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1 Introduction
Aurecon was engaged by EnergyAustralia NSW to carry out ongoing operational noise monitoring for 
the Kerosene Vale Stage 2 Ash Repository (KVAR) located in Wallerawang, NSW in accordance with 
Project Approval Application No. 07_0005. The noise measurements were carried out on Sunday 17
June 2018 and Monday 18 June 2018, during the early morning and evening periods as per the 
requirements outlined in the KVAR Stage 2 Operational Noise and Vibration Management Plan 
(ONVMP).

1.1 Site details
The project site consists of an Ash Repository which services the nearby Wallerawang Power Station 
(WPS). During normal operation of the KVAR Stage 2, the following major noise emissions would be 
expected. 

Unloading of ash from trucks at the repository.
Placement and handling of ash at the repository site.
Operation of trucks on the private haulage road; this includes trucks leaving WPS loaded with ash 
(travelling north) and returning from the repository empty (travelling south).
Water pumps operating at the repository.
Water cart driving around.

WPS is currently being decommissioned, and as such KVAR is no longer fully operational. No noise 
emissions from the location of the KVAR was evident during the current site visit.
Figure 1 shows the site layout and location of sensitive receivers relative to the major noise sources 
which include the decommissioned WPS, as well as major roads in the area. Table 1 outlines the most 
affected sensitive receivers and their distance to the haulage road.

Table 1: Representative sensitive receivers

Representative sensitive receiver Distance to haulage road (meters)*

60 Skelly Road 300

10 Skelly Road 270

21 Neubeck Street 145

Note * - distance relates to the property boundary or a point 30 m from the dwelling location 

It should be noted that coal supply trucks also utilise the private haulage road. Their noise impacts are 
not considered to be part of the Stage 2 KVAR works and thus their noise impact is outside the scope 
of this report. While undertaking noise measurements it is extremely difficult to visually distinguish 
between coal supply trucks and ash trucks, therefore, for the purpose of prediction of noise emissions 
from ash trucks alone, EnergyAustralia NSW provides the number of truck movements for the periods
of measurement.
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Figure 1 | Site details

Location A - 60 Skelly Road

Location B - 10 Skelly Road

Location C - 21 Neubeck Street 

Ash Repository
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2 Noise criteria
The applicable operational noise criteria are outlined in the Project Approval, Application No. 07_0005. 
The criteria are summarised in Condition 2.15 as follows:

2.15 The cumulative operational noise from the ash placement area and ash haulage activity 
shall not exceed a LAeq (15 minute) of 40 dB(A) at the nearest most affected sensitive receiver 
during normal operating hours as defined in condition 2.8.

This criterion applies under the following meteorological conditions:

a) Wind speeds up to 3 m/s at 10 meters above ground1; and/or
b) Temperature inversion conditions of up to 3°C/100 m and source to receiver gradient 

winds of up to 2 m/s at 10 m above ground level

Normal operating hours in accordance with Conditions 2.8 are 7:00 am to 10:00 pm Monday to 
Sunday. 

3 Noise measurements
3.1 Measurement methodology
Two types of measurements were carried out during the current monitoring period:

Ambient noise measurements and 
Sound exposure level measurements. 

The measurements were carried out on Sunday 17 June 2018 and Monday 18 June 2018, during the 
early morning and evening periods, when the noise impacts are likely to be the most significant.

Ambient noise measurements

The ambient compliance noise measurements were conducted using a Larson Davis 831 Type 1 
sound level meter which was set to ‘A’ frequency weighting, ‘F’ time weighting, and was fitted with an 
approved windshield. Measurements were typically taken at a height of 1.2 metres and at least 3.5 
metres from any reflecting structure other than the ground.

Measurements were undertaken for a period of 15 minutes at each of the selected measurement
locations (See Table 2). A Larson Davis CAL200 was utilised to calibrate the sound level meters 
before and after each series of measurements. No significant calibration drift was noted.

Weather conditions

The weather during the ambient noise logging ranged from overcast to sunny conditions, and wind 
speeds were less than 3 m/s at ground level. Measurements were generally taken in accordance with 
the Australian Standard AS 1055.1 1997: Acoustics – Description and measurement of environmental 
noise. Refer to Appendix D for weather summary. There was intermittent rain and high winds (> 5m/s) 
during two days of monitoring. Attended noise measurements were only undertaken when the weather 
was suitable in accordance with AS 1055.1.

1 As per AS 1055.1 – 1997, noise measurements should be avoided when maximum windspeed exceed 5 m/s at the 
microphone position.
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Sound exposure level (SEL) measurements

The Sound Exposure Level (SEL) measurements were also carried out using the Larson Davis 831 
Type 1 sound level meter. SEL is the equivalent one second A-weighted sound level which produces
the same sound energy as an actual identified event. The SEL measurement was commenced when a
truck/ light vehicle was observed to pass a nominated reference location and stopped when the end of 
the truck passed a second nominated reference location. The nominated reference locations were 
identified where the truck could be visually observed. 

3.2 Measurement locations
The measurement locations were chosen to represent the three most affected sensitive receivers as 
outlined in the ONVMP and shown in Table 1. These three receivers were identified based on the 
information in the Stage 2 Kerosene Vale Ash Repository operational noise review. 

Due to the high background noise levels at each of the three monitoring locations it was difficult to 
assess individual truck noise events. A fourth noise monitoring location identified as Location D and 
shown in Appendix C, was selected closer to the haulage route to measure individual truck pass-by 
events. Table 2 and Figure 2 outline the noise measurement locations.

Table 2: Representative noise measurement locations

Measurement location Measurement distance to 
haulage road (meters)

Representative 
sensitive receiver

A 300 60 Skelly Road

B 270 10 Skelly Road

C 145 21 Neubeck Street

D 80 -
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Figure 2 | Noise measurement locations

3.3 Conditions during measurements
3.3.1 Operating conditions
EnergyAustralia NSW stated that no trucks were operating during any of the measurement periods.

3.3.2 Meteorological conditions
The meteorological conditions applicable to the noise survey period are based on meteorological data 
provided at 15 minute intervals from the Mt Piper weather station. This data is shown in Appendix D.

Periods of rain and adverse winds during the noise survey were excluded.
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3.4 Results
3.4.1 Ambient noise measurements
The results from the 15-minute ambient noise measurements at each of the measurement locations 
are shown in Table 3.

Table 3: Noise measurement results (15 minute)

Lo
ca

tio
n

Date of 
measurement Time

Measured sound pressure
level dB(A)

Predicted 
noise 

contributi
on by 
KVAR 
(dBA)

Number of truck Pass-bys 
and direction of travel1

LAe
q#

LAm
ax*

LAmi
n**

LA10
^^

LA9
0^ North South Total

60
 S

ke
lly

 
R

oa
d

(A
) Sunday

17/06/2018
8:10 45 67 35 46 38 0 0 0 0

17:25 44 57 39 46 41 0 0 0 0

Monday
18/06/2018

9:12 48 61 42 50 44 0 0 0 0

17:31 44 55 40 46 41 0 0 0 0

10
 S

ke
lly

 
R

oa
d

(B
) Sunday

17/06/2018
8:29 45 61 37 48 41 0 0 0 0

18:50 43 55 40 45 41 0 0 0 0

Monday
18/06/2018

9:31 45 65 36 47 40 0 0 0 0

17:45 45 58 40 48 41 0 0 0 0

21
 N

eu
be

ck
 

St
re

et
(C

 ) Sunday
17/06/2018

8:41 42 67 35 43 38 0 0 0 0

19:07 42 55 38 44 40 0 0 0 0

Monday
18/06/2018

9:47 48 65 39 50 43 0 0 0 0

17:57 41 52 38 43 39 0 0 0 0

Note : 1 - Truck counts include ash trucks and light commercial vehicles.

Exceedances of the LAeq (15 min) of 40 dB(A) are shown in Bold.
# LAeq refers to A-weighted equivalent continuous sound pressure level over measurement period. It is used to 

quantify the average noise level over a time period.

* LAmax refers to the maximum A-weighted noise level detected during the measuring period. It refers to the 
maximum background noise detected.

** LAmin refers to the minimum A-weighted noise level detected during the measuring period. It refers to the 
minimum background noise detected.

^^ LA10 refers to the A-weighted noise level which is exceeded for only 10% of the measuring period. It is usually 
used as the descriptor for intrusive noise level and represents ambient road traffic noise in general.

^ LA90 refers to the A-weighted noise level which is exceeded for 90% of the measuring period. It is usually used 
as the descriptor for background noise level during the measurement period.

The measured LAeq (15 min) exceeded the assessment criteria of LAeq (15 min) of 40 dB(A) during all of the 
attended noise monitoring events. As there were no truck movements associated with the operation of 
the KVAR during the attended noise monitoring event, it can be assumed that the KVAR operations 
did not contribute to the background noise levels at any of the measurement locations and that the
high noise levels are associated with local noise events such as traffic from surrounding roads and 
birds/insects. Noise contribution from the KVAR is therefore considered to be 0 dBA.
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3.4.2 SEL measurements
The individual truck pass-by noise event (SEL) measurements at Location D (approximately 80 meters 
from the haulage road) were conducted on 7 November 2011, 21 April 2013 and 31 March 2014. The 
results are summarised in Table 4. The number of actual truck pass-bys counted during the daytime 
survey are also summarised in Table 4. These data were used to predict the noise impact from the 
truck movement on the sensitive receivers. 

Based on the visual site inspection, the grade (slope) of the haulage road rises from south to north. 
The trucks moving in the northerly direction on the haulage road appear to rev the engine more 
compared to the trucks moving in the opposite direction and thereby producing a marginally higher 
SEL as evident in the results summarised in Table 4.

Table 4: SEL noise measurement results at Location D

Date Truck travelling 
direction

Average event 
duration

(sec)
Average SEL 

dB(A)
No. of valid truck 

event 
measurements

7/11/2011
South 28.9 68 8

North 18.1 70 9

21/04/2013
South 24.0 67 5

North 19.5 70 7

31/04/2014
South 27.7 69 2

North 28.3 70 2

4 Noise assessment
General observation regarding the ambient noise environment, as well as the truck movements and 
ash repository operations, during the attended noise measurements are described as follows. 

Operational noise from the KVAR site and the truck engine noise was inaudible at the sensitive 
receiver locations during the attended noise measurements and no ash trucks or light commercial 
vehicles were visible on the haul road.
The noise levels at all locations were affected by background noise sources such as bird/insects, 
domestic animals and domestic noise. Background noise at all sites was dominated by the 
intermittent traffic noise from nearby Castlereagh Highway and Wolgan Road.

General observations for the three monitoring locations are described below.

4.1 Location A (60 Skelly Road)
The background noise contributions at Location A were predominantly from the traffic noise from 
Castlereagh Highway and distant traffic. Faint and intermittent traffic noise from Wolgan Road was 
also audible. 

The haulage road was clearly visible from this location, however no coal or ash trucks were visible on 
the haulage road during the attended noise monitoring period (except for one light commercial vehicle 
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during the Monday morning period). Noise from birds and insects also contributed to the ambient 
noise at this location. 

As shown in Table 3, the background noise varied over the two days with LA90 ranging from 38 dB(A) 
to 43 dB(A). The background noise (LA90) during the attended noise measurements was predominantly 
due to road traffic on the Castlereagh Highway, Wolgan Road and other nearby roads. 

4.2 Location B (10 Skelly Road)
Contributions to the background noise at Location B were predominantly from birds/insects/animals 
and traffic on Wolgan Road and Skelly Road.

Traffic noise from Wolgan Road and Skelly Road was clearly audible at this location and also 
contributed to the ambient noise levels.

The haulage road was clearly visible from this measuring location, however no coal or ash trucks were 
visible on haulage road during the attended noise monitoring period movement. 

Background noise levels was fairly consistent over the two days with LA90 ranging from 40 dB(A) to
41dB(A).

4.3 Location C (21 Neubeck Street)
Contributions to the background noise at Location C were predominantly from birds/insects/animals 
and distant traffic on Wolgan Road and other roads. Traffic noise from Wolgan Road was clearly 
audible and also contributed to the ambient noise levels. 

The haulage road was not clearly visible from this location because of an earth mound and heavy 
vegetation blocking the line of sight; however no truck engine noise was audible during the attended 
noise monitoring period.

Background noise varied over the two days with LA90 ranging from 38 dB(A) to 44 dB(A).

4.4 Location D
The noise data collected at Location D (Figure 2 and Appendix C) measured the SEL of individual 
truck pass-by events on 7 November 2011, 22 April 2013 and 31 April 2014 (See Table 4).

This location is closest to the haulage road and as such, each truck pass-by was the dominant noise 
source (clearly audible above other ambient noise sources) during these monitoring events. 

5 Analysis and recommendations
5.1 Data analysis
As can be observed from the summary of noise measurements presented above, the existing ambient 
noise levels LAeq (15 min) exceed the assessment criteria of LAeq (15 min) of 40 dB(A) on all but three of the 
monitoring events. This section deals with noise prediction based on the number of truck movements
(worst case scenario) for any worst case 15 minute period.

To assess the impact of the ash truck noise emissions, the influence of individual truck pass-by noise 
events have to be taken into account. LAeq (15 min) noise level was predicted based on the SEL 
measurement results (shown in Table 4) and the number of truck movements provided by 
EnergyAustralia NSW.
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The predicted noise levels take into account the total number of truck pass-bys (including ash trucks 
and small commercial vehicles) and the distance of the noise source from the receiver. The 
assessment included the calculated barrier effect (- 2dB(A)) at Location C. This is due to the earth 
mound  located on the northern side of the site which blocks the line of sight between 21 Neubeck 
Street and the haulage road, therefore attenuating the noise from the haulage road. Generally, trucks 
operate at a constant rate, with approximately 15-20 minute circuits for each truck. Table 5 provides a 
summary of truck pass-bys based on information collected during a previous site visit.

Table 5: Truck movement data

Periods
Information collected during site visit on 30-31 March 2014

Total number of trucks pass bys
per 45 minutes

Average number of trucks pass bys
per 15 minutes

Morning 
30/03/2014 7 2.3

Evening 
30/03/2014 2 0.7

Morning 
31/03/2014 7 2.3#

Evening
31/03/2014 3 1.0

Note: the figure in bold is the worst-case truck movement (most frequent) used to predict the noise contribution from the truck 
movements (shown in Table 6)
# Maximum number of truck pass-bys as per information collected during the site visit.

As shown in Table 5, the maximum number of truck pass-bys was during the morning period on both
30/03/2014 and 31/03/2014. The lowest truck pass-bys was during the evening period on 30/03/2014. 
The noise emissions from the KVAR are considered to be below the assessment criteria as they were 
predominantly inaudible during the noise survey and could not be distinguished. 

Table 6 provides the noise predictions from haulage trucks alone at the nearest sensitive receivers 
based on SEL measurements. The prediction is calculated from the movement of ash trucks based on 
the worst case scenario (i.e. 2.3 truck pass-bys during any 15 minute period). 

Table 6: Noise predictions from truck movements based on SEL measurements

Sensitive 
receiver

Distance to 
haulage road (m)

No. of average truck 
movements per 

15min

Predicted 
contribution

LAeq (15 min) (dBA)

Criteria
LAeq (15 min) (dBA

60 Skelly Road 300 2.3 32 40

10 Skelly Road 270 2.3 33 40

21 Neubeck 
Street *

145 2.3 37* 40

Note * - Includes the barrier attenuation (-2dBA) provided by the earth mound blocking direct line of sight between the residence 
and haulage road.

Based on the worst case scenario the noise impact from truck movements complies with noise criteria 
of LAeq (15 min) of 40 dB(A) at all the sensitive receiver locations. 
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There were no truck movements during this current noise monitoring event, therefore the operational 
noise emissions from the Stage 2 KVAR is considered to be compliant with Condition 2.15 of the
Project Approval.

6 Conclusion
Aurecon conducted operational noise monitoring for the Stage 2 KVAR located in Wallerawang, NSW. 
The noise measurements were carried out at the three most affected sensitive receiver locations on
Sunday 17 June 2018 and Monday 18 June 2018, in the early morning and evening in accordance 
with the KVAR Stage 2 ONVMP.

The applicable noise assessment criteria of LAeq (15 minute) of 40 dB(A) from all ash haulage and ash 
placement associated operational noise emissions at the nearest sensitive receivers is outlined in the 
Project Approval, Application No. 07_0005.

The primary contributor to the background and ambient noise levels at all measurement locations was 
the traffic noise on the nearby roads. 

Based on the noise predictions resulting noise from the operation of trucks/ light commercial vehicles
from the Stage 2 KVAR are considered compliant with the Conditions of Approval.
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Appendix A
Measured noise spectra
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Appendix B
Glossary of terms

Term Definition

Sound Pressure Level

Sound or noise is the sensation produced at the ear by very small 
fluctuations in atmospheric pressure.  The human ear responds to 
changes in sound pressure over a very wide range (from 20 microPascals 
to 60 Pascals).  A scale that compresses this range to a more 
manageable size and that is best matched to subjective response is the 
logarithmic scale, rather than a linear scale.

Sound Pressure Level 
(Lp)

Is defined as:

dB
p
pL

ref
P 2

2

10log10

In the above equation, p is the sound pressure fluctuation (above or 
below atmospheric pressure), and pref is 20 microPascals (2 x 10-5 Pa), 
the approximate threshold of hearing.  To avoid a scale which is too 
compressed, a factor of 10 is included, giving rise to the decibel, or dB for 
short.

A-Weighted Decibel 
(dB(A)) & Loudness

In some circumstances, the sound pressure level is expressed as C-
Weighted decibels, instead of the more common A-Weighted.  The C-
Weighting filter is designed to replicate the response of the human ear 
above 85 dB, and places a greater weighting on low frequency noise.

LAeq

The time averaged C-weighted sound pressure level for a time interval, 
as defined in AS1055.1.  It is generally described as the equivalent 
continuous C-weighted sound pressure level that has the same mean 
square pressure level as a sound that varies over time.  It can be 
considered as the average sound pressure level over the measurement 
period.

LCeq

The time averaged C-weighted sound pressure level for a time interval, 
as defined in AS1055.1.  It is generally described as the equivalent 
continuous C-weighted sound pressure level that has the same mean 
square pressure level as a sound that varies over time.  It can be 
considered as the average sound pressure level over the measurement 
period.

LAn

The sound level, which, for a specified time interval, in relation to an 
investigation of a noise, means the A-weighted sound pressure level that 
is equalled or exceeded for n% of the interval.  Commonly used 
percentages are 1, 10, 90 & 99%.
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Term Definition

LCpk The peak C-weighted sound pressure level for a time interval.

LCmax,T The average maximum C-weighted sound pressure level, which, for the 
specified time interval, means the C-weighted sound pressure level 
during the interval obtained by using the fast time weighting and 
arithmetically averaging the maximum sound levels of the noise during 
the interval.  Under certain conditions the 10th percentile noise level, 
LC10,T, can represent the average maximum C-weighted sound pressure 
level.

LA10 A-weighted noise level which is exceeded for only 10% of the measuring 
period. It is usually used as the descriptor for intrusive noise level and 
represents ambient road traffic noise in general.

LA90 A-weighted noise level which is exceeded for 90% of the measuring 
period. It is usually used as the descriptor for background noise level 
during the measurement period.

LAmin Minimum A-weighted noise level detected during the measuring period. It 
refers to the minimum background noise detected.

Octave Frequency bands allow a representation of the spectrum associated with 
a particular noise.  They are an octave wide, meaning that the highest 
frequency in the band is just twice the lowest frequency, with all 
intermediate frequencies included and all other frequencies excluded.  
Each octave band is described by its centre frequency.

Maximum Exposure 
Time (Hours)

The maximum possible time a person can be safely exposed to a specific 
noise level (LAeq).

Sound Exposure Level 
(SEL)

Sound exposure level abbreviated as SEL and LAE, is the total noise 
energy produced from a single noise event. The Sound Exposure Level is 
a metric used to describe the amount of noise from an event such as an 
individual aircraft flyover. It is computed from measured dB(A) sound 
levels. The Sound Exposure Level is the integration of all the acoustic 
energy contained within the event.
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Appendix C
Site photograph

Figure 3 | Location D
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Appendix D
Weather data

Table 7: Meteorological conditions during noise survey

Note: Highlighted rows shows the evidence of rain or wind speeds higher than 5 m/s. Corresponding measured 
noise levels are excluded from the assessment.

Date Time Rainfall
(mm)

Wind Speed 10m
above ground

(m/s)

Wind 
Direction 

(deg.)

Temp
(°C)

Relative 
humidity 

(%)

17/06/2018 0:00 0.0 2.2 244 1.9 94
17/06/2018 0:15 0.0 1.2 186 1.6 94
17/06/2018 0:30 0.0 3.1 239 1.9 92
17/06/2018 0:45 0.0 3.9 261 2.2 90
17/06/2018 1:00 0.0 3.9 254 2.3 89
17/06/2018 1:15 0.0 4.7 255 2.3 88
17/06/2018 1:30 0.0 4.4 251 2.1 89
17/06/2018 1:45 0.0 4.5 254 2.2 90
17/06/2018 2:00 0.0 3.7 251 2.0 91
17/06/2018 2:15 0.0 3.9 253 1.8 92
17/06/2018 2:30 0.0 3.7 249 1.9 91
17/06/2018 2:45 0.0 3.5 247 1.9 90
17/06/2018 3:00 0.0 3.4 249 1.9 89
17/06/2018 3:15 0.0 2.9 258 1.7 88
17/06/2018 3:30 0.0 1.1 226 1.4 89
17/06/2018 3:45 0.0 1.1 235 1.1 90
17/06/2018 4:00 0.0 1.8 249 1.4 91
17/06/2018 4:15 0.0 2.0 271 1.6 91
17/06/2018 4:30 0.1 2.2 265 1.4 95
17/06/2018 4:45 0.0 1.3 216 1.4 96
17/06/2018 5:00 0.1 1.2 221 1.1 97
17/06/2018 5:15 0.0 0.8 144 0.8 98
17/06/2018 5:30 0.0 0.9 199 0.4 99
17/06/2018 5:45 0.0 2.1 281 0.5 99
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Note: Highlighted rows shows the evidence of rain or wind speeds higher than 5 m/s. Corresponding measured 
noise levels are excluded from the assessment.

Date Time Rainfall
(mm)

Wind Speed 10m
above ground

(m/s)

Wind 
Direction 

(deg.)

Temp
(°C)

Relative 
humidity 

(%)

17/06/2018 6:00 0.0 3.9 261 1.1 98
17/06/2018 6:15 0.0 4.3 260 1.1 96
17/06/2018 6:30 0.0 4.0 260 0.9 98
17/06/2018 6:45 0.0 3.3 254 0.9 98
17/06/2018 7:00 0.0 4.0 259 1.0 98
17/06/2018 7:15 0.1 2.7 266 0.9 98
17/06/2018 7:30 0.1 4.1 270 0.9 98
17/06/2018 7:45 0.1 5.9 266 1.0 97
17/06/2018 8:00 0.1 4.2 270 0.8 98
17/06/2018 8:15 0.1 3.1 273 0.9 98
17/06/2018 8:30 0.1 3.7 270 1.1 96
17/06/2018 8:45 0.1 3.3 263 1.2 94
17/06/2018 9:00 0.0 1.3 198 1.2 95
17/06/2018 9:15 0.0 1.7 219 1.4 95
17/06/2018 9:30 0.0 3.9 262 1.5 94
17/06/2018 9:45 0.0 3.5 275 1.6 94
17/06/2018 10:00 0.0 3.8 266 1.9 93
17/06/2018 10:15 0.0 3.1 252 2.0 92
17/06/2018 10:30 0.0 4.3 264 2.3 90
17/06/2018 10:45 0.0 3.5 271 2.5 90
17/06/2018 11:00 0.0 4.6 270 2.6 89
17/06/2018 11:15 0.0 4.0 256 2.7 87
17/06/2018 11:30 0.0 4.1 268 2.6 88
17/06/2018 11:45 0.0 3.6 267 2.7 87
17/06/2018 12:00 0.0 4.3 263 2.8 88
17/06/2018 12:15 0.1 4.5 262 2.9 87
17/06/2018 12:30 0.0 5.7 263 3.0 87
17/06/2018 12:45 0.0 5.3 271 2.9 89
17/06/2018 13:00 0.0 4.8 265 3.1 90
17/06/2018 13:15 0.0 5.5 268 3.0 90
17/06/2018 13:30 0.0 4.6 265 2.9 91
17/06/2018 13:45 0.0 5.2 265 2.9 92
17/06/2018 14:00 0.0 4.9 276 2.8 92
17/06/2018 14:15 0.0 4.1 278 2.8 93
17/06/2018 14:30 0.0 5.0 269 2.9 93
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Note: Highlighted rows shows the evidence of rain or wind speeds higher than 5 m/s. Corresponding measured 
noise levels are excluded from the assessment.

Date Time Rainfall
(mm)

Wind Speed 10m
above ground

(m/s)

Wind 
Direction 

(deg.)

Temp
(°C)

Relative 
humidity 

(%)

17/06/2018 14:45 0.0 4.3 273 3.2 91
17/06/2018 15:00 0.0 4.4 274 3.3 90
17/06/2018 15:15 0.0 4.2 270 3.5 89
17/06/2018 15:30 0.0 4.3 283 3.5 89
17/06/2018 15:45 0.0 4.0 278 3.5 89
17/06/2018 16:00 0.0 4.7 278 3.5 89
17/06/2018 16:15 0.0 4.0 278 3.5 88
17/06/2018 16:30 0.0 3.8 278 3.5 88
17/06/2018 16:45 0.0 4.5 271 3.3 91
17/06/2018 17:00 0.0 3.9 272 3.4 91
17/06/2018 17:15 0.0 5.2 276 3.4 90
17/06/2018 17:30 0.0 4.9 278 3.2 91
17/06/2018 17:45 0.0 4.9 280 3.0 93
17/06/2018 18:00 0.0 4.1 267 3.0 93
17/06/2018 18:15 0.0 3.1 276 2.8 95
17/06/2018 18:30 0.0 3.6 261 2.7 95
17/06/2018 18:45 0.1 4.6 267 2.6 95
17/06/2018 19:00 0.0 2.9 287 2.4 96
17/06/2018 19:15 0.0 2.7 286 2.3 97
17/06/2018 19:30 0.1 2.0 284 2.4 98
17/06/2018 19:45 0.0 3.0 271 2.5 97
17/06/2018 20:00 0.0 3.1 279 2.6 97
17/06/2018 20:15 0.0 3.2 276 2.5 97
17/06/2018 20:30 0.0 2.2 260 2.5 97
17/06/2018 20:45 0.0 2.8 266 2.5 98
17/06/2018 21:00 0.0 2.7 281 2.6 98
17/06/2018 21:15 0.0 2.4 297 2.6 98
17/06/2018 21:30 0.0 2.4 275 2.8 99
17/06/2018 21:45 0.0 2.2 288 2.9 99
17/06/2018 22:00 0.1 2.1 279 3.0 99
17/06/2018 22:15 0.0 1.8 260 3.1 99
17/06/2018 22:30 0.0 3.0 275 3.3 99
17/06/2018 22:45 0.0 2.0 276 3.3 98
17/06/2018 23:00 0.0 3.0 266 3.3 98
17/06/2018 23:15 0.1 2.8 266 3.4 98
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Note: Highlighted rows shows the evidence of rain or wind speeds higher than 5 m/s. Corresponding measured 
noise levels are excluded from the assessment.

