extensive validation. In general, the tests indicate that — provided the model is adequately calibrated —
SIBERIA predictions appear to be reasonable (Hancock et al. 2000, Hancock et al. 2002, Hancock et
al. 2003, Willgoose et al. 2003).
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4.6 Derivation of SIBERIA parameter values

WEPP simulations were run for a 100-year climate file prepared to simulate climate at Burton, for a range
of slope lengths and gradients, with daily outputs of runoff and erosion.

SIBERIA parameters m; (a slope response parameter) and by (an erosion rate parameter) were derived
from those time series data.

5 ERODIBILITY MEASUREMENT

For the wastes and topsoils supplied, erodibility parameters for the WEPP model were determined using
measurements of runoff, erosion, and sediment properties from:

e plots exposed to simulated rainfall to measure interrill erodibility and hydraulic conductivity
(Figure 2 and Figure 3); and

e Flumes where soil samples were exposed to a range of overland flow conditions to measure
critical shear and rill erodibility (Figure 4 and Figure 5).

These four parameters are used within the WEPP model to describe the erodibility of a soil.

5. 1.1 Rainfall simulation

The rainfall simulator used is of the design described by Loch ef al. (2001), and applies simulated rain
with a kinetic energy equivalent to that of natural rainfall at intensities >40 mm/h. Simulated rain was
applied to duplicate plots 0.75 m square and 0.2 m deep set at a 20% gradient for a period sufficient
for the samples to reach steady infiltration/runoff rates.

Plots were lightly compacted during packing so that the re-packed samples were consistent with soil that
had consolidated naturally under rainfall, and subject to wetting and drying to further consolidate the
surface. Runoff generated by simulated rain was sampled at regular intervals (2-3 minutes), and sediment
concentrations were measured gravimetrically.

Figure 2: Rainfall simulator plots immediately following application of rain, to samples of (L-R) tertiary
waste (B03), and Wallanbah topsoil (B04).
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Figure 3: Rainfall simulator plots immediately following application of rain, to samples of (L-R)
Broadmeadow topsoil (BO7), and Permian mudstone waste (B10).

The WEPP model version used also requires information on sediment size and density, which effectively
control sediment settling velocity and — in some circumstances — sediment transport capacity. To measure
properties of "sediment available for detachment" for the topsoil, samples of the surface seal layer were
taken from plots immediately following application of simulated rain using the method outlined by Loch

(1994). Settling velocity distributions of those samples were measured in a modified top entry tube (Loch
2001).

Rain water was used in all measurements to avoid any potential impacts of water quality on infiltration
and on the disaggregation of sediment to finer sizes.

5.1.2 Overland flows in flumes

Studies of rill erodibility used flumes 2 m long and 0.4 m wide (Figure 4 and Figure 5). For all materials,
three flumes were run, set at various gradients, ensuring that a wide range of flow tractive force was
applied. In all cases, samples were lightly compacted during placement in the flumes (to achieve a field
bulk density for the material), then exposed to several wetting and drying cycles over several days to
develop a hard, cohesive soil surface crust (consistent with typical field conditions) prior to application
of overland flow.

For each flume, a sequence of increasing overland flow rates was applied. Each flow rate was
maintained for 5 minutes and samples of runoff were taken at 1, 2, 3, and 5 minutes from the
commencement of each flow rate for sediment concentration measurement.
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Figure 4: Flumes showing application of flow to samples of (L-R) tertiary waste (B03), and Wallanbah
topsoil (B04). Note high suspended load of dispersed clay in runoff from the waste.

Figure 5: Flumes showing application of flow to samples of (L-R) Broadmeadow topsoil (B07), and
Permian mudstone waste (B10).
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5.2 WEPP parameter derivation

Erodibility parameters required for the WEPP model are K; (interrill erodibility), Kz (rill erodibility - a
detachment parameter), and z. (critical shear for rill initiation). These parameters are used to predict
changes in erosion processes and rates in response to changes in runoff, slope length, and land
management. Also important is the Hydraulic Conductivity parameter (K used in the model to predict
runoff.

5.3 SIBERIA parameter derivation

SIBERIA predicts the longterm average change in elevation of a point by predicting the volume of
sediment lost from a node. The rate of sediment transport through a node (g, in units of m3/y) is
determined by the equation:

qs =Py X qmM xS™ 1)

where B is the sediment transport rate coefficient, q is discharge (m3/y), m; is the discharge exponent,
S is the slope (m/m), and n; is the slope exponent.

SIBERIA does not directly model runoff, but uses sub-grid effective parameterisation which relates
discharge to area draining through a point as:

q =Pz xA™ 2)

Where Bs is the coefficient between discharge and area, A is area (m?), and ms is the exponent of the
area in discharge.

