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1 Introduction

This surface water management plan has been prepared to accompany the Extraction Plan (EP)
application for ‘Area 4’ within the Abel Mine lease area. Donaldson Coal proposes to extract from
Panels 27 to 35 in SMP Area 4 using bord and pillar total extraction methods within the Upper

Donaldson Seam.

Evans & Peck has been engaged by Donaldson Coal to prepare a Surface Water Management
Plan for the Area 4 Extraction Plan. This Surface Water Management Plan addresses the relevant
requirements identified in Schedule 3 of the Conditions of Project Approval 05_0136 (MOD 3) for

Area 4, as summarised in Table 1.

Table 1: Relevant Conditions of Approval

Schedule 3

Condition 4

(g) provide revised predictions of the potential
subsidence effects, subsidence impacts and
environmental consequences of the proposed second
workings, incorporating any relevant information
obtained since this approval,;

(h) describe the measures that would be implemented to
ensure compliance with the performance measures in
Tables 2 and 3, and manage or remediate any impacts
and/or environmental consequences;

(j) include a Water Management Plan, which has been
prepared in consultation with EPA and NOW, which
provides for the management of the potential impacts
and/or environmental consequences of the proposed
second workings on watercourses and aquifers,
including:

e surface and groundwater impact assessment
criteria, including trigger levels for investigating any
potentially adverse impacts on water resources or
water quality;

e aprogram to monitor and report stream flows,
assess any changes resulting from subsidence
impacts and remediate and improve stream stability;

e aprogram to monitor and report groundwater
inflows to underground workings;

e aprogram to predict, manage and monitor impacts
to groundwater bores on privately-owned land;

(p) include a contingency plan that expressly provides
for adaptive management where monitoring indicates
that there has been an exceedance of any performance
measure in Tables 1 and 2, or where any such
exceedance appears likely;
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Condition 5:

The Proponent shall ensure that the management plans = Appendix A — Water Quality Analysis

required under conditions 4(h)-(m) above include: Section 3 — Flow and Water Quality

(a) an assessment of the potential environmental
consequences of the Extraction Plan, incorporating any
relevant information that has been obtained since this
approval; and

Section 6 — Potential Remediation

(b) a detailed description of the measures that would be
implemented to remediate predicted impacts.

The report provides a description of the physical characteristics of the land that overlies Area 4 with
particular emphasis on surface water hydrology, creeks and other water related features. Potential
impacts as a result of the underground mining include physical alteration to these features as well
as changes to water quality. The Risk Assessment undertaken as part of the preparation of the EP
identified the following range of potential impacts that are considered in this report:

= Loss of runoff to existing farm dams as a result of:
— Surface cracking;
— Cracking in creek bed;
— Ponding in creek.

= Increased erosion as a result of step/scarp subsidence leading to head-cut erosion in drainage
lines and creeks.

= Change in leakage from old workings on Osborn's property (adjacent to dam C04d06) due to
depressurisation of aquifers due to mining activities greater than predicted. As this leakage is
located in the Subsidence Control Zone, it is considered that there will be no further impact.

= Increased area of ponding or flooding as a result of differential subsidence and a significant
rainfall event.

This report provides an assessment of these risks and the controls that will mitigate the potential
impacts. These controls include aspects of the mine design and mining method designed to
minimise subsidence as well as proven mitigation methods, such as techniques for remediation of
surface cracking based on experience gained due to underground mining in Areas 1, 2 and 3.

This report draws upon information presented in the original Part 3A Environmental Assessment for
the Abel Underground Mine (Donaldson Coal, 2006) (the EA) and the EA for Modification 3
(Donaldson Coal 2012) (Mod 3) with particular reference to the area that will be affected by mining
in Area 4; and relevant information gained from the observed impacts associated with mining of
Areas 1, 2 and 3 as well as specific studies related to Area 4:

= Subsidence Predictions and Impact Assessment (MSEC, 2014);

20140528 #25560 SMP Area 4 Surface Water Management -Final.docx 2
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2 Creeks and Catchments within EP Area 4

2.1 Overview

As shown in Figure 1, EP Area 4 is located entirely within the catchment of Four Mile Creek. The
creek drains in a northerly direction from the ridgeline associated with Black Hill and, after crossing
under John Renshaw Drive, drains through the Donaldson and Bloomfield mine lease areas. Four
Mile creek continues under the New England Highway and onto the Hunter River floodplain to the
north of Ashtonfield and to the west of Hexham. Land use within the Four Mile Creek includes
agricultural land, undisturbed native bush and rural/ residential properties.

The catchment area of Four Mile Creek within EP Area 4 is provided in Table 2 which also lists the
other catchments within the mine lease area that are not affected by the Area 4 EP.

Table 2: Catchment Areas within EP Area 4
Total Catchment Catchment Within
Within Mine Lease (ha) EP Area 4 (ha)
Four Mile Creek 343 209
Weakleys Flat creek 335 -
Viney Creek 600 -
Buttai Creek 425 -
Bluegum Creek 992 -
Total 2,695 209

20140528 #25560 SMP Area 4 Surface Water Management -Final.docx 3
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Figure 1: EP Area 4 Locality, Creeks and Catchments

2.2 Stream Order/Schedule

Confusion sometimes arises because two different systems for stream classification have been
adopted for different purposes:

= The Strahler stream ordering system (based on defined watercourses on topographic maps) is
used in the Water Management Act 2000 and associated regulations for, amongst other things,
regulating ‘Controlled Activities’ in close proximity to watercourses. ‘Controlled Activities’
include preservation of riparian corridors, carrying out of in-stream works and construction of
watercourse crossings. Four Mile Creek, the only watercourse within EP Area 4, is a first order
stream according to the Strahler system.

= The Management of Stream/Aquifer Systems in Coal Mining Developments — Hunter Region
(DIPNR Version 1, April 2005) provide guidelines for identifying the significance of
watercourses, appropriate mining methods to prevent impacts on watercourses and suitable
methods for monitoring and management of the identified watercourses. The guidelines provide
differing performance criteria for each of the three categories:

1) Schedule 1 Streams are first and second order watercourses and are usually intermittent.
They are categorised as the least significant streams and performance criteria are based
on providing stable stream lengths with minimal incision or erosion.

20140528 #25560 SMP Area 4 Surface Water Management -Final.docx 4
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2) Schedule 2 Streams are primarily third and higher order streams, which drain into primary
catchment river systems. The performance criteria for these watercourses are based on
having minimal adverse impact on stream stability or water quality, including the application
of buffers.

3) Schedule 3 Streams are major rivers and connected alluvial groundwater. The
performance criteria are based on a precautionary approach to provide zero mining
induced ground movements or fracturing, including the application of buffers. No Schedule
3 streams are located above the Abel Underground Mine area.

The measures for minimising impacts of mining on the creeks proposed in the EA were all
referenced to the DIPNR Schedules. Specifically, Donaldson Coal committed to the provision of a
minimum barrier of 40 m between the 20 millimetre line of subsidence and the bank of any
Schedule 2 Streams unless further studies (to be undertaken prior to any mining occurring which
could potentially directly impact on a Schedule 2 Stream) demonstrate that the DIPNR guideline
could be met without such a barrier.

Area 4 is wholly within the catchment of Four Mile Creek, which is a Schedule 1 stream.

2.3 Catchment Conditions

EP Area 4 is located to the north of Black Hill Ridge and grades from steeper slopes (up to 100% in
isolated places) along the southern boundary to flatter slopes (<5%) along the northern boundary
and towards north-eastern corner. Area 4 is entirely within the upper reaches of the catchment of
Four Mile Creek, and contains numerous farm dams.

The Soil Landscapes of the Newcastle 1:100 000 Sheet (Matthei, 1995) describes the soils in the
area as predominantly belonging to the Beresfield soil landscape unit with minor differences on
either side of Black Hill Road. Key features of the Beresfield soil landscape unit are:

= Friable brownish-black sandy loam topsoil (50 — 150 mm deep) overlying hard setting yellowish-
brown sandy-clay loam (50 — 300 mm deep) and brown clay near the ridge crests. These soils
tend to be highly erodible in concentrated flows;

= Similar, but shallower soils on the mid slopes with some areas where the sandy loam topsoil is
absent on the mid-slopes. These soils tend to hard setting and have moderate erodibility in
concentrated flows.

As can be seen on Figure 1 there are two distinct patterns of land use within Area 4:

1) Predominantly fully forested land to the north of Black Hill Road, and

2) Cleared land with some remnant forest to the south of Black Hill Road.

24 Channel Characteristics

A watercourse survey was undertaken on behalf of Donaldson Coal to collect representative data
for the watercourses throughout the Abel Underground Mine area. Figure 2 shows the locations of
the creek survey points in the general vicinity of EP Area 4, while Table 3 summarises the
characteristics of the creek channel at locations within or immediately adjacent to EP Area 4. In
Table 3 the observation points (‘site’ corresponding to the numbering in Figure 2) are ordered
along each creek from upstream to downstream.

20140528 #25560 SMP Area 4 Surface Water Management -Final.docx 5
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Table 3: Summary of Creek Channel Characteristics in the Vicinity of EP Area 4

Channel | Chanel Adjoining
Creek Bed Material Width (m) | Depth (m) | Vegetation

Four Mile Sand and gravel Dense forest
) - Downstream of farm dam. Shallow

Four Mile 76 Grass *2 Indistinct Grass depression with no defined bed and banks
Four Mile 52 N/A N/A N/A N/A Field data sheet missing
Four Mile 51 Sand and gravel 15 1 Dense forest  Pool approximately 0.5 wide x 0.15 deep
Four Mile 38 il £l GVl 15 0.7 Dense forest

small boulders
Four Mile 35 Soil 1.25 3 Dense forest
Four Mile 40 Soil and gravel with 9.3 0.5-20 Dense forest Occas!onal Pools. Steep banks.

small boulders Occasional sandstone outcrops
Four Mile 42 Soil and sand 3 1 Dense forest  Eroded bank (4 m high) downstream
Four Mile 43 Soil and sand 3 1-2 Dense forest ~ Small pool approx. 2 m x 1 m, 0.2 deep

Some features of Four Mile Creek are:

Bed and bank material predominantly consisting of soils, with soil and sand, with varying
amounts of sand, gravel and boulders. Outcropping of sandstone occurs occasionally.

The channel dimensions are highly variable with widths generally ranging from 1 to 4 m, and
channel depth ranging from about 0.33 to 2 m.

In some locations where the creek lines cross cleared grass area (e.g. site 76), the creek
channel is grassed and does not have well defined bed and banks.

There was no flow in the creeks during the survey, but a number of small pools (up to 0.4 m
deep) were observed.

As can be seen on Figure 1, there are a number of significant farm dams in the headwaters of
Four Mile Creek.