Date Time Rainfall
(mm)

Wind Speed 10m
above ground

(m/s)

Wind 
Direction 

(deg.)

Temp
(°C)

Relative 
humidity 

(%)

17/06/2018 23:30 0.0 1.9 255 3.4 98
17/06/2018 23:45 0.0 2.4 270 3.4 98
18/06/2018 0:00 0.0 2.2 254 3.4 98
18/06/2018 0:15 0.0 2.7 250 3.8 96
18/06/2018 0:30 0.0 3.0 264 3.9 96
18/06/2018 0:45 0.0 2.0 268 3.8 96
18/06/2018 1:00 0.0 3.1 253 3.9 96
18/06/2018 1:15 0.0 4.4 252 3.8 96
18/06/2018 1:30 0.0 4.6 250 3.8 97
18/06/2018 1:45 0.0 4.7 248 3.9 96
18/06/2018 2:00 0.0 3.3 242 3.9 96
18/06/2018 2:15 0.0 2.0 220 4.0 96
18/06/2018 2:30 0.0 2.2 211 4.0 96
18/06/2018 2:45 0.0 3.3 233 3.9 95
18/06/2018 3:00 0.0 3.7 232 3.8 95
18/06/2018 3:15 0.0 3.5 229 3.8 95
18/06/2018 3:30 0.0 3.9 224 3.7 95
18/06/2018 3:45 0.0 4.5 228 3.9 94
18/06/2018 4:00 0.0 3.9 230 3.9 93
18/06/2018 4:15 0.0 3.6 219 3.8 93
18/06/2018 4:30 0.0 3.8 220 3.8 93
18/06/2018 4:45 0.0 3.2 220 3.7 93
18/06/2018 5:00 0.0 2.9 212 3.6 92
18/06/2018 5:15 0.0 2.0 190 3.7 90
18/06/2018 5:30 0.0 2.6 230 3.8 90
18/06/2018 5:45 0.0 3.2 231 3.9 90
18/06/2018 6:00 0.0 3.1 227 4.0 90
18/06/2018 6:15 0.0 3.6 206 3.9 89
18/06/2018 6:30 0.0 2.8 200 4.0 89
18/06/2018 6:45 0.0 3.7 214 4.0 89
18/06/2018 7:00 0.0 4.0 215 3.9 90
18/06/2018 7:15 0.0 2.8 206 3.8 90
18/06/2018 7:30 0.0 2.7 204 3.8 91
18/06/2018 7:45 0.0 3.2 211 3.8 90
18/06/2018 8:00 0.0 3.9 220 4.0 90
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Note: Highlighted rows shows the evidence of rain or wind speeds higher than 5 m/s. Corresponding measured 
noise levels are excluded from the assessment.

Date Time Rainfall
(mm)

Wind Speed 10m
above ground

(m/s)

Wind 
Direction 

(deg.)

Temp
(°C)

Relative 
humidity 

(%)

18/06/2018 8:15 0.0 3.4 220 4.3 89
18/06/2018 8:30 0.0 4.9 223 4.6 88
18/06/2018 8:45 0.0 5.7 227 4.8 87
18/06/2018 9:00 0.0 5.5 220 4.9 87
18/06/2018 9:15 0.0 4.9 211 5.7 83
18/06/2018 9:30 0.0 4.4 212 5.8 83
18/06/2018 9:45 0.0 4.1 209 6.4 81
18/06/2018 10:00 0.0 4.3 215 6.0 84
18/06/2018 10:15 0.0 4.3 221 6.0 84
18/06/2018 10:30 0.0 4.4 222 6.8 82
18/06/2018 10:45 0.0 4.1 216 7.7 79
18/06/2018 11:00 0.0 5.6 220 7.6 78
18/06/2018 11:15 0.0 4.8 221 7.9 76
18/06/2018 11:30 0.0 4.4 217 8.3 75
18/06/2018 11:45 0.0 4.4 227 8.6 74
18/06/2018 12:00 0.0 4.9 219 8.7 71
18/06/2018 12:15 0.0 5.1 218 8.5 71
18/06/2018 12:30 0.0 4.9 213 8.6 72
18/06/2018 12:45 0.0 5.4 215 9.0 68
18/06/2018 13:00 0.0 5.5 219 8.4 71
18/06/2018 13:15 0.0 4.8 214 9.0 70
18/06/2018 13:30 0.0 5.3 216 9.2 68
18/06/2018 13:45 0.0 5.2 218 8.8 69
18/06/2018 14:00 0.0 5.5 220 9.1 69
18/06/2018 14:15 0.0 4.8 223 9.3 68
18/06/2018 14:30 0.0 4.8 223 8.8 71
18/06/2018 14:45 0.0 4.5 224 8.9 72
18/06/2018 15:00 0.0 4.1 223 8.6 74
18/06/2018 15:15 0.0 3.7 223 8.1 76
18/06/2018 15:30 0.0 4.5 228 7.6 79
18/06/2018 15:45 0.0 4.7 229 7.3 81
18/06/2018 16:00 0.0 3.5 222 7.7 80
18/06/2018 16:15 0.0 4.2 221 7.0 81
18/06/2018 16:30 0.0 3.5 218 6.3 85
18/06/2018 16:45 0.0 3.9 223 6.1 87
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Note: Highlighted rows shows the evidence of rain or wind speeds higher than 5 m/s. Corresponding measured 
noise levels are excluded from the assessment.

Date Time Rainfall
(mm)

Wind Speed 10m
above ground

(m/s)

Wind 
Direction 

(deg.)

Temp
(°C)

Relative 
humidity 

(%)

18/06/2018 17:00 0.0 4.0 218 6.0 87
18/06/2018 17:15 0.0 3.5 222 5.5 90
18/06/2018 17:30 0.0 3.9 221 5.4 91
18/06/2018 17:45 0.0 3.6 224 5.3 91
18/06/2018 18:00 0.0 2.3 226 5.1 91
18/06/2018 18:15 0.0 1.9 198 4.8 92
18/06/2018 18:30 0.0 2.8 223 5.1 92
18/06/2018 18:45 0.0 2.9 220 5.4 90
18/06/2018 19:00 0.0 2.9 221 5.2 90
18/06/2018 19:15 0.0 2.4 212 5.1 91
18/06/2018 19:30 0.0 3.5 205 5.1 92
18/06/2018 19:45 0.0 3.6 222 5.3 92
18/06/2018 20:00 0.0 2.8 228 5.2 94
18/06/2018 20:15 0.0 2.2 220 5.2 95
18/06/2018 20:30 0.0 2.0 222 5.3 94
18/06/2018 20:45 0.0 1.8 220 5.4 93
18/06/2018 21:00 0.0 1.9 220 5.2 95
18/06/2018 21:15 0.0 2.3 214 5.1 94
18/06/2018 21:30 0.0 2.1 204 5.1 92
18/06/2018 21:45 0.0 2.1 206 5.3 91
18/06/2018 22:00 0.0 3.2 214 5.2 91
18/06/2018 22:15 0.0 3.9 213 5.1 87
18/06/2018 22:30 0.0 2.9 196 4.9 83
18/06/2018 22:45 0.0 1.9 188 4.6 84
18/06/2018 23:00 0.0 2.1 173 4.3 86
18/06/2018 23:15 0.0 1.7 191 3.7 87
18/06/2018 23:30 0.0 2.1 220 3.2 89
18/06/2018 23:45 0.0 2.0 226 3.0 88
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1 Introduction
Aurecon was engaged by EnergyAustralia NSW to carry out ongoing operational noise monitoring for 
the Kerosene Vale Stage 2 Ash Repository (KVAR) located in Wallerawang, NSW in accordance with 
Project Approval Application No. 07_0005. The noise measurements were carried out on Sunday 28
October 2018 and Monday 29 October 2018, during the early morning and evening periods as per the 
requirements outlined in the KVAR Stage 2 Operational Noise and Vibration Management Plan 
(ONVMP).

1.1 Site details
The project site consists of an Ash Repository which services the nearby Wallerawang Power Station 
(WPS). During normal operation of the KVAR Stage 2, the following major noise emissions would be 
expected. 

Unloading of ash from trucks at the repository.
Placement and handling of ash at the repository site.
Operation of trucks on the private haulage road; this includes trucks leaving WPS loaded with ash 
(travelling north) and returning from the repository empty (travelling south).
Water pumps operating at the repository.
Water cart driving around.

WPS is currently being decommissioned, and as such KVAR is no longer fully operational. No noise 
emissions from the location of the KVAR was evident during the current site visit.
Figure 1 shows the site layout and location of sensitive receivers relative to the major noise sources 
which include the decommissioned WPS, as well as major roads in the area. Table 1 outlines the most 
affected sensitive receivers and their distance to the haulage road.

Table 1: Representative sensitive receivers

Representative sensitive receiver Distance to haulage road (meters)*

60 Skelly Road 300

10 Skelly Road 270

21 Neubeck Street 145

Note * - distance relates to the property boundary or a point 30 m from the dwelling location 

It should be noted that coal supply trucks also utilise the private haulage road. Their noise impacts are 
not considered to be part of the Stage 2 KVAR works and thus their noise impact is outside the scope 
of this report. While undertaking noise measurements it is extremely difficult to visually distinguish 
between coal supply trucks and ash trucks, therefore, for the purpose of prediction of noise emissions 
from ash trucks alone, EnergyAustralia NSW provides the number of truck movements for the periods
of measurement.
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Figure 1 | Site details

Location A - 60 Skelly Road

Location B - 10 Skelly Road

Location C - 21 Neubeck Street 

Ash Repository

Haulage Road

Wallerawang 
Power Station 

Wolgan Road

Castlereagh Hwy

N



Project 247023 | File KVAR Compliance Noise Oct 2018 rev1.docx | 1 November 2018 | Revision 2 | Page 3

2 Noise criteria
The applicable operational noise criteria are outlined in the Project Approval, Application No. 07_0005. 
The criteria are summarised in Condition 2.15 as follows:

2.15 The cumulative operational noise from the ash placement area and ash haulage activity 
shall not exceed a LAeq (15 minute) of 40 dB(A) at the nearest most affected sensitive receiver 
during normal operating hours as defined in condition 2.8.

This criterion applies under the following meteorological conditions:

a) Wind speeds up to 3 m/s at 10 meters above ground1; and/or
b) Temperature inversion conditions of up to 3°C/100 m and source to receiver gradient 

winds of up to 2 m/s at 10 m above ground level

Normal operating hours in accordance with Conditions 2.8 are 7:00 am to 10:00 pm Monday to 
Sunday. 

3 Noise measurements
3.1 Measurement methodology
Two types of measurements were carried out during the current monitoring period:

Ambient noise measurements and 
Sound exposure level measurements. 

The measurements were carried out on Sunday 28 October 2018 and Monday 29 October 2018,
during the early morning and evening periods, when the noise impacts are likely to be the most 
significant.

Ambient noise measurements

The ambient compliance noise measurements were conducted using a Larson Davis 831 Type 1 
sound level meter which was set to ‘A’ frequency weighting, ‘F’ time weighting, and was fitted with an 
approved windshield. Measurements were typically taken at a height of 1.2 metres and at least 3.5 
metres from any reflecting structure other than the ground.

Measurements were undertaken for a period of 15 minutes at each of the selected measurement
locations (See Table 2). A Larson Davis CAL200 was utilised to calibrate the sound level meters 
before and after each series of measurements. No significant calibration drift was noted.

Weather conditions

The weather during the ambient noise logging can be summarised as sunny conditions, and wind 
speeds were less than 3 m/s at ground level. Measurements were generally taken in accordance with 
the Australian Standard AS 1055.1 1997: Acoustics – Description and measurement of environmental 
noise. Refer to Appendix D for weather summary. 

1 As per AS 1055.1 – 1997, noise measurements should be avoided when maximum windspeed exceed 5 m/s at the 
microphone position.
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Sound exposure level (SEL) measurements

The Sound Exposure Level (SEL) measurements were also carried out using the Larson Davis 831 
Type 1 sound level meter. SEL is the equivalent one second A-weighted sound level which produces
the same sound energy as an actual identified event. The SEL measurement was commenced when a
truck/ light vehicle was observed to pass a nominated reference location and stopped when the end of 
the truck passed a second nominated reference location. The nominated reference locations were 
identified where the truck could be visually observed. 

3.2 Measurement locations
The measurement locations were chosen to represent the three most affected sensitive receivers as 
outlined in the ONVMP and shown in Table 1. These three receivers were identified based on the 
information in the Stage 2 Kerosene Vale Ash Repository operational noise review. 

Due to the high background noise levels at each of the three monitoring locations it was difficult to 
assess individual truck noise events. A fourth noise monitoring location identified as Location D and 
shown in Appendix C, was selected closer to the haulage route to measure individual truck pass-by 
events. Table 2 and Figure 2 outline the noise measurement locations.

Table 2: Representative noise measurement locations

Measurement location Measurement distance to 
haulage road (meters)

Representative 
sensitive receiver

A 300 60 Skelly Road

B 270 10 Skelly Road

C 145 21 Neubeck Street

D 80 -
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Figure 2 | Noise measurement locations

3.3 Conditions during measurements
3.3.1 Operating conditions
EnergyAustralia NSW stated that no trucks were operating during any of the measurement periods.

3.3.2 Meteorological conditions
The meteorological conditions applicable to the noise survey period are based on meteorological data 
provided at 15 minute intervals from the Mt Piper weather station.
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3.4 Results
3.4.1 Ambient noise measurements
The results from the 15-minute ambient noise measurements at each of the measurement locations 
are shown in Table 3.

Table 3: Noise measurement results (15 minute)

Lo
ca

tio
n

Date of 
measurement Time

Measured sound pressure 
level dB(A) Predicted 

noise 
contributi

on by 
KVAR 
(dBA)

Number of truck Pass-bys 
and direction of travel1

L A
eq

#

L A
m

ax
*

L A
m

in
**

L A
10

^^

L A
90

^

N
or

th

So
ut

h

To
ta

l

60
 S

ke
lly

 
R

oa
d

(A
) Sunday

28/10/2018
8:56 39 68 32 39 34 0 0 0 0

21:12 48 75 32 43 35 0 0 0 0

Monday
29/10/2018

9:26 37 63 29 38 31 0 0 0 0

20:58 42 56 34 44 36 0 0 0 0

10
 S

ke
lly

 
R

oa
d

(B
) Sunday

28/10/2018
8:23 43 69 30 42 33 0 0 0 0

18:50 39 62 32 40 34 0 0 0 0

Monday
29/10/2018

9:11 40 65 29 40 31 0 0 0 0

20:42 42 63 36 43 38 0 0 0 0

21
 N

eu
be

ck
 

St
re

et
(C

 ) Sunday
28/10/2018

7:50 44 65 29 47 34 0 0 0 0

19:07 40 57 27 44 32 0 0 0 0

Monday
29/10/2018

8:53 42 61 26 45 30 0 0 0 0

20:24 42 57 34 44 37 0 0 0 0

Note : 1 - Truck counts include ash trucks and light commercial vehicles.

Exceedances of the LAeq (15 min) of 40 dB(A) are shown in Bold.
# LAeq refers to A-weighted equivalent continuous sound pressure level over measurement period. It is used to 

quantify the average noise level over a time period.

* LAmax refers to the maximum A-weighted noise level detected during the measuring period. It refers to the 
maximum background noise detected.

** LAmin refers to the minimum A-weighted noise level detected during the measuring period. It refers to the 
minimum background noise detected.

^^ LA10 refers to the A-weighted noise level which is exceeded for only 10% of the measuring period. It is usually 
used as the descriptor for intrusive noise level and represents ambient road traffic noise in general.

^ LA90 refers to the A-weighted noise level which is exceeded for 90% of the measuring period. It is usually used 
as the descriptor for background noise level during the measurement period.

The measured LAeq (15 min) exceeded the assessment criteria of LAeq (15 min) of 40 dB(A) during all of the 
attended noise monitoring events. As there were no truck movements associated with the operation of 
the KVAR during the attended noise monitoring event, it can be assumed that the KVAR operations 
did not contribute to the background noise levels at any of the measurement locations and that the
high noise levels are associated with local noise events such as traffic from surrounding roads and 
birds/insects. Noise contribution from the KVAR is therefore considered to be 0 dBA.
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3.4.2 SEL measurements
The individual truck pass-by noise event (SEL) measurements at Location D (approximately 80 meters 
from the haulage road) were conducted on 7 November 2011, 21 April 2013 and 31 March 2014. The 
results are summarised in Table 4. The number of actual truck pass-bys counted during the daytime 
survey are also summarised in Table 4. These data were used to predict the noise impact from the 
truck movement on the sensitive receivers. 

Based on the visual site inspection, the grade (slope) of the haulage road rises from south to north. 
The trucks moving in the northerly direction on the haulage road appear to rev the engine more 
compared to the trucks moving in the opposite direction and thereby producing a marginally higher 
SEL as evident in the results summarised in Table 4.

Table 4: SEL noise measurement results at Location D

Date Truck travelling 
direction

Average event 
duration

(sec)
Average SEL 

dB(A)
No. of valid truck 

event 
measurements

7/11/2011
South 28.9 68 8

North 18.1 70 9

21/04/2013
South 24.0 67 5

North 19.5 70 7

31/04/2014
South 27.7 69 2

North 28.3 70 2

4 Noise assessment
General observation regarding the ambient noise environment, as well as the truck movements and 
ash repository operations, during the attended noise measurements are described as follows. 

Operational noise from the KVAR site and the truck engine noise was inaudible at the sensitive 
receiver locations during the attended noise measurements and no ash trucks or light commercial 
vehicles were visible on the haul road.
The noise levels at all locations were affected by background noise sources such as bird/insects, 
domestic animals and domestic noise. Background noise at all sites was dominated by the 
intermittent traffic noise from nearby Castlereagh Highway and Wolgan Road.

General observations for the three monitoring locations are described below.

4.1 Location A (60 Skelly Road)
The background noise contributions at Location A were predominantly from the traffic noise from 
Castlereagh Highway and distant traffic. Faint and intermittent traffic noise from Wolgan Road was 
also audible. 
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The haulage road was clearly visible from this location, however no coal or ash trucks were visible on 
the haulage road during the attended noise monitoring period Noise from birds and insects also 
contributed to the ambient noise at this location. 

As shown in Table 3, the background noise varied over the two days with LA90 ranging from 31 dB(A) 
to 36 dB(A). The background noise (LA90) during the attended noise measurements was predominantly 
due to road traffic on the Castlereagh Highway, Wolgan Road and other nearby roads. 

4.2 Location B (10 Skelly Road)
Contributions to the background noise at Location B were predominantly from birds/insects/animals 
and traffic on Wolgan Road and Skelly Road.

Traffic noise from Wolgan Road and Skelly Road was clearly audible at this location and also 
contributed to the ambient noise levels.

The haulage road was clearly visible from this measuring location, however no coal or ash trucks were 
visible on haulage road during the attended noise monitoring period movement. 

Background noise levels was fairly consistent over the two days with LA90 ranging from 31 dB(A) to
38dB(A).

4.3 Location C (21 Neubeck Street)
Contributions to the background noise at Location C were predominantly from birds/insects/animals 
and distant traffic on Wolgan Road and other roads. Traffic noise from Wolgan Road was clearly 
audible and also contributed to the ambient noise levels. 

The haulage road was not clearly visible from this location because of an earth mound and heavy 
vegetation blocking the line of sight; however no truck engine noise was audible during the attended 
noise monitoring period.

Background noise varied over the two days with LA90 ranging from 32 dB(A) to 37 dB(A).

4.4 Location D
The noise data collected at Location D (Figure 2 and Appendix C) measured the SEL of individual 
truck pass-by events on 7 November 2011, 22 April 2013 and 31 April 2014 (See Table 4).

This location is closest to the haulage road and as such, each truck pass-by was the dominant noise 
source (clearly audible above other ambient noise sources) during these monitoring events. 

5 Analysis and recommendations
5.1 Data analysis
As can be observed from the summary of noise measurements presented above, the existing ambient 
noise levels LAeq (15 min) exceed the assessment criteria of LAeq (15 min) of 40 dB(A) on all but three of the 
monitoring events. This section deals with noise prediction based on the number of truck movements
(worst case scenario) for any worst case 15 minute period.

To assess the impact of the ash truck noise emissions, the influence of individual truck pass-by noise 
events have to be taken into account. LAeq (15 min) noise level was predicted based on the SEL 
measurement results (shown in Table 4) and the number of truck movements provided by 
EnergyAustralia NSW.
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The predicted noise levels take into account the total number of truck pass-bys (including ash trucks 
and small commercial vehicles) and the distance of the noise source from the receiver. The 
assessment included the calculated barrier effect (- 2dB(A)) at Location C. This is due to the earth 
mound  located on the northern side of the site which blocks the line of sight between 21 Neubeck 
Street and the haulage road, therefore attenuating the noise from the haulage road. Generally, trucks 
operate at a constant rate, with approximately 15-20 minute circuits for each truck. Table 5 provides a 
summary of truck pass-bys based on information collected during a previous site visit.

Table 5: Truck movement data

Periods
Information collected during site visit on 30-31 March 2014

Total number of trucks pass bys
per 45 minutes

Average number of trucks pass bys
per 15 minutes

Morning 
30/03/2014 7 2.3

Evening 
30/03/2014 2 0.7

Morning 
31/03/2014 7 2.3#

Evening 
31/03/2014 3 1.0

Note: the figure in bold is the worst-case truck movement (most frequent) used to predict the noise contribution from the truck 
movements (shown in Table 6)
# Maximum number of truck pass-bys as per information collected during the site visit.

As shown in Table 5, the maximum number of truck pass-bys was during the morning period on both
30/03/2014 and 31/03/2014. The lowest truck pass-bys was during the evening period on 30/03/2014. 
The noise emissions from the KVAR are considered to be below the assessment criteria as they were 
predominantly inaudible during the noise survey and could not be distinguished. 

Table 6 provides the noise predictions from haulage trucks alone at the nearest sensitive receivers 
based on SEL measurements. The prediction is calculated from the movement of ash trucks based on 
the worst case scenario (i.e. 2.3 truck pass-bys during any 15 minute period). 

Table 6: Noise predictions from truck movements based on SEL measurements

Sensitive 
receiver

Distance to 
haulage road (m)

No. of average truck 
movements per 

15min

Predicted 
contribution

LAeq (15 min) (dBA)

Criteria
LAeq (15 min) (dBA

60 Skelly Road 300 2.3 32 40

10 Skelly Road 270 2.3 33 40

21 Neubeck 
Street *

145 2.3 37* 40

Note * - Includes the barrier attenuation (-2dBA) provided by the earth mound blocking direct line of sight between the residence 
and haulage road.

Based on the worst case scenario the noise impact from truck movements complies with noise criteria 
of LAeq (15 min) of 40 dB(A) at all the sensitive receiver locations. 
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There were no truck movements during this current noise monitoring event, therefore the operational 
noise emissions from the Stage 2 KVAR is considered to be compliant with Condition 2.15 of the
Project Approval.

6 Conclusion
Aurecon conducted operational noise monitoring for the Stage 2 KVAR located in Wallerawang, NSW. 
The noise measurements were carried out at the three most affected sensitive receiver locations on
Sunday 28 October 2018 and Monday 29 October 2018, in the early morning and evening in 
accordance with the KVAR Stage 2 ONVMP.

The applicable noise assessment criteria of LAeq (15 minute) of 40 dB(A) from all ash haulage and ash 
placement associated operational noise emissions at the nearest sensitive receivers is outlined in the 
Project Approval, Application No. 07_0005.

The primary contributor to the background and ambient noise levels at all measurement locations was 
the traffic noise on the nearby roads. 

Based on the noise predictions resulting noise from the operation of trucks/ light commercial vehicles
from the Stage 2 KVAR are considered compliant with the Conditions of Approval.
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Appendix A
Measured noise spectra
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Appendix B
Glossary of terms

Term Definition

Sound Pressure Level

Sound or noise is the sensation produced at the ear by very small 
fluctuations in atmospheric pressure.  The human ear responds to 
changes in sound pressure over a very wide range (from 20 microPascals 
to 60 Pascals).  A scale that compresses this range to a more 
manageable size and that is best matched to subjective response is the 
logarithmic scale, rather than a linear scale.

Sound Pressure Level 
(Lp)

Is defined as:

dB
p
pL

ref
P 2

2

10log10

In the above equation, p is the sound pressure fluctuation (above or 
below atmospheric pressure), and pref is 20 microPascals (2 x 10-5 Pa), 
the approximate threshold of hearing.  To avoid a scale which is too 
compressed, a factor of 10 is included, giving rise to the decibel, or dB for 
short.

A-Weighted Decibel 
(dB(A)) & Loudness

In some circumstances, the sound pressure level is expressed as C-
Weighted decibels, instead of the more common A-Weighted.  The C-
Weighting filter is designed to replicate the response of the human ear 
above 85 dB, and places a greater weighting on low frequency noise.

LAeq

The time averaged C-weighted sound pressure level for a time interval, 
as defined in AS1055.1.  It is generally described as the equivalent 
continuous C-weighted sound pressure level that has the same mean 
square pressure level as a sound that varies over time.  It can be 
considered as the average sound pressure level over the measurement 
period.

LCeq

The time averaged C-weighted sound pressure level for a time interval, 
as defined in AS1055.1.  It is generally described as the equivalent 
continuous C-weighted sound pressure level that has the same mean 
square pressure level as a sound that varies over time.  It can be 
considered as the average sound pressure level over the measurement 
period.

LAn

The sound level, which, for a specified time interval, in relation to an 
investigation of a noise, means the A-weighted sound pressure level that 
is equalled or exceeded for n% of the interval.  Commonly used 
percentages are 1, 10, 90 & 99%.
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Term Definition

LCpk The peak C-weighted sound pressure level for a time interval.

LCmax,T The average maximum C-weighted sound pressure level, which, for the 
specified time interval, means the C-weighted sound pressure level 
during the interval obtained by using the fast time weighting and 
arithmetically averaging the maximum sound levels of the noise during 
the interval.  Under certain conditions the 10th percentile noise level, 
LC10,T, can represent the average maximum C-weighted sound pressure 
level.

LA10 A-weighted noise level which is exceeded for only 10% of the measuring 
period. It is usually used as the descriptor for intrusive noise level and 
represents ambient road traffic noise in general.

LA90 A-weighted noise level which is exceeded for 90% of the measuring 
period. It is usually used as the descriptor for background noise level 
during the measurement period.

LAmin Minimum A-weighted noise level detected during the measuring period. It 
refers to the minimum background noise detected.

Octave Frequency bands allow a representation of the spectrum associated with 
a particular noise.  They are an octave wide, meaning that the highest 
frequency in the band is just twice the lowest frequency, with all 
intermediate frequencies included and all other frequencies excluded.  
Each octave band is described by its centre frequency.

Maximum Exposure 
Time (Hours)

The maximum possible time a person can be safely exposed to a specific 
noise level (LAeq).

