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1 GROUNDWATER MONITORING 

1.1 BACKGROUND 

Groundwater monitoring at Calga Sand Quarry is a requirement under Consent Condition 3(11) 
of DA 94-4-2004, which specifies the preparation of a Groundwater Monitoring Programme 
(GWMP).  This report forms the third annual independent audit review of groundwater 
monitoring and performance, and covers the monitoring period January to December 2008. 
Monitoring against specific groundwater level and quality criteria is also required as part 3(17) 
of the Consent, as detailed in Section 5 of this report.  

During the monitoring period, Rocla Pty Ltd, trading as Rocla Quarry Products (Rocla) monitored 
26 groundwater bores, both within the Calga site and on neighbouring properties to collect data 
on groundwater levels and quality, and to monitor for any potential impacts from sand 
exctraction on water supply bores on the neighbouring properties. 

The monitoring bores are located as shown on Figure 1, and are listed, along with bore 
construction details, in Table 1.1. 

The monitoring bore network is broadly consistent with the list detailed in Section 6.2.3 of the 
Site Water Management Plan (Corkery, 2006) (SWMP), with the following minor exceptions: 

▼ Monitoring bore CQ10 was intended to be located between CQ1 (easternmost end of Rocla 
quarry site) and CP8, the Rozmanec water supply bore.  However, as approval was not 
granted to drill on the Rozmanec property, the bore was relocated to the closest available 
location on the Rocla quarry site, near bore CQ1.  A single (deep) piezometer was drilled 
at the new CQ10 site.  The proposed shallow piezometer at the CQ10 site was not drilled 
due to nearby bores CQ1 and MW9, both already being screened at shallow depth. 

▼ An additional monitoring bore CQ13 was drilled adjacent to CP3, Gazzana’s domestic 
bore. 

In order to provide a more comprehensive review of responses to climatic variation (both in 
terms of groundwater level and quality), monitoring bores drilled as part of the southern 
extension to the mine have been included within this report, even though they are not 
specifically referred to in the site Environmental Monitoring Procedures Manual.  

1.2 MONITORING FREQUENCY 

Within the SWMP, monitoring of groundwater levels and quality is required as follows; 

▼ Water Levels:  

o  Rocla’s monitoring bores (automatic recorders at a nominal 6-hourly interval). 

o Privately-owned bores (minimum of quarterly). 

▼ Water quality:   

o On-site determination of electrical conductivity (EC) and pH every two months. 

o Comprehensive laboratory analysis (including major ions and dissolved metals) 
every six months. 

Each month, the standing water level (SWL) was measured manually in all accessible bores.  In 
addition, an automatic water level recorder has been installed in fourteen of the bores, and 
these have been set to record the water level every 6 hours. 

Each monitoring bore was sampled monthly to determine the EC and pH, and six-monthly for 
comprehensive laboratory analysis. 

The monitoring results are compiled into monthly Environmental Monitoring Reports (Carbon 
Based Environmental, 2008) which are posted on the Rocla website. 

During the 2008 monitoring period, access to some sites was limited, as follows; 
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▼ Access was not granted to conduct any monitoring or sampling from either CP1 or CP2 
(Gazzana production bores).   

▼ Limited access was granted to bore CP8 on the Rozmanec property.  Data were only able 
to be collected during April and October 2008. 

▼ A depth to water level reading was unable to be taken at Bore CP6 during April 2008; field 
notes record that this was due to water running back into the bore. 

▼ Access to site MW10 was not possible in June 2008, however the monitoring series for the 
remainder of the year is complete for this bore. 

▼ Monitoring of water levels and water quality at the uncased bores MW13 and MW16 re-
commenced in September 2008. 

During April 2008 the bore CQ2 was ‘mined out’ and has therefore been lost from the 
monitoring network.  
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 Table 1.1: Monitoring Bores Construction and Location Details 

Location (MGA) Groundwater 
Production Interval 

Screen Interval Water Level** Bore Old Name 

Easting Northing 

Ground 
Level 
(mAHD) 

Stick-up 
(m) 

Bore 
Depth 

(mBGL) (mAHD) (mBGL) (mAHD) (m below 
TOC) 

(mAHD) 

Data-logger Depth from 
TOC (m) 

Water Supply Bores on Neighbouring Properties 

CP1 PB1 333543 6301911 193.53 0.02 60.9 NR  -   - 

CP2 PB2 333559 6302042 198.75 0.12 40.0 11–13 185–188 -   - 

CP3 
Gazzana 
Domestic 

Bore 
334069 6301873 215.95 0.15 76.2 NR  - 9.75 206.35 - 

CP4 - 334121 6301830 est 218  44.0 
13.9 14.1 
27.3 27.7 

205 
191 

Open hole 9.04 208.96 - 

CP5 - 334057 6302043 est 218  76.0 

10.1–10.2 
20.4–20.5 
38.3–38.6 
61.2–61.3 

 Open hole 16.9 201.1 - 

CP6 -   est 215  92.0 
16.5–16.8 
62.7–63.0 
76.2–76.5 

 Open hole 14.4 200.6 - 

CP7 - 333967 6302048 est 205  76.2 4.8–39.5  Open hole 2.36 202.64 - 

CP8 Rozmanec 334771 6301553 est 225  ? 
20.6–20.7 
44.3–44.6 

184 
160 

Open hole 
  

- 

- 334378 6301432   55.0 
17-5–17.8 
43.8–44.2 

 Open hole   - 

- 

Rocla 
House 
bores 

    40.0 NR     - 
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Location (MGA) Groundwater 
Production Interval 

Screen Interval Water Level** Bore Old Name 

Easting Northing 

Ground 
Level 
(mAHD) 

Stick-up 
(m) 

Bore 
Depth 

(mBGL) (mAHD) (mBGL) (mAHD) (m below 
TOC) 

(mAHD) 

Data-logger Depth from 
TOC (m) 