Channel gradients range from 2.5% - 3.5% in the headwaters to about 1% where Four Mile
Creek flows out of EP Area 4 (north of Black Hill Road and south of John Renshaw Drive).

20140528 #25560 SMP Area 4 Surface Water Management -Final.docx 6
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Figure 2: Creek Survey Locations in the Vicinity of EP Area 4 (yellow outline)
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3 Flow and Water Quality

3.1 Flow Regime

Four Mile Creek and its tributaries within EP Area 4 are ephemeral and only flow immediately after
rainfall. As there are no flow monitoring gauges on any of the creeks within the Abel Mine lease
area, runoff characteristics of the creeks have been estimated by means of a rainfall:runoff model
which utilises long term rainfall records to characterise the short and long term variability of runoff.
For purposes of estimating the runoff characteristics of the catchments with EP Area 4, runoff
parameters for the Australian Water Balance Model (AWBM) have been derived from calibration of
the model using recorded daily rainfall and runoff for six small catchments in the lower Hunter
Valley and Central Coast (Evans & Peck, 2012).

For purposes of estimating the flow regime for EP Area 4, a 126-year rainfall record has been used
based on correlation between the rainfall record from the Donaldson Mine meteorological station
with the long term rainfall record for Morpeth. Based on the daily flow record generated by the
AWBM model, Figure 3 and Figure 4 summarise the key characteristics of the flow regime of the
catchments draining from EP Area 4:

= Figure 3 shows the typical runoff (expressed as mm/day) that can be expected during 10"
percentile dry, average and 90" percentile wet years. The key aspects of the data shown in
Figure 3 are that runoff from the catchments is highly episodic (negligible runoff on most days)
and highly variable from year to year depending on the rainfall.

= Figure 4 shows the probability of annual runoff (expressed as mm/year) and shows that the
median runoff from the EP Area 4 catchment can be expected to be about 1.8 ML/ha. Runoff in
a 10" percentile dry year can be expected to be about 0.6 ML/ha, while in a 90™ percentile wet
year runoff of about 4.2 ML/ha can be expected.

10 ¢

Runoff (mm/day)

0.1 \ N

0% 10% 20% 30% 40% 50% 60% 70% 80% 90% 100%
Percent of Days when Runoff is Equalled or Exceeded

——10 Percentile (dry) ——Average 90 Percentile (wet)

Figure 3: Daily Runoff Probability Graphs for Representative Dry, Average and Wet Years
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Figure 4: Annual Runoff Probability Graph

Table 4 summarises the annual runoff statistics for the Four Mile Creek catchment and further
illustrates the high degree of variability in runoff from year to year.

Table 4: Summary Rainfall and Runoff Statistics for Four Mile Creek Catchment within EP Area 4
Four Mile
Rainfall Runoff Creek

(mml/year) (mml/year) (ML/year)

Average 928 221 464

Min 422 24 50

10% 632 62 129

50% 910 183 385

90% 1,243 417 876

Max 1,994 976 2,049

Flows in Four Mile Creek are periodically monitored at a flow gauge at the Four Mile Creek
Workshops, located approximately 500 m from the New England Highway. The total Four Mile
Creek catchment that drains to this gauging location is 2,414 ha, and Area 4 contributes
approximately 8% of the total runoff to Four Mile Creek at this point. Therefore, if additional flow
monitoring were to be undertaken at the flow gauge, any changes in flow in Four Mile Creek
resulting from underground mining in Area 4 would be negligible or unidentifiable due to the high
degree of flow variability, and the small proportion of the total catchment that Area 4 represents.

3.2 Water Quality

A review of the pre- and post-mining water quality impacts for Weakley’s Flat Creek has been
undertaken to establish appropriate water quality triggers for impacts to creeks due to underground

20140528 #25560 SMP Area 4 Surface Water Management -Final.docx 9
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mining (see Appendix A). The analysis utilises the ANZECC Guidelines recommended approach
to identifying trigger levels once sufficient monitoring data is available.

For the Weakleys Flat Creek, monthly water quality monitoring has occurred since July 2000, and
underground mining commenced in July 2010. As detailed in Appendix A, there has been no
impact on the water quality of Weakleys Flat Creek that can be attributed to underground mining
activities. Therefore it is expected that there would be minimal impacts on the water quality of Four
Mile Creek. Additionally, the analysis outlined in Appendix A demonstrates that setting trigger
levels using baseline monitoring data as per the ANZECC Guidelines is appropriate.

EP Area 4 is located within the catchment of Four Mile Creek. The water monitoring station, EM1
on Four Mile Creek is located upstream of John Renshaw Drive (about 0.5 km downstream of Area
4) (Figure 5). Data collection for this site commenced in July 2000, and mining commenced in the
Four Mile Creek catchment in 2013.

Table 5 summarises the key water quality statistics for Four Mile Creek. For comparison purposes,
the table also lists the default ANZECC trigger values for lowland creeks with slightly disturbed
ecosystems and the calculated trigger values. A calculated trigger level has been derived from the
baseline monitoring data (2000 to 2013) and is included in this table (See Appendix A for details of
the assessment).

Table 5: Summary of Historical Water Quality Statistics for Four Mile Creek (EM1)

EC TSS Al Mn Fe

A

ANZECC default trigger 6.5-8.0* 125-2200 * N/A 0.055 /A 194
Calculated Trigger Level 6.5-7.1 235-580 8-34 035-160 0.04-0.46 2.32-5.56
Number of samples 144 144 141 47 47 47
Minimum 5.9 100 1 0.13 0.0 0.72
20th Percentile 6.5 235 8 0.35 0.0 2.32
Median 6.8 425 16 1.00 0.1 3.6
Average 6.8 414 27 1.18 0.2 4.4
80th percentile 7.1 580 34 1.60 0.5 5.56
Maximum 7.9 985 269 4.50 1.0 20

* ANZECC trigger values for lowland creeks with slightly disturbed ecosystems
A 95% Level of protection, slightly - moderately disturbed systems pH >6.5
# 95% Level of protection, slightly - moderately disturbed systems

Overall, the data indicates that the water quality in Four Mile Creek is consistent with moderately
disturbed catchments. Because of the level of existing disturbance on the catchments, it is unlikely
that any water quality impacts attributable to mine subsidence would be detectable. Analysis of
Weakleys Flat Creek water quality data both before and after the commencement of mining in the
region in July 2010 (see Appendix A) demonstrates that significant water quality impacts on Four
Mile Creek due to underground mining are unlikely.

Although the ANZECC Guidelines published in 2000 provide default ‘trigger’ values for different
indicators of water quality parameters, it is recommended that for slightly or moderately disturbed
ecosystems, such as that surrounding the Abel Underground Mine, the 20" and 80" percentile

20140528 #25560 SMP Area 4 Surface Water Management -Final.docx 10
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values of data obtained from an appropriate reference system should be used as the basis for
revised ‘trigger’ values. The Guidelines state that two years of monthly sampling is regarded as
sufficient to provide an indication of the local ecosystem variability and to provide a basis for
derivation of ‘trigger’ values appropriate to conditions in a particular creek system.

As such, the 20" and 80" percentile values of the historical data at (July 2000 — July 2013) for the
key water quality statistics were calculated for use as trigger values. On the basis of the historical
monitoring data summarised in Table 5, appropriate trigger values for Four Mile Creek are set out
in Table 6.

Table 6: Proposed Water Quality 'Trigger’ Values for Four Mile Creek
pH 6.5-7.1
EC (uS/cm) 235-580
TSS (mg/L) 8—-34
Al (mg/L) 0.35-1.60
Mn (mg/L) 0.04-0.46
Fe (mg/L) 2.32-5.56

In line with the way that the ANZECC trigger values are intended to be used, the proposed trigger
values in Table 6 do not represent ‘limits’. Rather, they represent ranges in which the majority of
observations can be expected, but future observations can be expected outside this range on
occasions.

As discussed in Appendix A, a key indicator of underground mining-induced water quality impacts
is changes in salinity. It is recommended that if the upper bound for salinity (EC) of 580 uS/cm is
exceeded for a period of three consecutive months, that this is the trigger to undertake further
assessment of the metals (Fe, Al and Mn) to establish whether the change in EC is mining induced.
It is recommended that this further assessment considers investigation of the potential pathways
for water quality impacts within the Abel Mine underground mining area to identify whether the
change in water quality is attributable to underground mining activities, and the nature of activity
that has caused the change.

20140528 #25560 SMP Area 4 Surface Water Management -Final.docx 1
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4 Potential Surface Water Impacts

4.1 Subsidence Control Zones

Coal extraction will occur using the bord and pillar mining method which allows for subsidence
impacts to be managed by increasing or decreasing the amount of coal extracted in particular
areas. In order to minimise impacts of subsidence on residences, key infrastructure and creeks
overlying the extraction area, Donaldson Coal has adopted a mine plan that includes Subsidence
Control Zones (SCZs) to limit subsidence impacts. The SCZs may involve partial extraction of coal
or limiting extraction to first workings (i.e. no secondary extraction) in some areas.

There are no Schedule 2 or 3 streams, groundwater dependent endangered ecological
communities (EECs) or riparian EECs within EP Area 4. Accordingly, total extraction will be
undertaken for Panels 27 to 35, except for areas that will be protected from subsidence through the
Subsidence Control Zones, around principal residences and the 4 largest dams at the commercial
orchard on Lots 11 and 12 DP877937 and Lots 610 and 611 DP1035588, while this land is used for
this purpose.

4.2 Subsidence, Tilts and Strains

The impacts of subsidence are primarily functions of the depth of cover above the coal seam, the
depth of the extracted seam and width of the extraction panel. Within EP Area 4, the depth of
cover increases from about 50 m at the northern end of Panel 29 to 280 m at the southern end of
Panel 32.

Detailed assessment of the likely magnitude and impacts of subsidence on the creeks within EP
Area 4 has been undertaken by MSEC (2014). Figure 6 shows the predicted subsidence resulting
from full extraction within EP Area 4 while Table 7 summarises the maximum subsidence, tilts and
curvature on each panel.

20140528 #25560 SMP Area 4 Surface Water Management -Final.docx 13
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(After MSEC, 2014)

Table 7: Maximum Predicted Subsidence Movements
(Extracted from MSEC, 2014)

Maximum Predicted Maximum Predicted Maximum Predicted Total Maximum Predicted
Total Conventional Total Conventional Conventional Hogging Total Conventional
Subsidence (mm) Tilt (mm/m) Curvature (km) Sagging Curvature (km-')
Panels 27, 28, 30, 32 1,450 70 >3.0 >3.0
and 34
Panels 29, 31, 33 and 1,450 70 >3.0 >3.0
35
4.3 Potential Impacts on Creeks

4.3.1 Potential Ponding and Scour

Depending on the degree of tilt induced by subsidence, mining can potentially result in:

= Increased levels of ponding in locations where the mining induced tilts are in the opposite
direction to and are greater than the existing natural creek gradient;

= Increased likelihood of scouring of the stream beds in the locations where the mining induced
tilts considerably increase the existing natural creek gradients.