Sound Exposure Level 
(SEL)

Sound exposure level abbreviated as SEL and LAE, is the total noise 
energy produced from a single noise event. The Sound Exposure Level is 
a metric used to describe the amount of noise from an event such as an 
individual aircraft flyover. It is computed from measured dB(A) sound 
levels. The Sound Exposure Level is the integration of all the acoustic 
energy contained within the event.
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Appendix C
Site photograph

Figure 3 | Location D
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Executive summary 
 

This annual assessment report contributes to the Annual Environment Management Report (AEMR) for the 
2018 / 2019 reporting period  for the decommissioned and partly capped Kerosene Vale Ash Repository 
(KVAR) to address the requirements of the NSW Department of Planning and Environment’s Consent 
Conditions (Condition 7.3 (c), (d) and (e) of Project Approval 07_0005) for monitoring to be undertaken to 
ascertain whether there have been any effects of the dry ash placement on the local surface or groundwater 
quality, pursuant to Conditions 3.4 and 3.5 of Project Approval 07_0005.  

Groundwater and surface water quality signals within / downgradient of the KVAR and surface water (WX7) / 
groundwater (D5) receiving sites are highly complex spatially and temporally.  

Influences on water quality are associated with a number of existing and past land uses including the KVAD, 
SSCAD, Lidsdale Cut, open cut mining, chitter deposits, underground mining; along with on-site management 
measures including subsurface drains, pump back systems and discharge from Springvale Mine at LDP009. 

Review of both recent (2018-2019) and historical (1991-2019) data for surface water monitoring associated 
with the KVAR has identified that the KVAR is currently not having a measurable impact on surface water 
quality in Sawyers Swamp Creek (SSC) at the designated surface water receiving site (WX7/site 41). There 
appears to be no direct correlation between elevated levels of arsenic and molybdenum in surface waters at 
WX7 and activities associated with the construction or operation of KVAR or SSCAD. The water quality profile 
in SSC indicates that the water in the creek is dominated by the discharge water from the adjacent mining 
activities (LDP009), currently discharging approximately 18Ml/d to SSC. 

The 95th percentile concentrations of water quality parameters within groundwater bore D5 (site 36) currently 
exceeds the selected WQGVs for Al, B, Cd, Cr, Cu, Fe, Hg, Mn, Ni, Pb and Zn. A number of these exceedances 
could potentially be attributed to background levels including pH, Al, Cr, Cu, and Pb, as historically they 
exceeded the WQGV above the ash repository area at site WGM1/D1 (site 32). Results are reflective of water 
quality contributions from current and historic land use practices. It is possible that the KVAR is contributing to 
some elevated parameters in groundwater for Bore D5.  

Due to the complexity of current and historic land use activities, including local chitter deposits, pumping and 
discharge regimes for the KVAR and SSCAD, it is not conclusive (based on the data set available) to directly 
attribute water quality impacts observed in groundwater in Bore D5 solely to a single source such as the KVAR. 

Further hydrogeological investigation and modelling would be required to assess the KVAR’s and SSCAD’s 
contribution to water quality changes in Bore D5.  

 
 



 

 

 

Contents 
1 Introduction .......................................................................................................................................... 4 

1.1 Background .............................................................................................................................. 4 
1.2 Site Regulation ......................................................................................................................... 4 
1.3 Intended Outcomes .................................................................................................................. 4 
1.4 Scope of Works ........................................................................................................................ 4 
1.5 Previous Reports ...................................................................................................................... 5 
1.6 Information Provided by EnergyAustralia NSW ....................................................................... 6 
1.7 Data Quality .............................................................................................................................. 6 

2 Site Characterisation ........................................................................................................................... 7 
2.1 Site Location ............................................................................................................................. 7 
2.2 Landscape and Geology .......................................................................................................... 7 
2.3 Hydrogeology ......................................................................................................................... 10 
2.4 Site History ............................................................................................................................. 12 

2.4.1 Construction and Development ............................................................................... 12 
2.4.2 Key Events .............................................................................................................. 12 

2.5 Site Layout and Design .......................................................................................................... 15 
2.5.1 Sawyers Swamp Creek ........................................................................................... 15 
2.5.2 SSCAD .................................................................................................................... 15 
2.5.3 KVAR / KVAD .......................................................................................................... 15 
2.5.4 Lidsdale Cut Pond ................................................................................................... 16 
2.5.5 Return Water Canal ................................................................................................. 16 

3 Water Quality Guidelines .................................................................................................................. 18 
3.1 ANZECC Guidelines ............................................................................................................... 18 
3.2 NEPM Guidelines ................................................................................................................... 18 
3.3 Applicability of Water Quality Guidelines................................................................................ 18 

4 Surface Water and Groundwater Monitoring Results: 2018 - 2019 .............................................. 19 
4.1 Surface Water ......................................................................................................................... 19 

4.1.1 Monitoring Locations ............................................................................................... 19 
4.1.2 Monitoring Methodology .......................................................................................... 21 
4.1.3 Monitoring Results ................................................................................................... 21 

4.2 Groundwater ........................................................................................................................... 25 
4.2.1 Monitoring Locations ............................................................................................... 25 
4.2.2 Monitoring Methodology .......................................................................................... 26 
4.2.3 Monitoring Results ................................................................................................... 27 

5 Surface Water and Groundwater Trends ......................................................................................... 31 
5.1 Surface Water Trends 1992 – 2019 ....................................................................................... 31 

5.1.1 WX7 – Surface Water Receiving Site ...................................................................... 33 
5.1.2 Sawyers Swamp Creek Additional Sites ................................................................. 34 
5.1.3 SSCAD Sites ........................................................................................................... 37 
5.1.4 KVAR / KVAD Sites ................................................................................................. 38 
5.1.5 Lidsdale Cut (WX5) ................................................................................................. 41 
5.1.6 Dump Creek (WX11) – Site 39 ................................................................................ 43 
5.1.7 Springvale 158 ......................................................................................................... 45 

5.2 Groundwater Trends 1988 - 2019 .......................................................................................... 45 
5.2.1 Groundwater Bore D5 – Receiving Site (Site 36) .................................................... 48 



 

 

 

5.2.2 KVAR / KVAD Monitoring Bores .............................................................................. 49 
5.2.3 Downgradient of SSCAD / Upgradient of KVAR ..................................................... 51 
5.2.4 Upgradient of SSCAD and KVAR / KVAD ............................................................... 54 

6 Summary............................................................................................................................................. 56 
6.1 KVAR Impacts on Surface Water Quality ............................................................................... 56 
6.2 KVAR Impacts on Groundwater Quality ................................................................................. 57 

7 Limitations .......................................................................................................................................... 59 
8 References.......................................................................................................................................... 60 

Appendices 
Appendix A 

Surface Water Quality Trends 1991-2019 

Appendix B 
Groundwater Quality Trends 1988-2019 

Appendix C 
2018 – 2019 Surface Water / Groundwater Monitoring Results and Summary Statistics 

Appendix D 
D1 – D6 Borehole Logs 

Figures 
Figure 2-1 Site Location 
Figure 2-2 Local Surface Geology 
Figure 2-3 5m Groundwater Contours SSC Catchment 
Figure 2-4 Revised Ash Placement Strategy for KVAR – Stages 1, 2A and 2B 
Figure 2-5 Site Layout and Design 
Figure 4-1 Water Quality Monitoring Locations 

Tables 
Table 2-1 Stratigraphic Units – Project Area 
Table 2-2 Kerosene Vale Ash Repository – Record of Key Activities and Events 
Table 4-1 Surface Water Monitoring Locations 
Table 4-2 Summary Statistics 2018-2019 Surface Water Monitoring Results (mg/L) – 95th Percentiles 
Table 4-3 Project Groundwater Monitoring Locations 
Table 4-4 Summary Statistics 2018-2019 Groundwater Monitoring Results (mg/L) – 95th Percentiles 
Table 5-1 Summary Statistics Long Term Surface Water Monitoring Results (mg/L) – 95th Percentiles 
Table 5-2 Summary Statistics Long Term Groundwater Monitoring Results (mg/L) – 95th Percentiles 
 

 

 



 

Project number 502838  File 20190624_502838_KVAR_WQ_Assessment_2019.docx, 2019-06-24  Revision 1   4 

1 Introduction 
 
 

1.1 Background 
In 2002, Delta Electricity (now EnergyAustralia NSW) obtained approval for conversion of the wet slurry ash 
placement process at Wallerawang Power Station to dry ash. The dry ash placement is called the Kerosene 
Vale Ash Repository (KVAR). Stage 1 of the KVAR placement began in 2003 and was completed and capped 
in February 2009. Approval was obtained for further ash placement in the Stage 2 Area at the KVAR in 
November 2008. The Stage 2 Area placement began in April 2009 and was ongoing until Wallerawang Power 
Station, including the Kerosene Vale Ash Repository (KVAR), ceased operation and subsequent ash 
production in March 2014. 

One of the primary objectives of the design and operation of the KVAR is to have no adverse impact on the 
local ground or surface water quality. More specifically, this means that leachates from the dry ash placement 
should not increase concentrations of the various water quality characteristics in the receiving waters by more 
than the locally derived guidelines (which is based on the 90th percentile of the background, pre-placement 
sites) or the ANZECC (2000) guidelines for protection of aquatic life (whichever is higher). 

This report provides an assessment of surface water and groundwater quality for the April 2018 – March 2019 
reporting period and considers previous years monitoring results for interpretation of trends. 

1.2 Site Regulation 
The annual assessments of surface water and groundwater quality are undertaken in accordance with the 
NSW Department of Planning and Environment’s Development Consent conditions for the Kerosene Vale Ash 
Repository outlined in the KVAR Operations Environmental Management Plan, and because the Wallerawang 
Power Station Environment Protection Licence (EPL) has been retained by EnergyAustralia NSW. 

1.3 Intended Outcomes 
This assessment of groundwater and surface water quality for the decommissioned KVAR includes the 
following scope of works: 

 Discuss the changes (if any) in surface water and groundwater quality as a result of the seepage collection 
and diversion systems for: 

 Sub-surface drains in the Kerosene Vale Ash Dam (KVAD) under the dry ash Kerosene Vale Ash 
Repository (KVAR) 

 The Sawyers Swamp Creek Ash Dam (SSCAD) v-notch pump-back system 

 Diversion of the KVAD groundwater to Lidsdale Cut via the unblocked KVAD toe drains 

 Diversion of the Lidsdale Cut discharge from Sawyers Swamp Creek (SSC) to the Sawyers Swamp 
Creek Ash Dam (SSCAD)·  

 The effects of the Stage 1 and Stage 2A dry ash placements on surface and groundwater receiving waters 
with the effects of the local coal mining and the Springvale Mine water discharge considered.  

1.4 Scope of Works 
In accordance with previous reports, the contract and fee proposal, and to meet requirements in response to 
the NSW Department of Planning and Environment’s Development Consent conditions for the Kerosene Vale 
Ash Repository, the assessment of groundwater and surface water quality for the decommissioned KVAR 
includes the following scope of works, which are addressed in this report: 
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 Definition of Water Quality Criteria, Including: 

 ANZECC 2000 Water Quality Guideline Values (WQGVs) 

 Local Water Quality Guidelines Values (WQGVs) 

 Assessment of recent (2018-2019) and historic trends in surface water quality data from upstream, 
downstream and background reference locations summarized in Table 4-1, Section 4.1.1 

 Assessment of recent (2018-2019) and historic trends in groundwater quality and level data from upstream, 
downstream and background reference locations summarized in Table 4-3, Section 4.2.1 

 Assessment and summary of groundwater – surface water interactions for SSC, and likely effects of 
groundwater seepage from the KVAR and discharge from Springvale Mine 

 Comparison of groundwater and surface water quality monitoring results against ANZECC 2000 95% 
Species Protection Levels, ANZECC 2000 99% Species Protection Levels (mercury and selenium), and 
derived local WQGVs 

1.5 Previous Reports 
To satisfy project objectives Aurecon has reviewed relevant information from the following existing reports:  

 Aurecon (2017): Kerosene Vale Ash Dam and Dry Ash Repository – Water Quality Assessment from April 
2016 to March 2017 in Relation to the Decommissioned Wallerawang Power Station. Prepared for 
EnergyAustralia NSW. Rev 1, 16 June 2017. Reference: 256109. 

 Aurecon (2016): Kerosene Vale Ash Dam and Dry Ash Repository – Water Quality Assessment from April 
2015 to March 2016 in Relation to the Decommissioned Wallerawang Power Station. Prepared for 
EnergyAustralia NSW. Rev 4, 14 November 2016. Reference: 208562. 

 Aurecon (2015): Kerosene Vale Ash Dam and Dry Ash Repository – Water Quality Assessment from April 
2013 to March 2015 in Relation to the Decommissioned Wallerawang Power Station. Prepared for 
EnergyAustralia NSW. Rev 4, 8 October 2015. Reference: 208562. 

 Aurecon (2014): Kerosene Vale Ash Dam and Dry Ash Repository KVAR Stage 2 Water Quality 
Assessment February 2012 to March 2013. Prepared for EnergyAustralia NSW. 16th January 2014. 

 Aurecon (2012): Kerosene Vale Ash Dam and Dry Ash Repository KVAR Stage 2A Water Quality 
Assessment April 2010 to January 2012. Prepared for Delta Electricity Western 9th October 2012. 

 Aurecon (2010): KVAD Stage 2 Water Quality Assessment October 2007 to March 2010. Draft Report 
Prepared for Delta Electricity Western 18 June 2010. 

 EnergyAustralia NSW (2014): Kerosene Vale Ash Repository Stage 2 Annual Environmental Management 
Report, April 2013 – March 2014. EnergyAustralia NSW, NSW Australia. 

 EnergyAustralia NSW (2014): Kerosene Vale Ash Dam and Dry Ash Repository – Stage 2 Water Quality 
Assessment, April 2013 to March 2014. EnergyAustralia NSW, NSW Australia. 

 EnergyAustralia NSW (2013): Kerosene Vale Ash Repository Stage 2 Annual Environmental Management 
Report, April 2012 – March 2013. EnergyAustralia NSW, NSW Australia. 

 Delta Electricity (2012): Kerosene Vale Ash Repository Stage 2 Annual Environmental Management 
Report, May 2011 – April 2012. Delta Electricity NSW, NSW Australia. 

 Delta Electricity (2011): Kerosene Vale Ash Repository Stage 2 Annual Environmental Management 
Report, 2010 – 2011. Delta Electricity NSW, NSW Australia. 

 Parsons Brinkerhoff (2010): 1st Annual Environmental Management Report for Kerosene Vale – Stage 2 
Ash Repository Area. Prepared for Delta Electricity. October 2010. 
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1.6 Information Provided by EnergyAustralia NSW 
 EnergyAustralia NSW has provided copies of the following documents to Aurecon to satisfy the project 
objectives: 

 Surface water quality data from April 2018 to March 2019 from upstream, downstream and background 
reference locations summarized in Table 4-1, Section 4.1.1 

 Groundwater quality and level data from April 2018 to March 2019 from upstream, downstream and 
background reference locations summarised in Table 4-3, Section 4.2.1 

1.7 Data Quality 
The data contained within this report has been provided to Aurecon by EnergyAustralia NSW. The data was 
checked for outliers using the ANZECC (2000) (Chapter 6) protocols for data analysis and interpretation.  

Care should be exercised in labelling extreme observations as ‘outliers’, however “on the balance of 
probabilities, an observation beyond three standard deviations from the mean is likely to be aberrant” 
(ANZECC, 2000). As such observations beyond three standard deviations that present no rational explanation, 
such as a shift in environmental conditions, were excluded from the statistical interpretation of recorded data 
with all exclusions and reasoning for exclusion logged for critical review. 

The Operational Environmental Management Plan (OEMP) requires the existing monitoring program to 
continue, with the addition of low detection limit analysis for trace metals (to ensure that the detection limit is 
lower than ANZECC 2000, or locally derived WQGVs). With the exception of Silver (Ag) all metals were tested 
at levels below the WQGVs.  

In accordance with ANZECC (2000) guidance (Chapter 6) protocols for data analysis and interpretation, where 
parameter concentrations have been recorded as less than the laboratory limits of reporting (LOR), the 
equivalent LOR value has been used as proxy for the parameter concentration for the purpose of statistical 
assessment. 

In house assessment methods1 based upon the Standard Methods (APHA, 1998) are used for the general 
water quality characteristics, which include: 

 Alkalinity, sulphate, chloride, calcium, magnesium, sodium, potassium, total dissolved solids (TDS) and 
Turbidity2 (NTU) 

And for trace metals and elements, which include: 

 Copper, cadmium, chromium, lead, zinc, iron, manganese, mercury, selenium, silver, arsenic, barium, 
boron and fluoride, molybdenum, nickel and beryllium. 

The trace metals and elements monitored are the same for surface and groundwater. Molybdenum, nickel and 
beryllium have been monitored since July 2007, but beryllium was stopped in April 2010 and aluminium has 
been monitored since July 2010. 

Since April 2006, the laboratory limits of reporting (LOR) for routine monitoring of most trace metals in surface 
water and groundwater samples were lower than the ANZECC (2000) guidelines. Particular attention has been 
directed at the trace metals arsenic, cadmium, chromium, copper, mercury, nickel and lead, as well as the 
trace element selenium, which have been analysed with a low detection limit. However, due to sample matrix 
interference, silver has continued to be analysed above the ANZECC guideline trigger value of 0.05 μg/L since 
November 2001.  

 

                                                   
1 Nalco has NATA accreditation Number 1099 and is accredited for ISO/IEC 17025 
2 Representative of total suspended solids (TSS, also known as non-filterable residue, NFR) – ANZECC (2000) 
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2 Site Characterisation 
 
 

2.1 Site Location 
The Kerosene Vale Ash Repository (KVAR) is owned and operated by EnergyAustralia NSW. The KVAR is 
located approximately 2.5 kilometres north-east of Wallerawang Power Station and approximately 10 
kilometres north-west of the city of Lithgow, which is 150 kilometres north-west of Sydney (Figure 2-1). The 
KVAR is situated in the centre of the Sawyers Swamp Creek (SSC) catchment, and receives rainfall runoff 
from the Newnes Plateau and surrounding hillslopes. 

2.2 Landscape and Geology 
The project area is located within the Kerosene Vale valley, which is defined by a drainage basin with a 
catchment area of approximately 9km2. The drainage basin is characterised by an elongate, gently sloping, 
steep sided valley, through which the Narrabeen group sandstones have been cut, exposing the Permian 
Illawarra Coal Measures and depositing discrete alluvial sequences. 

Geological units of the project area are presented in Table 2-1 below, and presented in Figure 2-2 : 

Table 2-1 Stratigraphic Units – Project Area 

Period Group Subgroup Formation Seam Approx. 
Thickness 

Regolith / Quaternary Quaternary Quaternary Quaternary 
Alluvium / Regolith 

-  

Triassic Narrabeen 
Group 

Grose Banks Wall 
Sandstone 

-  

Mt York Claystone -  

Burra Moko Head 
Sandstone 

-  

 Caley  -  

Permian Illawarra 
Coal 
Measures 

Wallerawang Farmers Creek  Katoomba  

Middle River  

Charbon  Denman -  

Irondale Coal Irondale 1.4 – 1.6 

Cullen Bullen Lidsdale Lidsdale 1.4 – 4 

Lithgow Lithgow 1.1 – 3.7 

Marrangaroo 
Conglomerate 

-  

Nile Subgroup Gundangaroo,  -  

Coorongooba 
Creek Sandstone, 

-  

Mt Marsden 
Claystone 

-  

Shoalhaven Berry Siltstone - -  

Geological units within the immediate project area dip in accordance with the regional profile (moderately 
towards the east, and to the north). Borehole logs indicate the presence of 3 distinct coal seams, including an 
upper (shallow) coal seam at approximately 920mAHD below the KVAR, a middle (intermediate) seam at 
approximately 910mAHD below the KVAR, and a lower coal seam (the Lidsdale Coal Measure) at 
approximately 900mAHD below the KVAR. 
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Creation of the Sawyers Swamp Creek Ash Dam (SSCAD) and Kerosene Vale Ash Repository has modified 
the catchment morphology. Upgradient and to the east of SSCAD, in the upper portions of the catchment 
valley, the topography has been modified from its original profile through emplacement of ash, to form a 
gently sloping (0.2% gradient) surface up to the SSCAD dam wall, which bisects the valley along a north-
south axis.  

Ash emplacement in the eastern portion of the catchment forms a wedge shape above the original (palaeo) 
surface of the basin valley. The ash wedge ranges in depth from 0m in the vicinity of the Freshwater 
Diversion Dam, to approximately 22m at the eastern most portion of the SSCAD pond (adjacent to pond C), 
and likely extending to 25m+ near the SSCAD cut-off wall. Locally the ash wedge is overlain by a thin cap of 
silty clay (c. 0.5m thick) and underlain by a layer of alluvial / residual type material (silty sand / clayey sand) 
(c.2.0m thick), underlain in turn by bedrock material (siltstones, shales and coals) of the Illawarra Coal 
Measures (ICM). 

The profile of the valley falls sharply (approximately 16% gradient) on the western side of the ash dam wall, 
from approximately 940m AHD to approximately 915m AHD at its base. At the base of the SSCAD ash dam 
wall, Sawyers Swamp Creek (SSC) cuts up to the north from its diversion at the southern portion of the 
SSCAD dam, before meandering to the west and out to the Cox’s River. To the west of the SSCAD and 
SSC, the original topography has been further modified through emplacement of the Kerosene Vale Ash 
Repository (KVAR) and underlying Kerosene Vale Ash Dam (KVAD), which together form a mound, rising up 
to approx. 20m above the original ground surface to a height of approximately 940mAHD. The SSC has 
been modified to flow to the east of the KVAR, before cutting around the north of the mound on its path out 
to the Cox’s River. 

2.3 Hydrogeology 
The hydrogeology of the project area is complex owing to the extensive modifications to the drainage basin 
landform as a result of construction of the SSCAD, KVAR and historical modification to channel routing of the 
Sawyers Swamp Creek. 

A groundwater contour plot (Figure 2-3) has been developed using recent (2017) groundwater monitoring 
data. The contour plots show that groundwater flows through the Narrabeen Group Sandstones and Upper 
Illawarra Coal Measures are generally to the west through the catchment, from the upper portions of the 
catchment, through / below the SSCAD and KVAR / KVAD and out towards Sawyers Swamp Creek, where 
groundwater flow paths turn to the south / south-east with the regional flow regime. 
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2.4 Site History 

2.4.1 Construction and Development 
The Kerosene Vale Ash Repository (KVAR) area was originally constructed between 1960 and 1990, during 
which time it was filled with a combination of by-product (wet) ash from the Wallerawang Power Station and 
mining spoil from Springvale Colliery. Kerosene Vale was used as an ash dam during its operation and 
subsequent capping in 1990, hence it is distinguished as the Kerosene Vale Ash Dam (KVAD). 

Between 1980 and 2003 wet ash from Wallerawang Power Station was emplaced within the Sawyers Swamp 
Creek Ash Dam (SSCAD) located east of and immediately upgradient of the KVAD. However, in 2001, Delta 
Electricity identified the need for additional storage capacity due to storage constraints within the SSCAD. 

The KVAD area was identified as a suitable site, as it had been historically used for the purpose of ash 
placement for Wallerawang Power Station. However, placement of ash over the KVAD required a change from 
wet ash to a dry ash operation. 

In 2002, approval was granted to Delta Electricity to change from wet ash to dry ash placement activities and 
to use the current KVAR area for dry ash storage. In 2003, placement of wet ash in the SSCAD ceased and 
placement of dry ash in the Stage 1 area of the KVAR commenced.  

In November 2008, Delta Electricity received further project approval for extension of the KVAR. Subsequently 
the Stage 1 KVAR area was capped in February 2009 and placement in the Stage 2 KVAR area commenced 
in April 2009, with placement in the planned Stage 2A area outlined in the original ash placement strategy 
(Parsons Brinkerhoff, 2008).  

With ash placement commencing in Stage 2A, Delta Electricity’s contract structural engineers reviewed the 
ash placement strategy. Following this review, it was determined that previously planned construction activities 
were not required to facilitate the placement of ash in the Stage 2A. Subsequently a revised ash emplacement 
strategy was developed, which has been used in the design, construction and management of the recently 
decommissioned KVAR. Figure 2-4 presents a schematic of the placement strategy for Stage 1, 2A and 2B, 
with a Stage 2C placement area located between Stages 2A and 2B. 

In January 2012, the Stage 2C area was excavated in preparation for ash placement, however ash placement 
did not proceed as a result of the subsequent decommissioning of Wallerawang in 2014. 

In January 2014, Wallerawang Power Station’s Unit 7 was removed from service and deregistered from the 
market; whilst in March 2014, Unit 8 was placed in long term storage. As a consequence, Wallerawang Power 
Station has not generated ash requiring disposal at KVAR since April 2014. Further, EnergyAustralia is 
currently negotiating with NSW Treasury to produce a plan for the decommission, deconstruction and 
rehabilitation of the entire operational facility at Wallerawang including the ash placement areas. 

2.4.2 Key Events 
Through the lifecycle of dry ash placement in the KVAR, a number of key events can be identified associated 
with environmental management of the site, which have subsequently affected the dynamics of surface water- 
groundwater interactions and water quality signals. These events are summarised alongside the construction 
and development activities associated with the site in Table 2-2, and are approximate only. 
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Table 2-2 Kerosene Vale Ash Repository – Record of Key Activities and Events 

Approximate 
Date Event Description 

1960-1980 KVAD Wet Ash Emplacement 

1980-2003 SSCAD Wet Ash Emplacement 

1990 KVAD Capped 

May 2003 Stage 1 Dry Ash Emplacement in Stage 1 KVAR 

2006 KVAD Toe Drains Blocked 

February 2009 Stage 1 Dry Ash Emplacement Complete and Capped 

April 2009 Stage 2A Dry Ash Emplacement 

February 2010 Stage 1 KVAD Toe Drains Unblocked to LC 

May 2010 SSCAD Seepage Collection Installed 

October 2010 Unblocked KVAD Toe Drains and Reinstated Seepage Collection and Diversion 
System to Lidsdale Cut. 