To run SIBERIA, the parameters B1, mi, n1, Bs, and ms are usually needed. Effectively, the Bi parameter
could be described as an erosion “rate parameter”, as it primarily controls the rate of sediment
movement. The mi parameter could be described as primarily controlling slope length responses.

Input parameters for SIBERIA are derived by fitting the model to time series data for the field area of
interest. However, as long periods of record are not available for landforms at Burton Mine, the
approach used to estimate SIBERIA model parameters was fo:

(a) Run the WEPP model to generate data sets of runoff and erosion for slopes and materials of
interest; and

(b) Analyse the WEPP output to derive parameters for the SIBERIA model.

In this case, WEPP data were generated for bare and vegetated slopes at Burton Mine, for the local
climate, and considering a range of slope lengths. Soil properties were adjusted so that their hydraulic
conductivities were consistent with 60% grass cover, as the long-term simulations compared vegetated
areas with bare areas.

Field observations found that the ripping and settling of rehabilitated surfaces resulted in the typically
thin layer of topsoil being reasonably well mixed into the upper portion of the underlying waste, with no
significant, distinct topsoil horizon present. For this reason, landforms have been modelled with
erodibility parameters based on bare waste materials.
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6 LANDFORM EVOLUTION SIMULATIONS

6.1 Landforms considered

Digital terrain models (DTMs) of the proposed final landforms for four pits and their associated waste
dumps were provided by RACAD Pty Ltd for use in this study.

6.1.1 Wallanbah

Wallanbah pit has a large internally-facing slope on the eastern side of the pit which is variously
comprised of the internal batter of the eastern ex-pit dump and the battered-down highwall, as shown in
Figure 6.

The eastern ex-pit dump is constructed of a mix of Permian and tertiary materials, but is dominated by
permian waste and has been modelled as such.

The battered down highwall is mostly cut and filled tertiary waste, and additional simulations were run
using erodibility parameters for tertiary material and topsoil to specifically investigate the long-term
stability of that slope.
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Tertiary batter

Permian batter

Eastern ex-pit dump

Figure 6: Wallanbah pit final landform, showing the two slopes assessed in this study.

6.1.2 Broadmeadow

The focus of simulations in the Broadmeadow pit is the inner face of the large western ex-pit dump. The
current design for the slope is an approximately 300m long, 16.6% gradient slope. WEPP modelling
was used fo assess the likely stability of the slope with different contour bank spacings (e.g. 60-90m
spacings), but SIBERIA modelling assessed the long-term stability of the slope in its final state, with contour
banks removed. Figure 7 shows the study area.
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Inner batter

Western ex-pit dump

Figure 7: Broadmeadow pit final landform, showing inner batter assessed in this study.

6.1.3 Bullock Creek

The Bullock Creek pit has been mostly rehabilitated. The simulations assessed the long-term stability of
the southern in-pit dump. The pit area and southern dump assessed in the erosion study are shown in

Figure 8.
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Southern dump

Figure 8: Bullock Creek pit final landform.

6.1.4 Plumtree

The Plumtree pit is the northernmost pit assessed in this study. The modelling focussed on the internal
batters of the two large in-pit dumps. The pit area and slopes assessed are shown in Figure 9.
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Western dumps

Figure 9: Plumtree pit final landform, showing western dumps assessed in this study.
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6.1.5 Erodibility

Simulations were run on bare soil (C=1) and 60% grass cover (C=0.04) scenarios with erodibility
parameters (B1, m1) derived from WEPP modelling as discussed above. A ground (contact) cover level of
60% was chosen as a realistic minimum cover level, based on observations of established rehabilitation
made during the site inspection.

In considering surface cover, it should be noted that contact cover will include basal area of grass, litter,
and rocks. For some grass species, standing cover may not be greatly different to contact cover, whereas
for species such as buffel grass, standing cover may be considerably less than contact cover, and buffel
is, consequently, widely recognised to be less effective in controlling erosion than some other species.

6.2 Model output
6.2.1 Overview

All landforms assessed showed major erosion under bare soil conditions, including severe gullying.
Under 60% contact groundcover, erosion rates were generally lower and gullying less severe.

6.2.2 Wallanbah

For Permian material with 60% contact ground cover, 300 year simulations of erosion of the internal
batter of the eastern dump (focus area shown in Figure 10) predicted acceptable rates of erosion (Figure
11), with an average erosion rate of ~2.5 t/ha/year.