Tilting of the ground surface occurs around the edge of the mine panels. The maximum predicted
tilt for Four Mile Creek within EP Area 4 (a reverse grade tilt of 25 mm/m, i.e. 2.5%) is likely to
occur along the northern edge of each of the panels where the depth of cover is shallowest. This
degree of tilting compares to the natural grade of the creek channel.

The Subsidence Predictions and Impact Assessment (MSEC, 2014) includes a detailed
assessment of the predicted changes in the longitudinal profile of Four Mile Creek (see Figure 6).
The figure shows that immediately upstream of the northern edge of Panel 26 (at about 780 m),
ponding could occur that may extend for about 100 m with a maximum depth of 0.5 m.

] P Tributary A - Four Mile Creek =
125 —
= \ scz
E 100 ’ e ~/ Natural Grade
£ 2 \ Predicted Post
i ] —— Mining Grade
0] T —— |
3 757 150
— nl [ — -
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= 1 Predicted reversal - E
(7] ] - =;
J / of stream grade - @
25 — \/ — 50 B
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Figure 7: Predicted Subsidence Profile along Four Mile Creek
(After MSEC, 2014)
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Figure 7 shows the existing gradient of the creek (green line) and the predicted changes due to
subsidence (pink line). Near the northern end of Panel 26 (part of Area 3 mining) the gradient
becomes negative as a result of subsidence, and ponding may occur (as discussed previously).
However, there are no predicted reversals of grade along the tributaries to Four Mile Creek within
the EP Area 4. The graph also indicates that there would be:

= Anincrease in grade from about 1.6% to about 3.1% at about -80 m; and
= A reduction in grade from about 2.9% to about 1% at about -40m, but no ponding.

The areas of increased gradient give rise to the potential for increased scour in the creek channel.
However, because the predicted increase in gradient is within the range of gradients experienced
elsewhere along the creek, severe channel erosion and head cutting is not expected. Nevertheless
these areas, which are predicted to experience the most significant impacts, would be the focus of
monitoring and repair if necessary.

The MSEC report also considers the potential impacts on stream gradient if the actual subsidence
exceeded the predicted values by a factor of two. In the case of Four Mile Creek the analysis
indicated that, compared to the impacts illustrated in Figure 7, the impacts would be:

» Ponding at about -40m could occur to a depth of 0.4 m and extend around 50 m; and
* The bed gradient at about -80m could increase from about 1.6% to about 5.1%;
To aid in assessing the likelihood of ponding along the creeks or on the land surface, MSEC has

prepared a contour map of EP Area 4 following subsidence (see Figure 8). The locations of
predicted mining induced ponding areas are indicated on Figure 8.

%ﬁ?@?ﬂ”/ 7 " /7’ ——— 7 /://.///////;

\\

o 3

== 3 ﬁ@) {m :
Predicted Subsided Surface Levels
(After MSEC, 2014)

aPoding Areas
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As can be seen on Figure 8, the anticipated ponding occurs at six locations within the tributaries of
Four Mile Creek. From Figure 8, it can be seen that the surface naturally drains along the
alignments of the tributaries, and it is therefore not considered that the land is naturally susceptible
to flooding or inundation.

As noted in the baseline creek survey (see Section 2.4), pools are an existing feature of the creeks
and it is unlikely that remedial works would be required. The MSEC report notes that mining
induced ponding areas are predicted to have depths of approximately 0.5 metres and lengths up to
approximately 100m. This is similar to those assessed in the EA, which states that “potential
ponding depths of 0.1 to 0.5 m estimated for the majority of these [Schedule 1] creeks” with
“ponding depths ranging between 0.4 and 1.0 m” for two tributaries.

4.3.2 Potential Cracking of Creek Beds

The Subsidence Predictions and Impact Assessment (MSEC, 2014) notes that, because of the
shallow depth of cover at the northern end of the panels, it is likely that the fractured zone above
the proposed panels could extend from the seam up to the surface, leading to some possible loss
of the surface water flows into the mine. However, notwithstanding previous bord and pillar mining
in Areas 1 and 2 beneath the first and second order ephemeral tributaries to Weakleys Flat and
Viney Creeks (total length of streams approximately 2 kilometres), there has been no reported loss
of surface water flows into the mine to date.

The MSEC report also quotes the case of longwall mining in the Whybrow Seam at South Bulga
and the Beltana No. 1 Underground Mine where coal was extracted from beneath a number of
ephemeral drainage lines, with depths of cover that varied between 40 m and 200 m. Although
surface cracking was observed across the mining areas, there were no observable surface water
flow diversions in the drainage lines after the remediation of the larger surface cracks had been
completed.

4.4 Potential Impacts on the Land Surface

The MSEC report notes that the incidence of surface cracking is dependent on the location relative
to the extracted panel edges, the depth of cover, the extracted seam thickness and the thickness
and inherent plasticity of the soils that overlie the bedrock. The widths and frequencies of the
cracks are also dependent upon the pre-existing jointing patterns in the bedrock.

The size and extent of surface cracking above the northern part of the proposed mining area are
expected to be similar to those observed above the previously extracted panels in Areas 1 and 2
where the depth of cover ranged from 50 to 100 m. In that case, surface crack widths were
typically between 25 mm and 100 mm, with localised surface crack widths greater than 100 mm.
The largest surface crack width measured above these panels was around 375 mm.

It has also been found from past mining experience in the NSW Coalfields that the surface crack
widths reduce as the depth of cover increases. Crack widths in the order of 30 mm to 50 mm are
typically observed where the depths of cover are around 200 m, such as in the case above the
southern ends of the proposed panels.
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As described previously, Figure 6 shows the post mining landform contours after accounting for
subsidence. Inspection of the contours in Figure 8 shows that all predicted mining induced
ponding areas are within drainage lines. This infers that surface ponding on the landscape is likely
to be small and very localised. The most likely area for such depressions is near the northern end
of the EP Area.

4.5 Potential Impacts on Farm Dams

The MSEC report identifies a total of 38 farm dams within EP Area 4, of which 32 are located
partially or fully above the proposed areas of secondary extraction (see Figure 9). All dams are
located on the headwaters of Four Mile Creek. The storage capacity of all dams is unknown.

An assessment has been undertaken for all dams within EP Area 4, evaluating the risk of dam
volume change or dam wall failure due to subsidence. This risk is a function of the orientation of
the predicted maximum differential subsidence with respect to the orientation of the dam. Each
dam was assessed and given a risk rating of low, minor or moderate for volume change and dam
wall failure (Table 8). Table 9 (which references each dam by the dam numbering shown on
Figure 9) describes the dams assessed to have a minor or moderate risk of volume change and/or
dam wall failure due to subsidence. Figure 9 displays the predicted subsidence contours due to
Area 4 mining with respect to dam locations.

Table 8: Description of Risk Ratings
Low Subsidence unlikely to impact dam or dam catchment area.
Minor Subsidence may have a slight impact on dam (e.g. cracking around dam edges) or dam

effective catchment area (e.g. some flow to dam may be reduced, but majority of
catchment area likely to remain unaffected).

Moderate Subsidence may have a moderate impact on dam (e.g. cracking or large amount of
subsidence through centre of dam) or dam effective catchment area (e.g. flow to dam
may be significantly reduced).
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Figure 10: Farm Dams and Subsidence Contours within EP Area 4

The MSEC report also notes that the farm dams located directly above the proposed panels could
be subject to strains that could cause cracking, heaving or stepping in the bases or dam walls. In
addition there is also a possibility that high concentrations of strain could occur at faults, fissures
and other geological features, or points of weaknesses in the strata, leading to a step formation at
the surface. If this coincided with a farm dam wall, there is a possibility that cracking in the dam
wall or base could occur resulting in loss of the stored water.

The MSEC report notes that the farm dams which are at highest risk of cracking are dams C07d03,
C16d01, D02d01 and D03d01, which are located in the final tensile zones and depths of cover less
than 100m. Other dams which are located within the final tensile zone, at higher depths of cover,
could also be affected by a lesser extent of surface cracking.

Any surface cracking or leakages in the farm dams could be identified by visual inspections and
remediated by re-instating the bases and walls of the dams with cohesive materials. Any loss of
water from the farm dams would flow into the drainage line in which the dam was formed.
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4.6 Flooding

With a few minor exceptions noted in Table 3, Four Mile Creek and its tributaries within EP Area 4
have well defined channels within a valley setting. There are no defined floodplain areas in the
existing landform and the post-mining topography depicted in Figure 8 indicates that subsidence
will not create any new areas that could lead to flooding on a wide scale.

The existing landscape and infrastructure is likely to contain some areas where minor flooding
potentially exists on the existing landscape, including:

= Where existing farm access roads cross drainage depressions; and

= Culverts crossing Black Hill Road that may currently be undersized for major storm events.

Based on the landform depicted in Figure 8, the predicted subsidence in EP Area 4 is not expected
to exacerbate existing localised flooding or create significant new areas of flooding.

4.7 Groundwater Baseflow

Groundwater modelling of the Abel Mine area has been progressively refined since 2000 to take
account of ongoing monitoring at the Abel, Donaldson and Bloomfield mines as well as monitoring
of inflow to the Abel Mine.

The Groundwater Assessment (RPS Aquaterra, 2012, Appendix B of the EA) has assessed the
changes in the interactions between the groundwater system and the creeks for the Modification 3
mine layout, including Area 4, compared those for the approved mine layout. Figure 11 has been
prepared based on data from RPS Aquaterra (2012) and shows the expected changes, compared
to the approved mine plan, in groundwater baseflow loss to (or gain from) the various creeks that
drain from the extraction area.
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Figure 11:

Predicted Baseflow Gains and Losses in Potentially Affected Creeks (Modification 3)

Although the baseflows depicted in Figure 11 have been inferred from a groundwater model of the

whole Abel Mine area, they illustrate the following features:

= All predicted flows are trivial and would be indistinguishable from the surface runoff from the

catchments.

=  Groundwater baseflow to or from Four Mile Creek is negligible and is not expected to change

over time.
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5 Proposed Monitoring

The proposed surface water monitoring for EP Area 4 will be based on the monitoring regime that
has been refined on the basis of experience in Areas 1, 2and 3.

5.1 Stream Channels

As described in Section 4.3.1, the locations of the creeks that are most likely to exhibit the effects
of subsidence are:

= Locations at the northern end of the panels where there is likely to be the maximum tilt in the
opposite direction to the gradient of the channel which could lead to ponding.

= Any locations where creek channels drain into the subsidence trough. These locations could

experience an increase in bed gradient which would make them more prone to scour.