- 334350 6301555   46.0 
26.2–26.5 
41.4–41.8 

 Open hole   - 

Rocla Monitoring Bores 

CQ1 - 334506 6301417 221.405 0.73 27.6   24.1–27.1 
194.3–
197.3 

19.32 
202.811 

27 

CQ2 -             

CQ3 - 333723 6301299 180.451 0.57 21.8   18.3–21.3 159.2–
162.2 

10.54 
170.483 

21 

CQ4 - 334150 6301799 214.826 0.68 20.0   16.4–19.4 
195.4– 
198.4 6.81 208.698 20 

CQ5 G31 333898 6301649 212.7 0.83      5.66 207.867  

CQ6 G32 333737 6301712 206.6 0.87      13.46 194.005  

CQ7 G33 333950 6301683 204.3 0.85 29.7   20.7–26.7 
177.6–
183.6 

6.27 
198.883 

29 

CQ8 G34 333790 6301778 200.9 0.86 26.6   17.7–23.7 
177.2–
183.2 

8.79 
192.974 

26 

CQ9 G35          9.26 181.337  

CQ10D -   ~212  57   51–57 155–161 22.06 189.94 30 

CQ11S - 334172 6301827 ~220  38   32–38 182–188 8.22 211.78 30 

CQ11D - 334164 6301825 ~220  65   59–65 155–161 9.57 210.43 30 

CQ12 - 333800 6301805 ~201  15   9–15 186–191 4.80 196.2 15 
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Location (MGA) Groundwater 
Production Interval 

Screen Interval Water Level** Bore Old Name 

Easting Northing 

Ground 
Level 
(mAHD) 

Stick-up 
(m) 

Bore 
Depth 

(mBGL) (mAHD) (mBGL) (mAHD) (m below 
TOC) 

(mAHD) 

Data-logger Depth from 
TOC (m) 

CQ13 - 334131 6301922 ~220  65   59–65 155–161 12.18 207.82 30 

Monitoring Bores on Rocla Southern Extension 

MW7 - 334506 6300226 209.92 0.87 30.0     15.63 195.16 30 

MW8 - 334011 6300298 191.03 0.88 30.0     7.28 184.625 30 

MW9 - 334543 6301387 223.56 0.88 27.0     21.39 203.045 27 

MW10 - 333716 6300992 163.14 0.87 30.0     13.09 150.915 30 

MW13 - 334236 6300819 178.42 0.89      7.88 170.54 - 

MW16 - 334027 6300943 173.67 0.89      8.53 165.14 - 

** Water level as at 2 December 2008 
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2 RAINFALL AND EVAPORATION 

Monthly rainfall and evaporation data from Calga and the nearest Bureau of Meteorology site 
Peats Ridge (BoM Station No. 061351) are presented in Table 3.  Rocla Quarry site has been 
recording daily rainfall events since April 2006. 

Total rainfall at Calga for the period January – December 2008 was 1175 mm, compared with 
1601.1 mm at the BoM Peats Ridge gauge (Table 2.1).  The Peats Ridge total exceeded the 
long-term average total rainfall (1211.1 mm) by 25%. 

Significant rainfall totals, in comparison to 2007 data, were recorded during early 2008 
(January, February, March and April) and again during September.  Rainfall in each of these 
months, with the exception of March, exceeded the long-term average (LTA) totals recorded at 
Peats Ridge.  Recorded rainfall totals during September 2008 (143.6mm at Calga and 215.0mm 
at Peats Ridge) were near twice, and three times, the Peats Ridge LTA of 76.6mm respectively. 

Table 2.1: Monthly Rainfall and Evaporation 

Total Rainfall (mm) Total Evaporation 
(mm) 

Month 

Calga 
Site 

Peats 
Ridge* 

Peats Ridge* Long-Term 
Average 

Peats Ridge* 2008 

Jan 2008 148.4 175 117.2 106.4 

Feb 2008 179.2 282.2 162.2 68.8 

Mar 2008 103.4 68.0 138.6  100.0 

Apr 2008 185.2 290.9 127.8 126.6 

May 2008 11.0 6.0 98.1 49.8 

Jun 2008 153.8 169.2 48.0 43.5 

Jul 2008  65.6 48.2 65.7  59.2 

Aug 2008 40.6 44.0 83.9 83.7 

Sep 2008 143.6 215.0 76.6 128.4 

Oct 2008 77.6 85.6 90.6 131.6 

Nov 2008 (15.2) 128.4 107.3 113.8 

Dec 2008 51.4 88.6 95.1 147.4 

Total Jan-Dec 
2008 

1175.0 1601.1 1211.1 1159.2 

*Bureau of Meteorology (BoM) Station No. 061351.  Long-term averages derived from 26-year period 1981-2009. 

() Note for November data at Calga rainfall totals from 14-24 November were not available 
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3 GROUNDWATER LEVELS 

Groundwater levels are presented graphically as hydrographs, along with rainfall and 
evaporation data, in Figures 2 to 12. 

Generally, the hydrographs show an overall steady or natural recession of groundwater levels in 
all bores throughout the review period, and there is no evidence of any adverse impacts on 
groundwater levels from the quarry operations during 2008. Groundwater levels in the majority 
of bores remain well above those recorded at the commencement of monitoring in mid-2006. 

During the previous review period (January – December 2007) substantial rainfalls were 
recorded with a corresponding resultant rise in groundwater levels across the site.  Calga and 
Peats Ridge rainfall records for 2008 show that during the early part of the year monthly rainfall 
totals were above the long-term average (for the nearest Bureau of Meteorology Station Peats 
Ridge).  Significant rainfall was recorded early in the year (January, February, and April) with 
recharge from these events evident in a number of bores. The majority of the following winter 
months then had considerably lower rainfall than the LTA, and the response in groundwater 
levels was generally subdued. The observed decrease in water levels can therefore be attributed 
to a natural recession in groundwater levels following this relatively dry winter period. 

Monitoring bores CQ11S and D, CQ13 and CQ4 all show marked response to nearby pumping 
from one or more of the domestic water supply bores.  Groundwater levels in CQ13 are 
presented as a hydrograph in Figure 8; the impact of pumping from the adjacent Kashouli Bore 
CP4 can be clearly observed. A similar apparent cyclic pumping pattern is observed on the 
hydrographs of CQ11S and CQ11D, attributed to intermittent pumping from the adjacent 
Gazzana bore CP3. 

Water levels of monitoring bores (MW7, MW8, MW9, and MW10) within the southern extension 
area (Figures 10 and 11), south of the existing quarry, show generally stable conditions with 
gradual recharge responses through the first part of the year followed by a gradual recession 
through the period July to December.  A spike in water levels was observed in bore MW7 in 
April; this may be attributed to a recharge response, however, given the lack of response in 
surrounding bores this reading appear to be anomalous. Water level changes are particularly 
muted in MW9 indicating an attenuated response to rainfall recharge.  Monitoring re-
commenced at bores MW13 and MW16 during September 2008; both bores showed a gradual 
recession in water levels from September to December. 

Bore CQ3 continue to show a repeated short-term drawdown response to monthly sampling by 
bailing as noted in previous years.  The slow recovery rate of water levels in this bore following 
bailing is indicative of lower aquifer permeability (in comparison to other bores across the site).  
Other bores showed little or no residual impact from either sampling or hydraulic testing. 