October 2010 Sub-Surface Drains Installed for KVAD within KVAR Stage 2 Area and connected to 
KVAD Toe Drains 

February 2011 Stage 2 Subsurface Unblocked to LC 

July 2011 Springvale Mine Water Discharge Pipe Leak 

January 2012 Stage 2C - Commenced, Never Emplaced 

June 2012 Pumping from LC to SSC Stops 

July 2012 Pumping from LC to SSCAD Via Canal Starts 

July 2013 Springvale Mine Discharge 18ML/d to SSC Starts 

March 2014 KVAR ceased operation and ash production 

July 2015 Stage 2C Excavation and Clean Water Detention Pond 

The key events affecting environmental conditions within the KVAR during its operational lifecycle, that are not 
related to general construction and development of the site include: 

 2006 - Blockage of the KVAD toe drains 

 October 2010 – Unblocking of the KVAD toe drains 

 October 2010 – Installation of subsurface drains for the Stage 2 KVAR area 

 October 2010 – Reinstatement of seepage collection and diversion system to Lidsdale Cut 

 February 2011 – Unblocking of the Stage 2 subsurface drains 

 June 2011 – Springvale Mine Water Discharge Leak 

 June 2012 – Discharge from Lidsdale Cut to Sawyers Swamp Creek via v-notch ceases 

 July 2012 – Pumping from Lidsdale Cut to Sawyers Swamp Creek Ash Dam via the Return Canal 
commences 

 July 2013 – Springvale Mine Discharge (18ML/d) to Sawyers Swamp Creek Commences 

In addition to the above list of events EnergyAustralia NSW has advised Aurecon that extensive erosion of 
the dry ash surface on the eastern side of the Stage 2 area had occurred and the batter was repaired in 
2017. Rainfall runoff flowed to the southern side of the KVAR and the various surface water collection ponds 
and overflows collected the ash before the runoff entered the return canal. 
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2.5 Site Layout and Design 
The current layout, design and operations at the KVAR are a result of the long history of events and activities 
related to ash emplacement and environmental management, including construction of the original KVAR 
(KVAD) between 1960 and 1990. Construction of the SSCAD and emplacement of wet ash between 1980 and 
2003, and subsequent construction and development of the recently decommissioned KVAR between 2003 
and 2014. Figure 2-5 presents the current layout and design of the KVAR relative to the SSC catchment 
features, including the SSCAD and SSC. Key elements of the KVAR, SSC and SSCAD are discussed in the 
following sections. 

2.5.1 Sawyers Swamp Creek 
Sawyers Swamp Creek is an ephemeral creek which drains the Sawyers Swamp Creek Catchment of the 
Newnes Plateau. SSC flows from east to west and forms a tributary to the Coxs River, which drains south 
towards Lake Wallace. Any overflow from Lake Wallace is transmitted to Lake Lyell, which is the water supply 
reservoir for Mt Piper Power Station and part of the Sydney Drinking Water Supply. The natural course of SSC 
has been diverted through artificial channel modifications so that flows bypass the SSCAD and KVAR. 

The flow path of SSC is currently to the south of the SSCAD, before turning north, passing between SSCAD 
and the KVAR. At northernmost portion of the KVAR, (north of the sedimentation area), SSC bends to the west 
passing between the KVAR and Centennial’s Coal Stockpile beyond the northern boundary of the site. 
Sawyers Swamp Creek subsequently flows out to Coxs River, past Lidsdale Cut and Dump Creek, which forms 
a tributary to SSC. 

Discharge through SSC is currently modified to a sustained flow in the lower portion of SSC catchment as a 
result of discharge from Springvale Colliery through LDP009, which is located adjacent to the SSCAD Spillway. 
The discharge through LDP009 is currently around 18ML/d. 

2.5.2 SSCAD 
The SSCAD is a major artificial surface water body located between Springvale Colliery and the KVAD. The 
dam was historically used for wet ash disposal from Wallerawang Power Station. The SSCAD is separated 
from SSC by a toe drain to the south and by a dam wall to the west, through which seepage is collected via a 
concrete drain and returned to the SSCAD via a pump-back system. 

Water levels in SSCAD are controlled by a gravity overflow outlet weir located at the front of the spillway. 
From the weir SSCAD, water discharges through a HDPE pipe to the Return Water Canal where it is 
pumped back to the SSCAD. 

Catchment runoff from upstream of the ash dam enters the creek, via a pipe, that discharges over the spillway 
and joins SSC. Mine water discharge from Springvale Colliery enters SSC upstream of the spillway and mixes 
with catchment runoff. 

2.5.3 KVAR / KVAD 
The KVAR / KVAD form an area characterised by an artificial mound of dry processed ash (KVAR) overlying 
a capped unit of wet processed ash (KVAD) which has been sequentially deposited in the KVAR area since 
the 1960s. Seepage and leachate within the KVAR / KVAD is controlled by a complex network of subsurface 
drains, connected to toe drains, leachate collection ponds and a return water canal (which is pumped to 
SSCAD).  

Rainfall runoff from the northern part of KVAR is collected by a perimeter drain which directs the runoff to a 
Collection Pond in the north-east of the Stage 2 area. Groundwater seepage collected in the subsurface drains 
is also collected in this pond and the water is sent to the Lidsdale Cut pond via the pipeline. It is also understood 
that some of the water in the Collection Pond is reused for dust suppression by spraying on the dry ash deposit.  

The KVAR / KVAD is hydraulically isolated from SSC by the KVAD toe drains which collect and transmit 
seepage / leachate to Lidsdale Cut Pond, local sumps, and / or the Return Water Canal.  
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2.5.4 Lidsdale Cut Pond 
Lidsdale Cut Pond is an artificial waterbody formed as a result of historical mining activities. Seepage from the 
KVAD / KVAR is collected and sent to the Lidsdale Cut Pond via the existing KVAD toe drains. Historically, 
seepage from the KVAD was discharged directly to SSC from the Lidsdale Cut pond via a v-notch. However, 
in June 2012, the v-notch was sealed in order to halt discharge to SSC, and in July 2012 water from Lidsdale 
Cut Pond was re-circulated to SSCAD via the return canal located to the south of the Stage 1 KVAR 
emplacement area. In 2017 this process was modified so that water from Lidsdale Cut Pond is currently 
discharged to the Dirty Water Pond (identified in Figure 2-5), located near the KVAR / KVAD dump valves, 
prior to being discharged to the SSCAD. 

EnergyAustralia NSW has advised Aurecon that the water in the Lidsdale Cut pond is regularly pumped to 
maintain a water level about 0.4 to 0.6m above the current void bottom. 

2.5.5 Return Water Canal 
The Return Water Canal is located to the south of the Stage 1 KVAR emplacement area and KVAD footprint. 
The Return Water Canal historically received pumped water from Lidsdale Cut Pond, until operations were 
modified in 2017. The Return Water Canal currently receives surface water runoff and seepage directly from 
the KVAR. Overflow water from the SSCAD is also discharged to the Return Water Canal via a HDPE pipe. 
Water within the Return Canal is discharged to the SSCAD via a pump-back system. 
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3 Water Quality Guidelines 
 
 

3.1 ANZECC Guidelines 
As used in previous reports since 2008, the principle of the ANZECC (1995) guidelines for protection of 
groundwater, where the potential future use of the water resource is considered, has been taken into account. 
In this regard, the Irrigation, Ecosystem and additional guidelines for protection of livestock or drinking water 
has been used, where appropriate, to provide a wider context of the ANZECC (2000) guidelines, and to define 
acceptable ambient water quality at the KVAR Stage 2 receiving water sites. 

Due to the mineralised conditions and long history of mining related activities within the SSC catchment and 
wider Wallerawang region, locally derived water quality guidelines have been applied to several water quality 
parameters that are likely to have been affected by the historical activities and local conditions. 

The groundwater background concentrations were adopted from the pre-placement data from the background 
bore, WGM1/D2, and elevated concentrations at the seepage detection bore WGM1/D5 and Lidsdale Cut 
(WX5) were also taken into account. The surface water background concentrations use the pre- placement 
data at Dump Creek, WX11, which is the local background for the mineralised area. The pre-KVAR data at 
WX7 was also taken into account. 

The water quality monitoring is undertaken to ascertain whether the local/ANZECC (2000) guidelines (as 
applicable) and groundwater investigation levels (GILs – NEPM 2013) are met in the groundwater receiving 
water bores D5 and D6 and in Sawyers Swamp Creek at the final surface water receiving water site, WX7. 

In accordance with ANZECC guidelines, the 95th percentile of concentrations in water quality monitoring results 
are compared against the adopted Water Quality Guideline Values (WQGVs), which include both ANZECC 
(1995) trigger values and locally derived guideline values. 

3.2 NEPM Guidelines 
Groundwater investigation levels (GILs) are the concentrations of a contaminant in groundwater above which 
further investigation (point of extraction) or a response (point of use) is required. GILs are based on Australian 
water quality guidelines and drinking water guidelines and are applicable for assessing human health risk and 
ecological risk from direct contact (including consumption) with groundwater. Further information is provided 
in Section 2.8 and Schedule B6. 

The Groundwater investigation levels (GILs) are based on the Australian Water Quality Guidelines 2000 
(AWQG), Australian Drinking Water Guidelines 2011 (ADWG) and Guidelines for Managing Risk in 
Recreational Waters 2008 (GMRRW). The GILs are adopted in the NEPM as investigation levels in the context 
of the framework for risk-based assessment of groundwater contamination (refer Schedule B6), i.e. levels 
above which further assessment is required. 

The AWQG provide tabulated values based on percentage species protection for various aquatic environments 
and water uses. The appropriate settings for current and potential uses of groundwater need to be identified 
for the aquifer undergoing assessment. The guideline documents should be consulted for appropriate 
interpretation of guideline values, in consultation with relevant regulatory authorities if necessary. 

3.3 Applicability of Water Quality Guidelines 
 The surface water guideline goals apply to the receiving waters of Sawyers Swamp Creek at WX7, only 

for the effects of the ash placement input concentrations (including the associated effects of coal 
waste/chitter leachates), but not for the effects of the Springvale Coal Mine input 

 The groundwater goals apply to the seepage detection bore WGM1/D5, but not to Lidsdale Cut (WX5) 
since July 2012. These monitoring points are also used for early warning of potential effects on the 
Sawyers Swamp Creek receiving waters. These goals are used for assessment of the decommissioned 
KVAR effects in this report. 
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4 Surface Water and Groundwater Monitoring 
Results: 2018 - 2019 

 
 

4.1 Surface Water 

4.1.1 Monitoring Locations 
To satisfy sampling requirements for the project, EnergyAustralia NSW undertook surface water sampling at 
the monitoring locations summarised in Table 4-1, below and presented in Figure 4-1. 

Table 4-1 Surface Water Monitoring Locations 

Site # Site ID Purpose Monitoring 
Period Easting Northing 

Springvale Discharge 

158 Springvale Mine Water Springvale Mine Water 
Discharge 

2011-2018 
(no 2018/19 data) Inside Building 

Surface Water Receiving Site 

41 Sawyers Swamp Creek 
Lower (WX7)  Receiving Water Site 1991-2019 228961 6302719 

Sawyers Swamp Creek Additional Sites 

92 Upstream SSCAD (WX1) Upgradient of SSCAD 
Surface Water 

1992-2018 
(dry 2019) 231969 6301582 

93 SSC Downstream V-notch SSC Downstream of SSCAD 
Seepage Collection 2010-2019 230166 6302340 

83 SSC Downstream KVAR SSC Downstream of KVAR 
Stage 2A 2010-2019 229650 6302246 

225 SSCAD Spillway SSCAD Water Outflow 2012-2019 230369 6302775 

SSCAD 

38 Sawyers Swamp Creek Ash 
Dam (SSCAD 38) 

SSCAD Water Input from 
Return Canal 1996-2019 229766 6301457 

79 SSCAD V-notch SSCAD Seepage Collection 2010-2019 230259 6302287 

KVAR / KVAD 

81 West KVAD Wall subsurface 
Left 

North-West Wall of KVAR / 
KVAD 

2010-2017 
(dry 2018/19) 229684 6302194 

80 West KVAD Wall Subsurface 
Right 

North-West Wall of KVAR / 
KVAD 2010-2019 229660 6302179 

86 North Wall Collection North Wall of KVAR / KVAD 2010-2019 229909 6302201 

87 Surface Water Runoff / West 
KVAD Wall Subsurface 

North Wall Surface Water 
Runoff 2010-2019 229947 6302227 

Lidsdale Cut Pond 

40 Lidsdale Cut (WX5) Lidsdale Cut Monitoring 1992-2019 229402 6302329 

Dump Creek 

39 Dump Creek (WX11) Dump Creek Monitoring 1991-2019 229102 6302666 

The monitoring locations were selected to represent surface water quality upstream, downstream and at 
several reference locations.  

Routine long-term water quality data has been collected for SSC at receiving water (WX7), and upgradient 
location (WX1) since 1991 / 1992. Water quality data for additional sites upgradient and downgradient of the 
KVAR (Sites 83, 93, 225) are available from 2010. Long term water quality data has also been collected for 
Lidsdale Cut Pond at WX5 and Dump Creek at WX11. Water quality data is available for SSCAD from 1996, 
whilst data for KVAR / KVAD monitoring points is available from 2010. 
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4.1.2 Monitoring Methodology 
Routine surface water monitoring is undertaken on a monthly basis on behalf of EnergyAustralia NSW by 
Nalco Analytical Resources who measure conductivity, pH and temperature in the field using calibrated 
instrumentation. 

Aurecon understand that all surface water samples were collected in accordance with ANZECC (2000) 
monitoring guidelines (Chapter 4) for shallow waters, with samples collected from just below the surface 
(0.25m-0.5m) either directly to sample collection bottles by hand (using disposable nitrile gloves) or using a 
plastic bucket fixed to a rope – cleaned prior to use and between sampling sites and dispensed into sample 
collection bottles. 

4.1.3 Monitoring Results 
Surface water monitoring results for the 2018-2019 reporting period are presented in Appendix C along with a 
statistical summary of the data.  

In accordance with ANZECC (2000) and ADWG (2011) guidelines, the 95th Percentile of the test results from 
surface water monitoring for toxicants and stressors have been compared against selected surface water 
guideline values that are based on ANZECC (2000) Trigger Values (ANZECC, 2000 Section 7.4.4.1, Step 2) 
or ADWG Values (ADWG, 2011 – Chapter 10), and against local WQGVs where locally derived WQGVs 
supplant ANZECC / ADWG Trigger Values. The results from this assessment are presented in Table 4-2 
below.
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WX7 – Receiving Site 
As outlined in Section 3.3, the surface WQGVs apply only to the receiving waters of Sawyers Swamp Creek 
at WX7. The results presented in Table 4-2 indicate that the 95th percentile concentrations of key parameters 
of surface water samples at WX7 in SSC from the 2018-2019 monitoring period are generally below the 
adopted WQGVs with the exception of the following: 

 pH -  Exceeds upper limit 

 Arsenic – Marginally exceeds ANZECC (2000) WQGV 

 Molybdenum – Marginally exceeds Irrigation WQGV 

Exceedances of these parameters at WX7 are attributed to discharge from Springvale Mine at LDP009 into 
SSC. Aurecon understands that Springvale Mine Discharges approximately 18ML/d into SSC at LDP009, and 
that the discharge is sampled at Site 158. Due to the ephemeral nature of SSC, discharge from Springvale 
Mine dominates surface water in SSC and as a result water quality at WX7 (Site 41) is reflective of the 
Springvale Discharge sampled at Site 158. 

As the observed concentrations of water quality parameters in SSC at WX7 are reflective of discharge from 
Springvale Mine, it can be inferred that the KVAR is not currently affecting water quality in SSC at the receiving 
site. 

Sawyers Swamp Creek Additional Sites 
The results presented in Table 4-2 indicate that 95th percentile concentrations of key parameters in the SSC 
additional sites, including sites 93, 83 and 225, from the 2018-2019 monitoring period are generally below 
the adopted WQGVs with the exception of the following: 

 pH -  Exceeds upper limit 

 Arsenic – Marginally exceeds ANZECC (2000) WQGVs 

 Molybdenum – Marginally exceeds Irrigation WQGVs 

 Copper (Site 225 only) – Exceeds ANZECC (2000) WQGV 

 Fluoride (Site 225 only) – Exceeds Drinking Water ADWGV 

Site 92 (WX1) was dry throughout the 2018-2019 monitoring period and as such no water quality data is 
available for assessment. Concentrations of water quality parameters at Sites 93, 83 and 225 are similar to 
water quality at WX7 (Site 41). As these sites are located downgradient of the Springvale Mine Licence 
Discharge Point (LDP009), and show close similarity with the historic chemistry of Springvale Mine water 
discharge, it is clear that water quality at these sites is dominated by the Springvale Mine water discharge 
and is generally unaffected by the KVAR. 

Water quality results from these monitoring sites are consistent with water quality results from previous 
years. 

SSCAD 
The results presented in Table 4-2 indicate that 95th percentile concentrations of several key parameters 
from the 2018-2019 monitoring period SSCAD monitoring points (Sites 38 & 79) exceeded the adopted 
WQGVs, including: 

 pH (Site 38 only) – Below lower limit 

 Conductivity (Site 79 only) – Exceeds ANZECC (2000) WQGV 

 TDS (Site 79 only) – Exceeds the pre-defined limit (derived from 0.68 x 2200 μS/cm, which is the 
ANZECC (2000) low land river conductivity for protection of aquatic life) 

 Sulfate (Site 79 only) - Exceeds Livestock ADWGV 

 Boron (Site 79 only) – Exceeds locally derived WQGV 
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 Fluoride (Site 79 only) – Exceeds Drinking Water ADWGV 

 Manganese (Site 79 only) – Exceeds ANZECC (2000) WQGV 

 Molybdenum (Site 38 only) – Exceeds Irrigation WQGV 

 Nickel (Site 38 only) – Marginally exceeds ANZECC (2000) WQGV 

 Zinc (Site 38 only) - Exceeds locally derived WQGV 

The elevated concentrations of water quality parameters at these sites is attributed to the storage and 
recirculation of SSCAD overflow water and KVAR / KVAD leachate from to the Return Water Canal for Site 38 
and reflective of SSCAD pond water which has passed through the SSCAD wall for Site 79. The concentrations 
of trace metals and sulfate are indicative of a fly ash leachate with neutral (SSCAD) to acidic (KVAR) pH 
characteristics. The relatively neutral pH observed at Site 79 may also be as result of pH buffering by clays 
within the SSCAD wall.  

Both sites 79 and 38 are hydraulically isolated from SSC and receiving water site WX7, and water quality at 
these locations does not directly affect the water quality in SSC. Monitoring results from these sites are 
consistent with the monitoring results from previous years. 

KVAR / KVAD 
The results presented in Table 4-2 indicate that the 95th percentile concentrations of key parameters in 
surface water monitoring locations for the KVAR / KVAD over the 2018-2019 monitoring period generally 
exceeded the adopted WQGVs with the exceptions of Cl, As (excluding Site 87), Ba, Cd (excluding Site 80), 
Cr, Cu (excluding Sites 80 & 87), Hg, Mo, Pb, and Se (excluding Site 87). pH was highly acidic (c. pH 3.0, 
indicative of an acidic fly ash). 

It is noted that these locations sample both seepage and surface water runoff from the KVAR / KVAD and as 
such are indicative of seepage waters emanating from the KVAR / KVAD into the KVAD toe drains, which 
hydraulically isolate the KVAR / KVAD from SSC. Water collected in the KVAD toe drains is transmitted to 
Lidsdale Cut, from where it is currently pumped to the dirty water pond (adjacent to the Return Water Canal) 
and back to the SSCAD. 

The KVAR / KVAD surface water monitoring sites (80, 81, 86, 87) are hydraulically isolated from SSC by the 
KVAD / KVAR toe drains which divert water from the KVAD / KVAR to Lidsdale Cut Pond.  

Water quality results from these monitoring sites are consistent with water quality results from previous years 

Lidsdale Cut Pond (WX5) 
The results presented in Table 4-2 indicate that the 95th percentile concentrations of key parameters in 
surface water monitoring locations for Lidsdale Cut over the 2018-2019 monitoring period generally 
exceeded the adopted WQGVs, with the exceptions of Cl, As, Ba, Hg and Mo. With the exception of Cd, Fe 
and F, concentrations of water quality parameters are comparable with those sampled from the KVAR / 
KVAD sample points, indicative of the current drainage system from the KVAD toe drains to Lidsdale Cut. pH 
was highly acidic (pH 3.1), symptomatic of a dry, acidic fly ash (Ward et al., 2009). 

The results for WX5 suggest the KVAR may potentially be affecting water quality in Lidsdale Cut Pond. It 
should be noted however that Lidsdale Cut Pond is pumped back to the Dirty Water Pond adjacent to the 
Return Water Canal, before being pumped back to SSCAD. Therefore, the water in Lidsdale Cut Pond does 
not directly affect water quality in SSC or at receiving Site WX7. 

Water quality results from these monitoring sites are consistent with water quality results from previous years 

Dump Creek (WX11) 
The results presented in Table 4-2 indicate that the 95th percentile concentrations of several key parameters 
in surface water monitoring locations for Dump Creek over the 2018-2019 monitoring period exceeded the 
adopted WQGVs, including: 

 pH – Below lower limit 



 

 Project number 502838  File 20190624_502838_KVAR_WQ_Assessment_2019.docx  2019-06-24  Revision 1   25 
 

 Aluminium – Exceeds locally derived WQGV 

 Boron – Exceeds locally derived WQGV 

 Cadmium – Exceeds ANZECC (2000) WQGV 

 Copper – Exceeds ANZECC (2000) WQGV 

 Fluoride – Exceeds Drinking Water ADWGV 

 Iron – Exceeds Drinking Water ADWGV 

 Manganese – Exceeds ANZECC (2000) WQGV 

 Nickel – Exceeds ANZECC (2000) WQGV 

 Lead – Exceeds ANZECC (2000) WQGV 

 Zinc – Exceeds locally derived WQGV 

Concentrations of sulfate were elevated but marginally below the adopted WQGV. The origin of elevated 
concentrations of water quality parameters at Dump Creek requires further investigation, however may reflect 
leachate seepage from ash within the KVAR / KVAD (as indicated by the low pH of sampled waters) to 
groundwater and subsequent discharge to surface water at Dump Creek, which forms a tributary to Sawyers 
Swamp Creek upgradient of (east of) WX7 surface water receiving site.  Indications of impacts to Dump Creek 
from the KVAR are also evident from historical records (discussed in Section 5.1.6) which indicates that 
impacts to water quality in Dump Creek occurred concurrent with (and not preceding) KVAR dry ash 
emplacement and subsequently modified by leakage and then discharge from Springvale Mine. 

Due to the complexity of current and historic land use activities, including local chitter deposits, pumping and 
discharge regimes for the KVAD and SSCAD, it is not conclusive (based on the data set available) to directly 
attribute water quality impacts observed in Dump Creek solely to a single source such as the KVAR. 

4.2 Groundwater 

4.2.1 Monitoring Locations 
To satisfy sampling requirements for the project, EnergyAustralia NSW undertook groundwater sampling at 
the monitoring locations summarized in Table 4-3, below and presented in Figure 4-1. 

Table 4-3 Project Groundwater Monitoring Locations 

Site 
# 

Nalco Site ID Purpose Monitoring 
Period 

Easting Northing 

Groundwater Receiving Site 

36 Groundwater Bore WGM1/D5 Regional Surficial – 
Downgradient KVAR / KVAD 

1988-2019 229636 6302189 

KVAR / KVAD 

37 Groundwater Bore WGM1/D6 Regional Coal Seam – 
Downgradient KVAR / KVAD 

1988-2019 229415 6302029 

77 Groundwater Bore AP09 KVAD North Wall 2010-2019 229837 6302182 

78 Groundwater Bore AP17 KVAD North Wall 2010-2019 229916 6302192 

94 KVAD Seepage KVAD Seepage 2010-2019 229462 6302267 

85 Groundwater Bore GW6 Seepage – Downgradient KVAR 
/ KVAD 

2010-2019 
Dry from 2017 

229753 6302222 

75 Groundwater Bore GW10 KVAD West Wall 2010-2019 
Dry from 2013 

229612 6302000 
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Site 
# 

Nalco Site ID Purpose Monitoring 
Period 

Easting Northing

76 Groundwater Bore GW11 KVAD West Wall 2010-2019 
Dry from 2016 

229648 6302092 

Downgradient of SSCAD / Upgradient – Cross Gradient of KVAR / KVAD 

33 Groundwater Bore WGM1/D2 Regional - South East 1988-2019 229681 6301387 

34 Groundwater Bore WGM1/D3 Regional - East below SSCAD, 
Upgradient KVAR / KVAD 

1988-2019 230278 6301752 

35 Groundwater Bore WGM1/D4 Regional – NE of SSC 1988-2019 230159 6302353 

Upgradient of SSCAD 

32 Groundwater Bore WGM1/D1 Regional - Upstream – Upper 
Catchment 

1988-2019 231992 6301405 

The monitoring locations were selected to represent groundwater quality upstream, downstream and reference 
locations for KVAR / KVAD. Borehole logs for the selected monitoring wells are presented in Appendix D. 

Groundwater levels are also recorded during collection of water quality samples. Groundwater levels often 
play an important role in the understanding of groundwater quality and the effects of groundwater levels on 
water quality are discussed later in this report. Figures E1-E6 Appendix E, present long-term graphs of 
groundwater levels for monitoring Bores D1-D6, which were installed and have subsequently been monitored 
since 1988. The logs for these bores are presented in Appendix D. 

The bores GW6 (Site 85), AP09 (Site 77) and AP17 (Site 78), shown in Figure 4-1, sample the groundwater 
in the KVAD beneath the KVAR along the north wall of the KVAD / KVAR Stage 2A area. Records for AP09 
and AP17 are available from 2010 to the current monitoring period (2019). No records are available for GW6 
for the 2018-2019 monitoring period. 

The bores GW10 (Site 75) and GW11 (Site 76), shown in Figure 4-1, sample the groundwater in the KVAD 
beneath the KVAR along the western wall of the KVAD / KVAR Stage 2A area. Water quality records for GW10 
are available from 2010 to 2012 with frequent gaps in available data. Water quality records for GW11 are 
available from 2010 to 2016, with frequent gaps in available data. Data for GW10 and GW11 are not available 
for the 2018-2019 monitoring period. 

The bore D6 (Site 37) samples groundwater within the Illawarra Coal Measures downgradient of the KVAR / 
KVAD, and SSCAD, but upgradient of Lidsdale Cut. Water quality records for D6 are available from 1988 to 
2019 and are generally complete, but with missing data between February 1998 - November 2001 and October 
2004 – July 2007. Data is available for the 2018-2019 monitoring period. 

The bores D2 (Site 33), D3 (Site 34) and D4 (Site 35) sample groundwater within the Narrabeen Group and 
Illawarra Coal Measures upgradient / cross gradient of the KVAR / KVAD and downgradient of the SSCAD. 
Water quality records for D2, D3 and D4 are available from 1988 to 2019, including the 2018-2019 monitoring 
period. Water quality records for D2, D3 and D4 are generally complete, with the exception of missing data 
between September 1997 and November 2001. 

The data from these bores was used to assess the potential effects of the KVAR and KVAD on groundwater 
quality at the receiving water bore MPGM4/D5. 

4.2.2 Monitoring Methodology 
Routine groundwater monitoring is undertaken on a monthly basis on behalf of EnergyAustralia NSW by Nalco 
Analytical Resources who measure conductivity, pH and temperature in the field using calibrated 
instrumentation. 

Groundwater bores are bailed and sampled after allowing time for the water level in the bore to re-establish. 
The depth to the water level from the top of the bore pipe is measured using a dip meter and the water surface 
elevation is calculated to AHD(m) after allowing for the pipe height. 
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4.2.3 Monitoring Results 
Groundwater monitoring results for the 2018-2019 reporting period are presented in Appendix C along with a 
statistical summary of the data.  