Detailed longitudinal survey of each creek, including a photographic record with location co-
ordinates, should be undertaken prior to the commencement of mining and any areas of potential
instability noted. Further visual inspections and photographic recording should be carried out
immediately following mining and annually for at least two years following completion of mining.
Any conditions that warrant remedial action should be repaired in accordance with the principles
set out in Sections 6.2 and 6.3.

5.2 Dams

As part of its commitments for the Abel Underground Mine, Donaldson Coal will develop a Dam
Monitoring and Management Strategy (DMMS) for all significant dams prior to the commencement
of any mining which will potentially impact on the dams. The DMMS will provide for the inspection
of each dam by a qualified engineer for:

= Current water storage level;

= Current water quality (EC and pH);

= Wall orientation relative to the potential cracking and differential subsidence;

=  Wall size (length, width and thickness);

= Construction method and soil / fill materials;

= Wall status (presence of rilling / piping / erosion / vegetation cover);

= Potential for safety risk to people or animals;

= Downstream receptors, such as minor or major streams, roads, tracks or other farm

infrastructure; and potential outwash effects.

Photographs of each dam will be taken prior to and after undermining, when the majority of
predicted subsidence has occurred.
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5.2.1 Large Northern Dam (D02d01)

In addition to the proposed monitoring outlined above, Donaldson Coal will undertake additional
management and monitoring for the large northern dam (dam reference D02d01). This should
include:

= Developing a site-specific DMMS;

= Installing an extensometer and piezometer at the northern end of the proposed Panel 29 prior to
undermining dam to measure the height of fracturing above the seam;

= Conducting a site-specific risk assessment including public safety on John Renshaw Drive and
inrush potential;

= Consideration of partial extraction system under dam;

= Consultation with RMS regarding potential flooding of John Renshaw Drive and Black Hill Road;
= Geotechnical investigation and assessment of the existing condition of the dam wall;

= Assessing the capacity of the drainage culverts beneath John Renshaw Drive;

= Reviewing of impacts on previously undermined dams; and

= Developing a Trigger Action Response Plan (TARP) based on the detailed monitoring.

5.3 Water Quality

Routine water quality monitoring will continue at the existing monitoring sites on each of the creeks
downstream of Area 4 (Figure 5), focusing on the key water quality parameters outlined in Section
4. While the water quality at these sites reflect other land use influences, they are considered
appropriate for identifying any significant persistent changes in water quality that might be
attributed to mine subsidence effects.

Table 10: Water Quality Monitoring for Four Mile Creek at EM1

Trigger’ Value Range Frequency of Monitoring

pH 6.5-7.1 Monthly
EC (uS/cm) 235-580 Monthly
TSS (mg/L) 8—-34 Monthly
Al (mg/L) 0.35-1.60 Quarterly
Mn (mg/L) 0.04 -0.46 Quarterly
Fe (mg/L) 2.32-5.56 Quarterly
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6 Potential Remediation

6.1 Surface Cracking

As a result of cracking of soil on the land surface experienced in Areas 1, 2 and 3, Donaldson Coal
has well-developed procedures for the identification and rehabilitation of permanent surface cracks
which are most likely in areas of maximum curvature along the edges of the panels. The
photographs in Figure 12 illustrate these procedures.

1. Excavator digs down to base of crack 2. Area compacted and re filled

08 7 i

3. Area re-seeded 4. Rehabilitation completed

Figure 12:  Typical Process for Rehabilitation of Surface Cracking

In the event of significant cracking of exposed bedrock, cement based grout and crushed rock may
be employed.

6.2 Stream Bed Cracking

The Subsidence Predictions and Impact Assessment (MSEC, 2014) concludes that it is possible
there could be some loss of the surface water flows into the mine through bed-rock cracking in the
creek channels where the depths of cover are the shallowest. Any such cracking would be
identified through the creek channel monitoring.
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Significant bed-rock cracking could warrant grouting of the underlying bedrock. However previous
consultation with the NSW Office of Water (formerly DECCW) has suggested that natural healing
and regeneration is the favoured management strategy in most instances, due to the likely level of
disturbance caused by other strategies such as those employed for surface cracks or backfilling
with imported materials from haulage trucks.

6.3 Bed and Bank Stability

No significant change in bed gradient leading to scouring of creek bed and banks is predicted.

If channel scouring does occur, some of the following actions could be undertaken depending on
the accessibility of the site.

=  Where subsidence monitoring indicates instability in unconsolidated creek banks and where
access is possible and safety hazards are manageable, the bank may be graded back to its
angle of repose and revegetated.

= Where a ‘head cut’ develops in the creek bed, construction of a drop structure may be required
either using imported hard rock (if access permits) or treated timber where access is limited.

= Disturbed areas would be protected from further erosion by use of jute mesh in areas of
concentrated flow and grass seeding followed by tree planting in order to establish sustainable
riparian zone rehabilitation.

= Revegetation of the creek banks would mimic the current vegetated sections of the creek by
using grasses, indigenous trees and shrubs.

6.4 Ponding

Based on the predicted subsidence effects and the ephemeral nature of the creeks over the
proposed panels, it is envisaged that some pools may develop within the creek channels near the
northern end of the panels. As noted in the baseline creek survey (see Section 2.4), pools are an
existing feature of the creeks and it is unlikely that remedial works would be required. In addition,
any increased ponding along the creeks is likely to be 'in-channel' and therefore the potential
effects on existing flora and fauna are likely to be minimal.

However, if subsidence creates a pool that is significantly larger than predicted, remedial actions
would include:

= Assessment of the ecological significance of the pool and its impact on the aquatic and riparian
habitat by an appropriately qualified ecologist.

= Consultation with regulatory agencies to determine whether action is warranted to reduce or
eliminate the pool.

= |f required, channels excavation and stabilisation works to re-grade a section of channel in order
to eliminate or reduce the length of the pond.

Notwithstanding, the option of undertaking works to re-grade a section of channel, as noted above
previous consultation with NSW Office of Water (formerly DECCW) has suggested that extensive
in-channel disturbance is not favoured.
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6.5 Farm Dams

In the event that subsidence / crack development monitoring of farm dams indicates a significant
potential for dam wall failure, dam water will be managed in one of the following ways:

= Pumped to an adjacent dam to lower the water level to a manageable height that reduces the
risk of dam wall failure,

= Discharged to a lower dam via existing channels if the water cannot be transferred, or

= Not transferred if the dam water level is sufficiently low to pose a minor risk.
An alternate water supply will be provided to the dam owner until the dam can be reinstated.

In the event of subsidence damage or significant reduction in the storage capacity of a dam due to
differential subsidence, Donaldson Coal would remediate the damage and reinstate the dam in
consultation with the Mine Subsidence Board.
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1 Introduction

There are 6 watercourse overlying the Abel underground lease area that will potentially be
impacted by underground mining associated with the Abel Mine Project:

e Four Mile Creek;

o Weakleys Flat Creek;
e Viney Creek;

e Buttai Creek;

e Blue Gum Creek;

e Long Gully.

Water quality monitoring in these catchment commenced in 2000; underground mining commenced
in the Weaklys Flat catchment in 2010, and in the Four Mile Creek Catchment in 2013.

The purpose of this report is to present the pre- and post- mining water quality data for Weakleys
Flat Creek, to establish performance indicators applicable for that catchment and to demonstrate
that this method of setting performance indicators is appropriate for the Four Mile Creek Catchment
that will potentially be impacted by underground extraction in Area 4.
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2 Weakleys Flat Creek

2.1 Historical Data (pre-mining)

Water quality data has been collected on a monthly basis at Weakleys Flat Creek upstream of John
Renshaw Drive (about 2 km downstream of Area 3). The location of the Weakleys Flat Creek
monitoring station (EM3) is shown on Figure 1. Data collection for this site commenced in July
2000, sampling was undertaken for the analytes and parameters detailed in Table 1.

v O Water Quality Monitoring Location
Abel Area 4 SMP Area

I:] Panel layout

Catchment boundaries
Creeklines

Figure 1: Water Quality Monitoring Locations Downstream of Area 4

Mining commenced within the Weakleys Flat Creek catchment (Abel Area 1, Panels 1 — 13 and
East Mains; Abel Area 1, Panels 14 — 25 and Tailgate Headings) in July 2010. Therefore, the pre-
mining or baseline data analysis considers the 118 samples collected between July 2000 and July
2010.

Table 1: Analytes and parameters monitored at Weakleys Flat Creek and Four Mile Creek
Temperature Alkalinity

pH Acidity

H+ Chloride

Electrical Conductivity Calcium

Total Dissolved Solids Magnesium
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Total Suspended Solids Sodium
Sulphate Potassium

Turbidity (monthly monitoring July 2002 — February  Aluminum
2010, 3-4 times a year afterwards)

Arsenic
Barium
Cadmium
Chromium
Cobalt
Copper
Lead
Manganese
Selenium
Zinc

Iron
Fluoride
Nitrate
Reactive Phosphorus

The potential impact on water quality due to underground mining is due to a contamination of
surface water through seepage from underground workings to the surface. Mine water is generally
very salty, with electrical conductivity (EC) in the range of 600 to 16,000 uS/cm (2012 EA), as
compared with a maximum recommended level of approximately 2,200 uS/cm for fresh water.
Therefore the primary trigger for mine induced water quality impacts is EC. Mine water is also
likely to be more acidic, and contain higher levels of dissolved metals than fresh water. Monitoring
of water quality in areas subject to mining indicates that the effects of subsidence on water quality
have been most noticeable in iron, manganese and aluminum (Metropolitan Coal Water
Management Plan 2011).

As such, the parameters that have been identified as triggers for mine impacts on nearby
waterways for the Abel Underground lease area are: pH, electrical conductivity (EC), total
suspended solids (TSS), Aluminium (Al), Manganese (Mn) and Iron (Fe). Therefore, analysis has
been undertaken conducted for these six parameters only.

Table 2 provides a statistical summary of pH, EC, TSS, Al, Mn and Fe for the baseline data July
2000 to July 2010. For comparison purposes, the table also lists the default ANZECC trigger values
for lowland creeks with slightly disturbed ecosystems as has also been used in the Environmental
Assessments to date.
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Table 2: Summary of Historical Water Quality Statistics for Weakleys Flat Creek (Pre-mining)
Statistic Mn
e e i i
ANZECC Default trigger 6.5-8.0* 125-2200* N/A 0.055~ 19#
Number of samples 118 117 116 39 39 39
Minimum 5.6 136 1 0.04 0.00 0.26
20th Percentile 6.64 235 3 0.10 0.01 0.91
Median 6.9 550 11 0.21 0.08 1.7
Average 6.9 786 28 1.6 0.27 3.35
80th percentile 7.2 1116 30 1.34 0.47 4.12
Maximum 7.7 4810 920 33 2.60 24

* ANZECC trigger values for lowland creeks with slightly disturbed ecosystems
A 95% Level of protection, slightly - moderately disturbed systems pH >6.5
#95% Level of protection, slightly - moderately disturbed systems

The results of this analysis of the water quality monitoring data to date for Weakleys Flat Creek
(historical and post mining) are provided in Figure 2 - Figure 7.