Long-term hydrographs of CQ1-CQ4 for the period 2001 to 2008 are presented in Figure 9.  
Throughout 2007 significant recovery in water levels has been recorded in all bores, in contrast 
to the gradual decline observed throughout earlier years.  During 2008 water levels in CQ1 and 
CQ2 continued to recover and are now above those recorded at the start of the monitoring 
period. 

Water levels in CQ2 fluctuated considerably throughout 2007, rising by over 3m and peaking in 
early July following significant rainfall throughout June.  By December 2007, water levels had 
fallen but remained around 1.4m above those recorded at the beginning of the year. 

Water levels in CQ4 show the most significant rise in 2007, increasing by around 3.5m during 
the monitoring period. Water levels in this bore peaked in early July, following the June 
recharge event and have since fluctuated over a range of approximately 1m. 

Manual monthly readings of depth to water level taken in domestic water-supply bores CP3 to 
CP8 are shown in Figure 8.  As these bores are active production bores, the recording of 
manual data is subject to significant variations depending on when during the pumping cycle the 
reading is taken.  During 2008, the water levels in all bores, with the exception of CP8, show an 
overall decline of generally between 2 metres and 4 metres between May and December.  The 
most significant of these increases was recorded at CP4.  Water level data for CP8 are sparse, 
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however, the information available suggests groundwater levels at this site are showing a 
steady gradual recovery. 
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4 GROUNDWATER QUALITY 

Field measurements of EC and pH were recorded monthly from all accessible bores. A summary 
of the field sampling results is provided in Table 4.1. Samples for comprehensive laboratory 
analysis were collected in April and October 2008. The results of laboratory analysis are 
presented in Tables 4.2 and 4.3. There is a high degree of consistency between field and 
laboratory data for both EC and pH, indicating that it is reasonable to use the laboratory data to 
examine long term trends.  

The EC data show the groundwater to contain generally low concentrations of dissolved ions; EC 
values range between approximately 70-300 µS/cm.  The pH is low typically ranging from pH 
4.0 to pH 6.0. This is consistent with previous years.  

Trend analyses for EC and pH are shown in Figures 13 to 20. These figures show trends of all 
the laboratory monitoring data gathered to date. Laboratory data has been used rather than 
field data in order to provide consistency with the metals and nitrate analyses presented later. 
The analysis has been grouped within the following geographical areas: 

▼ Figures 13 and 14 show EC and pH trends for domestic water-supply bores CP 3 – 8, 
located to the north and east of the quarry. EC levels in this area are generally stable, 
except for October 06 to April 07 at the start of the monitoring period, when there was a 
widespread, slight increase in EC in all boreholes. This is almost certainly a continuation 
of a trend in groundwater quality that would have occurred through the preceding drought 
period. The only borehole that continues a rising trend is CP7. This borehole is furthest 
away from the sand quarry, has one of the lowest groundwater levels, and, as discussed 
below, has high nitrate levels. It therefore appears that this borehole may be subject to 
low levels of contamination, possibly from surface waters (although it should be noted 
that the water quality is still generally good. The trend is clearly not associated with 
mining activity. pH in all boreholes is low, but stable, with the light exception of CP7, 
which shows increasing pH and a large ‘spike’ in April 08.  

▼ Figures 15 and 16 show EC and pH trends for boreholes CQ 4 – 9 and 11 - 12, located 
in the northern part of the quarry monitoring network. As discussed above, there is a 
slight deterioration in water quality associated with the end of the drought trend in the 
2006 – 2007 period. EC trends have been broadly stable since then, although there has 
been a steady improvement in water quality in some boreholes. Following the 
groundwater recovery from April 07 onwards, there is a noticeable improvement in 
boreholes CQ6 and CQ8 from August 2007 to March 2009. Both of these demonstrated a 
large increase in groundwater levels during that period, and the reduction in EC is likely 
to be associated with a ‘freshening’ caused by ongoing rainfall recharge around those 
boreholes. The pH levels for the boreholes in this group are low, but generally consistent 
over time. There is no discernable reason for the ‘spike’ in pH seen in borehole CQ4 in 
September 2008.  

▼ Figures 17 and 18 show EC and pH trends for boreholes CQ 1 - 3 and 10, located in the 
southern central part of the monitoring network. EC and pH values in this area show 
some fluctuation, with values varying naturally by more than 20%, but there are no 
noticeable trends and no correlation with climate or mining activity. Boreholes located 
close to each other (e.g. CQ 1 and 10) show varying trends, with little apparent 
consistency.  

▼ Figures 19 and 20 show EC and pH trends for boreholes MW 7 - 10, located in the 
southern part of the monitoring network. As discussed above, there is a slight 
deterioration in water quality associated with the end of the drought trend in the 2006 – 
2007 period. EC trends have been broadly stable since then. For pH, there is a noticeable 
‘spike’ in all boreholes around April 2008. There are no discernable water level, or mining, 
associated causes of this. Because this event was also seem in borehole CP7, well to the 
north, it is possible that it was caused by an individual rainfall event, which may have 
introduced some surface waters into some boreholes via rapid recharge mechanisms.  
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Concentrations of some dissolved metals are elevated relative to ANZECC (2000) guidelines for 
freshwater ecosystem protection, as summarised in Table 4.4. These are caused by natural site 
mineralogy and the type and number of exceedances has been broadly constant over the period 
of monitoring. Table 4.5 shows the number of exceedances according to metal type across the 
monitoring network during the full monitoring period. Although natural concentrations of 
aluminium, copper, lead and zinc regularly exceed the standards, there is no significant trend in 
the number of exceedances that have been recorded.  

Several of the groundwater samples reported elevated nitrate concentrations, ranging up to 
17.8 mg/L compared with the ANZECC (2000) freshwater ecosystem protection guideline value 
of 0.7 mg/L.  Elevated concentrations were recorded at both production and monitoring sites.  
The highest nitrate concentrations were reported in production bores (all values for October 
2008 data unless otherwise indicated; CP4 (3.5 mg/L), CP5 (16.6 mg/L), CP6 (11.6mg/L April, 
9.3 mg/L Oct), CP7 (17.8 mg/L); and CP8 (2.0 mg/L); and at monitoring sites CQ5 (2.2 mg/L), 
CQ6 (14.4 mg/L April, 14.2 mg/L Oct), CQ7 (1.2 mg/L), CQ8 (8.7 mg/L), CQ10 (1.2 mg/L) and 
CQ13 (8.1 mg/L).  Several of these concentrations are near or exceed the Australian Drinking 
Water Guideline Value of 11 mg/L, however, results are generally comparable with those 
reported during the last monitoring period.  