In accordance with the National Water Quality Management Strategy (NWQMS) Guidelines for Groundwater 
Protection in Australia (2013) and National Environment Protection Council (NEPC, 1999 as amended in May, 
2013), the 95th Percentile of the test results from groundwater monitoring for toxicants and stressors have been 
compared against selected groundwater investigation levels, that are based on NEPM (2013) Groundwater 
Investigation Levels (NEPM, 2013 – Schedule B1, Section 3.2.1), .Where GILs are absent, the 95th percentile 
of results have been compared against ANZECC (2000) WQGVs, (ANZECC, 2000 Section 7.4.4.1, Step 2), 
or  ADWG Values (ADWG, 2011 – Chapter 10), and against local WQGVs, where locally derived WQGVs 
supplant NEPM GIL / ANZECC / ADWG Trigger Values. The results from this assessment are presented in 
Table 4-4 below. 
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Groundwater Bore D5 – Receiving Site 
As outlined in Section 3.3, the groundwater WQGVs apply to bore D5 only, which is designated as the 
groundwater receiving site. The results presented in Table 4-4 indicate that concentrations of key parameters 
in groundwater water samples collected from Groundwater Bore D5 (from the 2018-2019 monitoring period) 
show a number of variable exceedances of the adopted WQGVs, including: 

 pH (below ANZECC lower limit) 

 Aluminium (exceeds Local WQGV) 

 Boron (exceeds Local WQGV) 

 Cadmium (exceeds ANZECC WQGV) 

 Chromium (exceeds ANZECC WQGV) 

 Copper (exceeds ANZECC WQGV) 

 Iron (exceeds Local WQGV) 

 Mercury (exceeds ANZECC WQGV) 

 Manganese (exceeds ANZECC WQGV) 

 Nickel (exceeds Local WQGV) 

 Lead (exceeds Local WQGV) 

 Zinc (exceeds local WQGV)

The chemical signature (pattern and concentration of elevated key parameters) of D5 are comparable with 
the chemical signatures of Bore D6 and AP09 and similar to AP17 and the KVAD Seepage, due to elevated 
concentrations and exceedances of Al, B, Cd, Fe, Mn, Ni, and Zn and low pH at all locations. Concentrations 
in D5 are notably lower for F, Fe, SO4, conductivity and TDS than for D6, AP09, AP17 and the KVAD 
Seepage monitoring point. 

The mechanisms affecting water quality in D5 are discussed in detail in Sections 5.2.1, and 6 of this report. 
The results from historic review and assessment of recent (2018-2019 results) indicate that placement of dry 
ash within the KVAR may potentially be affecting water quality in bore D5. However, it is noted that discharge 
from Springvale mine has influenced water quality in D5 through local recharge of groundwater upgradient of 
the KVAR and adjacent to Bore D5 and through local seepage to D5 via SSC. 

Due to the complexity of current and historic land use activities, including local chitter deposits, pumping and 
discharge regimes for the KVAD and SSCAD, it is not conclusive (based on the data set available) to directly 
attribute water quality impacts observed in groundwater in Bore D5 solely to a single source such as the KVAR. 

KVAR / KVAD 
The concentrations of key parameters within Bores D6, AP09, AP17 and the KVAD seepage (Site 94) 
monitoring point also variably exceed the WQGVs outlined above for D5, along with exceeding ANZECC 
(2000) WQGVs for: 

 Conductivity 

 Total dissolved solids 

 Sulfate 

 Fluoride 

 Selenium (AP17 and KVAD Seep) 

A review of the historic water quality monitoring results for Site 94 (Section 5.2.2) indicates a reduction in 
concentrations of all water quality parameters at the start of the 2017-2018 monitoring period, and 
subsequent results that are both reduced and notably inconsistent with previous years. It was originally 
suggested that this change could likely reflect a change in the sampling location for Site 94, however the 
2018-2019 monitoring data indicated a return to the long-term values and trends. The irregular 2017/2018 
data has thus been omitted from the long-term dataset. 

Similar to D5, identification of the factors currently affecting water quality in bore D6 is not conclusive without 
consideration of baseline (pre-dry ash placement) conditions of long term water quality trends for D6, due to 
the long history of water quality impacting activities locally affecting the KVAR area, including wet ash / coal 
reject placement in the KVAD (1960-1980), and wet ash placement in the SSCAD (1980-2003).  

The mechanisms affecting water quality in D6 are discussed in detail in Sections 5.2.2, and 6 of this report. 
The results from historic review and assessment of recent (2018-2019 results) indicate that placement of dry 
ash within the KVAR may currently be affecting water quality in bore D6.  
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Due to the complexity of current and historic land use activities, including local chitter deposits, pumping and 
discharge regimes for the KVAD and SSCAD, it is not conclusive (based on the data set available) to directly 
attribute water quality impacts observed in groundwater in Bore D6 solely to a single source such as the 
KVAR. 

SSC / SSCAD and Boreholes Upgradient of KVAR 
Groundwater chemistry of two of the sample sites upgradient of the KVAR and downgradient of the SSCAD 
(Bores D2 & D4) show statistically comparable chemical signatures between sampling points. For these two 
monitoring bores the concentrations of key parameters are generally below the adopted WQGVs with the 
exception of: 

 pH (below ANZECC lower limit) 

 Boron at D4 (exceeds Local WQGV) 

 Iron at D4 (exceeds Local WQGV) 

 Manganese at D4 (exceeds ANZECC WQGV) 

A review of the historic water quality monitoring results for bore D2 (Site 33) (Section 5.2.3) indicates that low 
pH levels currently observed at bore D2 reflect current conditions from a long-term trend of declining pH. 
Long trends for other water quality parameters including the indicator parameters Mn, B, Ni, SO4 and 
conductivity show that the current water quality at bore D2 does not show impacts from KVAR ash placement 
or associated activities.  

Concentrations of the key parameters Cd, Fe, Ni and Zn are elevated to levels exceeding WQGVs within 
bore D3 (Site 34). The mechanisms affecting water quality in bore D3 are discussed in greater detail in 
Sections 5.2.3, & 6 of this report as the current concentrations of water quality parameter must be described 
in context with recent historical activities and mechanisms that currently affect water quality.  

Notably from Sections 5.2.3, & 6, it is determined that a commencement of discharge from Springvale Mine 
at LDP009 has resulted in a rise in groundwater levels in the south-east corner of the KVAR, proximal to 
bore D3. The rise in groundwater levels is theorised to have resulted in migration of groundwater into the dry 
ash KVAR, resulting in recent (post June 2013) changes to water quality which currently affect the water 
quality in bore D3, along with compound effects on water quality in the KVAR / KVAD sampling bores and 
downgradient sites D6 and D5. 

Current groundwater quality at bore D4 (Site 34) is complexly influenced by both discharge from Springvale 
Mine, cross gradient groundwater flow from KVAR / KVAD and seepage from SSCAD. Historical influences 
of these factors are discussed in Sections 5.2.3, & 6 of this report. Overall groundwater in bore D4 is 
generally reflective of the water quality Springvale Mine with lesser influences from KVAR / KVAD. Due to 
the complexity of the water quality at D4, potential impacts from KVAR cannot be evaluated, however the 
current engineering mechanisms and near neutral pH indicate that the KVAR is unlikely to be affecting water 
quality at bore D4. 

Boreholes Upgradient SSCAD 
A single groundwater sample was collected over the 2018-2019 monitoring period from Borehole D1– 
Located in the middle-upper portions of the SSC catchment, upgradient of the SSCAD. This sample was 
taken in February 2019. The bore was either dry or inaccessible for the period preceding and succeeding 
this.

The chemical signature of groundwater samples from Bore D1 are distinctly different from those within and 
downgradient of the KVAR area, with pH being the only parameter not meeting the adopted WQGVs. 
Groundwater quality in D1 is reflective of the catchment conditions that are unaffected by the SSCAD, KVAR 
and KVAD. 
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5 Surface Water and Groundwater Trends 
 
 

5.1 Surface Water Trends 1992 – 2019 
To assess effects of the dry ash emplacement within the KVAR on surface water quality it is necessary to 
analyse both recent concentrations and long-term trends in concentrations of key physical and chemical 
stressors / toxicants within the selected surface water monitoring sites. 

As outlined in Section 2.5, surface water and groundwater flows through the site are complexly modified by 
the extensive engineering aspects influencing the site, including: 

 Diversion drains through the KVAR / KVAD draining surface water and groundwater to various sumps (i.e. 
Sumps 1-3), Ponds, Return Water Canal and to Lidsdale Cut 

 Recirculation pumping of SSCAD seepage collected through the SSCAD V-notch back to the SSCAD 
Pond via the Return Canal  

 Recirculation pumping of water from Lidsdale Cut to the SSCAD Pond via the Return Canal 

The 95th Percentile of results have been tabulated for periods corresponding with pre-dry ash emplacement 
(1991-2003), syn-dry ash emplacement / pre-stoppage of pumping into SSC from LC (2003-2012) and post 
dry-ash emplacement (2012-2019) / LC to SSCAD recirculation. These key events mark periods of marked 
water quality changes for the surface water receiving site (WX7) and other surface water sampling points.  

It is also noted that blockage of the KVAD toe drains (2006), unblocking of the KVAD toe drains (2010), 
commencement of pumping from Lidsdale Cut to SSCAD via the Return Canal (July 2012) and 
commencement of discharge from Springvale Mine to SSC at LDP009 (July 2013) have had marked effects 
on surface water quality, these aspects are discussed within the evaluation of the long-term surface water 
trends. 
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5.1.1 WX7 – Surface Water Receiving Site 

1991-2003 

Sawyers Swamp Creek (WX7 / Site 41) 

Surface water samples collected for WX7 during this period represent surface water quality of SSC receiving 
site concurrent with emplacement of wet ash within SSCAD, post KVAD wet ash emplacement and pre KVAR 
dry ash emplacement. 

The results presented in Table 5-1 indicate that the 95th percentile concentrations in surface waters of WX7 
were generally below the adopted WQGVs during the 1991-2003 monitoring period, with the exception of B, 
Fe, and Zn which marginally exceeded the WQGVs. 

Figure A1 Appendix A presents a time-series chart of the concentrations of indicator parameters Al, Mn, B, Ni, 
SO4, and conductivity for the period between 1991 and 2018 for WX7. There is a gap in available data between 
January 1998 and April 2002. The chart shows a rising trend in conductivity and concentrations of SO4, Mn 
and B in the period between 1991 and 1998. Additional parameters including Ca, Cl, F, K, Mg, & Na (not 
presented) show similar rising trends during this period. 

Water quality trends in the 1998-2002 period cannot be determined due to the gap in available data. However, 
the elevated concentration of water quality parameters (including indicator parameters Conductivity, SO4, B, 
Mn) and reduced pH in 2002, relative to concentrations in 1991, indicates that land use activities pre-dating 
KVAR dry ash emplacement (i.e. SSCAD wet ash emplacement) have influenced surface water quality in SSC 
at WX7. 

2003-2012 

Sawyers Swamp Creek (WX7 / Site 41)  

Surface water samples collected for WX7 during this period represent surface water quality of SSC receiving 
site concurrent with emplacement of dry ash for Stages 1 and 2 of the KVAR and up to the cessation of 
pumping from LC to SSC. 

The results presented in Table 5-1 indicate that the 95th percentile concentrations of water quality parameters 
in surface waters of WX7 generally increased from baseline values (1991-2003) during the 2003-2012 period 
including concentrations of SO4, Cl, Al, As, B, Cu, F, Mn, and Zn. 95th Percentile concentrations of Al, As, Cd, 
Cu, F, Mn, and Pb now exceed the WQGVs, in addition to B and Zn. Additional parameters including Mo and 
Ni are now reported and noted to also exceed the WQGVs.  Concentrations of Fe have dropped below the 
WQGV.  

Figure A1 Appendix A presents a time-series chart of the concentrations of indicator parameters Al, Mn, B, Ni, 
SO4, and conductivity for the period between 1991 and 2019 for WX7. The chart shows that concentrations of 
SO4 increased gradually during the 2003-2012 monitoring period, whilst concentrations of B and Ni remained 
relatively stable and Mn gradually decreased up to 2009.The observed signal of indicator parameters from 
2003 to 2009 indicates that dry ash placement within the KVAR did generally not affect water quality in SSC 
at WX7 during this period, as observed trends are consistent with pre-KVAR water quality trends. 

Following April 2009 concentrations of indicator parameters conductivity, SO4, Mn, B, and Ni fluctuate 
significantly relative to average variance resulting in higher average and 95th percentile concentrations. As, 
Ba, Cd, and F also show increased concentrations and rising trends following April 2009. There is also a 
significant increase in pH (pH 8.6) resulting in moderately alkaline conditions in SSC at WX7, which is indicative 
of a bottom ash type signature (Ward et al., 2009). 

The observed shift in concentrations and increase in variability of water quality following is concurrent with 
completion and capping of the Stage 1 KVAR area and subsequent commencement of ash emplacement in 
the Stage 2 KVAR area. These results indicate that Stage 2A KVAR dry ash placement activities may have 
contributed to an increase in overall average and 95th percentile concentrations, and increased variability in 
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concentrations of a number of water quality parameters in Sawyers Swamp Creek, at WX7 between 2009 and 
2012 – which until June 2012 received water directly from Lidsdale Cut Pond. 

Due to the complexity of current and historic land use activities, including local chitter deposits, pumping and 
discharge regimes for the KVAD and SSCAD, it is not considered conclusive to directly attribute any impacts 
observed to surface water quality changes in WX7 solely to a single source such as the KVAR without further 
investigation.  

 2012-2019 

Sawyers Swamp Creek (WX7 / Site 41)  

Surface water samples collected for WX7 during this period represent surface water quality of SSC receiving 
site at the cessation of pumping from LC to SSC and commencement of return circulation to LC to SSCAD via 
the Return Canal in June / July 2012. Commencement of discharge from Springvale colliery also occurred 
during this period along with completion of the Stage 2A KVAR. 

The results presented in Table 5-1 indicate that the 95th percentile concentrations of water quality parameters 
in surface waters of WX7 generally decreased following the cessation of pumping from LC to SSC in June 
2012. As a result, the 95th percentile concentrations of all parameters were below WQGVs with the exception 
of Mo and As which remained marginally above the adopted WQGVs, and pH which exceeded the upper limit. 

Figures A1 and A2 in Appendix A presents two time-series charts of the concentrations of indicator parameters 
Al, Mn, B, Ni, SO4, and conductivity for the period between 1991 and 2019 for WX7. The chart shows that 
concentrations of all water quality parameters dropped significantly immediately following the June 2012 event 
when pumping from Lidsdale Cut to SSC ceased. It is noted that the declining trends for Al, B, Ni and SO4 are 
acutely interrupted, and/ or reversed (i.e. Aluminium) in July 2013, at which point discharge from Springvale 
Mine commences and subsequently dominates water quality characteristics at WX7.  

With cessation of pumping from Lidsdale Cut to SSC in June 2012, indication of impacts on water quality at 
WX7 as a result of dry ash emplacement associated with the Stage 2A KVAR emplacement are no longer 
evident. Furthermore, due to the influence of discharge from Springvale Mine, the concentrations of several 
parameters, including indicator parameters Mn, B and SO4 are lower than the pre-dry ash emplacement (1991-
2003) values. As such, in accordance with recent 2018-2019 monitoring results, it can be determined that the 
KVAR is not currently affecting water quality in SSC at WX7 at a quantifiable level. 

5.1.2 Sawyers Swamp Creek Additional Sites 

1992 

Upstream SSCAD - WX1 (Site 92) 

Surface water samples collected for WX1 during this period represent water quality at the upper-middle 
portions of the SSC catchment, upgradient of the SSCAD adjacent to groundwater monitoring point D1, during 
wet ash emplacement in SSCAD. The site is located downgradient of Springvale Mine. 

The results presented in Table 5-1 indicate that the 95th percentile concentrations in surface waters of WX1 
were generally below the adopted WQGVs during the 1992 monitoring period, with the exception of Fe, which 
was recorded at roughly twice the adopted WQGV (0.76mg/L) and conductivity (3000μs/cm). pH was below 
the lower limits of the adopted WQGVs. 

No data is available for WX1 between 1992 and March 2012. 

Downstream SSCAD V-Notch (site 93), Downstream KVAR (Site 83), Spillway 225 

No water quality data is available for these sample sites prior to 2010. 
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2003-2012 

WX1 (Site 92), Downstream V-Notch (site 93), Spillway 225 

No water quality data is available for these sites during the 2003-2012 monitoring period. 

Downstream KVAR (Site 83) 

Surface water quality data is available for Downstream KVAR (Site 83) during the period between 2010 and 
2012, corresponding with Stage 2A dry ash emplacement. The site samples surface water immediately north 
of the KVAR and upgradient (east) of Lidsdale Cut and represents surface water in SSC. 

The results presented in Table 5-1 indicate that the 95th percentile concentrations in surface waters of 
Downstream KVAR are all below the adopted WQGVs, with the exception of Fe and Mo, which are marginally 
elevated above the WQGV. 

Figure A4 Appendix A presents a time-series chart of the concentrations of indicator parameters Al, Mn, B, Ni, 
SO4, and conductivity for the period between 2010 and 2012 for the Downstream KVAR monitoring site (Site 
83). The chart shows a variable trend in the concentration of water quality parameters during this period, 
characterised by a distinct decreasing trend in concentrations of water quality parameters between Feb 2010 
and December 2010, followed by an overall rise in concentrations between December 2010 and November 
2011.  

Results from this period may reflect the particularly wet conditions in early 2011, which resulted in localised 
flooding of the KVAR and potential impacts on SSC at Site 83; or the installation of subsurface drains in the 
KVAR and unblocking of the KVAD toe drains causing subsequent limited seepage into SSC adjacent to the 
KVAD toe drains. Regardless of the cause, water quality parameters in SSC at Site 83 were generally below 
the adopted WQGVs during this period and therefore limited to negligible impact from KVAR on Site 83 are 
observed. 

2012-2019 

Upstream SSCAD WX1 (Site 92) 

This site has been dry since April 2017. 

The results presented in Table 5-1 indicate that the 95th percentile concentrations of water quality parameters 
in surface waters of WX1 were generally below the adopted WQGVs during the 2012-2019 monitoring period, 
with the exception of Cu, Fe and Hg, which marginally exceeded WQGVs. 

Figures A3 and A4 in Appendix A presents the time-series charts of the concentrations of indicator parameters 
Al, Mn, B, Ni, SO4, and conductivity for the period between 1992 and 2017 for WX1. The charts show relatively 
stable trends for all parameters during this monitoring period, with a slight increase in concentrations of 
Aluminium and slight drop in concentrations of Nickel. 

WX1 is located upgradient of both the KVAR and the SSCAD, therefore exceedances of water quality 
parameters and observed water quality trends are not influenced by the KVAR. 

Downstream V-Notch (Site 93) 

Surface water samples collected for Downstream V-Notch (Site 93) represent surface water quality of SSC 
cross-gradient and north of the KVAR Sedimentation Area and downgradient and west of the SSCAD / 
downgradient-north of the Springvale Mine Discharge Point (LDP009). 

The results presented in Table 5-1 indicate that the 95th percentile concentrations of water quality parameters 
in surface waters at the Downstream V-Notch monitoring point (Site 93) are generally below the adopted 
WQGVs, with the exception of As, Cu and Mo which are marginally elevated above the WQGVs. pH is 
moderately alkaline at pH 8.7. 
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Figures A5 and A6 in Appendix A presents time-series charts of the concentrations of indicator parameters Al, 
Mn, B, Ni, SO4, and conductivity for the period between 2012 and 2019 for Downstream V-Notch. The charts 
show relatively stable to slightly decreasing trends of all indicator parameters, with the exception of 
conductivity, which shows a slight increasing trend that corresponds with increasing concentrations of K, Na 
and F. 

The elevated water quality parameters and observed water quality trends at Site 93 during the 2012-2019 
monitoring period are attributed to discharge from Springvale Mine at LDP009, which since 2013 has 
dominated the water quality in SSC. As such the concentrations of water quality parameters at Site 93 are 
reflective of the water quality sample at the discharge point (Site 158). The results indicate that the KVAR does 
not have a measurable effect on water quality in SSC at Site 93. 

Downstream KVAR (Site 83) 

The results presented in Table 5-1 indicate that the 95th percentile concentrations of water quality parameters 
in surface waters at the Downstream KVAR monitoring point generally decreased during the 2012-2019 
monitoring period, compared to 2010-2012 records for Downstream KVAR, with the exception of As, Mo, F 
and overall conductivity, which increased marginally. The increase in conductivity is attributed to a general 
increase in the concentrations of potassium, which is not considered in the current key water quality 
parameters. pH is moderately alkaline at pH 8.7. 

Figures A7 and A8 in Appendix A presents the time-series charts of the concentrations of indicator parameters 
Al, Mn, B, Ni, SO4, and conductivity for the period between 2012 and 2019 for Downstream KVAR. The chart 
shows relatively stable to decreasing trend for all parameters, but with slight increase in conductivity as a result 
of increasing potassium (K) concentrations. 

The elevated water quality parameters and observed water quality trends at Site 83 during the 2012-2019 
monitoring period are attributed to discharge from Springvale Mine at LDP009, which since 2013 has 
dominated the water quality in SSC. As such the concentrations of water quality parameters at Site 83 are 
reflective of the water quality sample at the discharge point (Site 158). The results indicate that the KVAR does 
not have a measurable effect on water quality in SSC at Site 83. 

Spillway (Site 225) 

Surface water samples collected for Spillway 225 represent surface water quality of the SSC at the SSCAD 
Spillway (Site 225).  

The results presented in Table 5-1 indicate that the 95th percentile concentrations of water quality parameters 
in surface waters at the SSCAD Spillway are generally below the adopted WQGVs with the exception of As 
and Mo, which are marginally above the WQGVs. 

Figures A9 and A10 in Appendix A present time-series charts of the concentrations of indicator parameters Al, 
Mn, B, Ni, SO4, and conductivity for the period between 2013 and 2019 for Spillway 225 (2012 data not 
available). The chart shows generally stable to declining concentrations for key water quality parameters with 
the exception of conductivity which presents a slight increasing trend. Increasing conductivity is largely driven 
by rising concentrations of K, Cl and Na which show distinct increasing trends over the monitoring period (not 
presented) and potentially representing evaporative salinization of the SSCAD Pond due to recent dry (El Nino 
type) conditions. 

The elevated water quality parameters and observed water quality trends at Site 225 during the 2013-2019 
monitoring period are primarily attributed to discharge from Springvale Mine at LDP009, which since 2013 has 
dominated the water quality in SSC. As such the concentrations of water quality parameters at Site 225 are 
reflective of the water quality sample at the discharge point (Site 158). The results indicate that the KVAR does 
not have a measurable effect on water quality in SSC at Site 225. 
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5.1.3 SSCAD Sites 

1996-2003 

SSCAD (Site 38) 

Surface water samples collected for SSCAD 38 represent surface waters of the return canal that have been 
pumped from LC or have been received from the SSCAD v-notch and are to be pumped to the SSCAD. Surface 
water samples collected for this monitoring period represent conditions pre-KVAR dry ash placement. 

The results presented in Table 5-1 indicate that the 95th percentile concentrations of water quality parameters 
in surface waters at the SSCAD 38 monitoring site generally exceeded the adopted WQGVs during the 1996-
2003 monitoring period, including concentrations of As, B, Cd, Cr, Cu, F, Fe, Mo, Ni, Se and Zn.  

Figures A11 and A12 in Appendix A present time-series charts of the concentrations of indicator parameters 
Al, Mn, B, Ni, SO4, and conductivity for the period between 1996 and 2019 for SSCAD 38. The results show 
generally increasing concentrations up to 2003 for SO4, Mn, B, Ni and conductivity (SO4 being the primary 
contributor to salinity). No data is available for aluminium trends during this monitoring period. 

Water quality trends for the 1996-2003 monitoring period indicated generally elevated concentrations of water 
quality parameters and increasing concentrations in several indicator parameters up to 2003 and preceding 
dry ash placement in the KVAR. 

SSCAD V-Notch (Site 79) 

Surface water samples collected for SSCAD V-Notch (Site 79) represent surface water quality representative 
of the SSCAD Seepage Collection System. No data is available for the SSCAD V-Notch (Site 79) prior to 2010. 

2003-2012 

SSCAD (Site 38) 

The results presented in Table 5-1 indicate that the 95th percentile concentrations of water quality parameters 
in surface waters at the SSCAD 38 monitoring site were generally higher during the 2003-2012 monitoring 
period than preceding 1996-2003 monitoring period, including concentrations of SO4, As, B, Cu, Mn, and 
conductivity. Concentrations of other water quality parameters remained stable or decreased marginally. It is 
noted that although 95th percentile concentrations are higher during the 2003-2012 monitoring period than the 
preceding 1996-2003 monitoring period, the elevated concentrations are a result of the increasing trends 
during the 1996-2003 monitoring period, and therefore do not directly reflect an influence by the KVAR, but 
are coincident with SSCAD ash placement activities. 

Figures A11 and A12 in Appendix A present time-series charts of the concentrations of indicator parameters 
Al, Mn, B, Ni, SO4, and conductivity for the period between 1996 and 2019 for SSCAD 38. The results show a 
steady decreasing trend in all parameters between 2003 and February 2010, following which point 
concentrations of Mn, Ni, Al, and B become stable to increasing in trend with greater variability in 
concentrations.  

The shift in trends and increased variability in concentrations of indicator parameters is coincident with 
unblocking of the KVAD toe drains being and commencement of Stage 2 dry ash emplacement, and suggests 
leachate migration through sub-surface drains directly to the Return Canal, where the SSCAD 38 sample point 
is located.  

SSCAD V-Notch (Site 79) 

The results presented in Table 5-1 indicate that the 95th percentile concentrations of water quality parameters 
in surface waters at the SSCAD V-Notch (Site 79) monitoring point (available for the period between 2010 and 
2012) indicate that concentrations of water quality parameters were generally below the adopted WQGVs 
during 2010-2012, with the exception of B, and overall TDS.  
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Figures A13 and A14 in Appendix A present time-series charts of the concentrations of indicator parameters 
Al, Mn, B, Ni, SO4, and conductivity for the period between 2010 and 2019 for SSCAD V-Notch (Site 79). 
Concentrations of indicator water quality parameters are generally stable with minor fluctuations during the 
2010-2012 monitoring period for SSCAD V-Notch (Site 79). 

The water quality at the SSCAD V-Notch Site is reflective of the SSCAD and is not directly affected by the 
KVAR. 

2012-2019 

SSCAD (Site 38) 

The results presented in Table 5-1 indicate that the 95th percentile concentrations of water quality parameters 
in surface waters at the SSCAD 38 monitoring site generally decreased during the 2012-2019 monitoring 
period, with the exception of Al, Mn, Ni, and Zn. Concentrations of Al, B, Cd, Cu, F, Mn, Mo, Ni, Se and Zn 
were above the WQGVs. 

Figures 11 and 12 in Appendix A present time-series charts of the concentrations of indicator parameters Al, 
Mn, B, Ni, SO4, and conductivity for the period between 2013 and 2019 for SSCAD 38. Data is not available 
for the period between February 2012 and April 2013. 

The results show a decrease in SO4 and overall conductivity continuing the trend from the 2003-2012 
monitoring period, however rising trends in Mn, Ni, Al and B are observed in the 2012-2018 monitoring period, 
in contrast to earlier declining trends. Review of the available data indicates an alternate or combination of two 
possible causes of the rising trend: a) Stage 2 dry ash emplacement; and/or b) pumping from LC to SSCAD 
via the Return Canal from July 2012.  