Simulations on a bare Permian material surface show extensive gullying and severe overall soil loss
where there is low surface cover (Figure 12, 13 and 14). Erosion rates on the Wallanbah Western
dump batters were 21 t/ha where there was no vegetation cover and 1 t/ha where there was 60%
vegetation cover.
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Figure 10: Wallanbah pit showing the slope assessed prior to simulated erosion, and cross section
location (as shown in Figure 13).
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Figure 11: Wallanbah eastern dump internal batter after 300 years of simulated erosion on Permian
material with 60% vegetation cover.
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Figure 12: Wallanbah eastern dump internal batter after 300 years of simulated erosion on Permian
material bare surface.
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Figure 13: Example cross section showing gullying across the Wallanbah Eastern dump internal batter
after 300 years of simulated erosion on bare soil (red dashed line) and 60% groundcover (blue line)
compared with orginal surface (black solid line).
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Figure 14: Example cross section showing gullying across the Wallanbah Western dump after 300 years
of simulated erosion on bare soil (red dashed line) and 60% groundcover (blue line) compared with
orginal surface (black solid line).
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6.2.2.1 Tertiary highwall batter

A separate simulation was run to assess the extent of erosion and gullying on the tertiary material of the
highwall batter over a 300 year period. Field observations indicated that the slope was already severely
eroded and had negligible vegetation cover, so only a bare soil scenario was assessed using SIBERIA.
As expected, based on current condition, predicted longterm erosion on the batter was extreme.
Significant erosion was predicted after 25 years, with major erosion with gullies greater than 4 m deep
predicted after 300 years (Figures 15 and 16). Average erosion rate over the 300 year simulation was
~140 t/ha/yr.

Subsequently, WEPP simulations were carried out to consider the option of toproiling and vegetating the
highwall batter. Simulations considered:

e A 40 metre high slope on gradient 16.6%;

e  Wallanbah BO4 Loam topsoil; and

e Vegetation cover levels of 30%, 50%, and 70%, with infiltration rates adjusted to
considervegetation impacts as well as adjustment of erosion rates in response to cover factors.

Rill spacings across slope were set to 3 metres for 30% cover, and 2 metres for the higher vegetation
cover levels.

Results of the simulations are shown in Figure 17. They indicate that — at 70% vegetation cover — erosion
rates on the slope will reach approximately 9 t/ha/y at the toe of the slope, with an average of 4 t/ha/y
over the full slope length.

Overall, given this slope drains to a pit, the erosion rates modelled are considered acceptable, provided
that the 70% cover level can be achieved sustainably. Some slight reduction in batter gradient over the
final 40 metres of slope would also improve the slope’s stability.

Figure 15: Wallanbah eastern tertiary batter before (left) and after (right) 300 years of simulated erosion,
with target area and cross section location marked.
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Figure 16: Example cross-section showing gully formation on Wallanbah tertiary batter at 25 years (blue
line) and 300 years (red dashed line) compared with original surface (black solid line).

Figure 17: WEPP model output, showing impacts of vegetation cover and slope length on predicted
erosion rates for a 40 m high slope on 16.6% gradient.
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6.2.3 Broadmeadow

With 60% ground cover, the internal face of the western dump showed acceptable levels of predicted
erosion after 300 years (Figure 18), with an average soil loss of approximately 60 mm over the 300
year period (~2.6 t/ha/year) on the eastern batter. The western batter had a predicted erosion rate of
2.8 t/ha/year with 60% cover. Bare soil was predicted to undergo extensive erosion and major
gullying, as shown in Figures 19 and 20. The crossection of the eastern batter is presented in Figure 20
and the Western batter in Figure 21.

Figure 18: Broadmeadow ex-pit dump before (left, with cross section location marked) and after (right)
300 years simulated erosion on a surface with 60% ground cover.

Figure 19: Broadmeadow ex-pit dump after 300 years of simulated erosion on a bare soil surface and
transect location.
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Figure 20: Cross-section of internal/eastern face of Broadmeadow western dump showing gullying after
300 years of simulated erosion on bare soil (red dashed line) and 60% cover (blue dashed line) compared
with original surface (black solid line).

From Pos: 21° 48'49.3724" S, 148° 08' 27.8781"E To Pos: 21° 48' 30.2539" S, 148° 08' 19.3375"E

Figure 21: Cross-section of external/western face of Broadmeadow western dump showing gullying after
300 years of simulated erosion on bare soil (red dashed line) and 60% cover (blue dashed line) compared
with original surface (black solid line).
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6.2.4 Bullock Creek

With 60% vegetation cover, predicted erosion on the southern batter after 300 years was relatively
minor (Figure 22), with average cumulative soil loss of approximately 20mm depth, equivalent to a
removal rate of less than 1 t/ha/year. The out of pit dump to the north of the pit had an average erosion
rate of 1.44 t/ha/yr under 60% cover which is acceptable.