Figures 21 to 24 show nitrate trends in monitoring boreholes grouped according to area, as 
presented for EC and pH above. This shows that all of the high nitrate levels have been 
recorded in the domestic production boreholes and in monitoring boreholes within the northern 
part of the monitored area. These high nitrate values are almost certainly associated with 
farming activities in that area. Nitrate levels in this area are very variable, and generally depend 
on the wetting and drying of the unsaturated ground above the water table (which causes 
nitrates to migrate into the water table).  



CALGA SAND QUARRY 2008 ANNUAL GROUNDWATER PERFORMANCE REVIEW 

GROUNDWATER QUALITY 

 

 Our Reference S4B/B4/600/006b Page 11 
 

Table 4.1: Calga Monitoring Bores – Average of Monthly Field Data 

 

Reference Bore Annual Average of 
Recorded Monthly Field 
Data 

  pH EC 

CQ1 Voutos 4.8 135.5 

CQ2 Voutos 5.5 72.5 

CQ3 Voutos 6.0 125.0 

CQ4 Voutos 5.2 90.0 

CQ5 Gazzana 4.7 180.5 

CQ6 Gazzana 4.5 250.0 

CQ7 Gazzana 4.9 100.9 

CQ8 Gazzana 4.7 179.5 

CQ9 Gazzana 4.8 120.5 

CQ10 Voutos 4.8 154.5 

CQ11S Gazzana 4.6 158.6 

CQ11D Gazzana 5.9 123.6 

CQ12 Gazzana 4.7 152.7 

CQ13 Kashouli 5.2 188.2 

CP3 Gazzana 4.4 162.3 

CP4 Kashouli 5.0 215.6 

CP5 Kashouli 4.5 262.7 

CP6 Kashouli 4.4 230.0 

CP7 Kashouli 4.9 299.5 

CP8 Rozmanec 4.9 140.0 

MW7 Rocla Bore 4.8 119.5 

MW8 Rocla Bore 4.9 103.6 

MW9 Rocla Bore 4.8 90.9 

MW10 Rocla Bore 4.8 122.5 

MW13 Rocla Bore 4.3 106.7 

MW16 Rocla Bore 4.2 116.7 
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Table 4.2: Calga Monitoring Bores – Six-Monthly Laboratory Water Analysis Results (April 2008) 

Bore 

Parameter Units 

ANZECC (2000) Guideline 
Value for Freshwater 
Ecosystem Protection 

CQ1 CQ2 CQ3 CQ4 CQ5 CQ6 CQ7 CQ8 CQ9 CQ10 CQ11S CQ11D CQ12 

pH Value   - 
4.46 4.9 6.15 5.11 4.38 4.2 4.9 4.55 4.55 4.66 4.66 6.23 4.54 

Conductivity @ 25°C μS/cm - 
131 62 123 90 165 270 97 167 114 134 153 117 132 

     
                          

Calcium mg/L - 
<1 <1 1 <1 6 2 <1 <1 <1 <1 <1 1 <1 

Magnesium mg/L - 
3 1 3 1 4 13 2 5 2 3 4 2 4 

Sodium mg/L - 
14 8 12 12 11 14 11 16 13 14 13 14 11 

Potassium mg/L - 
<1 <1 1 <1 2 1 <1 <1 <1 <1 4 <1 <1 

Hydroxide Alk as CaCO3 mg/L - <1 <1 <1 <1 <1 <1 <1 <1 <1 <1 <1 <1 <1 

Carbonate Alk as CaCO3 mg/L - 
<1 <1 <1 <1 <1 <1 <1 <1 <1 <1 <1 <1 <1 

Bicarbonate Alk as CaCO3 mg/L - 
<1 <1 25 <1 <1 <1 <1 <1 <1 <1 <1 23 <1 

Sulphate mg/L - 17 6 4 7 27 8 4 3 3 15 37 6 24 

Chloride mg/L - 
21.3 10.6 19.3 18.3 18.7 26 21.4 24.4 27.3 23.2 14.6 17.4 19.3 

                               

Aluminium - Filtered mg/L 0.055 0.62 0.18 0.11 0.16 1.01 1.76 0.21 0.72 0.3 0.98 1.12 0.36 0.92 

Arsenic - Filtered mg/L 0.013 
0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 

Cadmium - Filtered mg/L 0.0002 
0.0005 0.0002 <0.0001 <0.0001 <0.0001 <0.0001 <0.0001 <0.0001 0.0002 <0.0001 <0.0001 <0.0001 <0.0001 
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Bore 

Parameter Units 

ANZECC (2000) Guideline 
Value for Freshwater 
Ecosystem Protection 

CQ1 CQ2 CQ3 CQ4 CQ5 CQ6 CQ7 CQ8 CQ9 CQ10 CQ11S CQ11D CQ12 

Chromium - Filtered mg/L ID 
0.002 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 

Copper - Filtered mg/L 0.0014 
0.004 0.004 0.002 0.004 0.006 <0.001 0.004 0.002 0.004 0.01 0.006 0.006 0.003 

Lead - Filtered mg/L 0.0034 
0.005 0.004 0.003 0.006 0.009 0.002 0.003 0.002 0.011 0.013 0.124 0.069 0.036 

Manganese - Filtered mg/L 1.9 
0.013 0.006 1.31 0.006 0.012 0.005 0.004 0.002 0.004 0.018 0.008 0.056 0.007 

Nickel - Filtered mg/L 0.011 
0.004 0.003 0.012 0.001 0.002 <0.001 <0.001 <0.001 0.002 0.002 0.001 0.004 0.002 

Selenium - Filtered mg/L 0.005 <0.010 <0.010 <0.010 <0.010 <0.010 <0.010 <0.010 <0.010 <0.010 <0.010 <0.010 <0.010 <0.010 

Zinc - Filtered mg/L 0.008 
0.038 0.032 0.129 0.048 0.076 0.01 0.042 0.025 0.051 0.056 0.083 0.084 0.176 

Boron - Filtered mg/L 0.37 
<0.05 <0.05 <0.05 <0.05 <0.05 <0.05 <0.05 <0.05 <0.05 <0.05 <0.05 <0.05 <0.05 

Iron - Filtered mg/L ID 0.32 0.16 0.73 0.15 0.21 0.24 0.12 <0.05 0.25 0.27 0.24 1.39 0.23 