Key aspects of the Weakleys Flat Creek water quality monitoring results and analysis, pre-mining,
are:

= Average pH is almost neutral (pH 6.9), with a slightly acidic 20" percentile value of 6.64 and
slightly alkaline 80" percentile value of 7.2. The 20" and 80" percentile values are within the
default ANZECC trigger levels for further investigation.

= Salinity (as indicated by electrical conductivity — EC) has a very large range, with an average of
786 uS/cm, 20" percentile value of 235 uS/cm and an 80" percentile value of 1116 uS/cm. The
20" and 80" percentile values are within the default ANZECC trigger levels for further
investigation.

= Total suspended solids (TSS) has an average value of 28 mg/L, 20" percentile value of 3 mg/L
and an 80" percentile value of 30 mg/L. There is no default ANZECC trigger level provided.

= Only 39 samples have been collected for aluminium (Al), with Al data collected three to four
times a year. Al has an average value of 1.6 mgl/L, 20" percentile value of 0.10 mg/L and an
80" percentile value of 1.34 mg/L. Most values are above the default ANZECC trigger level for
further investigation.

= Only 39 samples have been collected for manganese (Mn), with Mn data collected three to four
times a year. Mn has an average value of 0.27 mg/L, 20" percentile value of 0.01 mg/L and an
8o™ percentile value of 0.47 mg/L. Apart from the maximum recording, all Mn values are lower
than the default ANZECC trigger level for further investigation.

= Only 39 samples have been collected for iron (Fe), with Fe data collected three to four times a
year. Fe has an average value of 3.35 mg/L, 20" percentile value of 0.91 mg/L and an 80"
percentile value of 4.12 mg/L. There is no default ANZECC trigger level provided.
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Overall, the water quality data indicates that at the Weakleys Flat Creek monitoring point the
catchment has water quality that is consistent with a moderately disturbed catchment.
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Figure 2: Weakleys Flat Creek Surface Water Quality Monitoring Results — pH
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Figure 3: Weakleys Flat Creek Surface Water Quality Monitoring Results — Electrical Conductivity
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Figure 4: Weakleys Flat Creek Surface Water Quality Monitoring Results — Total Suspended Solids
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Figure 5: Weakleys Flat Creek Surface Water Quality Monitoring Results — Aluminium
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Figure 7: Weakleys Flat Creek Surface Water Quality Monitoring Results — Iron

2.2 Trigger Values

The ANZECC Guidelines published in 2000 (“the Guidelines”) provide default ‘trigger’ values for
different indicators of water quality parameters as either a ‘threshold value’ or as a ‘range of
desirable values’. Where an indicator is above a threshold value or outside the range of desirable
values “there may be a risk that the environmental value will not be protected”. The purpose of
these ‘trigger’ values is to provide a ‘trigger’ for action or further investigation. They are not
prescribed limits.

The Guidelines also state that:

“Trigger values are conservative assessment levels, not ‘pass/fail’ compliance criteria.
Local conditions vary naturally between waterways and it may be necessary to tailor trigger

R

values to local conditions or focal guidelines’.

The Guidelines also state that two years of monthly sampling is regarded as sufficient to provide an
indication of the local ecosystem variability and to provide a basis for derivation of ‘trigger’ values
appropriate to conditions in a particular creek system. For physical and chemical stressors for
slightly or moderately disturbed ecosystems, such as that surrounding the Abel Underground Mine,
the Guidelines recommend the use of the 20" and 80" percentile values of the data obtained from
an appropriate reference system as the basis for revised ‘trigger’ values. On the basis of the
historical monitoring data summarised in Table 2, appropriate trigger values for Weakleys Flat
Creek are set out in Table 3.

20140528 #25560 SWMP Appendix A - Water Quality (Final).docx 9
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Table 3: Proposed Water Quality 'Trigger’ Values for Weakleys Flat Creek
pH 6.6-7.2
EC (uS/cm) 235- 1116
TSS (mg/L) 3-30
Al (mg/L) 0.10-1.34
n (mg/L) 0.01-0.47
e (mg/L) 0.91-412

In line with the way that the ANZECC trigger values are intended to be used, the proposed trigger
values in Table 3 do not represent ‘limits’. Rather, they represent ranges in which most
observations can be expected, and therefore a trigger to undertake further assessment if
monitoring demonstrates that the upper limit is continuously exceeded.

2.3 Effects of Mining

Mining commenced within the Weakleys Flat Creek tributary in July 2010. Water monitoring data
has continued to be collected after the commencement of mining, enabling an analysis of the
effects of mining on the tributary.

Table 4 provides a statistical summary of pH, EC, TSS, Al, Mn and Fe from July 2010 to April
2014. For comparison purposes, the table also lists the default ANZECC trigger values for lowland
creeks with slightly disturbed ecosystems and the calculated trigger values for each parameter.

Table 4: (S;umr;ary of Post Commencement of Mining Water Quality Statistics for Weakleys Flat
ree
Statistic Mn
gt i i ey i i

ANZECC Default 6.5-8.0* 125-2200 N/A 0.055 ~ 19#

trigger o

Calculated Trigger 6.6-7.2 235-1116 2-30 0.10 - 0.01 - 0.91 -
1.34 0.47 4.12

Number of samples 45 45 44 15 15 15

Minimum 6.7 173 5 0.04 0.05 0.43

20th Percentile 7.1 218 6 0.09 0.09 1.68

Median 7.4 327 10 0.76 0.11 2.63

Average 7.3 459 17 0.8 0.12 2.91

80th percentile 7.5 513 26 1.60 0.14 4.49

Maximum 8.2 2880 90 2.3 0.27 5.81

* ANZECC trigger values for lowland creeks with slightly disturbed ecosystems
A 95% Level of protection, slightly - moderately disturbed systems pH >6.5
# 95% Level of protection, slightly - moderately disturbed systems

20140528 #25560 SWMP Appendix A - Water Quality (Final).docx 10
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The results of these parameters to date (historical and post mining) in addition to the calculated
20" and 80" percentile trigger values are also displayed in Figure 2 - Figure 7 for Weakleys Flat
Creek.

Key aspects of the Weakleys Flat Creek water quality monitoring sites, after commencement of
mining, are:

= Average pH is slightly alkaline (pH 7.3), with a 20" percentile value of 7.1 and slightly alkaline
80" percentile value of 7.5. The 20" percentile value is within the calculated trigger levels for
further investigation. However, the 80" percentile value exceeds the calculated trigger levels for
further investigation.

= Salinity (as indicated by EC) an average of 459 uS/cm, 20" percentile value of 218 uS/cm and
an 80" percentile value of 513 pS/cm. The 20" and 80" percentile values are lower than the
upper calculated trigger level for further investigation. After mining commenced, the upper
trigger value was only exceeded three times, with a maximum of two exceedences occurring in
consecutive months.

= TSS has an average value of 17 mgl/L, 20" percentile value of 6 mg/L and an 80" percentile
value of 26 mg/L. Apart from the maximum recording, all TSS values are lower than the upper
calculated trigger level for further investigation.

= Only 15 samples have been collected for Al, with Al data collected three to four times a year. Al
has an average value of 0.8 mg/L, 20" percentile value of 0.09 mg/L and an 8o™ percentile
value of 1.60 mg/L. The 20" percentile value is within the calculated trigger levels for further
investigation. However, the 80" percentile value exceeds the calculated trigger levels for further
investigation. Upon further inspection of the data, it was found that only four readings exceeded
the trigger value, with a maximum of two exceedences occurring during consecutive sample
collections.

= Only 15 samples have been collected for Mn, with Mn data collected three to four times a year.
Mn has an average value of 0.12 mg/L, 20" percentile value of 0.09 mg/L and an 80" percentile
value of 0.14 mg/L. All Mn values are lower than the upper calculated trigger level for further
investigation.

= Only 15 samples have been collected for Fe, with Fe data collected three to four times a year.
Fe has an average value of 2.91 mg/L, 20" percentile value of 1.68 mg/L and an 80" percentile
value of 4.49 mg/L. Apart from the maximum recording, all Fe values are lower than the upper
calculated trigger level for further investigation.

Overall, the water quality data indicates that at the Weakleys Flat Creek monitoring point, water
quality post commencement of mining was generally within the calculated trigger values for further
investigation, and that the 20" and 80" percentile range of the background levels is an appropriate
trigger level.

20140528 #25560 SWMP Appendix A - Water Quality (Final).docx 1
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3 Four Mile Creek

3.1 Historical Data (pre-mining)

Water quality data has been collected on a monthly basis at Four Mile Creek upstream of John
Renshaw Drive (about 0.5 km downstream of Area 3) since July 2000. The location of the Four
Mile Creek monitoring station (EM1) is shown on Figure 1. Mining commenced within the Four Mile
Creek catchment (Abel Area 3, Panels 23 - 26) in July 2013. Therefore, the historical data analysis
considers the 144 samples of water quality data collected between July 2000 and July 2013.

Table 5 provides a statistical summary of pH, EC, TSS, Al, Mn and Fe from July 2000 to July 2013.
For comparison purposes, the table also lists the default ANZECC trigger values for lowland creeks
with slightly disturbed ecosystems.

Table 5: Summary of Historical Water Quality Statistics for Four Mile Creek
Statistic Mn
i s i i
ANZECC default trigger 6.5-8.0* 125-2200* 0.055 A 19#
Number of samples 144 144 141 47 47 47
Minimum 5.9 100 1 0.13 0.0 0.72
20th Percentile 6.5 235 8 0.35 0.0 2.32
Median 6.8 425 16 1.00 0.1 3.6
Average 6.8 414 27 1.18 0.2 4.4
80th percentile 7.1 580 34 1.60 0.5 5.56
Maximum 7.9 985 269 4.50 1.0 20

* ANZECC trigger values for lowland creeks with slightly disturbed ecosystems
A 95% Level of protection, slightly - moderately disturbed systems pH >6.5
# 95% Level of protection, slightly - moderately disturbed systems

Analysis of these parameters for Four Mile Creek to date (historical and post mining) are provided
in Figure 8 - Figure 13.

Key aspects of the Four Mile Creek water quality monitoring results, pre-mining (2000 — 2013), are:

= Average pH is slightly acidic (pH 6.8), with a 20" percentile value of 6.5 and slightly alkaline 80"
percentile value of 7.1. The 20" and 80" percentile values are within the default ANZECC
trigger levels for further investigation.