Without adequate vegetation cover, the Bullock Creek in-pit dump was predicted to sustain severe erosion
(Figure 23), with gullies 3-4 metres deep developing over a 300 year period (Figure 24 and 25).

Figure 22: Bullock Creek in-pit dump before (left, showing cross section location) and after (right) 300
years of simulated erosion on a surface with 60% ground cover.
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Figure 23: Bullock Creek in-pit dump after 300 years of simulated erosion on a bare soil surface.
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Figure 24: Cross-section of Southern face of Bullock Creek in-pit dump showing gullying after 300 years
of simulated erosion on bare soil (red dashed line) and 60% cover (blue dashed line) compared with
original surface (black solid line).
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From Pos: 620385.787, 7597066.269 To Pos: 620434.022, 7597263.065

Figure 25: Cross-section of out-of-pit dump of Bullock Creek showing gullying after 300 years of
simulated erosion on bare soil (blue dashed line) and 60% cover (red dashed line) compared with original
surface (black solid line).

6.2.5 Plumtree pit

For a surface with 60% cover (Figure 6), 300 years of simulated erosion resulted in an average predicted
cumulative soil removal of 50-60 mm on the internal batters (~2.5 t/ha/yr), and the western batter 1.4
t/ha/yr which are acceptable long-term erosion rates. Bare soil simulations showed severe erosion after
300 years, with gullies greater than 3 metres deep (Figure 26 to 29).
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Figure 26: Plumtree pit and dumps before (left, showing cross section location) and after (right) 300 years
of simulated erosion on a surface with 60% ground cover.

Figure 27: Plumtree pit and dumps after 300 years of simulated erosion on a bare soil surface.
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Figure 28: Example profile across Plumtree pit internal batter face showing gully development at 25 years
(green), 50 years (blue), 100 years (orange), and 300 years (red), compared to orginal surface (black
solid line).
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Figure 29: Example profile across Plumtree pit western batter face showing gully development at 300
years for no vegetation cover (red line) and 60% surface cover (blue line).
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7 DISCUSSION AND CONCLUSIONS

With the exception of the battered down tertiary material on the Wallanbah highwall,
the simulations all suggest that the slopes assessed can be expected to be erosionally
stable in the long term, provided 60% vegetative cover can be achieved.

Based on site obervations and material chemical analysis, it is unlikely that the
Wallanbah tertiary material will sustain sufficient vegetataion growth for longterm
stability. The material itself is very highly erodible, and it is recommended that it is treated
with gypsum and capped with a more stable material. A considerable depth of capping
material is required to minimise infiltrated water reaching the underlying dispersive
material, and reducing potential for surface erosion to incise to depth and expose the
Wallanbah tertiary material. A depth of 1 metre of capping material has been
recommended for such situations (Minserve 2004). Consideration should be given to
reducing the slope gradient to reduce flow velocities on the slope.

For the remainder of the rehabilitation areas, it is recommended that efforts focus on on
soil amelioration and improvement to encourage establishment and long-term
sustainability of vegetation growth to achieve and maintain at least 60% cover.

7.1 Soil sampling, analysis, and amendment

It is recommended that comprehensive analysis of growth media be undertaken prior to
commencement of rehabilitation works. An example analysis suite covering key
properties for plant growth is:

e pH (1:5 water),

o electrical conductivity (EC) (1:5 water),

e chloride,

e total nitrogen,

e total Phosphorous,

e available (Colwell) phosphorus and potassium,

e organic carbon,

e available sulphur,

e trace metals (B, Cu, Zn, Mn and Fe), and

e exchangeable cations and cation exchange capacity (CEC),

The results of these analyses can be used to identify constraints to plant growth and
calculate ameliorant (e.g. gypsum, lime) and fertiliser requirements.

Soil sampling should be undertaken at an intensity sufficient to characterise the range of
materials present. For initial characterisation of stockpiled topsoil resources, it is
recommended that one sample per hectare of stockpile area is collected, but initially
only 50% of samples be analysed. If a high degree of variation is found within stockpiles,
more samples can then be analysed to assist in differentiating materials or to gain more
confidence in calculating universal or “blanket” treatment requirements.

This approach may need to be modified if several visibly distinct and practically
seperable materials are present. In that case, representative sampling of the material
types present may be warranted. For the analytical suite listed above, a sample size of
500 to 1000 g is generally sufficient.

Burton Landforms and Erodibility | 30



Samples should be collected from a depth of 0.5 to Tm within stockpiles, and,
preferably, composite samples should be created by combining material collected from
multiple pits within a 5 to 10 m radius.