Mercury - Filtered mg/L 0.00006 
<0.0001 <0.0001 <0.0001 <0.0001 <0.0001 <0.0001 <0.0001 <0.0001 <0.0001 <0.0001 <0.0001 <0.0001 <0.0001 

                  

Fluoride as F mg/L - <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 

Nitrite as N mg/L - <0.010 <0.010 <0.010 <0.010 <0.010 <0.010 <0.010 0.017 <0.010 <0.010 <0.010 <0.010 <0.010 

 Nitrate as N mg/L 0.7 0.957 <0.010 0.034 0.167 2.01 14.4 0.929 7.79 0.933 0.992 0.185 0.026 0.224 
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Bore 

Parameter Units 

ANZECC 
(2000) 
Guideline 
Value for 
Freshwater 
Ecosystem 
Protection 

CQ13  CP3 CP4 CP5 CP6 CP7 CP8 MW7 MW8 MW9 MW10 MW13 MW16 

pH Value    - 5.31 4.55 4.8 4.24 4.26 6.26 4.38 4.83 5.04 5.17 4.77 4.89 4.72 

Conductivity @ 25°C 
μS/c
m  - 183 154 231 235 232 276 141 116 100 92 121 102 117 

                   

Calcium mg/L - 
<1 <1 4 <1 <1 11 <1 <1 <1 <1 1 <1 <1 

Magnesium mg/L - 
5 3 5 9 9 6 2 2 2 1 2 2 2 

Sodium mg/L - 
21 18 22 16 16 8 15 15 11 11 13 12 14 

Potassium mg/L - 
<1 1 3 <1 <1 21 <1 <1 <1 <1 <1 <1 <1 

Hydroxide Alk as CaCO3 mg/L - 
<1 <1 <1 <1 <1 <1 <1 <1 <1 <1 <1 <1 <1 

Carbonate Alk as CaCO3 mg/L - 
<1 <1 <1 <1 <1 <1 <1 <1 <1 <1 <1 <1 <1 

Bicarbonate Alk as 
CaCO3 mg/L 

- 

<1 <1 1 <1 <1 9 <1 <1 <1 <1 <1 <1 <1 

Sulphate mg/L - 
2 26 16 3 3 44 5 4 6 4 6 3 3 

Chloride mg/L - 
28.3 21.7 52.2 26.4 29.5 10.3 28.8 29 22.7 20.5 29.8 24.8 29.2 

                   

Aluminium - Filtered mg/L 0.055 0.77 0.49 0.29 1.14 1.21 0.1 0.97 0.72 0.5 0.86 1 0.61 0.46 

Arsenic - Filtered mg/L 0.013 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 0.001 <0.001 <0.001 0.001 0.001 <0.001 <0.001 

Cadmium - Filtered mg/L 0.0002 0.0001 0.0002 0.0004 0.0001 0.0001 
<0.000

1 
<0.000

1 0.0001 0.0002 0.0002 
<0.000

1 0.0003 0.0002 

Chromium - Filtered mg/L ID <0.001 <0.001 0.005 <0.001 <0.001 <0.001 <0.001 0.001 <0.001 0.001 <0.001 0.001 <0.001 

Copper - Filtered mg/L 0.0014 0.007 0.368 0.127 0.098 0.063 0.004 0.001 0.005 0.006 0.004 0.004 0.012 0.006 

Lead - Filtered mg/L 0.0034 0.164 0.037 0.016 0.004 0.004 <0.001 0.003 0.009 0.005 0.01 0.009 0.017 0.014 

Manganese - Filtered mg/L 1.9 0.019 0.004 0.025 0.002 0.002 0.825 0.004 0.018 0.008 0.011 0.014 0.079 0.018 
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Bore 

Parameter Units 

ANZECC 
(2000) 
Guideline 
Value for 
Freshwater 
Ecosystem 
Protection 

CQ13  CP3 CP4 CP5 CP6 CP7 CP8 MW7 MW8 MW9 MW10 MW13 MW16 

Nickel - Filtered mg/L 0.011 0.002 0.004 0.011 0.002 0.003 0.002 <0.001 0.003 0.002 0.001 0.001 0.005 0.002 

Selenium - Filtered mg/L 0.005 <0.010 <0.010 <0.010 <0.010 <0.010 <0.010 <0.010 <0.010 <0.010 <0.010 <0.010 <0.010 <0.010 

Zinc - Filtered mg/L 0.008 0.15 0.393 0.871 0.076 0.221 0.037 0.028 0.098 0.105 0.132 0.165 0.262 0.161 

Boron - Filtered mg/L 0.37 <0.05 0.06 <0.05 <0.05 <0.05 <0.05 <0.05 <0.05 <0.05 <0.05 <0.05 <0.05 <0.05 

Iron - Filtered mg/L ID 0.41 0.1 5.03 <0.05 <0.05 1.22 0.27 0.42 0.1 0.63 0.22 0.65 0.36 

Mercury - Filtered mg/L 0.00006 
<0.000

1 
<0.000

1 
<0.000

1 
<0.000

1 
<0.000

1 
<0.000

1 
<0.000

1 
<0.000

1 
<0.000

1 
<0.000

1 
<0.000

1 
<0.000

1 
<0.000

1 

                   

Fluoride as F mg/L  - <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 

Nitrite as N mg/L  - 0.039 <0.010 <0.010 <0.010 <0.010 0.034 <0.010 <0.010 <0.010 0.013 <0.010 <0.010 <0.010 

 Nitrate as N mg/L 0.7 8.26 0.841 0.65 11.8 11.6 8.83 1.9 0.142 0.075 0.196 0.115 0.289 0.163 
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Table 4.3: Calga Monitoring Bores – Six-Monthly Laboratory Water Analysis Results (October 2008) 

Bore 

Parameter Units 

ANZECC (2000) Guideline Value 
for Freshwater Ecosystem 
Protection 

CQ1 CQ2 CQ3 CQ4 CQ5 CQ6 CQ7 CQ8 CQ9 CQ10 CQ11S CQ11D CQ12 

pH Value   - 6.45  6.62 6.5 5.1 4.61 4.77 4.56 4.49 4.48 4.46 5.22 4.44 

Conductivity @ 25°C μS/cm - 132  123 85 184 258 101 178 117 149 160 124 153 

                  