Following July 2013, the concentrations of water quality parameters become highly volatile within the observed 
rising / falling trends. This volatility is attributed to the commencement of discharge from Springvale Mine at 
LDP009, affecting water quality in SSCAD 38. 

As of January 2018, the observed concentrations of all water quality parameters have been declining.

SSCAD V-Notch (Site 79) 

The results presented in Table 5-1 indicate that the 95th percentile concentrations of water quality parameters 
in surface waters at the SSCAD V-Notch (Site 79) monitoring site generally increased during the 2012-2019 
monitoring period in comparison to the 2003-2012 monitoring period for SO4, Cl, Al, As, Cd, Cr, Cu, F, Fe, Mn, 
Mo, Ni, Pb, and Zn. Other water quality parameters remained stable or decreased during this monitoring period. 

Figures A13 and A14 in Appendix A present time-series charts of the concentrations of indicator parameters 
Al, Mn, B, Ni, SO4, and conductivity for the period between 2012 and 2019 for SSCAD V-Notch (Site 79). Data 
is not available for the period between February 2012 and April 2013. Results show that concentrations of 
water quality parameters are generally stable up to July 2013, following which point the concentrations of 
indicator parameters become highly volatile with an overall stable trend.  

5.1.4 KVAR / KVAD Sites 

1988-2010 
No information is available for KVAR/KVAD monitoring sites during this period. 

2010-2012 

West KVAD Wall Seepage Left (Site 81) 

Surface water samples collected for KVAD Seepage Left (Site 81) sample the KVAD Toe Drain along the 
north-western wall of the Stage 2 KVAR area. The results presented in Table 5-1 indicate that the 95th 
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percentile concentrations of water quality parameters in surface waters at Site 81, during the 2010-2012 
monitoring period, generally exceeded WQGVs (by a significant amount) with the exceptions of Cl, As, Ba, Be, 
Hg and Se, which were below the adopted WQGVs. pH was below the lower limit of the WQGVs and highly 
acidic with pH 3.1. 

Figures A15 and A16 in Appendix A present time-series charts of the concentrations of indicator parameters 
Al, Mn, B, Ni, SO4, and conductivity for the period between February 2010 and July 2017 for Site 81. For the 
period between March 2010 and February 2012, the chart shows broad fluctuations for all indicator parameters 
during this monitoring period with a noticeable decline in all parameters (with the exception of Al) in October 
2010 – corresponding with installation of subsurface drains to the Stage 2 area in 2010 and unblocking of the 
KVAD toe drains in 2011. With the exception of aluminium, concentrations of indicator parameters rose 
gradually following October 2010 up to February 2012. 

The results from Site 81 between 2010 and 2012 indicate that the KVAR dry ash possibly affecting water 
quality at Site 81. This is evident from the low pH values, typical of a fresh dry ash along with elevated 
concentration of Al, B, Cr, Zn and relatively low Mo (Ward et al., 2009). 

West KVAD Wall Seepage Right (Site 80) 

Surface water samples collected for KVAD Seepage Right (Site 80) sample the KVAD Toe Drain along the 
north-western wall of the Stage 2 KVAR area. The results presented in Table 5-1 indicate that the 95th 
percentile concentrations of water quality parameters in surface waters at Site 80 generally exceeded the 
WQGVs, with the exceptions of Cl, As, Ba, Be, Cd, Cr, Hg, Mo and Se, which were below the WQGVs. pH 
was below the lower limit of the WQGVs and highly acidic with pH 3.2. 

Figures A17 and A18 in Appendix A present time-series charts of the concentrations of indicator parameters 
Al, Mn, B, Ni, SO4, and conductivity for the period between February 2010 and March 2019 for Site 80. For the 
period between March 2010 and February 2012, the chart shows a broad fluctuation for all indicator parameters 
during this monitoring period, characterised by a declining trend up to October 2010 which is followed by a 
rising limb up to February 2012. The shift in trend is attributed to installation of subsurface drains to the Stage 
2 area and unblocking of the KVAD toe drains, which took place between October 2010 / February 2011. 

The results from Site 80 between 2010 and 2012 indicate that the KVAR dry ash possibly affecting water 
quality at Site 80. This is evident from the low pH values, typical of a fresh dry ash along with elevated 
concentration of Al, B, Cr, Ni, Zn and relatively low Mo (Ward et al., 2009). 

North Wall Collection (Site 86) 

Surface water samples collected for North Wall Collection (Site 86) sample groundwater through flow and 
subsequent seepage along the northern wall of the KVAD, north of the Stage 2 KVAR. The results presented 
in Table 5-1 indicate that the 95th percentile concentrations of water quality parameters in surface waters at 
Site 86 were historically generally below the WQGVs, with the exceptions of B, Fe, Mn, and Ni. pH was below 
the lower limit of the WQGVs and moderately acidic with pH 4.78. The water quality seems to have significantly 
deteriorated over the recent years. 

Figures A19 and A20 in Appendix A present time-series charts of the concentrations of indicator parameters 
Al, Mn, B, Ni, SO4, and conductivity for the period between March 2010 and March 2019 for Site 86. For the 
period between March 2010 and February 2012, the chart shows a variable series of rising (Al, Mn), falling 
(SO4, B, Cond), and stable (Ni) trends up to November 2010 at which point there is a significant temporary 
drop in concentrations of all parameters. Following this event, concentrations recover and SO4, B and 
conductivity begin a rising trend, Al and Mn continue to rise, whilst Ni recovers before beginning a gradual 
declining trend. The shift in trend is attributed to installation of subsurface drains to the Stage 2 area and 
unblocking of the KVAD toe drains, which took place in October 2010 - February 2011. 

The results from Site 86 between 2010 and 2012 indicate that the KVAD is likely to be the primary influence 
on water quality at Site 86. This is indicated by the relatively less acidic pH value (pH 4.78), and generally 
lower concentration of water quality parameters, which is indicative of long stored ash (Ward et al., 2009). The 
observed rising trend in water quality parameters since October 2010 is indicative of increasing influence of 
the KVAR on water quality at Site 86. 
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Surface Water Runoff / West KVAD Wall Subsurface (Site 87) 

Surface water samples collected for Surface Water Runoff (Site 87) sample groundwater through flow and 
subsequent seepage for the West KVAD wall. The results presented in Table 5-1 indicate that the 95th 
percentile concentrations of water quality parameters in surface waters at Site 87 historically generally 
exceeded the adopted WQGVs with the exceptions of Cl, Ba, Be, Hg, Mo, Pb and Se. pH was below the lower 
limit of the WQGVs and moderately acidic with pH 4.99. 

Figures A21 and A22 in Appendix A present time-series charts of the concentrations of indicator parameters 
Al, Mn, B, Ni, SO4, and conductivity for the period between April 2010 and March 2019 for Site 87. For the 
period between April 2010 and February 2012, the chart shows a broad fluctuation for the majority of indicator 
parameters (excluding SO4 and Cond) characterised by stable / declining trends up to October 2010, following 
which point concentrations of water quality parameters shift into steady rising trends at variable rates of rise. 
SO4 and conductivity exhibit a rising trend throughout the monitoring period. The shift from stable / falling to 
rising trends in concentrations of indicator parameters is attributed to installation of subsurface drains to the 
Stage 2 area and unblocking of the KVAD toe drains, which took place in October 2010. 

The results from Site 87 between 2010 and 2012 indicate that the KVAD is likely to be the primary influence 
on water quality at Site 87. This is indicated by the relatively less acidic pH value (pH 4.99), and generally 
lower concentration of water quality parameters, which is indicative of long stored ash (Ward et al., 2009). The 
observed rising trend in water quality parameters since October 2010 is indicative of increasing influence of 
the KVAR on water quality at Site 87. 

2012-2019 

West KVAD Wall Seepage Left (Site 81) 

No data is available for Site 81 between the end of January 2012 and start of April 2015, and after July 2017 
(dry). The results presented in Table 5-1 indicate that the 95th percentile concentrations of water quality 
parameters in surface waters at Site 81 (for the period between April 2015 and March 2018) generally 
decreased in comparison to 2010-2012 concentrations, with the exceptions of As, Ba, F, Fe, and Se, which 
increased slightly. Despite the overall shift to lower concentrations, the majority of water quality parameters 
remained above the WQGVs, with the exceptions of (as previous) Cl, As, Ba, Cd, Mo and Se. pH increased 
slightly but remained highly acidic at pH 3.14. 

Figures A15 and A16 in Appendix A present time-series charts of the concentrations of indicator parameters 
Al, Mn, B, Ni, SO4, and conductivity for the period between April 2010 and July 2017 for Site 81. For the period 
between April 2015 and July 2017, the chart shows that concentrations of key parameters remained relatively 
stable or with slight decreasing trends with subordinate fluctuations. 

The results from Site 81 between 2015 and 2017 indicate that the KVAR dry ash is affecting water quality at 
Site 81. This is evident from the low pH values, typical of a fresh dry ash along with elevated concentration of 
Al, B, Cr, Zn and relatively low Mo (Ward et al., 2009). 

West KVAD Wall Seepage Right (Site 80) 

No data is available for Site 80 between the end of January 2012 and start of April 2015. The results presented 
in Table 5-1 indicate that the 95th percentile concentrations of water quality parameters in surface waters at 
Site 80 (for the period between April 2015 and March 2019) generally increased in comparison to 2010-2012 
concentrations, with the exceptions of Cl, Ba, Cr, Cu, Hg, Mo, and Pb. Due to changes in water quality, 
concentrations of Cd rose above WQGVs, whilst Cu and Pb dropped below the WQGVs. 

Figures A17 and A18 in Appendix A present time-series charts of the concentrations of indicator parameters 
Al, Mn, B, Ni, SO4, and conductivity for the period between February 2010 and March 2019 for Site 80. For the 
period between April 2015 and March 2019, the chart shows generally stable concentrations of all indicator 
parameters. However, it is noted that concentrations of all indicator parameters are higher than 2010-2012 
concentrations, indicating a rising trend occurring during the data gap between the end of February 2010 and 
start of April 2012, likely as a result of installation of subsurface drains to the Stage 2 area and unblocking of 
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the KVAD toe drains, which took place in October 2010-February 2011, at which time rising trends 
commenced. 

The results from Site 80 between 2015 and 2019 indicate that the KVAR dry ash is affecting water quality at 
Site 80. This is evident from the low pH values, typical of a fresh dry ash along with elevated concentration of 
Al, B, Cr, Ni, Zn and relatively low Mo (Ward et al., 2009). 

North Wall Collection (Site 86) 

No data is available for Site 86 between the end of January 2012 and start of April 2013. The results presented 
in Table 5-1 indicate that the 95th percentile concentrations of water quality parameters in surface waters at 
Site 86 (for the period between April 2014 and March 2019) significantly increased in comparison to 2010-
2012 concentrations with the exceptions of Ba, Mo and Pb, which decreased slightly. pH decreased to highly 
acidic conditions at pH 2.9. The shift in water quality between the 2010-2012 and 2014-2019 monitoring 
periods is considerable at site 86. During the 2010-2012 monitoring period, the majority of water quality 
parameters were below the adopted WQGVs, whereas, during the 2014-2019 monitoring period, the majority 
of water quality parameters exceeded the WQGVs, with the exceptions of Cl, As, Ba, Hg, Mo, Pb and Se. 

Figures A19 and A20 in Appendix A present time-series charts of the concentrations of indicator parameters 
Al, Mn, B, Ni, SO4, and conductivity for the period between February 2010 and March 2019 for Site 86. For the 
period between April 2014 and March 2019, the chart shows rising trends in all water quality indicator 
parameters which appear to be levelling off toward the end of 2017 / start of 2018 (with the exception of 
aluminium, which appears to be rising steadily). The rising trends observed in the majority of indicator 
parameters (nickel excluded) may be attributed to installation of subsurface drains to the Stage 2 area and 
unblocking of the KVAD toe drains, which took place in October 2010 - February 2011. 

As of January 2018, the observed concentration of SO4 and the conductivity have been declining. 

The results from Site 86 between 2013 and 2019 indicate that the KVAR dry ash possibly affecting water 
quality at Site 86. This is evident from the low pH values, typical of a fresh dry ash along with elevated 
concentration of Al, B, Cr, Ni, Zn and relatively low Mo (Ward et al., 2009). 

Surface Water Runoff (Site 87) 

No data is available for Site 87 between the end of January 2012 and start of April 2015. The results presented 
in Table 5-1 indicate that the 95th percentile concentrations of water quality parameters in surface waters at 
Site 87 (for the period between April 2015 and March 2019) generally increased significantly, with the 
exceptions of Al, Ba, Cd, Cr, Cu, Hg and Mo. pH decreased significantly to highly acidic conditions at pH 3.2. 
As a result of the increased concentrations in water quality parameters, As and Se joined other water quality 
parameters exceeding the WQGVs; whilst Cd and Cr concentrations decreased to below the WQGVs. 

Figures A21 and A22 in Appendix A present time-series charts of the concentrations of indicator parameters 
Al, Mn, B, Ni, SO4, and conductivity for the period between April 2010 and March 2019 for Site 87. For the 
period between April 2015 and March 2019, the chart shows shallow rising - stable trends for all indicator 
parameters. The rate of rise in concentrations of indicator parameters is shallower than the rate of rise 
observed during the 2010-2012 period indicating a shift towards system equilibrium. The rising trends observed 
in the majority of indicator parameters may be attributed to installation of subsurface drains to the Stage 2 area 
and unblocking of the KVAD toe drains, which took place in October 2010- February 2011. 

The results from Site 87 between 2013 and 2019 indicate that the KVAR dry ash possibly affecting water 
quality at Site 87. This is evident from the low pH values, typical of a fresh dry ash along with elevated 
concentration of Al, B, Cr, Ni, Zn and relatively low Mo (Ward et al., 2009). 

5.1.5 Lidsdale Cut (WX5) 
During the first two periods (1991-2012), water sampling was actually performed at the discharge v-notch 
from Lidsdale Cut Pond. Once the v-notch was sealed, to halt discharges into SSC, samples were taken 
from the inlet to the pond. 
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1991-2003 

Lidsdale Cut (WX5 / Site 40) 

Surface water samples collected for Lidsdale Cut at Site WX5 represent water quality within the Lidsdale Cut 
Pond, sampled at the discharge v-notch from Lidsdale Cut Pond to SSC for the 1992-2003 monitoring period.  

The results presented in Table 5-1 indicate that the 95th percentile concentrations of water quality parameters 
in surface waters at the WX5 sampling site were generally below the WQGVs for the period between 1992-
2003, with the exception of B, Cr, F, Fe, Mn and Zn. pH was below the lower limit of the WQGVs and mildly 
acid at pH 5.98. 

Figures A23 and A24 in Appendix A present time-series charts of the concentrations of indicator parameters 
Al, Mn, B, Ni, SO4, and conductivity for the period between April 1992 and March 2019.There is a significant 
data gap between the end of August 1992 and start of February 2002. No data is available for nickel prior to 
2006. For the period between August 1992 and October 2002, the chart shows generally stable concentrations 
of key water quality parameters. Between 2002 and 2003, recorded concentrations of all key parameters are 
broadly equivalent to 1992 concentrations, indicating minimal historical changes to water quality at WX5, 
concurrent with wet ash emplacement within the SSCAD. 

The results from WX5 during the 1991-2003 monitoring period reflect water quality conditions in Lidsdale Cut 
Pond at the outlet to SSC preceding dry ash placement in the KVAR, which commenced in 2003. Accordingly, 
the observed exceedances of the WQGVs can be attributed to other land uses (i.e. KVAD / SSCAD / Chitter) 
locally affecting water quality in WX5, and therefore not representative of influences from the KVAR. 

2003-2012 

Lidsdale Cut (WX5 / Site 40) 

Surface water samples collected for Lidsdale Cut at Site WX5 represent water quality within the Lidsdale Cut 
Pond, sampled at the discharge v-notch from Lidsdale Cut Pond to SSC for the 2003-2012 monitoring period. 

The results presented in Table 5-1 indicate that the 95th percentile concentrations of water quality parameters 
in surface waters at the WX5 sampling site, for the period between January 2003 and June 2012, increased 
relative to the 1991-2003 concentrations, with the exception of chloride, which decreased relative to 1991-
2003 concentrations. As a result of the change in water quality the majority of water quality parameters 
increased to levels exceeding the adopted WQGVs, with the exception of Cl, Ba, and Be which remained below 
the WQGVs. pH became more neutral at pH 7.3. 

Figures A23 and A24 in Appendix A present time-series charts of the concentrations of indicator parameters 
Al, Mn, B, Ni, SO4, and conductivity for the period between April 1992 and March 2019. For the period between 
January 2003 and June 2012, there are significant fluctuations in water quality within an overall rising trend. 
Noticeably, concentrations of all water quality indicator parameters drop immediately following capping of the 
KVAD and commencement of Stage 1 dry ash emplacement and fluctuate with high volatility but stable trend 
between January 2003 and January 2006. Following January 2006, the volatility continues but an underlying 
rising trend in concentration of water quality indicator parameters is observed. The shift to increasing trends is 
concurrent with blockage of the KVAD toe drains in 2006, and is also concurrent with a rise in groundwater 
levels in D3 to an elevation greater than 920m, indicating potential groundwater migration into the KVAR dry 
ash affecting water quality in Lidsdale Cut as a result of leachate generation.  

In 2009, there is a sharp rise and increase in variability in concentrations of water quality indicator parameters, 
concurrent with commencement of Stage 2 dry ash emplacement. In May 2010, there is a sharp drop in 
concentrations of water quality indicator parameters, concurrent with installation of SSCAD seepage collection 
system.  

In February 2011, there is another rise in concentrations of water quality indicator parameters, concurrent with 
unblocking the KVAR toe drains to LC, which is subsequently followed by a decline in overall concentrations, 
likely associated with the Springvale Mine Discharge Water Leak and subsequent dilution effects in WX5. 
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Overall and based on the available data set, the results for the monitoring period (2003-2012) appear to 
suggest that the KVAR placement is considered likely to have influenced water quality in Lidsdale Cut Pond 
(WX5) a result of groundwater migration into the KVAR at Bore D3. The KVARs possible role as a source of 
impact to Lidsdale Cut pond (WX5) is identified through both timing of changes to water quality in Lidsdale 
Cut, along with the elevated concentration of key indicator parameters. 

Historical impacts on Lidsdale Cut cannot be discounted, however it is noted that concentrations increased 
beyond and in contrast to historical trends and concentrations, and pH decreased to highly acidic conditions 
following KVAR emplacement and groundwater rise in bore D3. However, due to the complexity of current and 
historic land use activities, including local chitter deposits, pumping and discharge regimes for the KVAD and 
SSCAD, it is not suitable (based on the data set available) to directly attribute water quality impacts observed 
in groundwater in Bore D6 solely to a single source such as the KVAR.  

2012-2019 

Lidsdale Cut (WX5 / Site 40) 

There is a large gap in available data between June 2012 and October 2013. During which time, both pumping 
from LC to SSCAD, and discharge from Springvale Mine to SSC at LDP009 commenced.  

The results presented in Table 5-1 indicate that the 95th percentile concentrations of water quality parameters 
in surface waters at the WX5 sampling site, for the period between October 2012 and March 2019, increased 
relative to the 2003-2012 values, with the exceptions of Cl, As, and Mo, with Mo dropping below the WQGV 
trigger value. pH became significantly more acidic, becoming highly acidic at pH 3.1. 

Figures A23 and A24 in Appendix A present time-series charts of the concentrations of indicator parameters 
Al, Mn, B, Ni, SO4, and conductivity for the period between April 1992 and March 2019. For the period between 
October 2012 and March 2019, values of all indicator parameters increased significantly and are entering into 
relatively stable (e.g. SO4, Cond, B, Al) to gradually rising trends (e.g. Ni, Mn).  

Overall and based on the available data set, the results for the monitoring period (2012-2019) appear to 
suggest that the KVAR placement may have influenced water quality in Lidsdale Cut Pond (WX5) a result of 
groundwater migration into the KVAR at Bore D3. The KVARs possible role as a source of impact to Lidsdale 
Cut is identified through both timing of changes to water quality in Lidsdale Cut, along with the elevated 
concentration of key indicator parameters, low pH and Mo. 

The cause of the noted shift in concentrations is a result of a change in the sampling location from the outlet 
which leads to SSC, to the inlet to Lidsdale Cut Pond. As a result, the observed water quality from 2012-2019 
represents water entering the Lidsdale Cut Pond.  

Due to the complexity of current and historic land use activities, including local chitter deposits, pumping and 
discharge regimes for the KVAD and SSCAD, it is not considered conclusive to directly attribute any impacts 
observed in WX5 solely to a single source such as the KVAR without further investigation.  

5.1.6 Dump Creek (WX11) – Site 39 

1991-2003 

Dump Creek (WX11) – Site 39 

Surface water samples collected for Dump Creek (WX11) – Site 39 represent catchment surface water quality 
at the catchment outlet / discharge point within a creek that discharge to SSC (WX7), downgradient and west 
of the KVAR and Lidsdale Cut. 

There is a significant gap in available data for the 1991-2003 monitoring period, between the end of September 
1992 and November 2001. The results presented in Table 5-1 indicate that the 95th percentile concentrations 
of water quality parameters in surface waters at the WX11 sampling site are generally below the WQGVs for 
the 1991-2003 monitoring period, with the exceptions of B, Cr, Fe, and Zn. 
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Figures A25 and A26 in Appendix A present time-series charts of the concentrations of indicator parameters 
Al, Mn, B, Ni, SO4, and conductivity for the period between October 1991 and March 2019 at WX11. As 
previously stated, there is a significant data gap between the end of September 1992 and start of November 
2001. No data is available for nickel prior to 2006.  

For the period between October 1991 and October 2002, the chart shows generally low concentrations of key 
water quality parameters between 1991 and 1992. Between 2002 and 2003, recorded concentrations of all 
key parameters are higher than 1991-1992 records. Historical changes to water quality at WX11 associated 
with the 1992-2003 monitoring period are concurrent with wet ash emplacement within the SSCAD and pre-
date the KVAR dry ash emplacement. 

2003-2012 

Dump Creek (WX11) – Site 39 

The results presented in Table 5-1 indicate that the 95th percentile concentrations of water quality parameters 
in surface waters at the WX11 sampling site for the period between January 2003 and June 2012 generally 
increased relatively to 1991-2003 concentrations, with the exceptions of Cl, Ba, and F.  pH decreased to mildly 
acidic conditions at pH 5.9. As a result of the changes in water quality As, Cd, Cu, Mn, Pb, and Se rose above 
their respective WQGVs. Concentrations of nickel (available from 2006) show values exceeding the WQGV. 

It is noted that although 95th percentile concentrations are higher during the 2003-2012 monitoring period than 
the preceding 1996-2003 monitoring period, the elevated concentrations at the start of the 2003-2012 
monitoring period are a result of the increasing trends during the 1996-2003 monitoring period. 

Figures A25 and A26 in Appendix A present time-series charts of the concentrations of indicator parameters 
Al, Mn, B, Ni, SO4, and conductivity for the period between October 1991 and March 2019 at WX11. For the 
period between January 2003 and June 2012, there is a broad fluctuation in water quality, characterised by a 
falling limb between 2003 and 2006 (Boron excepted), and rising limb between 2006 and 2012. The shift in 
trend to rising concentrations may be attributed to a rise in groundwater levels in D3 to an elevation greater 
than 920 mAHD, resulting in potential groundwater migration into the KVAR dry ash and therein potentially 
affecting water quality in Dump Creek as a result of leachate generation.  

The increase in concentrations of water quality parameters from 2006 – 2012 continues through Stage 2A dry 
ash placement in the KVAR. There is increased variability in concentrations of key water quality parameters 
within the rising trend following commencement of Stage 2A dry ash emplacement in April 2009.  

Overall, the results for the 2003-2012 monitoring period appear to suggest that the KVAR placement may have 
potentially influenced water quality in Dump Creek (WX11) as a result of groundwater migration into the KVAR 
at Bore D3. The KVARs possible role as a source of impact to Dump Creek is identified through both timing of 
changes to water quality in Dump Creek, along with the elevated concentration of key indicator parameters, 
low molybdenum and low pH (pH c. 3.7 post 2009) (Ward et al., 2009).  

Historical impacts on Dump Creek cannot be discounted, however it is noted that concentrations increased 
beyond and in contrast to historical trends and concentrations, and pH decreased to highly acidic conditions 
following KVAR emplacement and groundwater rise in D3. However, due to the complexity of current and 
historic land use activities, including local chitter deposits, pumping and discharge regimes for the KVAD and 
SSCAD, it is not considered conclusive to directly attribute any impacts observed in groundwater in Bore D6 
solely to a single source such as the KVAR without further investigation.  

2012-2019 

Dump Creek (WX11) – Site 39 

The results presented in Table 5-1 indicate that the 95th percentile concentrations of water quality parameters 
in surface waters at the WX11 sampling site for the period between June 2012 and March 2019 generally 
increased relative to 2003-2012 values, with the exceptions of As, Cd, Cr, Pb and Se. pH decreased to highly 
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acidic conditions at pH 3.1. As a result of the changes in water quality, SO4, Al, and F rose above their 
respective WQGVs, whilst As, Cd, Cr, and Se dropped below their respective WQGVs. 

Figures A25 and A26 in Appendix A present time-series charts of the concentrations of indicator parameters 
Al, Mn, B, Ni, SO4, and conductivity for the period between October 1991 and March 2019 at WX11. For the 
period between June 2012 and March 2019, concentrations of indicator parameters fluctuated with significant 
volatility within overall stable to rising trends. The shift to volatile swings in water quality coincide with the 
unblocking of toe drains to LC in Feb 2011 and with further volatility introduced by the commencement of 
discharge from Springvale Mine to SSC via LDP009, which is believed to have further raised groundwater 
levels in D3 resulting in lateral groundwater migration and subsequent surface water discharge at WX11. 

Overall, the results for the 2012-2019 monitoring period appear to suggest that the KVAR placement may have 
influenced water quality in Dump Creek (WX11) a result of groundwater migration into the KVAR. The KVARs 
possible role as a source of impact to Dump Creek is identified through both timing of changes to water quality 
in Dump Creek, along with the elevated concentration of key indicator parameters, low molybdenum and low 
pH (pH c. 3.7 post 2009) (Ward et al., 2009).  

Historical impacts on Dump Creek cannot be discounted, however it is noted that concentrations increased 
beyond and in contrast to historical trends and concentrations, and pH decreased to highly acidic conditions 
following KVAR emplacement and groundwater rise in D3. Due to the complexity of current and historic land 
use activities, including local chitter deposits, pumping and discharge regimes for the KVAD and SSCAD, it is 
not considered suitable to directly attribute any impacts observed in groundwater in Bore D6 solely to a single 
source such as the KVAR without further, more detailed investigation. 

5.1.7 Springvale 158 
The results presented in Table 5-1 indicate that the 95th percentile concentrations of water quality parameters 
in surface waters at the Springvale (Site 158) sampling point for the period between 2011 and 2018 were 
generally below the adopted WQGVs, with the exception of As, Fe and Mo, which marginally exceeded the 
WQGVS. 