In Landloch’s experience, many central Queensland soils are highly deficient in nitrogen,
to the extent that a single addition of the amount of mineral nitrogen fertiliser required
to correct the deficieny would actually be harmful to plant growth. In such cases, the use
of slow-release products and organic amendments (e.g. composted manure) may be
necessary to provide enough nitrogen without negatively impacting seedlings. The
incorporation of a number of legume species into the seed mix will also be beneficial,
as they provide an ongoing source of nitrogen.

7.2 Species selection

Vegetation species selected for rehabilitation should be tolerant of, or adapted to, soil
properties such as texture. For example, in areas where sandy topsoil will be spread,
species adapted to sandy soils should be favoured, and in areas where clay topsoil will
be used, clay-adapted species should be favoured.

In addition, salt tolerance, drought tolerance, and stoloniferous growth habit (for grass,
legume, and herbaceous species) should also be considered when selecting revegetation
species to maximise persistence and erosion protection.
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APPENDIX 1 - LABORATORY ANALYSIS RESULTS
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1 Project description

This revegetation plan has been produced to accompany the Burton Mine: Spade Creek Diversion Detailed
Design (Alluvium 2019a). Burton Mine is situated in the northern end of Queensland’s Bowen Basin coalfields,
approximately 125 km south-west of Mackay, and stretches over 35km from north to south. The detailed
design is a rehabilitation design to modify an existing diversion such that its function and recovery place it on a
trajectory that would make it suitable for relinquishment associated with mine closure.

This report provides methods and processes recommended for revegetating the Spade Creek Diversion and
works associated with the detailed design. The purpose of this report is to provide:

1. A revegetation plan which replicates the native vegetation of the subject area

2. Anplan for developing a long-term self-sustaining vegetation community

3. An approach that minimises potential for topsoil and subsoil loss, through increasing soil stability
and reducing erosion risk

4. An outcome which facilitates rapid vegetation establishment.
The revegetation recommended in this plan is based on direct seeding of local native plant species (LNS). For
this process to be successful significant seed will need to be collected and sown at the right depth at the
correct time of year. Tubestock planting may also be applied to supplement direct seeding. Tubestock is

proposed for species where seed availability is limited and/or the reliability of establishing a given species by
direct seeding is low.

The revegetation plan is a required component of detailed design and will be essential in developing a stable
diversion and landforms, which will be suitable for approvals relinquishment and mine closure in the long
term. The aim of the revegetation plan is to enhance the diversion and landform rehabilitation works and:

Reduce erosion risks
Enhance vegetation establishment and survival

Aid rapid vegetation establishment of soil cover

Ll A

Provide a guide to ongoing maintenance and improvement.

The recommended treatments are required to ensure vegetation establishment aligns with the aim of
providing a long-term, self-sustaining vegetation community while minimising potential for topsoil loss.

1.1 Spade Creek Diversion detail design
The extent of works detailed in this report includes:

e Spade Creek diversion

e Redundant channel fill

e Land forming to direct flows into the channel
e  Batter drains

Detailed documentation for these components is provided in

e The detailed design report (Alluvium, 2019a)

e Technical specification for diversion and associated works (Alluvium, 2019b)
e Revegetation plan for diversion (this report) (Alluvium, 2019)

e  The project drawings (draft issue)

This revegetation plan should be read in conjunction with the detailed design (Alluvium 2019a) and detailed
design technical specifications (Alluvium 2019b).
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1.2 Revegetation objectives

The revegetation plan aims to establish, as far as practical, a self-sustaining native vegetation community along
the diversion and adjacent landforms that is suited to the shallow soils to be placed on the excavated and filled
surfaces of the construction footprint. The plan has the following objectives:

a) Provide a practical approach to restoration of a highly disturbed environment

b) To minimise potential for topsoil loss through increasing soil stability and reducing erosion risk
c) Use of methods that are economic and operationally practical

d) Addresses short and long-term risks to vegetation establishment

e) Satisfies any EA conditions regarding rehabilitation and revegetation

f)  An outcome which facilitates approvals relinquishment by the time of mine closure

g) Provide technical information (guidance) for a successful deployment of the revegetation plan
h) Provide guidance to maintenance requirements.

The plan outlines a staged approach to revegetation aimed at delivering technical components:

a) Revegetation efforts should complement existing natural vegetation with LNS used where practicable
b) The vegetation community should aim to fit the modified landform
c) The revegetation outcome must achieve a long-term self-sustaining vegetation community.

1.3 Aspects that guide the revegetation plan

Development of the revegetation plan is influenced by the location of the works, climate, existing vegetation
and features of the Spade Creek Diversion and associated works. The capacity to irrigate, monitor and
undertake regular maintenance may influence the revegetation approach used. A mix of planting techniques is
recommended for cost efficiency and to improve the chances of success. The main aspects that guide the
revegetation plan are described below.