Calcium mg/L - <1  2 <1 3 2 <1 <1 <1 1 <1 2 <1 

Magnesium mg/L - 3  4 1 5 12 2 5 2 2 4 3 5 

Sodium mg/L - 15  13 12 16 15 13 19 15 17 14 17 12 

Potassium mg/L - <1  1 <1 <1 <1 <1 <1 <1 <1 4 <1 <1 

Hydroxide Alk as CaCO3 mg/L - <1  <1 <1 <1 <1 <1 <1 <1 <1 <1 <1 <1 

Carbonate Alk as CaCO3 mg/L - <1  <1 <1 <1 <1 <1 <1 <1 <1 <1 <1 <1 

Bicarbonate Alk as CaCO3 mg/L - 1  26 2 <1 <1 3 <1 <1 <1 <1 25 <1 

Sulphate mg/L - 23  3 3 26 7 3 4 4 17 32 8 27 

Chloride mg/L - 21  22 19 27 27 24 25 30 27 16 20 20 

                  

Aluminium - Filtered mg/L 0.055 0.5  0.04 0.09 1.33 1.69 0.16 0.71 0.2 0.85 1.01 0.03 1.13 

Arsenic - Filtered mg/L 0.013 <0.001  <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 

Cadmium - Filtered mg/L 0.0002 <0.0001  <0.0001 0.0001 <0.0001 0.0002 <0.0001 <0.0001 <0.0001 <0.0001 <0.0001 <0.0001 <0.0001 

Chromium - Filtered mg/L ID <0.001  <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 
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Bore 

Parameter Units 

ANZECC (2000) Guideline Value 
for Freshwater Ecosystem 
Protection 

CQ1 CQ2 CQ3 CQ4 CQ5 CQ6 CQ7 CQ8 CQ9 CQ10 CQ11S CQ11D CQ12 

Copper - Filtered mg/L 0.0014 0.001  <0.001 0.004 <0.001 <0.001 <0.001 0.001 <0.001 0.003 0.003 <0.001 0.003 

Lead - Filtered mg/L 0.0034 0.003  0.007 0.002 0.001 0.002 <0.001 0.002 0.001 0.016 0.063 0.006 <0.001 

Manganese - Filtered mg/L 1.9 0.012  1.31 0.005 0.005 0.003 0.001 0.002 0.002 0.021 0.004 0.05 <0.001 

Nickel - Filtered mg/L 0.011 0.002  0.012 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 0.001 <0.001 0.002 <0.001 

Selenium - Filtered mg/L 0.005 <0.010  <0.010 <0.010 <0.010 <0.010 <0.010 <0.010 <0.010 <0.010 <0.010 <0.010 <0.010 

Zinc - Filtered mg/L 0.008 0.114  0.085 0.059 0.058 0.091 0.025 0.074 0.045 0.054 0.061 0.019 0.013 

Boron - Filtered mg/L 0.37 <0.05  <0.05 <0.05 <0.05 <0.05 <0.05 <0.05 <0.05 <0.05 <0.05 <0.05 <0.05 

Iron - Filtered mg/L ID 0.32  6.47 0.06 <0.05 0.18 <0.05 <0.05 <0.05 0.1 <0.05 0.84 <0.05 

Mercury - Filtered mg/L 0.00006 <0.0001  <0.0001 <0.0001 <0.0001 <0.0001 <0.0001 <0.0001 <0.0001 <0.0001 <0.0001 <0.0001 <0.0001 

                  

Fluoride as F mg/L - <0.1  <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 

Nitrite as N mg/L - <0.01  <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 

 Nitrate as N mg/L 0.7 0.99  <0.01 0.14 2.16 14.2 1.16 8.74 0.7 1.16 0.09 <0.01 0.42 
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Bore 

Parameter Units 

ANZECC 
(2000) 
Guideline 
Value for 
Freshwater 
Ecosystem 
Protection 

CQ13  CP3 CP4 CP5 CP6 CP7 CP8 MW7 MW8 MW9 MW10 MW13 MW16 

pH Value    - 4.96 4.64 4.71 4.25 4.35 4.69 4.3 4.46 4.69 4.58 4.45 4.57 4.5 

Conductivity @ 25°C μS/cm  - 199 164 215 264 237 315 149 119 101 87 116 106 120 

                                

Calcium mg/L - <1 <1 4 2 <1 18 <1 <1 <1 <1 <1 <1 <1 

Magnesium mg/L - 6 3 5 13 7 8 2 2 2 1 2 2 2 

Sodium mg/L - 24 20 21 15 22 8 18 15 12 11 13 13 16 

Potassium mg/L - <1 2 3 2 1 21 <1 <1 <1 <1 <1 <1 <1 

Hydroxide Alk as 
CaCO3 mg/L 

- 

<1 <1 <1 <1 <1 <1 <1 <1 <1 <1 <1 <1 <1 

Carbonate Alk as 
CaCO3 mg/L 

- 

<1 <1 <1 <1 <1 <1 <1 <1 <1 <1 <1 <1 <1 

Bicarbonate Alk as 
CaCO3 mg/L 

- 

4 2 <1 <1 <1 <1 <1 <1 1 <1 <1 <1 <1 

Sulphate mg/L - 16 28 17 1 3 33 5 3 5 4 6 3 2 

Chloride mg/L - 36 25 43 30 36 18 30 30 24 21 26 27 32 

                                

Aluminium - Filtered mg/L 0.055 0.4 0.59 0.23 1.19 1.18 0.6 0.55 0.34 0.46 0.35 0.9 0.12 0.28 

Arsenic - Filtered mg/L 0.013 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 

Cadmium - Filtered mg/L 0.0002 
<0.000

1 
<0.000

1 0.0003 
<0.000

1 
<0.000

1 0.0001 
<0.000

1 
<0.000

1 
<0.000

1 
<0.000

1 
<0.000

1 
<0.000

1 
<0.000

1 

Chromium - Filtered mg/L ID <0.001 <0.001 0.002 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 

Copper - Filtered mg/L 0.0014 0.006 0.297 0.061 0.575 0.019 <0.001 <0.001 0.003 0.004 0.002 0.002 0.003 0.003 

Lead - Filtered mg/L 0.0034 0.113 0.017 0.009 0.017 0.004 0.002 <0.001 0.002 0.006 0.004 0.004 0.004 0.004 
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Bore 

Parameter Units 

ANZECC 
(2000) 
Guideline 
Value for 
Freshwater 
Ecosystem 
Protection 

CQ13  CP3 CP4 CP5 CP6 CP7 CP8 MW7 MW8 MW9 MW10 MW13 MW16 

Manganese - Filtered mg/L 1.9 0.012 0.004 0.013 0.004 0.006 0.049 <0.001 0.018 0.011 0.007 0.01 0.064 0.014 