Figures A27 and A28 in Appendix A present time-series charts of the concentrations of indicator parameters 
Al, Mn, B, Ni, SO4, and conductivity for the period between 2011 and March 2018 for Springvale 158. The chart 
shows that concentrations have remained relatively stable over time, though with a slight reduction in 
concentrations of sulfate. 

Water quality at Springvale (Site 158) is not affected by the KVAR. 

5.2 Groundwater Trends 1988 - 2019 
To assess effects of dry ash emplacement within the KVAR on groundwater quality, it is necessary to 
analyse both recent concentrations and long-term trends in concentrations of key physical and chemical 
stressors / toxicants within the selected groundwater monitoring sites. 

As outlined in Section 2.5, surface water and groundwater flows through the site are complexly modified by 
the extensive engineering aspects influencing the site, including: 

 Diversion drains through the KVAR / KVAD draining surface water and groundwater to various sumps (i.e. 
Sumps 1-3), Ponds, Dirty Water Pond, Return Water Canal and to Lidsdale Cut 

 Recirculation pumping of SSCAD seepage collected through the SSCAD V-notch back to the SSCAD 
Pond via the Return Canal  

 Recirculation pumping of water from Lidsdale Cut to the SSCAD Pond via the Dirty Water Pond 

The 95th Percentile of results have been tabulated for periods corresponding with pre-dry ash emplacement 
(1991-2003), dry ash emplacement / pre-unblocking of the KVAD toe drains (2003-2010) and post un-
blocking of the KVAD toe drains / post dry-ash emplacement (2010-2019). These key events mark periods of 
marked water quality changes for the groundwater receiving site (D5) and other groundwater sampling 
points.  
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It is also noted that blockage of the KVAD toe drains (2006), unblocking of the KVAD toe drains (2010), 
commencement of pumping from Lidsdale Cut to SSCAD via the Return Canal (July 2012) and 
commencement of discharge from Springvale Mine to SSC at LDP009 (July 2013) have had marked effects 
on groundwater quality, these aspects are discussed within the evaluation of the long-term groundwater 
trends. 



 

 P
ro

je
ct

 n
um

be
r 5

02
83

8 
 F

ile
 2

01
90

62
4_

50
28

38
_K

VA
R

_W
Q

_A
ss

es
sm

en
t_

20
19

.d
oc

x 
 2

01
9-

06
-2

4 
 R

ev
is

io
n 

1 
 

 4
7  

Ta
bl

e 
5-

2 
Su

m
m

ar
y 

St
at

is
tic

s 
Lo

ng
 T

er
m

 G
ro

un
dw

at
er

 M
on

ito
rin

g 
R

es
ul

ts
 (m

g/
L)

 –
 9

5th
 P

er
ce

nt
ile

s 

Sa
m

pl
e 

Lo
ca

tio
n 

D
at

e 
pH

 
Co

nd
 (μ

s/
cm

) 
TD

S 
SO

4 
C

l 
Al

* 
As

 
Ag

 
B

a 
B

e 
B

* 
C

d 
C

r 
C

u 
F 

Fe
-F

 
H

g 
M

n 
M

o 
N

i 
Pb

 
Se

 
Zn

* 

G
ro

un
dw

at
er

 R
ec

ei
vi

ng
 S

ite
 

G
ro

un
dw

at
er

 B
or

e 
W

G
M

1/
D

5 
(3

6)
 

19
88

-2
00

3 
4.

7 
86

4 
57

6 
33

6 
26

 
N

D
 

0.
01

1 
0.

00
1 

0.
62

2 
0.

00
6 

1.
76

 
0.

04
2 

0.
05

 
0.

07
 

0.
77

 
15

.9
6 

0.
00

06
 

3.
04

5 
N

D
 

0.
13

7 
0.

07
 

0.
00

2 
0.

69
 

20
03

-2
01

0 
4.

1 
23

41
 

19
95

 
14

90
 

27
.6

 
41

.2
 

0.
04

8 
0.

00
95

5 
0.

03
79

 
0.

02
93

5 
6.

3 
0.

01
1 

0.
00

5 
0.

04
 

1.
3 

25
.9

 
0.

00
01

 
13

.8
5 

0.
01

 
1 

0.
03

 
0.

00
6 

2.
09

 

20
10

-2
01

9 
3.

7 
14

00
 

11
00

 
72

0 
36

.0
 

30
.7

 
0.

01
 

0.
00

1 
0.

08
 

N
D

 
2.

9 
0.

06
8 

0.
01

3 
0.

05
5 

1.
2 

6.
2 

0.
00

01
 

8.
7 

0.
01

0 
0.

57
 

0.
11

 
0.

00
5 

3.
3 

KV
AR

 / 
KV

AD
 

G
ro

un
dw

at
er

 B
or

e 
W

G
M

1/
D

6 
(3

7)
 

19
88

-2
00

3 
5.

6 
12

20
 

77
0 

40
0 

80
 

N
D

 
0.

00
6 

0.
00

1 
0.

78
 

0.
00

1 
1 

0.
00

6 
0.

03
 

0.
03

6 
0.

35
 

13
0 

0.
00

08
 

5.
01

5 
N

D
 

0.
20

 
0.

01
7 

0.
07

1 
0.

32
 

20
03

-2
01

0 
4.

6 
14

23
 

78
4 

44
0 

70
.5

 
5.

96
 

0.
05

 
0.

01
 

0.
04

 
0.

01
6 

0.
89

 
0.

00
2 

0.
01

6 
0.

01
 

0.
7 

85
.7

 
0.

00
01

 
4.

65
 

0.
06

6 
0.

55
 

0.
01

5 
0.

00
6 

1.
95

 

20
10

-2
01

9 
3.

1 
19

84
 

17
60

 
11

00
 

57
.6

 
6.

8 
0.

01
 

0.
00

1 
0.

03
 

N
D

 
1.

3 
0.

00
4 

0.
00

4 
0.

01
6 

0.
70

 
20

1 
0.

00
01

 
9.

4 
0.

01
0 

0.
62

 
0.

02
2 

0.
00

2 
1.

8 

G
ro

un
dw

at
er

 B
or

e 
AP

09
 (7

7)
 

20
10

-2
01

9 
5.

9 
30

00
 

25
41

 
16

50
 

41
.7

 
93

.0
 

0.
09

 
0.

00
1 

0.
03

 
N

D
 

3.
3 

0.
00

04
 

0.
00

1 
0.

00
4 

5.
22

 
12

1 
0.

00
01

 
12

.1
 

0.
20

1 
1.

37
 

0.
00

3 
0.

00
2 

1.
3 

G
ro

un
dw

at
er

 B
or

e 
AP

17
 (7

8)
 

20
10

-2
01

9 
3.

3 
55

11
 

56
86

 
38

51
 

22
.9

 
25

.0
 

0.
11

 
0.

00
1 

0.
03

 
N

D
 

14
.4

 
0.

00
2 

0.
00

8 
0.

04
8 

10
8 

23
6 

0.
00

01
 

16
.1

 
0.

10
0 

1.
91

 
0.

00
5 

0.
15

7 
5.

9 

KV
AD

 S
ee

pa
ge

 (9
4)

 
20

15
-2

01
9 

3.
1 

55
78

 
64

18
 

43
70

 
43

.6
 

29
4 

0.
05

 
0.

00
1 

0.
03

 
N

D
 

19
.3

 
0.

07
7 

0.
03

7 
0.

06
7 

51
.6

 
45

.2
 

0.
00

00
2 

24
.8

 
0.

00
3 

2.
45

 
0.

00
7 

0.
06

2 
4.

7 

G
ro

un
dw

at
er

 B
or

e 
G

W
6 

(8
5)

 
20

10
-2

01
6 

7.
4 

44
74

 
32

86
 

16
90

 
60

8 
14

.4
 

0.
00

7 
0.

00
1 

0.
30

1 
N

D
 

0.
22

4 
0.

00
03

 
0.

01
1 

0.
02

5 
1.

64
 

14
 

0.
00

01
 

26
.3

 
0.

01
 

0.
37

 
0.

11
4 

0.
00

2 
0.

34
4 

G
ro

un
dw

at
er

 B
or

e 
G

W
10

 (7
5)

 
20

10
-2

01
3 

6.
6 

17
45

 
13

45
 

86
6 

16
8 

50
.2

 
0.

04
 

0.
00

1 
0.

35
4 

N
D

 
1.

59
 

0.
01

0 
0.

01
1 

0.
05

5 
7.

79
 

6.
38

 
0.

00
00

7 
9.

78
 

0.
24

 
2.

08
 

0.
17

 
0.

01
0 

2.
97

 

G
ro

un
dw

at
er

 B
or

e 
G

W
11

 (7
6)

 
20

10
-2

01
6 

7.
4 

10
40

 
74

4 
43

6 
27

.0
8 

20
 

0.
01

5 
0.

00
1 

0.
20

2 
N

D
 

1.
51

4 
0.

00
04

 
0.

01
 

0.
02

5 
0.

44
 

4.
81

 
0.

00
00

9 
4.

42
 

0.
04

 
0.

03
 

0.
06

 
0.

00
2 

0.
23

8 

Do
w

ng
ra

di
en

t S
SC

AD
 - 

Up
gr

ad
ie

nt
 K

VA
R

 

G
ro

un
dw

at
er

 B
or

e 
W

G
M

1/
D

3 
(3

4)
 

19
88

-2
00

3 
6.

5 
74

0 
48

7 
12

4 
86

 
N

D
 

0.
03

 
0.

00
1 

0.
25

4 
0 

0.
2 

0.
00

1 
0.

02
 

0.
01

 
0.

46
 

11
 

0.
00

08
 

0.
73

1 
N

D
 

0.
09

 
0.

01
7 

0.
00

24
 

0.
14

 

20
03

-2
01

0 
6.

6 
80

7 
52

6 
13

0 
11

0 
0.

72
 

0.
05

 
0.

01
 

0.
12

9 
0.

00
1 

0.
04

9 
0.

00
2 

0.
01

 
0.

01
 

0.
1 

4.
89

 
0.

00
01

 
1.

09
5 

0.
01

 
0.

20
 

0.
01

 
0.

00
6 

0.
11

 

20
10

-2
01

9 
5.

2 
14

90
 

11
30

 
74

9 
15

0 
7.

6 
0.

01
 

0.
00

1 
0.

12
 

N
D

 
1.

9 
0.

01
0 

0.
00

3 
0.

01
8 

0.
94

 
12

.9
 

0.
00

01
 

3.
7 

0.
01

0 
0.

73
 

0.
00

5 
0.

00
2 

0.
72

 

G
ro

un
dw

at
er

 B
or

e 
W

G
M

1/
D

4 
(3

5)
 

19
88

-2
00

3 
6.

8 
73

0 
52

0 
22

2 
56

.2
 

N
D

 
0.

00
8 

0.
00

1 
0.

51
4 

0.
00

09
 

0.
5 

0.
00

4 
0.

01
6 

0.
05

 
0.

37
 

93
.5

 
0.

00
3 

7.
24

 
0 

0.
02

 
0.

01
4 

0.
04

6 
0.

09
8 

20
03

-2
01

0 
6.

3 
15

82
 

13
00

 
95

4 
35

 
0.

08
5 

0.
05

 
0.

01
 

0.
06

9 
0.

01
 

1.
6 

0.
00

2 
0.

01
 

0.
01

 
0.

1 
70

.8
 

0.
00

01
 

20
 

0.
01

 
0.

05
 

0.
01

 
0.

00
6 

0.
1 

20
10

-2
01

9 
5.

7 
17

11
 

13
91

 
89

6 
46

.9
 

0.
1 

0.
00

3 
0.

00
1 

0.
03

 
N

D
 

1.
9 

0.
00

02
 

0.
00

2 
0.

00
4 

0.
10

 
61

.0
 

0.
00

01
 

19
.0

 
0.

01
0 

0.
05

 
0.

00
1 

0.
00

2 
0.

09
 

G
ro

un
dw

at
er

 B
or

e 
W

G
M

1/
D

2 
(3

3)
 

19
88

-2
00

3 
5.

5 
32

0 
27

7 
67

.1
 

61
.1

 
N

D
 

0.
00

2 
0.

00
1 

0.
14

4 
N

D
 

0.
14

 
0.

00
1 

0.
04

5 
0.

03
8 

0.
32

 
2.

26
 

0.
00

08
 

0.
53

4 
N

D
 

0.
03

 
0.

03
1 

0.
00

1 
0.

13
 

20
03

-2
01

0 
5.

0 
46

1 
30

9 
15

8 
43

.9
 

N
D

 
0.

05
 

0.
01

 
0.

07
1 

0.
00

1 
0.

12
9 

0.
00

2 
0.

01
 

0.
01

 
0.

19
 

5.
29

 
0.

00
01

 
0.

62
4 

0.
01

 
0.

06
 

0.
01

 
0.

00
6 

0.
13

 

20
10

-2
01

9 
3.

6 
65

0 
38

8 
18

3 
39

.0
 

0.
5 

0.
00

1 
0.

00
1 

0.
05

 
N

D
 

0.
3 

0.
00

02
 

0.
00

3 
0.

00
7 

0.
10

 
3.

20
 

0.
00

01
 

0.
80

 
0.

01
0 

0.
09

 
0.

00
3 

0.
00

2 
0.

13
 

Up
gr

ad
ie

nt
 o

f S
SC

AD
 a

nd
 K

VA
R 

/ K
VA

D
 

G
ro

un
dw

at
er

 B
or

e 
W

G
M

1/
D

1 
(3

2)
 

19
88

-2
00

3 
6.

2 
32

2 
24

7 
13

.7
 

82
.6

 
N

D
 

0.
00

5 
0.

00
91

 
0.

18
5 

0 
0.

17
5 

0.
00

3 
0.

04
3 

0.
05

4 
0.

55
 

7.
70

 
0.

00
05

 
0.

74
75

 
N

D
 

N
D

 
0.

01
9 

0.
00

3 
0.

15
0 

20
03

-2
01

0 
6.

1 
14

1 
17

9 
11

.7
 

21
 

7.
42

 
0.

00
3 

0.
00

1 
0.

10
5 

0.
00

1 
0.

04
7 

0.
00

15
 

0.
00

6 
0.

02
8 

0.
1 

2.
24

 
0.

00
00

9 
0.

49
8 

0.
01

 
0.

01
 

0.
01

3 
0.

00
2 

0.
14

4 

20
10

-2
01

9 
5.

2 
14

9 
16

9 
18

.9
 

28
.7

 
7.

0 
0.

00
1 

0.
00

1 
0.

09
 

N
D

 
0.

1 
0.

00
02

 
0.

00
5 

0.
02

1 
0.

10
 

1.
56

 
0.

00
01

 
0.

67
 

0.
01

0 
0.

01
 

0.
01

3 
0.

00
2 

0.
18

 

G
ro

un
dw

at
er

 W
Q

G
Vs

 

G
ro

un
dw

at
er

 W
Q

G
V 

 
6.

5-
8.

0 
26

00
 

20
00

++
 

10
00

++
 

35
0+

 
5.

1 
^^

 
0.

02
4 

0.
00

00
5 

0.
7+

++
 

0.
1 

1.
7 

0.
00

1 
0.

00
4 

0.
00

5 
1.

5 
++

+ 
1.

7 
0.

00
00

6 
1.

9 
0.

01
+ 

0.
13

7 
0.

01
 

0.
00

5 
0.

50
5 

Ad
di

tio
na

l n
ot

es
: S

ee
 T

ab
le

 4
-4

 



 

 Project number 502838  File 20190624_502838_KVAR_WQ_Assessment_2019.docx  2019-06-24  Revision 1   48 
 

5.2.1 Groundwater Bore D5 – Receiving Site (Site 36) 

1988-2003 
Groundwater samples collected for D5 during this period represent groundwater quality concurrent with 
emplacement of wet ash within SSCAD, post KVAD wet ash emplacement, and pre-date dry ash 
emplacement in the KVAR. 

The results presented in Table 5-2 indicate that the 95th percentile concentrations of a number of key 
parameters in groundwaters of the receiving site (D5) exceeded the adopted WQGV’s for B, Cd, Cr, Cu, Fe, 
Hg, Mn, Pb, Zn, and for pH (below lower limits). Conductivity, SO4, Cl, As, Ba, Be, F, Ni and Se were below 
the adopted WQGVs. 

Figures B1 and B2 in Appendix B presents time-series charts of the concentrations of indicator parameters 
Al, Mn, B, Ni, SO4, and conductivity, along with the recorded groundwater levels, for the period between 
1988 and 2019 for D5, which show that concentrations of key parameters in groundwater are relatively stable 
during the period between 1988 and 2003.   

2003-2010 
Groundwater quality results in Table 5-2 indicate that the 95th percentile concentrations of key parameters 
increased from baseline values (1988-2003) during the 2003-2010 period for SO4, Cl, As, Be, B, F, Fe, Mn, 
Ni, Se, and Zn resulting in an increase in overall conductivity and rise in acidity (reduced pH). Changes for Al 
and Mo cannot be determined due to lack of data during the baseline period. 

Indicator parameters shown in Figures B1 and B2 in Appendix B indicate increased concentrations of key 
parameters and a rising trend of concentrations in groundwater between 2007 and 2010 for groundwaters in 
receiving site D5. The noted increase in concentrations of water quality parameters and rising trend in water 
quality parameters corresponds with the timing of and therefore may be directly attributed to) a rise in 
groundwater levels in Bore D3, (located upgradient of the KVAR / downgradient of the SSCAD) to an 
elevation greater than 920 mAHD. The rise in groundwater levels around Bore D3 potentially resulted in 
groundwater migration into the KVAR dry ash resulting in generation of dry ash leachate. 

Due to the complexity of current and historic land use activities, including local chitter deposits, pumping and 
discharge regimes for the KVAD and SSCAD, it is not considered conclusive to directly attribute any impacts 
observed in groundwater in Bore D6 solely to a single source such as the KVAR without further investigation. 

Influence from the KVAR on groundwater quality in D5 during this period is evident from the shift in 
concentration of water quality parameters, including reduced pH, and elevated SO4, Ca, and Zn and other 
parameters, at concentrations significantly above pre-KVAR levels. 

2010-2019 
The results presented in Table 5-2 indicate that the 95th percentile concentrations of key parameters in D5 
decrease for TDS, SO4, Al, As, B, F, Fe, Mn, Mo, Ni, & Se during the 2010-2019 period. Concentrations of Cl, 
Ba, Cd, Cr, Cu and Pb increased in 95th percentile concentrations. pH becomes slightly more acidic (pH 3.7), 
while overall conductivity decreases. 

Time series records for indicator parameters (presented in Figures B1 and B2 in Appendix B) show that 
concentrations of Mn, B, SO4, Ni, and overall conductivity decrease initially following completion of Stage 1 dry 
ash emplacement in the KVAR (February 2009), and again in Feb 2010 following the unblocking of the toe 
drains. The trend of decreasing concentrations is interrupted in July 2013, following commencement of 
discharge from Springvale Mine to SSC at LDP009. It is observed that concentrations of key parameters 
fluctuate significantly following July 2013, with stable to rising trends for key parameters. 

Overall, the results for the 2003-2010 monitoring period appear to suggest that the KVAR placement may have 
potentially influenced water quality in Bore D5 a result of groundwater migration into the KVAR. The KVARs 
possible role as a source of impact to Bore D5 is identified through both timing of changes to water quality in 
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Bore D5, along with the elevated concentration of indicator parameters, above historic background 
concentrations, and rising groundwater levels in Bore D3.  

Water quality in Bore D5 generally improved following February 2010, indicating possible unblocking of the 
Stage 1 KVAD toe drains resulted in an improvement of groundwater quality. Subsequently, the concentrations 
of water quality parameters in Bore D5 generally decreased towards pre-KVAR concentrations until July 2013, 
following which point there are significant fluctuations in water quality, with 95th percentile concentrations of 
water quality parameters greater than historical background (1988-2003) values. The observed fluctuations in 
water quality parameters are observed in conjunction with fluctuations and an overall rise in groundwater levels 
in bore D3, which is considered likely to be attributed discharge from Springvale Mine upgradient of the KVAR.  

The results at Bore D5 are interpreted to be potentially influenced by seepage from SSC, however this is likely 
to have a dilutive rather than additive effect on the concentrations of water quality parameters as SSC is 
relatively reduced in concentrations of indicator parameters. The relative effect of SSC dilution on groundwater 
quality downgradient of the KVAR / KVAD can be observed comparison of Bore D5 with Bore D6, which is 
located downgradient of the Stage 1 KVAR area and away from SSC, and shows a similar relationship between 
groundwater levels in Bore D3 and water quality trends post 2007. 

Due to the complexity of current and historic land use activities, including local chitter deposits, pumping and 
discharge regimes for the KVAD and SSCAD, it is not considered suitable to directly attribute any impacts 
observed in groundwater in Bore D6 solely to a single source such as the KVAR without further, more 
detailed investigation. 

5.2.2 KVAR / KVAD Monitoring Bores 

1988-2003 

D6 – Site 37 

Bore D6 is a seepage detection bore for the KVAD. Groundwater quality data for D6 is available from 1988. 

Groundwater samples collected for D6 during this period represent groundwater quality concurrent with 
emplacement of wet ash within SSCAD, post KVAD wet ash emplacement, and pre-date dry ash 
emplacement in the KVAR. 

The groundwater quality data for D6, presented in Table 5-2 shows that the 95th percentile concentrations of 
a number of key water quality parameters in groundwater exceeded the adopted WQGVs for Ba, Cd, Cr, Cu, 
Fe, Hg, Mn, Ni, Pb, Se, and pH (below lower limits).  Conductivity, TDS, SO4, Cl, As, Be, B, F, and Zn did not 
exceed WQGVs. No data was available for Al or Mo. 

Figures B3 and B4 in Appendix B presents time-series charts of the concentrations of indicator parameters Al, 
Mn, B, Ni, SO4, and conductivity for the period between 1988 and 2019 for D6, which show that concentrations 
of key parameters in groundwater are relatively stable during the period between 1988 and 2003, with no 
significant fluctuations. 

AP09 (77), AP17 (78), GW10 (75), GW11 (76) 

Groundwater quality data for GW10, GW11, AP9 and AP17 are only available for the period between 2010 
and 2019. 

2003-2010 

D6 – Site 37 

The Groundwater quality results in Table 5-2 indicate that the 95th percentile concentrations of key parameters 
increased from baseline values (1988-2003) at D6 during the 2003-2010 period for SO4, As, F, Be, Ni, Zn and 
conductivity, with As, Zn subsequently exceeding WQGVs and pH becoming more acid (pH 4.6). Other water 
quality parameters including Cl, Ba, B, Cd, Cr, Cu, Fe, Hg, Mn, Pb, and Se reduced in concentration, however 
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remained above WQGVs with the exception of Ba which dropped below its WQGV and B which remained 
below its WQGV. Relative changes for Al and Mo cannot be determined due to lack of baseline data, however 
are noted to exceed WQGVs during the 2003-2010 period. 

Time series records of indicator parameters Al, Mn, B, Ni, SO4, and conductivity for the period between 2003 
and 2010 for D6 (presented in Figures B3 and B4 in Appendix B), show a sudden drop in concentrations 
directly after Feb 2003, potentially associated with additional capping of the KVAD (through stage 1 Ash 
emplacement) and reduction of infiltration to groundwater at D6. A large data gap is present between 2004 
and 2007. However, records indicate concentrations of key indicator parameters similar to baseline 
concentrations between 2007 and 2009.  

From 2009 to 2010 there is a noted trend of reduced pH, and increasing concentrations and variability in water 
quality parameters. The observed shift in trends to rising concentrations of key parameters is coincident with 
both Stage 2A dry ash emplacement, and a rise in groundwater levels in Bore D3, (located upgradient of the 
KVAR / downgradient of the SSCAD) to an elevation greater than 920 mAHD. The rise in groundwater levels 
around Bore D3 potentially resulted in groundwater migration into the KVAR dry ash resulting in generation of 
dry ash leachate.  

Due to the complexity of current and historic land use activities, including local chitter deposits, pumping and 
discharge regimes for the KVAD and SSCAD it is not considered conclusive to directly attribute any impacts 
observed in groundwater in Bore D6 solely to a single source such as the KVAR without further investigation. 

2010-2019 

D6 – Site 37 

The results presented in Table 5-2 indicate that the 95th percentile concentrations of key water quality 
parameters in groundwater of D6 increased for SO4, Al, B, Cd, Cu, Fe, Mn, Ni, and Pb during the 2010-2019 
monitoring period with a corresponding increase in conductivity and TDS and a decrease in pH (pH 3.1). 
Concentrations of Cl, As, Ba, Cr, Mo, Se, and Zn dropped in the same period.  

Time series records of indicator parameters Al, Mn, B, Ni, SO4 and conductivity for the period between 2010 
and 2019 for D6 (presented in Figures B3 and B4 in Appendix B B) show volatile fluctuations but relatively 
stable concentrations up to July 2012 for heavy metals and an increasing trend for SO4 and conductivity. 
Following July 2012 and the commencement of pumping from LC to the Return Water Canal, there is greater 
volatility in water quality parameters, along with increased concentrations and stable to increasing trends. From 
July 2013, following commencement of discharge from Springvale Mine at LDP009, there is a further increase 
in trend, volatility and concentrations of indicator parameters in Bore D6. 

Overall, the results for the 2010-2019 monitoring period appear to suggest that the KVAR placement may 
have potentially influenced water quality in Bore D6 a result of groundwater migration into the KVAR. The 
KVARs possible role as a source of impact to Bore D6 is identified through both timing of changes to water 
quality in Bore D6, along with the elevated concentration of indicator parameters, above historic background 
concentrations, and rising groundwater levels in Bore D3. Additional fluctuations and a continued rise in both 
groundwater levels in Bore D3 and concentrations of water quality parameters in Bore D6 may be associated 
with discharge from Springvale Mine and subsequent groundwater mounding upgradient of / migration into 
the KVAR, resulting in dry ash leachate impacts on groundwater quality in Bore D6. 

Due to the complexity of current and historic land use activities, including local chitter deposits, pumping and 
discharge regimes for the KVAD and SSCAD it is not considered conclusive to directly attribute any impacts 
observed in groundwater in Bore D6 solely to a single source such as the KVAR without further investigation. 

AP09 (77), AP17 (78), GW10 (75), GW11 (76), and KVAD Seepage (94) 

The bores GW10, GW11, AP9 and AP17, sample the groundwater in the KVAD beneath the KVAR. 

The results presented in Table 5-2 indicate that the 95th percentile concentrations of key parameters in AP09, 
AP17, GW10, GW11 and KVAD Seepage are highly variable and strongly affected by relative position to the 
various toe drains that drain the KVAR, with AP09, AP17, GW6 and KVAD Seepage showing close similarities.  
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No data has been available for GW10 from 2013, for GW6 from Nov 2016 and for GW11 from Sept 2016 due 
to drying out of the monitoring points.  

Concentrations of key water quality parameters in AP09, AP17, GW6, GW11 and KVAD Seepage generally 
exceed the WQGVs for SO4, Al, As, B, Cd, Cr, Cu, F, Fe, Mn, Ni, and Zn, along with variable exceedances of 
Hg, Mo, Pb and Se. 