Soil properties

Soil properties of the topsoil and sub-soils play a critical role in the establishment and long-term viability of
vegetation. The availability of topsoil is limited at site and the sub-soils are expected to be nutrient deficient
with poor chemical and physical properties. Treatment of existing soils will likely be required to develop an
adequate growing medium for successful vegetation establishment.

Soil attributes testing has been limited. Comprehensive information about current and desired soil condition
was unavailable at the time of writing this revegetation plan. However, this need not be a blocker to
commencing preparation and developing a plan. This plan assumes further testing and amelioration will take
place independently of revegetation recommendations and prior to the delivery of on ground works
recommended in this revegetation plan. It assumes that amelioration will be to a standard that maximises
establishment success. Specific recommendations around soil amelioration will not be provided in this report.
Soil amelioration requirements are to be provided by a consultant independently of this plan.

Soil testing requirements are discussed in Section 3.2.

Soil moisture

The availability of soil moisture will play a key role in the successful long-term establishment of vegetation.
Regardless of the approach used (direct seeding, tubestock planting or natural regeneration), water/moisture
availability is critical for plant establishment. Adequate water is required for at least the first two years to
increase the chances of survival. The use of hay mulch is recommended to:

e retain soil moisture

e reduce erosion risk

e  contribute organic matter

e suppress pest plants

e contribute to the development of the soil profile.
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Vegetation

The use of local native vegetation is required to meet obligations to rehabilitate Regional Ecosystems (RE)
impacted by this development. Local native vegetation provides the best chance of long-term rehabilitation
success because it uses species best adapted to the soils and climate. Rehabilitation of REs is required to
restore habitat function of the impacted area. The selection of species is largely based on RE mapping,
previous vegetation surveys and monitoring of the site. RE mapping identifies the relationship between
vegetation communities and landforms and is a valuable source of information when developing revegetation
plans. Two exotic grass species are also included for their ability to rapidly form ground cover and prevent soil
loss in the initial stages of rehabilitation.

Accessibility
Design batters enable machine access to the batters for seeding. Where access is limited, seeding may be
supplemented by hand seeding.

Preparation and maintenance

Ground preparation and control of weeds play major roles in revegetation success. Maintenance should
consider the control of competitive non-desired species and species where there is a legal obligation to
manage and control. Weeds of National Significance such as Parthenium, Parthenium hysterophorus, require
control.

Some exotic species such as Flaxleaf Fleabane, Erigeron bonariensis, may be abundant early colonisers of
disturbed ground. While abundant it may not necessarily pose a threat to establishment of revegetation at
Spade Creek. In some cases, it may be a useful contributor of organic matter to the site having a similar
function to cover crops established to protect soil. Flaxleaf Fleabane will rapidly decline in abundance when
vacant niches are absent or taken up by revegetation. It is a low priority for control and maintenance. Some
discretion will need to be applied to the control of species performing a similar function to fleabane. Control of
Fleabane during revegetation establishment is a low priority unless it can be demonstrated that it is
significantly reducing the vigour of desired species. Fleabane is prevalent at the nearby Bullock Creek
revegetation site where it does not appear to be substantially reducing the success of revegetation especially
in areas where irrigation is supplied and supplements the vigorous growth of native species revegetation
efforts.

The control of grazing and browsing pest animals may be required if they are having an adverse impact on
vegetation establishment. Stock can be managed by appropriate fencing. Other grazers/browsers including
rabbits, macropods and potentially feral pigs and goats may require control in the future. At the time of
assessment there was no evidence of any substantial impact by these species. Ongoing monitoring of the
impact of these species on establishment of vegetation will be required to determine the need for appropriate
actions to maintain vegetation.

1.4 Regional Ecosystems

Regional Ecosystem (RE) mapping has been used to identify the most suitable vegetation community, however
it is not always accurate at the site scale as much of it is estimated from aerial imagery and geological
information at larger scales. The mapping is regularly reviewed and updated as on-ground observations are
reported. Species recorded during diversion monitoring are also used to inform the selection of species.