= Salinity (as indicated by EC) has an average of 414 uS/cm, 20" percentile value of 235 uS/cm
and an 80" percentile value of 580 pS/cm. The 20" and 80" percentile values are within the
default ANZECC trigger levels for further investigation.

= Total suspended solids (TSS) has an average value of 27 mg/L, 20" percentile value of 8 mg/L
and an 80" percentile value of 34 mg/L. There is no default ANZECC trigger level provided.

= Only 47 samples have been collected for aluminium (Al), with Al data collected three to four
times a year. Al has an average value of 1.18 mg/L, 20" percentile value of 0.35 mg/L and an

20140528 #25560 SWMP Appendix A - Water Quality (Final).docx 12
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80" percentile value of 1.60 mg/L. All values are above the default ANZECC trigger level for
further investigation.

= Only 47 samples have been collected for manganese (Mn), with Mn data collected three to four
times a year. Mn has an average value of 0.2 mg/L, 20" percentile value of 0.0 mg/L and an
80" percentile value of 0.5 mg/L. All Mn values are lower than the default ANZECC trigger level
for further investigation.

= Only 47 samples have been collected for iron (Fe), with Fe data collected three to four times a
year. Fe has an average value of 4.4 mg/L, 20" percentile value of 2.32 mg/L and an 80"
percentile value of 5.56 mg/L. There is no default ANZECC trigger level provided.

Overall, the water quality data indicates that at the Four Mile Flat Creek monitoring point, the
catchment has water quality that is consistent with a moderately disturbed catchment, with
historical results very similar to that of Weakleys Flat Creek.
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Figure 8: Four Mile Creek Surface Water Quality Monitoring Results — pH
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Figure 9: Four Mile Creek Surface Water Quality Monitoring Results — Electrical Conductivity
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Figure 10:  Four Mile Creek Surface Water Quality Monitoring Results — Total Suspended Solids
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Figure 11:

Four Mile Creek Surface Water Quality Monitoring Results — Aluminium
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Figure 12:

Four Mile Creek Surface Water Quality Monitoring Results — Manganese
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3.2

Four Mile Creek Surface Water Quality Monitoring Results — Iron

Trigger Values

As discussed in Section 2.2, the Guidelines recommend the use of the 20™ and 80™ percentile
values of the data obtained from an appropriate reference system as the basis for revised ‘trigger’
values. On the basis of the historical monitoring data summarised in Table 5, appropriate trigger
values for Four Mile Creek are set out in Table 6.

Table 6:

Proposed Water Quality 'Trigger’ Values for Four Mile Creek

pH

EC (uS/cm)
TSS (mg/L)
Al (mg/L)
Mn (mg/L)
Fe (mg/L)

6.5-7.1
235 - 580
8-34
0.35 - 1.60
0.04 - 0.46
2.32 - 5.56
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4 Future Monitoring and Further Analysis for
Abel Area 4

The post commencement of mining water quality data at Weakleys Flat Creek monitoring point was
generally in the range of the 20" and 80" percentile calculated trigger values. This demonstrates
that the use of these 20™ and 80™ percentile values were appropriate for use as trigger values.
Where values exceeded the upper trigger value, exceedences did not occur for more than two
consecutive months or sample collections.

Insufficient data is available at the Four Mile Creek monitoring location post commencement of
mining to undertake an analysis similar to Weakleys Flat Creek. However, as Four Mile Creek and
Weakleys Flat Creek are located within the same broader catchment, it is appropriate also that the
trigger levels for Four Mile Creek water quality impacts are set at the 80" and 20" percentile
bounds as calculated from the baseline data (Table 6). Monitoring should continue at the Four
Mile Creek monitoring location (EM1) for pH, EC, and TSS, on a monthly basis, and Al, Mn and Fe
on a quarterly basis.

As discussed in Section 2.3 a key indicator of mining induced water quality impacts is changes in
salinity. It is recommended that if the upper bound for salinity (EC) is exceeded for a period of
three consecutive months, that this is the trigger to undertake further assessment of the metals (Fe,
Al and Mn) to establish whether the change in EC is mining induced. It is recommended that this
further assessment considers investigation of the potential pathways for water quality impacts
within the Abel Mine underground mining area to identify whether the change in water quality is
attributable to underground mining activities, and the nature of activity that has caused the change.
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1 INTRODUCTION

This Groundwater Management Plan (GMP) has been prepared to support existing
groundwater assessments accompanying the Extraction Plan (EP) / Subsidence
Management Plan (SMP) application for ‘Area 4’ within the Abel Mine lease area. Area
4 comprises nine panels (Nos. 27 - 35) and the further development of the West Mains
Headings covering an area of 209 ha located South of John Renshaw Drive.

A Risk Assessment undertaken as part of the preparation of the EP / SMP Area 4
identified a range of potential impacts that are considered. These include:

e Loss of a the groundwater resource as a result of:
o Connective cracking;

o Additional flow to underground workings from the intersection with
structures;

e Depressurisation of aquifers due to mining activities greater than predicted;

e Elevated salinity in groundwater inflows through mine workings;

The identified risks have been considered along with conditions which have been placed
on the modification approval identified within Schedule 3 of the Conditions of Project
Approval 05_0136 (MOD 3) for Area 4.

The controls that will mitigate the potential impacts of the greater project have been
included within the overarching Water Management Plan. These controls include aspects
of the mine design and mining method designed to minimise subsidence impacts as well
as proven mitigation methods, such as techniques for remediation of surface cracking
based on experience gained in SMP Areas 1, Area 2 and Area 3.

This review of potential risks draws upon a number of documents which provide details
of the groundwater environment at Abel Underground Mine which include:

o Information presented in the original Part 3A Environmental Assessment for the
Abel Underground Mine (Donaldson Coal, 2006);

o Abel Upgrade Modification Groundwater Assessment (RPS, 2013);

o Relevant information gained from the observed impacts associated with mining
of SMP Areas 1, 2 and 3:

o Annual Environment Management Report (Abel Underground Coal Mine 1 June
2012 to 31 May 2013), and;

o Subsidence Predictions and Impact Assessment (MSEC676, 2014);

The GMP is specifically required as a component of the Site Water Management Plan
(SWMP). The specific sections of the Consent Conditions that are to be taken into
account in preparing the GMP include Schedule 3 of the Modification Approval (Specific
Environmental Conditions — Underground Mining).

The conditions which have been placed on the modification include:

e a program to monitor and report groundwater inflows to underground workings;
e a program to predict, manage and monitor impacts to groundwater bores on
privately-owned land.



Figure 1: EP / SMP Area 4 Location Diagram
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2 HYDROGEOLOGY
2.1 OVERVIEW OF THE MAIN HYDROGEOLOGICAL UNITS

Two distinct aquifer systems occur within or near the project area:
e A fractured rock aquifer system in the coal measures, with groundwater flow
mainly in the coal seams; and
e A shallow granular aquifer system in the unconsolidated alluvium.

In the Abel Underground Mine area, permeability is generally highest in the coal seams
and in areas where there is significant fracturing or faulting. However, overall the coal
measures have a low inherent permeability. The interbedded sandstones and siltstones
are of lower permeability and offer very limited inter-granular porosity and little
secondary permeability and storage in joints.

Groundwater is also found to occur in the alluvial overburden across the footprint of the
Abel underground mine. However, this is limited to thin cover within ephemeral streams
such as:
e Four Mile Creek, plus tributaries of
Weakleys Flat Creek
Viney Creek
Buttai Creek
Bluegum Creek

In Area 4, only Four Mile Creek is of significance.

Groundwater flow within the coal measures is controlled to a large degree by regional
topography, with recharge occurring in areas of elevated terrain and then slow
movement down-dip or along strike to areas of lower topography. There is considered
to be limited hydraulic connectivity between the alluvium associated with these creeks
and the coal measures.

There is considered to be a component of lateral flow in the coal measures out of the
project area over the Southern and Eastern boundaries.

Groundwater levels in the near surface material, which includes alluvium/colluvium and
weathered bedrock, show a much closer relationship to the local topography. While
groundwater levels in the deeper coal measures are not influenced by local topography,
the surficial groundwater levels are locally influenced.

Groundwater level contours for the Donaldson Seam show an overall pattern of flow to
the East, South and West from a central ridge which extends southwards from the
Donaldson Open Cut Mine. The flow pattern is largely independent of the local
topography. The contours are also influenced from dewatering in the Donaldson Open
Cut Mine area and more recently with the mining activities within the underground mine
in SMP Areas 1, 2 and 3.

Groundwater flow within the deeper coal measures is therefore believed to be more
regionally controlled, whereas flow within the near-surface material is subject to local
topographic influences. However, groundwater within geological structures such as joint
and thrust fault structures have been encountered, specifically within SMP Area 1 with
elevated groundwater inflows occurring to underground workings on intersection.



2.2 RECHARGE AND DISCHARGE

Rainfall recharge occurs to the coal seams where they outcrop or sub crop at shallow
depths immediately to the north of Abel Underground Mine and to the limited alluvial
aquifers which are associated with the main drainage pathways of the creeks.

The coal seams, where covered by overburden, are recharged mainly by flow along the
bedding from elevated areas where the beds are exposed in outcrop, with minimal
downward percolation through the overburden. After reaching the water table, flow is
predominantly down-gradient along the more permeable horizons, but also with a
component of continuing downward flow to recharge underlying coal seam aquifers.

Groundwater discharge occurs through evaporation, flow and through baseflow
contributions to creeks where the water table intersects the land surface. Groundwater
seepage to the underground mine also accounts for groundwater from coal seam
aquifers and overlying strata. There is almost no existing groundwater abstraction in
the Abel Underground Mine area other than for coal mine dewatering.

2.3 GROUNDWATER QUALITY

The quality of groundwater sampled from within the Abel Underground Mine area is
highly variable. Historically, total dissolved solids (TDS) measured within the
groundwater monitoring network has ranged from less than 518 mg/L to 16,000 mg/L.
The highest salinities reported from the surficial groundwater (i.e. the weathered
Permian/alluvium-colluvium). The lowest reported salinity of 518 mg/L was from the
Donaldson Seam near sub crop. The monitoring network at Abel Underground Mine has
shown measured salinity to be variable within the Permian Coal measures. Recent
monitoring of groundwater inflow from within Area 1 and 2 indicated that groundwater
entering the underground mine ranges from 2225 - 11000 uS/cm.

2.4 GROUNDWATER AND SURFACE WATER INTERACTION

There is believed to be limited interaction between the surface drainage system (i.e.
creeks) and the deeper groundwater within the coal measures. The shallow
groundwater found within unconsolidated alluvium associated with the creeks is limited
in nature due to the unconsolidated soils being confined to the narrow alignments of the
various creeks. There is expected to be some interchange of water between the creek-
beds and the shallow weathered bedrock beneath. These localised occurrences of
surficial groundwater do not represent a significant or regionally extensive aquifer
system.