Figures B5 through B16 in Appendix B present time series records for indicator parameters for AP09, AP17, 
GW6, GW11 and KVAD Seepage. Consistent records of water quality data are available for 2010-2019 for 
AP09 and AP17. Records for GW6 present significant data gaps, whilst records for KVAD Seepage are only 
available for years 2015-2019. 

Figures B5 through B8 in Appendix B present the time series records for AP09 and AP17, located along the 
northern catchment of the KVAR Stage 2 Area and west of the Sedimentation Control Area. Records indicate 
rising concentrations of key parameters for AP09 from February 2010 up to February 2011, corresponding 
with Stage 2 and Stage 2A dry ash emplacement, and generally stable or declining concentrations in AP17.  

Following February 2011, there is a decline in concentrations of indicator parameters for AP09 and AP17 in 
correspondence with the timing of the clearing of the KVAD toe drains for the Stage 2 Area.  

There is a gap in available data between June 2013 and April 2015, however concentrations of key parameters 
are notably higher at the start of April 2015, with a reversal of the decreasing trend to increasing concentrations 
of indicator parameters. The marked increase in concentrations and reversal to rising trends correlates with 
the commencement of pumping from LC to the SSCAD via the return Canal, indicating potential subsequent 
seepage back into the KVAR. However, it is noted that concentrations appear to rise prior to this event for 
AP17 (Feb 2012), which suggests another mechanism has affected water quality at these monitoring points.  

5.2.3 Downgradient of SSCAD / Upgradient of KVAR 

1988-2003 

D2 – Site 33 

Groundwater monitoring point D2 is located south (cross-gradient) of the KVAR Stage 1 area, downgradient 
of the SSCAD and adjacent to the return Canal. Groundwater samples collected for D2 during this period 
represent groundwater quality concurrent with emplacement of wet ash within SSCAD, post KVAD wet ash 
emplacement, and pre-date dry ash emplacement in the KVAR. 

The results presented in Table 5-2 indicate that the 95th percentile concentrations of key parameters in D2 
were generally below the adopted WQGVs with the exceptions of Cr, Cu, Fe and Pb. pH was also below the 
lower limit of the WQGVs at pH 5.51. The greatest exceedance of WQGVs included concentrations of Cr and 
Cu which were up to 10 times their corresponding WQGVs. 

Figures B17 and B18 in Appendix B present time-series charts of the concentrations of indicator parameters 
Al, Mn, B, Ni, SO4 and conductivity for the period of 1988-2019 for D2. The results show a gradual rising trend 
at D2 for conductivity, SO4 and Mn during the 1988-2003 monitoring period, potentially corresponding with 
effects from Stage 1 dry ash emplacement. 

D3 – Site 34 

Groundwater monitoring point D3 is located east of the KVAR, adjacent to the Stage 2B emplacement area 
and immediately west / downgradient of SSCAD and SSC proximal to LDP009. Groundwater samples 
collected for D3 during this period represent groundwater quality concurrent with emplacement of wet ash 
within SSCAD, post KVAD wet ash emplacement, and pre-date dry ash emplacement in the KVAR. 

The results presented in Table 5-2 indicate that the 95th percentile concentrations of key parameters in D3 
were generally below the adopted WQGVs with the exceptions of As, Cr, Cu, Fe, Hg and Pb, which variably 
exceeded the WQGVs. The greatest exceedance of WQGVs included concentrations of Fe, Cr and Cu which 
are observed at up to 10 times their corresponding WQGVs. 
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Figures B19 and B20 in Appendix B present time-series charts of the concentrations of indicator parameters 
Al, Mn, B, Ni, SO4 and conductivity for the period of 1988-2019 for D3. The results show that concentrations 
of key water quality parameters were relatively stable during the 1988-2003 monitoring period at D3. 

D4 – Site 35 

Groundwater monitoring point D4 is located north of the KVAR, beyond SSC and west of / downgradient of 
SSCAD. Groundwater samples collected for D4 during this period represent groundwater quality concurrent 
with emplacement of wet ash within SSCAD, post KVAD wet ash emplacement, and pre-date dry ash 
emplacement in the KVAR. 

The results presented in Table 5-2 indicate that the 95th percentile concentrations of key parameters in D4 
were generally below the adopted WQGVs with the exceptions of Cd, Cr, Cu, Fe, Hg, Mn, Pb, and Se, which 
variably exceeded the WQGVs. The greatest exceedances of the WQGVs included concentrations of Cr, Cu, 
Fe, Mn and Se which were generally 10 times their respective WQGV, with the exception of Fe which is 
observed at over 50 times the WQGV. pH was below the lower limit at pH 5.51. 

Figures B21 and B22 in Appendix B present time-series charts of the concentrations of indicator parameters 
Al, Mn, B, Ni, SO4 and conductivity for the period of 1988-2019 for D4. The results show that concentrations 
of key water quality parameters SO4, Mn and B gradually increased over the 1988-2003 monitoring period at 
D4, similar to bores D5 and D6. No records are available for Al during this period. The noted increase in 
concentration of key water quality parameters at D4 corresponds with the timing of ash emplacement within 
SSCAD. 

2003-2010 

D2 – Site 33 

The Groundwater quality results in Table 5-2 indicate that the 95th percentile concentrations of key 
parameters increased from baseline values (1988-2003) at D2 during the 2003-2010 for Fe, SO4, Mn, Ni and 
Se, with a relative drop in pH towards more acidic condition (pH 4.99). Remaining parameters dropped or 
remained stable during this period. Accordingly, fewer parameters exceeded the WQGVs with only Cr, Fe, 
Hg, Se and pH exceeding / failing the WQGVs. No records are available for Al during this period. 

Time series records of indicator parameters Al, Mn, B, Ni, SO4 and conductivity or the period between 1988 
and 2019 for D2 (presented in Figures B17 and B18 in Appendix B), continue to show a gradual rising trend 
during the 2003-2010 monitoring period, consistent with the rising trend observed during the 1988-2003 
monitoring period. 

The groundwater quality trends in Bore D2 do not exhibit any shifts in quality between 2003 and 2010 that 
may indicate effects on groundwater quality as a result of dry ash emplacement in the KVAR. 

D3 – Site 34 

The Groundwater quality results in Table 5-2 indicate that the 95th percentile concentrations of key 
parameters increased marginally from baseline values (1988-2003) at D3 during the 2003-2010 for SO4, Cl, 
As, Cd, Mn, Ni, and Se, and an overall increase in conductivity, with other parameters showing decreasing or 
stable trends. Cd, Ni and Se increased to concentrations exceeding WQGVs, whilst Pb dropped below.   

Time series records of indicator parameters Al, Mn, B, Ni, SO4 and conductivity for the period between 2003 
and 2010 for D3 (Figures B19 and B20 in Appendix B), show a generally stable to indistinctly increasing 
trend in key water quality parameters. 

The groundwater quality trends in Bore D3 do not exhibit any shifts in quality between 2003 and 2010 that 
may indicate effects on groundwater quality as a result of dry ash emplacement in the KVAR.  
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D4 – Site 35 

The Groundwater quality results in Table 5-2 indicate that the 95th percentile concentrations of key 
parameters increased from baseline values (1988-2003) at D4 during the 2003-2010 for SO4, As, B, Be, Ni 
and Mn, but with a relative decrease or stable trend in other parameters, with Pb and Se dropping below 
their respective WQGV trigger values. pH decreased to marginally below lower limit of WQGV range at pH 
6.3. 

Time series records of indicator parameters Al, Mn, B, Ni, SO4 and conductivity for the period between 1988 
and 2019 for D4 (Figures B21 and B22 in Appendix B), show a continuation of the rising trend in 
concentrations of SO4, Mn and B with corresponding rise in overall groundwater conductivity at D4 for the 
2003-2010 monitoring period.  

The groundwater quality trends in Bore D4 do not exhibit any shifts in quality between 2003 and 2010 that 
are likely to be attributed to the KVAR. The increasing trend preceding and up to 2010 appear to be 
concurrent with ash emplacement in SSCAD and likely reflect seepage to bore D4, until the SSCAD seepage 
collection system was installed, following which point stable to decreasing trends are observed for many 
contaminants.  

2010-2019 

D2 – Site 33 

The results presented in Table 5-2 indicate that the 95th percentile concentrations of key water quality 
parameters in groundwater at D2 increased marginally for SO4, B, Mn, Ni during the 2010-2019 monitoring 
period, with a corresponding increase in overall conductivity. Remaining parameters generally decreased or 
remained stable with a decrease in overall pH (pH 3.6) and Cr and Se dropped to concentrations below their 
relevant WQGVs. 

Figures B7 and B18 in Appendix B presents time-series charts of the concentrations of indicator parameters 
Al, Mn, B, Ni, SO4 and conductivity for the period of 1988-2019 for D2. The results show a noticeable 
increase in the rate of the rising trend at D2 for conductivity, SO4, Mn, Ni, and B during the period between 
July 2012 and March 2014, corresponding with the timing of pumping from LC to SSCAD via the Return 
Canal, which is proximal to D2. Following March 2014, KVAR ceased operation and ash production and 
concentrations of key water quality parameters in D2 subsequently stabilised.  

D3 – Site 34 

The results presented in Table 5-2 indicate that the 95th percentile concentrations of key water quality 
parameters in groundwater at D3 increased for SO4, Cl, Al, B, Cu, F, Fe, Mn, Ni, and Zn during 2010-2019 
monitoring period, with a corresponding increase in overall conductivity. Remaining parameters generally 
decreased or remained stable with a drop in overall pH (pH 5.2). As, Ba, Cr, Pb and Se dropped to 
concentrations below the WQGVs. 

Figures B19 and B20 in Appendix B present time-series charts of the concentrations of indicator parameters 
Al, Mn, B, Ni, SO4 and conductivity for the period of 1988-2019 for D3. The results show a drop in SO4 and 
overall conductivity between October 2011 and Feb 2012, corresponding with pipe leakage from Springvale 
Mine and subsequent localised groundwater recharge. Following July 2013, and the commencement of 
discharge from Springvale Mine at LDP009, there is a gradual increase in concentrations of SO4, Ni, Al and 
conductivity along with a trend of rising groundwater levels at D3, contrary to general trends.  

The water quality results for D3 from the 2010-2019 monitoring period indicate that the commencement of 
discharge from Springvale Mine at LDP009, has likely resulted in increased mixing between the SSCAD / 
KVAR / KVAD and groundwaters at D3. This has resulted in increasing concentrations of water quality 
parameters in D3 and decreasing pH.  

Since February 2017, concentrations of key water quality parameters in groundwater from D3 have risen 
substantially at a significant rate, however generally remain below the WQGVs. The cause of the recent 
increase in concentrations is currently unknown, however may be related to the continuing rise in 
groundwater levels and subsequent interactions with groundwaters of the KVAR / KVAD and / or SSCAD. 
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D4 – Site 35 

The results presented in Table 5-2 indicate that the 95th percentile concentrations of key water quality 
parameters in groundwater at D4 have generally remained stable or decreased during the 2010-2019 
monitoring period, with the exception of Cl, Al and B, which have increased marginally with B increasing to 
concentrations above its WQGV.   

Figures B21 and B22 in Appendix B present time-series charts of the concentrations of indicator parameters 
Al, Mn, B, Ni, SO4 and conductivity for the period of 1988-2019 for D4. The results show stable to decreasing 
trends for SO4, Mn, and Ni during the 2010-2019 monitoring period.  

The timing of erratic signals observed in Al at D4 correspond with the timing of decreasing concentrations of 
SO4, Mn, and Ni, which in turn correspond with the timing of commencement of discharge of Springvale Mine 
Water at LDP009. These results indicate that the discharge from Springvale Mine is locally influencing 
groundwater quality at D4.  

The groundwater quality trends in Bore D4 do not exhibit shifts in quality that can be directly attributed to the 
KVAR due to the trend of increasing concentrations in the preceding monitoring period.  

5.2.4 Upgradient of SSCAD and KVAR / KVAD 

1988-2003 

D1 – Site 32  

The results presented in Table 5-2 indicate that the 95th percentile concentrations of key parameters in D1 
were generally below the adopted WQGVs with the exceptions of Cd, Cr, Cu, Fe and Pb. pH was also below 
the lower limit of the WQGVs at pH 6.16. The greatest exceedance of WQGVs included Cr, Cu and Fe, 
which were up to 10 times their corresponding WQGVs. The results also show that unlike locations proximal 
/ within and downgradient of the KVAR / KVAD, SO4, Mn, B, and Ni are not significant components of the 
composition of groundwater. 

Figures B23 and B24 in Appendix B present time-series charts of the concentrations of indicator parameters 
Al, Mn, B, Ni, SO4 and conductivity for the period of 1988-2019 for D1. The results show that concentrations 
of key water quality parameters are generally stable to decreasing during the 1988-2003 monitoring period. 
Water quality in D1 is not affected by the KVAR. 

2003-2010 

D1 – Site 32 

The results presented in Table 5-2 indicate that the 95th percentile concentrations of key water quality 
parameters in groundwater at D1 generally remained stable or decreased marginally during the 2003-2010 
monitoring period. Records for concentrations of Al become available during this monitoring period and are 
recorded at levels exceeding the WQGVs. 

Figures B23 and B24 in Appendix B present time-series charts of the concentrations of indicator parameters 
Al, Mn, B, Ni, SO4 and conductivity for the period of 1988-2019 for D1, with the exception of SO4 which 
shows a slight increasing trend towards the latter half of the monitoring period. The results show that 
concentrations of key water quality parameters are generally stable to decreasing during the 2003-2010 
monitoring period. Water quality in D1 is not affected by the KVAR. 
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2010-2019 

D1 – Site 32 

The results presented in Table 5-2 indicate that the 95th percentile concentrations of key water quality 
parameters in groundwater at D1 generally remained relatively stable or decreased during the 2010-2019 
monitoring period, with the exception of SO4, Cl, B, Mn and Zn which increased marginally alongside overall 
conductivity. Concentrations of Cd and Fe subsequently dropped below the adopted WQGVs as a result of 
the declining trend. 

Figures B23 and B24 in Appendix B present time-series charts of the concentrations of indicator parameters 
Al, Mn, B, Ni, SO4 and conductivity for the period of 1988-2019 for D1. In general, concentrations of indicator 
parameters show decreasing trends but higher volatility in results during the 2010-2019 monitoring period, 
likely as a result of declining groundwater levels and increasing importance of rainfall recharge on 
groundwater quality at D1.  Contrary to general trends of declining concentrations of water quality indicator 
parameters, SO4 and B show slightly increasing trends. The noted increase in these parameters may be as a 
result of oxidation of local pyrite bearing strata and subsequent development of sulfuric, acidic leachate, 
however the exact cause of the trend is not yet known. Water quality in D1 is not affected by the KVAR.
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6 Summary  
 
 

This 2018-2019 water quality monitoring report is required for the NSW Department of Planning and 
Environment’s Development Consent Conditions for the Kerosene Vale Ash Repository and because the 
Wallerawang Power Station’s Environment Protection Licence (EPL 766) as of 1 January 2019 has been 
retained. 

6.1 KVAR Impacts on Surface Water Quality 
In general, the surface water quality monitoring over the last year (2018-2019) indicates quasi-stable or slight 
improving trends in all the key water quality parameters observed at the various surface water monitoring 
locations. 

Surface Water Receiving Site 
Review of both recent (2018-2019) and historical (1991-2019) data for surface water monitoring associated 
with the KVAR has identified that the KVAR is currently not having a measurable impact on surface water 
quality in Sawyers Swamp Creek (SSC) at the designated surface water receiving site (WX7). Results 
indicate that the current water quality in SSC at WX7 is dominated by discharge from Springvale Mine at 
LDP009, which discharges approximately 18ML/d to SSC. 

The historical available data indicates that generally the 95th percentile concentrations of arsenic, iron and 
molybdenum within the adjacent mine discharge exceed the adopted water quality guidelines. This is likely 
contributing to the resultant 95th percentile exceedances in concentrations of arsenic and molybdenum at 
WX7. 

Additional Sites 
Review of additional surface water monitoring sites associated with the KVAR has identified that the KVAR is 
having a quantifiable impact to surface water quality at the Lidsdale Cut, along with the surface water 
seepage sites (Sites 80, 81, 86 and 87). It is noted however that these sites do not represent identified 
receiving water sites and therefore the surface water quality results are not directly relevant to development 
consent conditions or water quality in SSC. 

Review of the long-term water quality data (Table 5-1) for Dump Creek (WX11/monitoring point 39) indicates 
that concentrations of B, Cr, Fe, and Zn exceeded WQGVs during the pre-KVAR period (1991-2003), whilst 
pH was relatively neutral (pH 8.0). Between 2003 and 2010 there is a noted trend of increasing 
concentrations in water quality parameters in Dump Creek, including SO4, Al, B, Cd, Cr, Cu, Fe, Mn, Ni, Pb, 
Se and Zn, resulting in further exceedances of water quality parameters. The increasing trend in water 
quality parameters occurs in conjunction with rising groundwater levels in Bore D3 (monitoring point 34), 
located upgradient of the KVAR / KVAD.   

Between 2012 and 2019 concentrations of water quality parameters continue to rise in apparent correlation 
with groundwater levels in bore D3. Accordingly, the 95th percentile concentrations of water quality 
parameters at Dump Creek currently exceed water quality parameters for Al, B, Cd, Cu, F, Fe, Mn, Ni, Pb 
and Zn, whilst pH is now highly acidic (pH 3.1); (Table 4-2). 

The long-term water quality and recent monitoring results (2018-2019) for Dump Creek indicate a possible 
impact from the KVAR on surface water quality. However, due to the complexity of current and historic land 
use activities, including local chitter deposits, pumping and discharge regimes for the KVAD and SSCAD, it is 
not considered suitable to directly attribute any impacts observed to a single source such as the KVAR. The 
observed results do however suggest that further hydrogeological investigation is required to provide an 
improved resolution on the factors contributing to water quality in Dump Creek, including isolating potential 
contributions from SSC, SSCAD, and the KVAD to groundwater and surface water quality. 
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Interpretation of long term water quality data (Table 5-1) for Lidsdale Cut Pond (WX5/monitoring point 40) is 
complicated by the re-location of sampling points used to sample Lidsdale Cut Pond. It is noted however that 
an overall similar trend of rising concentrations is observed in Lidsdale Cut Pond (WX5), with an overall 
increase in the number of parameters exceeding WQGVs along with an increased relative magnitude of 
exceedances. Similar to Dump Creek, the complexity of current and historic land use activities, including 
local chitter deposits, the KVAD and SSCAD suggest that it is not suitable (based on the data set available) 
to directly attribute any impacts observed solely to a single source such as the KVAR. It should be noted 
however that the Lidsdale Cut Pond forms part of the operational water reticulation system and is not 
classified as a “receiving environment” location.  

The KVAR does not appear to be affecting water quality for sites 225, 93, or 83 (which are dominated by 
discharge from Springvale Mine); sites 38 and 79 (which are dominated by water quality from SSCAD) or site 
92 which is located in the middle-upper portions of the catchment upgradient of the SSCAD and KVAR. 

Water quality data collected at Site 38 (representing the SSCAD Water Input from the Return Canal) has 
shown a significant improvement since December 2017, with the concentrations of all tracked parameters 
(Figures A11 and A12) steadily decreasing over this time. Operational discharge into this canal has ceased 
and natural runoff has now become the dominant contributor to the flows observed. 

Both the recorded SO4 concentrations and the conductivity levels have been decreasing at Site 86 (KVAR / 
KVAD North Wall runoff collection) since May 2018 (Figure A19). Further investigation into this improvement 
would be required to determine the cause. 

6.2 KVAR Impacts on Groundwater Quality 
In general, the groundwater quality trends have been less consistent compared to the surface water quality 
trends over the last year. A mix of steady, fluctuating and upward/downward trends have been observed on 
the site. The demarcated “receiving environment” location (D5 / 36) has shown a fluctuating but stable trend 
with regards to the key parameters which are being tracked. 

Groundwater Receiving Site 
A review of groundwater quality in Bore D5 (Site 36) in correlation with groundwater levels in Bore D3 (Site 
34) has found that: 

 Between 1988 and 2003 (pre-KVAR emplacement) 95th percentile concentrations of water quality 
indicator parameters Mn, B, and Al exceeded water quality guideline values (WQGVs), whilst SO4 and Ni 
were notably elevated above background, and pH was moderately acidic at pH 4.7. Time series data on 
groundwater elevations in D3 indicates a rise and fall in groundwater elevations during this period (1988-
1994), which show little effect on the concentrations of water quality parameters.  

 Concentrations of water quality parameters in Bore D5 generally remained stable until 2008, following 
which point there is a noted rise in concentrations of water quality indicator parameters SO4, Mn, B, Al, Ni, 
and conductivity (to concentrations greater than historic results), along with a drop in pH to more acidic 
conditions (pH 4.09). The observed rise in concentrations in Bore D5 occurs in conjunction with a 
groundwater level rise in Bore D3 to elevations exceeding 920 mAHD. As this pattern is not observed in 
historic data for Bore D5, the results indicate a possible influence from the KVAR, associated with 
groundwater migration into the KVAR upgradient of Bore D5. 

 Water quality in Bore D5 generally improved following February 2010, indicating possible unblocking of 
the Stage 1 KVAD toe drains resulted in an improvement of groundwater quality. Subsequently, the 
concentrations of water quality parameters in Bore D5 generally decreased towards pre-KVAR 
concentrations until July 2013, following which point there are significant fluctuations in water quality, with 
95th percentile concentrations of water quality parameters greater than historical background (1988-2003) 
values. The observed fluctuations in water quality parameters are observed in conjunction with 
fluctuations and an overall rise in groundwater levels in bore D3, which is likely to be attributed discharge 
from Springvale Mine upgradient of the KVAR.  

 The results at Bore D5 are also interpreted to be influenced by seepage from SSC, however this is likely 
to have a dilutive rather than additive effect on the concentrations of water quality parameters as SSC is 
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relatively reduced in concentrations of indicator parameters. The relative effect of SSC dilution on 
groundwater quality downgradient of the KVAR / KVAD can be observed comparison of Bore D5 with 
Bore D6, which is located downgradient of the Stage 1 KVAR area and away from SSC, and shows a 
similar relationship between groundwater levels in Bore D3 and water quality trends post 2007. 

 For the current monitoring period (2018-2019) groundwater at D5 currently exceeds WQGVs for Al, B, 
Cd, Cr, Cu, Fe, Hg, Mn, Ni, Pb and Zn.  

The concentrations of indicator parameters in Bore D5 are notably elevated above pre-KVAR values 
following the rise in groundwater levels in 2008 to elevations >920 mAHD. Decreased pH, and increased Ni 
and SO4 are potentially indicative of a fresh dry ash source. Comparison of water quality data in Bore D5 
with that of Bore D6 suggests that discharge through SSC as a result of Springvale Mine Discharge from 
LDP009 is having a potential effect (likely dilutive) on water quality in D5 through local seepage to 
groundwater adjacent to SSC. 

Additional Sites: D1, D2, D3, D4, D6, AP09, AP17 
Review of additional groundwater monitoring sites associated with the KVAR has identified elevated 
concentrations of water quality parameters in Bore D6, along with KVAD monitoring bores AP09, AP17, 
KVAD Seepage. 

The long-term water quality monitoring results for Bore D6 show a recent rising trend in concentrations of key 
water quality parameters in the period following 2008 and in conjunction with a groundwater level rise in Bore 
D3 (located upgradient of the KVAD / KVAR). The observed trend in rising concentrations in Bore D6 has 
continued since 2008 in conjunction with a trend of rising groundwater levels in Bore D3, which is sustained 
artificially by discharge from Springvale Mine at LDP009.  

Similar to bore D5, historic pre-KVAR water quality (1988-2003) in D6 was elevated with respect to a number 
of water quality parameters including indicator parameters Ni and Mn, and displayed a relatively reduced pH 
(pH 5.6). An increasing trend for several indicator parameters are subsequently observed for D6 between 
2003 and 2010, concurrent with the start of rising groundwater levels in Bore D3.  Between 2010 and 2019 
with the continued rising trend groundwater at Bore D3, there is a correlated rising trend in water quality 
parameter concentrations at Bore D6, including concentrations of SO4, Al, B, Mn and Ni between, along with 
a further reduction in pH. Subsequently the 95th percentile concentrations of water quality parameters within 
bore D6 currently exceed WQGVs for several parameters, including indicator parameters TDS, SO4, Al, Mn, 
Ni, and conductivity. Zinc is above WQGVs and pH is below the lower WQGVs limits (pH 4.5). 

Groundwater quality within the KVAR / KVAD shows variable response due to the complex system of toe 
drains, canals and pumping regimes. Overall groundwater quality at AP09 and AP17 representing the 
northern wall of the KVAD has deteriorated since 2010, along with groundwater quality at D6 located 
downgradient of the KVAR / KVAD. This is attributed to recirculation and concentration of water through the 
return canal in July 2012 for D6 and rise in water levels, flooding the KVAR as a result of Springvale Mine 
Discharge for AP09 and AP17. 

Groundwater monitoring site D4 appears to have historic water quality impacts, potentially associated with 
the KVAR, however, is currently dominated by water quality from SSC and Springvale Mine Discharge.  

Groundwater monitoring Site D2 is not quantifiably impacted by the KVAR and concentrations of key water 
quality parameters are generally below the WQGVs, with the exception of pH which is below the lower limits.  

Groundwater quality at site D1 reflects conditions in the middle-upper portions of the catchment, upgradient 
of the SSCAD and KVAR. pH is below the lower limit and concentrations of Al, Cr, Cu and Pb generally 
exceed WQGVs. 
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7 Limitations 
 
 

This report is for the exclusive use of EnergyAustralia only. No warranties or guarantees are expressed or 
should be inferred by any third parties. This report may not be relied upon by other parties without written 
consent from Aurecon. 

This report has been prepared based on the scope of services provided. Aurecon cannot be held responsible 
to the Client and/or others for any matters outside the agreed scope of services. Other parties should not rely 
upon this report and should make their own enquiries and obtain independent advice in relation to such 
matters. 

This report has been prepared by Aurecon with reasonable skill, care and diligence, and taking account of the 
timescale and resources allocated to it by agreement with the Client. Information reported herein is based on 
the interpretation of data collected by others (data, surveys, analyses, designs, plans and other information), 
which has been accepted in good faith as being accurate and valid. Aurecon performed the services in a 
manner consistent with the normal level of care and expertise exercised by members of the environmental 
services and consulting profession. No warranties express or implied, are made. 

Except where it has been stated in this report, Aurecon has not verified the accuracy or completeness of the 
data relied upon. Statements, opinions, facts, information, conclusions and/or recommendations made in this 
report (“conclusions”) are based in whole or part on the data obtained, those conclusions are contingent 
upon the accuracy and completeness of the data. Aurecon cannot be held liable should any data, information 
or condition be incorrect or have been concealed, withheld, misrepresented or otherwise not fully disclosed 
to Aurecon leading to incorrect conclusions. 

The report should not be applied for any purpose other than that originally specified at the time the report 
was issued. 
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Appendix A 
Surface Water Quality Trends 1991-2019 
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Appendix B 
Groundwater Quality Trends 1988-2019 
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Appendix C 
2018 – 2019 Surface Water / Groundwater Monitoring 
Results and Summary Statistics 
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Appendix D 
D1 – D6 Borehole Logs 
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