EA requirements
EA item F9 states that:

“Areas which are to be progressively rehabilitated to land not suitable for grazing must demonstrate
achieving the specified land suitability and ensure:

(a) achieve a self-sustaining native ecosystem;

(b) success criteria defined in the document entitled "Burton Coal Mine Environmental Management
Plan" dated May 2010, Appendix 3 — Proposed rehabilitation success criteria - Bushland, are met;

(c) all areas disturbed by mining activities must be rehabilitated to a stable landform and comply with
the design criteria defined in Table F2 and Table F3”.
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Current RE mapping

Version 11.0 of the Queensland EPA Regional Ecosystem (RE) Mapping (updated July 2019) indicates that the
vegetation communities through which the Spade Creek Diversion works will be undertaken are mapped
almost entirely as non-remnant Figure 1Table 1 except for a short section of RE11.5.9¢/11.5.3 at the diversion
start. Prior to clearance and other disturbance, RE11.5.9¢/11.5.3 was the dominant RE with RE11.3.25 present
where the diversion ties back into the original watercourse Figure 2.RE11.5.9¢/11.5.3 has a Biodiversity status
of No concern at present while RE11.3.25 has a Biodiversity status of Of Concern.

It is considered that reproduction of RE11.3.25 as the main vegetation community along the diversion is
appropriate because the area is being changed into an alluvial landform (land zone 3) from a loamy or sandy
plain (land zone 5). Since it will take some time for the alluvial landform and soils to develop we are including

some of the species from RE11.5.9¢/11.5.3 to provide the opportunity for greater diversity and increase the
likelihood of successful vegetation establishment, particularly in the section of new channel. The typical
species of the REs considered in developing this revegetation plan are presented in Table 1.

Table 1. Regional ecosystems encompassing the Burton High Wall Diversion

RE

11.3.25

11.5.9¢/11.5.3

Description

Eucalyptus tereticornis or E.
camaldulensis woodland fringing
drainage lines.

Mid-dense structure of open forest to
woodland with tall shrub layer and fewer
low shrubs. The ground layer is open to
sparse and dominated by perennial
grasses, sedges and forbs. Occurs on
fringing levees and banks of rivers and
drainage lines of alluvial plains. Occurs on
a variety of deep alluvial soils.

Eucalyptus crebra and other Eucalyptus
spp. and Corymbia spp. woodland on
sand plains and/or remnant surfaces.

The mid layer ranges from absent to a
sparse to dense shrubland typically
dominated by Acacia spp. Occurs on
plateaus and broad crests of hills and
ranges which are formed by Cainozoic
sandplains. Soils are generally deep red
earths.
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Typical species

Trees: Eucalyptus tereticornis, E. coolabah,
Casuarina cunninghamiana, Corymbia clarksoniana

Shrubs: Acacia salicina, A. stenophylla, Lysiphyllum
carronii, Melaleuca spp.

Ground cover: Imperata cylindrica, Bothriochloa
bladhii, B. ewartiana, Chrysopogon fallax, Cyperus
spp., Dichanthium sericeum, Lomandra longifolia,
Panicum spp.

Trees: Eucalyptus crebra and/or Corymbia
intermedia, C. dallachiana and E. moluccana.

Shrubs: Acacia excelsa, A. leiocalyx, Petalostigma
pubescens, Lysicarpus angustifolius, Alphitonia
excelsa and occasionally Melaleuca nervosa (on
texture contrast soils).



Figure 1. Current Regional Ecosystem mapping of the Spade Creek Diversion and surrounds
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Figure 2. Regional Ecosystem pre-clearance mapping of the Spade Creek Diversion and surrounds
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1.5 Climate

The wet and dry climate of central Queensland is a challenge to the timing of revegetation activities. Soil
erosion is a risk at the site if revegetation isn’t successfully established before seasonal rains. Cyclone related
storms and localised storms can result in heavy rainfall and rill erosion prior to the establishment of good
ground cover. This will require monitoring, especially in the early stages of revegetation works.

Conversely, lack of seasonal rain can limit the establishment and survival of vegetation. This will require
monitoring, especially in the first two years following revegetation.

Climate data has been obtained from the Bureau of Meteorology (BOM) website. The closest available long-
term monitoring station to Burton Mine is at Moranbah Water Treatment Plant (station no. 034038), which
identifies the mean annual rainfall as 613 mm with December, January and February being the wettest
months, each averaging over 100 mm (Figure 3).

The monthly mean minimum and maximum temperatures provide a guide to suitable planting periods.
November to February are the warmest months with mean maximums from 33-35°C while June and July are
the coolest months, sharing the lowest mean maximum temperature at 23.7°C (Figure 4).

Figure 3. Mean rainfall at Moranbah (accessed August 2019)
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Figure 4. Mean maximum temperatures at Moranbah (accessed August 2019)
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2 The revegetation process

Revegetation involves the covering of exposed or disturbed soils with topsoil and establishing a vegetative
cover using a design seed mix, to achieve sustainable long-term stabilisation and ecological restoration. A
combination of techniques may be employed and requires ongoing maintenance, particularly in the early
years, to address competition from undesired species and ensure vegetation is on the desired trajectory.