2.5 GROUNDWATER DEPENDENT ECOSYSTEMS

No Groundwater Dependent Ecosystems have been identified in the EP / SMP Area 4.



3 POTENTIAL IMPACTS DURING EP / SMP AREA 4
3.1 LOSS OF A THE GROUNDWATER RESOURCE

Groundwater inflows to the mine during operations will be managed using the existing
processing and mine water management system. Because of the shallow depths of cover
over the Area 4 workings, there is a risk that connective cracking could provide a direct
link between the underground mine and surface.

Subsidence may also cause a connection with sub-surface geological structures which
contain stored groundwater in volumes which could cause short term elevated inflow
rates. This has previously occurred in a number of locations.

In Panel 3 and Panel 7 of Area 1, elevated inflows occurred due to intersection of fracture
networks and these elevated flow rates lasted for a short period until storage was
depleted. The structure intersected in Panel 3 was interpreted as a thrust fault which
did not propagate into the Donaldson Seam. The Panel 7 inflow event being more
persistent and assessed to be the result of interconnection of storage associated with
an inferred thrust fault to the East of Panel 7.

A similar event occurred in Panel 19 in Area 2 and more recently in the West Mains
development in Area 3. In each case the elevated inflow rate peaks were short and
inflow water quality having elevated salinity levels indicating that the groundwater
entering the mine were not sourced from surface water features.

3.2 DEPRESSURISATION OF AQUIFERS DUE TO MINING ACTIVITIES GREATER THAN
PREDICTED

Groundwater levels have been predicted to be lowered to extraction levels during mining
activities. To date, mining activities within Area, 1 Area 2 and Area 3 have caused a
drawdown cone in line with expectations provided by predictive modelling results and
confirming that the low permeabilities of coal measure stratigraphy limits the lateral
propagation of drawdown impacts.

Mining activities in Area 1, Area 2 and more recently Area 3 have partially caused
depressurisation in Area 4 and the progression of mine development and extraction
within Area 4 will extend to drawdown further to the west and reduce groundwater
pressures within the Donaldson Seam to mining levels across the footprint of EP / SMP
Area 4.

Given the experience of mining activities to date and results of ongoing monitoring, it
is unlikely that lateral propagation of depressurisation, greater than that predicted will
occur.

3.3 ELEVATED SALINITY IN GROUNDWATER INFLOWS THROUGH MINE WORKINGS
The cover depth, mining levels and overburden stratigraphy encountered in Area 4 are

very similar to that which has occurred in Areas 1, 2 and 3. Therefore, groundwater
salinities in Area 4 are anticipated to be similar in nature.

3.4 MINE INFLOW

A mine inflow rate substantially higher than predicted by the modelling may indicate
greater impacts on near-surface groundwater and / or the wetland environments. The



inflow rate has been predicted to increase progressively from 0.3 ML/d in Year 1 to a
maximum rate of 1.9 ML/d in 2019 as shown in Table 1.

No significant increases to inflows which have been predicted are anticipated with mining
in EP / SMP Area 4 due to experience gained in similar geological conditions as currently
being undertaken in SMP Area2 and SMP Area 3.

Table 1: Predicted Mine Inflows

Mine Year ML/d ML/Year
2010 0 0
2011 0.3 100
2012 1.0 350
2013 1.6 600
2014 2.2 800
2015 3.3 1200
2016 4.8 1750
2017 6.6 2400
2018 4.4 1600
2019 3.8 1400
2020 5.2 1900
2021 3.7 1350
2022 2.2 800
2023 2.7 1000
2024 2.1 750
2025 2.2 800
2026 1.9 700
2027 1.5 550
2028 1.0 350
2029 0.8 300
2030 0.0 0

3.5 IMPACTS TO GROUNDWATER BORES ON PRIVATELY-OWNED LAND

The majority of the bores located within 5km of the Abel Underground Mine footprint
are monitoring or test bores, predominantly associated with monitoring the current and
future impacts of mining activities within the area. Stock/domestic bore GW051353 is
associated with the Abel Underground Mine.

Of the bores not associated with Donaldson mining operations, two bores (GW058760
and GW0061307) are located to the North of Donaldson Open Cut Mine and to the North
of the Newcastle Coal Measures sub-crop. This location is stratigraphically higher than
the Modification and outside the sub-crop of the Donaldson Seam. Irrigation bores
GWO053411 and GW053412 are located within the down gradient section.

Hence no privately owned bores are predicted to be impacted upon so long as
drawdowns resulting from mining operations are within the predicted range.



4 PROPOSED MONITORING

The groundwater monitoring programs in place have been operating on the Abel project
site since September 2005 and at the Donaldson mine since June 2000. It is proposed
that the monitoring network be continuously upgraded with additional bores as the
project footprint expands.

Initially, all available piezometers available have been monitored since the networks
evolution in 2000. However review of monitoring requirements has been undertaken
routinely following AERM requirements. A number of older monitoring sites have been
removed over time as the open cut has been exhausted and additional bores added to
the network as mining within the underground environment develops.

The groundwater monitoring program includes:

e Monthly measurement of water levels in a representative network of
piezometers.

e Quarterly sampling of all standpipe piezometers, for laboratory analysis of
electrical conductivity (EC), total dissolved solids (TDS) and pH.

e Annual collection of water samples from all standpipe piezometers for laboratory
analysis of a broader suite of parameters

o Physical properties (EC, TDS and pH)

o Major cations and anions (Ca, Mg, Na, K, Cl, SO4, HCO3 and CO3)
o Nutrients

o Dissolved metals.

e Weekly measurement of the volume of mine water pumped from the
underground workings. Separate inflow rates should be monitored if two or more
separate mining areas are active at any time.

e Weekly measurement on site of the EC, TDS and pH of the mine water pumped
from the underground workings.

e Periodic / opportunistic measurement underground of the EC, TDS and pH of the
mine water during any short term elevated inflow events encountered.

The monitoring frequency and parameters for monitoring are listed in Table 1. The
monitoring bore network for the Abel Underground Mine is detailed in Table 2.

Key bores monitoring impacts of EP / SMP Area 4 extraction include:
e (CO078 - Donaldson Seam / Weathered Permian Overburden
e (CO080 - Donaldson Seam
e DPZ6 - Upper and Lower Donaldson Seams
e DPZ12 - Upper Donaldson Seam Overburden

C078 and CO080 are vibrating wire piezometers with transducers within the upper
Donaldson Seam. Both show depressurisation resulting from earlier mining activities.
C078 (Figure 2) shows lower of water pressures in line with prediction occurring as a
result of mining in SMP Areas 1, 2 and 3. C080 (figure 3) shows mining related
depressurisation in line with predictions resulting from mining activities in SMP Area 3
within the Donaldson Seam with no observed impact seen at shallower levels at this
location.

DP76 and DPZ12 are standpipe piezometers with DPZ 6 screened at shallow depths
within the Donaldson Seam near sub crop and DPZ 12 in Upper Donaldson Seam
Overburden east of EP / SMP Area 4. Historically, these two piezometers have shown
erratic water levels. However within the past 12 months, water levels have remained



relatively stable in these two monitoring bores. Figure 4 shows a selection
hydrographs from Abel Underground and Donaldson Open Cut monitoring areas.

Figure 2: Hydrograph for C078
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Figure 3: Hydrograph for C080
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Figure 4: Selected Donaldson and Abel Standpipe Hydrographs
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Table 2: Monitoring Frequency

Monitoring Frequency Analysis Suite Location
Groundwater Monthly Field (GW Level, pH, EC, Temp, Odour, | Reg DPZ-1, DPZ-1A, DPZ-
Quality Colour), Lab (pH, EC, TSS, TDS, 3, DPZ-6, DPZ-8, DPZ-10,
Sulphate) DPZ-13, DPZ-14A, DPZ-
16A, FMCPZ-2, DPZ-17,
DPZ-20, JRD1, JRD2.
Quarterly Field (GW Level, pH, EC, Temp, Odour,
(January, April, Colour), Lab (pH, EC, TDS, TSS,
July, October) Alkalinity, Sulphate, Chloride, Major
Cations [Ca, Mg, Na, K], Total Metals
[Al, As, Ba, Cd, Cr, Co, Cu, Pb, Mn, Se,
Zn, Fe]
Groundwater Monthly Standpipe Piezometers DPZ-1, DPZ-1A, DPZ-3,
Levels DPZ-6, DPZ-8, DPZ-10,
DPZ-13, DPZ-14A, DPZ-
16A, FMCPZ-2, DPZ-17,
DPZ-20, JRD1, JRD2C284,
TA24,TA32, TA41, TA28S,
Vibrating Wire Piezometers BOO5, BOO2A, B029,
B017, BO31, B0O30, C140,
C133, C138, C093, C078,
C080, C092, C063, C148,
C223, C072, C123, C082,
C081, C095.
Mine Inflows Weekly Rate Portal Meters
Weekly Field (pH, EC, Temp, Odour, Colour) Portal Meters
Quarterly Lab (pH, EC, TDS, TSS, Alkalinity, Portal Meters

(January, April,
July, October)

Sulphate, Chloride, Major Cations [Ca,
Mg, Na, K], Total Metals [Al, As, Ba,
Cd, Cr, Co, Cu, Pb, Mn, Se, Zn, Fe]
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5 TRIGGER ACTION RESPONSE PLAN (TARP)

The Trigger Action Response Plan (TARP) has been developed to focus upon appropriate trigger
and response actions for mitigation of impacts to natural environment as a result of the coal
extraction.

Monitoring serves to provide advice of changes to groundwater levels or quality and also of
subsidence impacts that occur as predicted or to raise alert that an abnormal condition relating
to coal extraction has developed. Each program has established triggers used to indicate levels of
impact and an appropriate response. The fundamental means of determining the magnitude of
any impact and the need for further monitoring and/or remedial actions is based upon the Trigger
Action Response Plan documented in Table 4.

The TARP has been designed to allow quick reference to risks of impact from mining to
environmental aspects identified within the mining area and surrounds.

The contingent measures are proposed to ensure the timely and adequate management of
impacts outside of predicted levels. Appropriately qualified hydrogeologist / hydrologist would be
engaged to undertake investigations. The following issues are to be addressed within response
reporting:

° Scope of the study.

° Aims and objectives.

° Analysis of trends.

° Assessment of any impacts against prediction.

° Cause analysis of any change or impact.

° Options for management and mitigation.

° Assessment for the need for contingent measures.
° Any recommended changes to this plan.

° Appropriate consultation.

A Site specific mitigation/action plans following a review will include:

° A description of the impact to be managed.

° Results of the Hydrogeologist / hydrologist investigations.

° Specific actions required to mitigate/manage.

° Timeframes for implementation.

° Roles and responsibilities.

° Identification of and gaining appropriate approvals from landholders and government
agencies.