Nickel - Filtered mg/L 0.011 0.002 0.001 0.004 0.014 0.002 <0.001 <0.001 0.001 0.001 <0.001 <0.001 0.002 0.001 

Selenium - Filtered mg/L 0.005 <0.010 <0.010 <0.010 <0.010 <0.010 <0.010 <0.010 <0.010 <0.010 <0.010 <0.010 <0.010 <0.010 

Zinc - Filtered mg/L 0.008 0.111 0.113 0.63 0.344 0.1 0.099 <0.005 0.038 0.089 0.071 0.063 0.112 0.078 

Boron - Filtered mg/L 0.37 <0.05 0.06 <0.05 <0.05 <0.05 <0.05 <0.05 <0.05 <0.05 <0.05 <0.05 <0.05 <0.05 

Iron - Filtered mg/L ID 0.22 0.14 0.31 <0.05 <0.05 0.3 <0.05 0.14 0.22 0.24 0.16 <0.05 0.1 

Mercury - Filtered mg/L 0.00006 
<0.000

1 
<0.000

1 
<0.000

1 
<0.000

1 
<0.000

1 
<0.000

1 
<0.000

1 
<0.000

1 
<0.000

1 
<0.000

1 
<0.000

1 
<0.000

1 
<0.000

1 

                                

Fluoride as F mg/L  - <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 

Nitrite as N mg/L  - <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 

 Nitrate as N mg/L 0.7 8.14 0.99 3.53 16.6 9.28 17.8 2.01 0.06 0.08 0.2 0.1 0.31 0.11 
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Table 4.4: Dissolved Metals – Exceedences of ANZECC (2000) Freshwater Ecosystem 
Guidelines 

Dissolved Metal ANZECC (2000) 
Freshwater Ecosystem 
Protection Guideline 

Reported range (mg/L) Exceedences 

Aluminium 0.055 mg/L 0.03 – 1.76 All except CQ1, CQ3 and 
CQ11D (All Oct only). 

Arsenic 0.013 mg/L 0.001 CQ1, CP8, MW9 and 
MW10 

Boron 0.09 mg/L <0.05-0.06 None 

Cadmium 0.0002 mg/L <0.0001-0.0004 CQ1, CQ2, CQ9, CP3, 
CP4, MW13 and MW16 

Chromium 0.001 mg/L <0.001 – 0.005 CQ1, CP4, MW7, MW9 and 
MW13 

Copper 0.0014 mg/L <0.001-0.575 All except CP8  

Iron - <0.05-6.47 N/A 

Lead 0.0034 mg/L <0.001-0.164 CQ1, CQ2, CQ3, CQ4, 
CQ5, CQ7, CQ9, CQ10-
CQ13, CP3-6, MW7, MW9, 
MW10, MW13, MW16. 

Manganese 1.9 mg/L <0.001-1.31 None  

Mercury 0.00006 mg/L <0.0001  N/A 

Nickel 0.011 mg/L <0.001-0.014 CQ3 only 

Selenium 0.005 mg/L <0.01 None 

Zinc 0.008 mg/L 0.01-0.87 All 

Note: Results at ANZECC Protection Guideline Value are included in listed exceedences. 

1 Elevated concentrations noted in CQ3 (1.31mg/L), in comparison to other bores (typically <0.05 mg/L). 
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5 COMPLIANCE WITH SITE WATER MANAGEMENT PLAN 
COMMITMENTS 

5.1 MONITORING ACTIVITES 

The groundwater monitoring program outlined in the SWMP (Corkery, 2006) includes the 
following aspects: 

▼ Assessment of the yield characteristics of existing bores/wells on neighbouring properties 

▼ The installation of new monitoring bores 

▼ The monitoring of groundwater levels and quality 

An assessment of bore yield characteristics has been undertaken, as published in Aquaterra 
(2008).  Further details of this assessment programme are given below. 

The installation of new monitoring bores was also addressed following finalisation of the SWMP.  
To date an additional five new monitoring bores have been installed CQ10, CQ11S and 11D, 
CQ12 and CQ13.  The need for further monitoring bores is continually assessed as part of 
Rocla’s annual groundwater review. 

The monitoring of groundwater levels and quality continues on a regular basis as outlined in the 
Site Water Management Plan and as detailed in Section 1.2. 

5.1.1 YIELD CHARACTERISTICS AND HYDRAULIC TESTING OF EXISTING 
BORES/WELLS ON NEIGHBOURING PROPERTIES 

During 2006, a survey was conducted to establish the presence of water bores within 500m of 
the Rocla quarry site.  Following this, a test pumping program was undertaken to determine the 
yield characteristics of all identified bores, involving tests on all but four of the private water 
supply bores, against which future performance could be compared in the event of potential 
impacts from the quarry operations.  Full details of the testing programme and results are 
reported in Aquaterra (2008).  

In summary, hydraulic testing, comprising a series of Constant Rate, Recovery and Slug Tests 
was undertaken on four private water-supply bores and seven monitoring bores completed into 
the Hawkesbury Sandstone aquifer in the vicinity of Calga quarry.  All tests were completed 
within the period July 2006 to February 2008. 

Analysis of pumping test data derived aquifer transmissivity values typically of the order of 
0.02m2/d to 9.7m2/d with corresponding hydraulic conductivity values ranging from 0.003m/d 
to 1.6m/d.  Transmissivity values of greater than 1m2/d where obtained for private water-
supply bore CP5 and monitoring bores CQ10, CQ11S and CQ11D.  It is believed these higher 
transmissivities may be attributed to the interception by these bores of relatively more fractured 
zones within the sandstone aquifer. 

5.1.2 GROUNDWATER LEVELS 

Throughout the 2008 monitoring period, groundwater levels were monitored in accordance with 
the GWMP, as follows: 

▼ By means of automatic water level recorders in bores CQ1, CQ3, CQ4, CQ7, CQ8, CQ10, 
CQ11S, CQ11D, CQ12 and CQ13.  The recorders are set to record 6-hourly.  Two 
dataloggers were malfunctioning at the time of installation and had to be 
repaired/replaced, leading to an initial delay to the start of monitoring at CQ12 and 
CQ11S.  The datalogger cable from CQ8 was also damaged in late 2006, and there was a 
gap in the monitoring records while a replacement cable was fitted.  The logger in CQ3 
stopped responding in November 2008.  Otherwise the recorders have been operating 
continuously since June 2006. 

▼ Manually on a monthly basis in all bores, including those equipped with automatic 
recorders.  This monitoring frequency exceeds the quarterly measurements commitment 
made within the SWMP. 
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▼ Groundwater levels at the two Gazzana bores, CP1 and CP2, have not been measured, 
due to refused access. 