2.1 General restoration process

Revegetation of disturbed land requires appropriate preparation and follow-up maintenance practices

including:

a) Weed treatment prior to revegetation, if required and where possible

b) Respreading stockpiled or freshly stripped topsoil

c) Contour ripping to improve infiltration and tree root establishment. This action is normally

undertaken immediately after surface preparation

d) Application of chemical treatment to improve soil structure, after soil chemical analysis, if required.
NB this component is subject to a separate assessment and not covered within this plan
e) Application of appropriate fertiliser to improve soil nutrients, after soil chemical analysis, if required

(as for point d)

f)  Seeding with an appropriate seed mix of cover crop species as an interim measure to protect exposed

substrate and soil which may include non-native and native species
g) Revegetate with seed mix containing local native grass, shrub and tree species to establish a

sustainable vegetation cover in a one-pass operation

h) Regular watering of the initial treatment until the cover crop is well established; watering preferable
in a pattern that mirrors seasonal rainfall distribution as required beyond that
i) Ongoing weed management until desired vegetation community is established

j)  Seedling replacement (re-seeding), as required or selected instalment of tubestock to replace species

or portions of the revegetation site that have not achieved sufficient establishment.

2.2 Revegetation techniques

A range of revegetation techniques are available. Using a combination of methods usually provides the best
chance of long-term success and enables the most suitable approach to be used in different locations.
Advantages and disadvantages for the revegetation techniques are summarised in Table 2.

Table 2. Revegetation techniques

Technique Advantage

Hydro-mulching =  Where large areas require quick

(introduced grasses and soil erosion control.

selected LNS) =  Pre-treated large native seeds
may be added to the application
process

=  Fertilisers may be added to the

mix

= Can be accurately applied across a
desired treatment area
Seedling planting = Select species can be used to
(tubestock) target particular areas
= Uses less seed for plant numbers
= Suited to species that are
unreliable or poor establishers via
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Disadvantage

Can be expensive

May be restricted by access
May require additional water
during dry times

May be susceptible to
competition from undesired
species if adequate preparation
has not been undertaken

Very expensive per stem

Safety can be an issue

Takes a long time to implement
May require additional water
during dry times



Machine Direct Seeding

Hand Seeding

Natural Regeneration

2.3 Quality controls

broad scale approaches such as
hydro-mulching.

Much less expensive than
seedlings

Quicker than seedlings
Excellent structural outcome
No initial watering required
Can delay implementation if
drought conditions occur
Suited to areas where purpose-
built direct seeding machines can
be used.

Ideal for correct seed depth

placement of fine and fluffy seeds.

Less expensive than seedlings
Placement of species possible
Controls seed depth

Works very well on sites where
machinery cannot get access
Can delay implementation if
drought conditions occur
Where site is too steep for
machine seeding

When seed is in short supply
Where accurate placement of
plants is required if a particular
species is desired.

Natural process

Is generally triggered by suitable
conditions for establishment
Species most suited to conditions
tend to prevail

Produces strong, healthy plants
Opportunistic

Continuous over time

Cheap

Can be rapid in favourable years

Needs careful coordination over
an extended period of time

Can require many people to
implement

Relies on rainfall for germination
May require additional water
during dry times

Accurate seed depth placement is
essential for germination
Requires lots of local seeds to be
collected

Weed control at germination is
essential for longevity

Weed control at germination can
be technically demanding and
expensive

Terrain may limit machine access
Takes time but quicker than
seedlings

Requires rainfall to germinate
May require additional water
during dry times

Needs many people to implement
Requires quality seed to be
collected

Requires sufficient quantity of
seed and may require expert
advice to suggest appropriate
alternative species

Requires existing remanet
vegetation on good condition
with sufficient seed to enable
dispersal

Does not distribute seed over
large areas

Does not control immediate
erosion issues

Does not control for pest plants

As part of the revegetation process the following quality control measures are essential and include:

Site controls

= Livestock must be excluded prior to seed application.
= Soil treatments are an essential completion item prior to seeding; soil treatment requirements will

require defining once soil testing has been completed.
=  Drought conditions should be referred to a site management technical group for decision prior to

seeding.
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Seed controls
= Order or collect required LNS seeds prior to any engineering works commencing (this may be required
more than a year in advance due to seed availability), where possible.
= Insist on a seed viability and quality testing process for all batches of seeds ordered.
=  Store seeds in dry, dark sealed containers in a temperature controlled cool room until required; this
will maintain seed viability.
=  Use pre-seeding treatments of native seeds prior to seeding application.

Implementation controls

=  Contractors sho