° Consultation and communication plan.

16



LT

01 syoedwi Ajfenb
Jayem uo podai pue
a1ebnsanul ‘Ajuap)

ulynm saiousabe
JueAs|a) WioyU|

£ Ulyum pareniul

aulj@seq Xew ay} apISiNo
Jajey "wuiyuod o} buidwes  o4,Gg ueyl aiow Aq Ayuies

1801140 [BIUBWIUOIIAUT Joyempunolf jeedey Ul 8SB8IOUI POAISSTO UY

IN SOINSEa[ [B0D

"BJEP SYUOW € 1SEd| 1B
Buisn) awi 18n0 painsesw
se Jabbuy |ons|  Uslem
pJEMO} puUdJ}  JUBISISUOD
SUOIIPUOD

oliew|d 0} PaINQLIIE 10U S|
yolym ‘ s|ana| Jarempunolb

0} anp uapINAIdAQ
0} spoedu Ayjenb sSal ‘o3 Ayjenb
Ja1em Aue Ajpusp]  ‘Hd :Apeueny  Jslempunoln)

sjoedwi mojjaseq

NEETO R EETle) MaInai 1oy 1s1BojoabolpAy 90BJNS JBdU 8y} uapIngonQ pue sia1empunoib
9|IIN ¥ 0} paurejurew Juspuadepul UE 0] JoewW 8y} Ul UMOPMEIP Pajoipaid 8yl  paloauuod 1o 3aa.1) (jenuew) aoeLIns Jeau
ale MO|joseq  UIyim salouabe Jajey "wuyuod o} Bulojuow 0} SAIE[S) WG JO UMOPMEIP S|I\ O} Sloedwi MOy Ayiuopy [9AS]  Y}M UO]}09UU0D
alenbape ainsug  JueAsjaJ Wioju| 1921JJ0 [BIUBWIUOIIAUT |9A8] Jotem Jeaday [eUOINPPE UY TUSPINQISAQ oseq Aue Ajjuepl 0] ‘( TUSPINGISAQ  Jejempunols) olnespAH
pouad yuow 9 8AIINd8SU0D slelsw
‘Ayjenb Jayempunolb B JOAO paulelsns paajossia
0} sjoedwi ‘suollipuod Buluiw ? SJUSLINN
uo Jodas pue  / Ulyum pareniul [euoljesado Jo ssedxd ‘suoluy
a1ebnsanul ‘Ajnuap) Malnal 1oy 1s16ojoabolpAy ul Jaiawesed Jaylo 1o abues sjoedwl Ajjenb uajem ‘suonen
‘Bunoyuow pue uapuadapul Ue 0] JojJEW 8yl  BUI@SEBQ XBW 8y} apISiNo Aue Ajuspi 01 pue lenuuelg
JUBWISSASSE duldseq  ulyim saiousbe Jajey "wuiyuod o} buidwes  o4,Gg uey} aiow Aq Ayuies ejep Aljenb Jayem Sal ‘o3 Aurenb

Jo serouabe wuoju|

JUBAB8) WO

18901JJ0 [BlUBWUOIIAUT Jerempunolf jeadsy Ul 8SB8IOUI PAAIBSUO UY

auleseq apinoid 0] ‘Hd :Apeuenp  Jarempunolr)

"S[oA8| Jajempunolb
01 s1oedwil

uo podai pue
ajebnsanul ‘Ajuap)
‘Bunionuow pue
JUBWISSaSSE dul|aseq
JO sajouabe wioju|

£ UIyIm paterjul

ulyum saiouabe
JueAsa. Wioyu|

suonoIpaId umopmelp

pajoipaid Jo apisino

UMOPMEIP JSTEMPUNOIL)

'S3INSEd\ [B0D)

SUOIJIPUOD

dliew!|d 0] peinguie jou s|

yoiym ‘sjons| 1arempunolp

MaInal 1oy 1siBojoaboipAy 90BUNS JBdU 8y}
Juspuadepul UE 0] Jojfew 8y} Ul umopme.p paloipaid eyl
Jajey "wljuod 0} Bulojuow 0} SAIIE|) WS JO UMOPMEIP

19210 [BIUSWIUOIIAUT [9A3] Jolem Jeaday [eUONIPPE UY TUSPINGISAD

asodind

Aupqisuodsay uonoy 196611

(lenuew)

Alyuopy

sjoedw |9A8| HYEUER

Jorem Aue Apjuspi 0} (lenuew)
pue Blep [9A8] Jajem Ayuop [9A9) Burioyuow
auljeseq epinoid 0]  TUSPINGIBAQ  JOleMpUnoiL) 1a)empunolsn
asodind Aouanbaig Jalaweled 10adsy

ueld osuodsay uondy J4abb611] :p 9|qel



8T

S[elow
aulw ay} paAajossig
pa1in220 sey skep pouad yuow 9 8AIINI8SUOD  OJUI MOJjul O} PadNpul 8 SJUSUINN
SMOJJUl JO ©2IN0S MBU  / UIYHM paleniul B JOAO paulelsns sanjea uaaq aney Aew ‘suoluy
B Jaylaym auiwislep uolnrebisanu| Mmalnal Joy 1si6ojoaboipAy  Bunelado jewliou apisino  lajempunolb aoepns ‘suone)
pue sjyoedwi Ajjenb 'shep 0¢ Juspuadapul ue 0} Jojjew ay} JuadJad GZ UBY} 810W JBdU JO J9JeM 9IBJNS ‘Apsuenp
Jayem uo podal pue  ulyum saiousbe J8joy "wuiyuod o} buydwes Aq Ayuifes ul asealosp JO 82IN0S Mau sal ‘o3
arebiisanul ‘Ajquep|  JUBAS|SS WIOU|  JOOIO [BIUSWUOIIAUT Aujenb Jejem jeaday 10 9SBOIOUI POAISSUO UY B JBYIBYM dulwidle(g ‘Hd :Apeep  Aufenb serep
skep syjuow Ja1eMpuUnolb
S%9910  / UIYyIM pajeniul SAIINJ9SUO0D € 10} PaUIEISNS 9oejNS-IBdU
pue siasn Bunsixa uonebisanu| a)l| suiw ay} Buunp abels  uo joedwi |IM SIY}
0] sjoedwi| umopmelp 'shep 0¢ MaInal 10} Aue Je ajel mopul pajoipaid  Jaylaym aujwisiap
uo podas pue  ulyim saousbe 1s160j0abo.ipAy Juspuadapul 8} JO SS9IX3 Ul %00} pue smojul suiw ybiy (Buidwnd
arebiisenul ‘Ajquep|  JUBAS|SS WIOU|  JOOIYO [BIUSWUOIIAUT ue 0} Jajlew ay} Jojey a1kl MOJJUl PaAISSO Uy pajoadxaun Apjuep) uaym) Ajleq a1el Mo| smojjui aulp
s[elow
39910 91N pouad yuow 9 8AIINI9SU0D panjossiq
¥ UM pareloosse shep B JOAO PBUIE}ISNS SUOIHIPUOD R SjusINN
Jayempunolf 7 uiyim pajeniul MaIAal 1oy 1siBojoaboipAy Buluiw a.d jo ssaox8 (Butuiw ‘suoluy

2delns Jeau

uolnrebisanu|

wepuadapul ue 01 Jajiew ay) ul alaweled Jaylo Jo abuel 1sod Buipnjoul) Buiuiw ‘suone) :Aea A

asodind

Buiwny

Apqisuodsay uonoy 196611

asodind

Aouanbaig

1a)aweled

10adsy




6T

NEEI
I Ulyim paeniul

uonebisanu|

‘shep

paurelulew s| / Ulyum sajousbe
Ajjenb Jajem ainsug  JueAs|al WioU|

pouad yluowg
M3IABJ 10} 15160]0860IpAY  BAIINDBSUOD B JSAO SaN|eA sa10q
apuadapul Ue 0] Jejlew 8y} aulj@seq apisino juadlad Gz passisibal Bulisixe o}
J8joy "wuiyuod o} buydwes uey} aiow Ag Aujenb usjem syoedwi Aljenb Jayem

J1921JJ0 [BIUBWIUOIIAUT Ajrenb Jayem jeaday Ul 8SBBI0SP PAAISSQO UY

Sal ‘o3

jenuajod Buuoyuopy  ‘Hd :Apauend

Aurenb
JajempunoJn

Z Ulyim pajeniul
uonebisanu|
"skep 0g

ulyim saiousabe
JUBAS|aJ WIOJU|

paurejurew si
Alddns Jayem ainsug

"MON PUE |dQ Jaumopue|
3yl Ylim uole}NSuU0d

ul ‘|d@ Jo uonoeysies

ay} o} uejd uonoe/uonebijiw
aus e uaws|dwi

pue aJedaid Aressaosu
pawssp §| MON/IdA

puB JauMOpUE| 3} YlIMm
UO[JE}NSUOD U] SaInseaw
uonebiw ajqissod

SSosse pue uolebiisaaul
pa|elep & axeUspun

'S9WO9IN0
uonebnsanu| Areuiwiaid
40 MON/IdQ pue saloq
Juade(pe Yim siapjoypue|
wJojyu| “suonesado
aulw punoiBispun [eqy j0
}nsal 8y} 8q 0} paulwIsiep
aJe syoedwi aloypp
Malnal 1oy} 1s160j0abolpAy sai10q
spuadapul ue 0} umopmelp  paialsibas Buisixe
Jajjew ay} Jajay "WIuod 0} pajolpald syl 0} SAlE[S) Wig 0} sjoeduwll [9AS] Jayem
19010 [euswuoiIAUg Buldwes [aAs| Jolem Jeadey JO UMOPMEIP [BUOIIPPE Uy  [eludlod Bullonuop

Apsuenp

[ens)
layempunols

sJasn pasuaol]

asodind Burwi}

Apqisuodsay uonoy 196611 asodind

Aouanbaig

1a)aweled

10adsy




6

6.1

REPORTING AND REVIEW

ANNUAL ENVIRONMENTAL MANAGEMENT REPORT (AEMR)

The AEMR will incorporate a groundwater review prepared by an independent expert to the
satisfaction of the New South Wales Office of Water (NOW), which will contain the following;

A basic statistical analysis (mean, range, variance, standard deviation) of the results
for the parameters measured in individual bores and as a subset of the aquifer;

an interpretation of the water quality results and changes in time for water quality
and water levels (supported with graphs and contour plots showing changes in aquifer
pressure levels);

Reporting on the differentiation between shallow and deep aquifers, with
interpretation of results;

(an interpretation and review of the results in relation to cut-off criteria and
predictions made in the Modification EA; and

an interpretation of the water balance identifying the volume and make up of mine
pit inflows as compared to Part V licence (required under Part V of the Water Act
1912), and predictions made in the EA or previous AEMR;
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