▼ Monitoring at CP8, the Rozmanec bore has been sporadic due to the owner’s limited 
access authorisation. 

▼ During April 2008 site CQ2 was mined out and therefore removed from the monitoring 
network 

5.1.3 GROUNDWATER QUALITY 

During 2008 all bores were sampled monthly for pH and EC.  Comprehensive laboratory analysis 
was undertaken during April and October.  All water bores for which the owners had authorised 
access were sampled, along with all monitoring bores.  Sampling and laboratory analysis of 
MW13 and MW16 were included for the first time in October 2007 and therefore the baseline 
dataset for these bores is correspondingly shorter in comparison to the other sites. 

5.1.4 RAINFALL AND EVAPORATION 

Meteorological monitoring including the recording of daily rainfall was conducted at Calga.  Data 
for the 2008 reporting period are summarised in Table 3. 

5.2 REVIEW OF ENVIRONMENTAL PERFORMANCE 

This report forms the third annual independent audit review of monitoring and performance in 
relation to groundwater in accordance with DC condition 3(17). This requires an ‘audit of the 
groundwater impacts of the development to determine compliance with the groundwater impact 
assessment criteria’. The groundwater criteria for the Calga Sand Quarry are contained within 
Section 6.3.2. of the Site Environmental Monitoring Procedures Manual, as detailed below.  This 
report covers the monitoring period January to December 2008 inclusive, and also includes an 
analysis of monitoring trends to date, as required for the audit process.  

5.2.1 GROUNDWATER LEVELS AND BORE YEILDS 

The following criteria have been adopted in the manual in relation to groundwater levels: 

▼ A declining trend in groundwater levels which is not attributable to climatic conditions or 
other factors not related to the sand extraction activities 

▼ Groundwater level decline at monitoring bores CQ10 or CQ11 deemed due to sand 
extraction exceeds 1.0m 

▼ Within the private bores located within 500m of the quarry, a standing water level (SL) 
approximately 10% lower than the established baseline SWL as the objective level above 
which it is unlikely there will be any impact on bore yield 

▼ If, at any other time, a landholder’s bore within 500m of the quarry suffers a reported 
loss of yield  

As discussed within Section 3, all of the observed trends within the monitoring period can be 
attributed to climatic conditions and pumping from boreholes outside of the quarry site. Levels 
are generally higher than they were at the start of monitoring (in 2006), and there is no 
discernable impact from the mine on other groundwater users.  

5.2.2 GROUNDWATER QUALITY 

The following criteria have been adopted in the manual in relation to groundwater quality: 

▼ Electrical conductivity (µS/cm) > 20% increase; or 

▼ Total Dissolved Solids (TDS) (µS/cm) > 20% increase 

Although natural variation has been observed in the data sets, there are no consistent trends 
that indicate deteriorating water quality within the monitoring data set. The quality criteria have 
not therefore been exceeded at this stage.  
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5.3 RATIONALISATION OF THE GROUNDWATER MONITORING NETWORK 

The nature of the groundwater environment and the lack of recorded positive values mean that 
it is not considered necessary to continue monitoring for fluoride or nitrite. Values for metals, 
nitrates and major ions should still be monitored, but given the lack of significant trends to date 
it is recommended that laboratory monitoring is reduced to annual samples. Because of the 
consistency between field and laboratory measurements of EC and pH, it is considered that field 
measurements are generally sufficient for monitoring, so laboratory analysis of pH and EC is 
only required annually at the same time as the metals and nitrate testing.   
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6 CONCLUSIONS 

This review has revealed no evidence of adverse impacts by Rocla at their Calga quarry 
operations on either groundwater levels or groundwater quality.  During the 2008 year, 
groundwater levels across the site, and in adjacent production and associated monitoring bores, 
were initially steady following the recharge and level rises that occurred in 2007, and then a 
gradual recession in groundwater levels. It is believed the observed trends can be attributed to 
a natural response to recharge events, particularly as rainfall during the majority of winter 
months of 2008 was below long-term average values.  During April 2008 site CQ2 was mined 
out and therefore lost from the monitoring network. Monitoring records continue to show that 
there has been no net drawdown of water levels across the site (with the exception of minor 
previously reported impacts at CQ1), or at any of the neighbouring private water supply bores. 
Overall the site continues to comply with the criteria set out in Section 6.3.2 of the 
Environmental Monitoring Procedures Manual in relation to groundwater levels and impacts on 
other groundwater users.  

Water quality monitoring across the site has not revealed any trends that are not consistent 
with background fluctuations and climate related trends. The site therefore continues to comply 
with the groundwater quality criteria set out in the Environmental Monitoring Procedures 
Manual. 
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Calga Sand Quarry - Hydrographs CQ09, CQ10 and Climate Data
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Calga Sand Quarry - Hydrographs CQ11S, CQ11D, CQ12 and Climate Data
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Calga Sand Quarry - Hydrographs CQ13, CP3 to CP8 and Climate Data
Figure 8
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Calga Sand Quarry - Hydrographs CQ01 to CQ4
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Calga Sand Quarry - Hydrographs WM07, WM08 and Climate Data

Figure 10
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Calga Sand Quarry - Hydrographs WM09, WM10 and Climate Data
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Calga Sand Quarry - Hydrographs WM13, WM16 and Climate Data
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Calga Sand Quarry
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Calga Sand Quarry

Graphs Showing pH
Trends For Bores CP3-8
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Calga Sand Quarry

Graphs Showing Ec
Trends For Bores CQ4-9 and CQ11-12
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Calga Sand Quarry

Graphs Showing pH
Trends For Bores CQ4-9 and CQ11-12
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Calga Sand Quarry

Graphs Showing Ec 
Trends For Bores CQ1-3 and CQ10
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Calga Sand Quarry

Graphs Showing pH
Trends For Bores CQ1-3 and CQ10
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Calga Sand Quarry

Graphs Showing Ec
Trends For Bores MW7-10
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Calga Sand Quarry

Graphs Showing pH
Trends For Bores MW7-10
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Calga Sand Quarry

Graphs Showing Nitrate
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Figure 22

Ashton Coal Operations Ltd

Graphs Showing Nitrate
Trends For Bores CQ4-9 and 11-12
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Calga Sand Quarry

Graphs Showing Nitrate
Trends For Bores CQ1-3 and 10
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Calga Sand Quarry

Graphs Showing Nitrate
Trends For Bores MW7-10
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