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Figure 4.24 Gunnamatta Bay GPT Historical Data Enterococci. 

Figure 4.23 Gunnamatta Bay GPT Historical Data Total Phosphorus. 
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4.1.6 Cronulla Beach GPT       

      Cronulla Beach GPT also displays little correlation between suspended solids (Fig. 3.96) 

and heavy metals under the attachment of pollutants to sediment surfaces. Copper (Fig. 3.100) 

and zinc (Fig. 3.103) are perhaps the only exception to this with the inflow concentrations 

demonstrating changes in accordance with the suspended solids. Maps 2.13 and 2.8, 

demonstrate that the catchment delivering water to Cronulla Beach GPT is much smaller than 

that draining into Gunnamatta Bay GPT and as shown by Maps 2.12 and 2.9, hasn‟t changed 

greatly since 2000/2001. The catchment is similar to Gunnamatta Bay GPT in the sense that it 

is highly urbanised with Zone 6- Multiple Dwelling B and Zone 8- Urban Centre representing 

major land uses. Like Gunnamatta Bay, Figures 4.25 and 4.26 show a reduction in copper and 

lead in the catchment since 1994, though the same cannot be said for zinc (Fig. 4.27) which 

appears to have remained relatively constant.  

 

      Similar to the Gunnamatta Bay GPT catchment, this catchment includes Zone 13- Public 

Open Space where runoff could possibly contribute to nutrient levels. In addition, the 

Cronulla RSL Memorial Club is one particular source of nutrient runoff through the 

maintenance of their bowling greens (Kohler et al., 2004). Of interest is the gradual fall in 

ammonia (Fig. 3.104) and TKN (Fig. 3.106) concentration which presumably has resulted in 

the rapid drop in nitrite and nitrate (Fig. 3.105) and total nitrogen (Fig. 3.107) concentrations 

on 28/7/2011. A reduction in total phosphorus (Fig. 3.108) was also observed. It is possible 

that the maintenance of gardens and grounds in an urban environment, through fertiliser use 

and irrigation, is conducted more commonly during warmer months and perhaps as the 

sampling period progressed into cooler periods this was a less common occurrence, therefore 

reducing the nutrient supply in the catchment. The relationship between evaporation and 

runoff is an important consideration in terms of the overall impact of these activities. Greater 

runoff could result in increased transport of nutrients to the GPT while higher rates of 

evaporation are more likely to contribute to the accumulation of pollutants on and within 

catchment surfaces. In addition, seasonal differences in rainfall could potentially account for 

changes in nutrient pollution. During periods of low rainfall, delivery to the GPT could be 

reduced despite constant or increased use of fertilisers within the catchment. Figures 4.28 and 

4.29 do not indicate seasonal changes in total nitrogen and total phosphorus, though the 

sampling dates are not particularly conducive to observing such a pattern. They do show that 

over time these constituents have remained largely constant. Note, that one very high inflow 

value was excluded from Figure 4.29 to improve its legibility. 
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Figure 4.26 Cronulla Beach GPT Historical Data Lead. 

Figure 4.25 Cronulla Beach GPT Historical Data Copper. 
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sites between 1994 and 2010, were used as the representative background concentrations of 

the relevant constituents. It was decided that the mode data represented the most accurate 

measure, rather than the mean, due to larger values, possibly from storms, impacting upon the 

distribution of the mean. Using the Australian Runoff Quality Guidelines (2006), enrichment 

factor tables were produced to clearly illustrate breaches in water quality relative to the 

guidelines. The Australian Runoff Quality Guidelines were employed as they were considered 

the most appropriate, having been devised specifically for urban stormwater runoff. The 

ANZECC guidelines by comparison, are more concerned with the quality of natural waters 

and therefore the guideline values are lower, which could unrealistically amplify the apparent 

contamination of the runoff.        

 

      The Australian Runoff Quality Guidelines enrichment factor tables show that Mianga 

Avenue Wetland (Table 4.1), Gunnamatta Bay GPT (Table 4.5), Cronulla Beach GPT (Table 

4.6) and Tudar Road Wetland (Table 4.2) all operate with a reasonable degree of efficiency 

and produce an outflow, which in most instances, is of a better quality than the inflow. Of 

these four sites, Tudar Road is possibly the most effective with the outflow values exceeding 

the guidelines on only 4 occasions compared to 14 occasions for Mianga Avenue Wetland. In 

terms of the GPTs, Cronulla Beach GPT outflow values exceeded the guidelines on 10 

occasions while Gunnamatta Bay GPT did so on 8 occasions. Unfortunately, the result for 

Cronulla Beach GPT is uncertain due to the lack of outflow values for 3/2/2011. The apparent 

efficiency of Gunnamatta Bay GPT is surprising, given the fact that it is of a relatively simple 

design. Tudar Road Wetland by comparison, is a detailed design and it is, therefore, expected 

that it would perform better. It is this for this reason that the result for Mianga Avenue 

Wetland is surprising, considering that its design does include a substantial sediment trap and 

wetland basin. The efficiency of Mianga Avenue Wetland is better shown by examining the 

number of instances where the outflow concentration exceeds the inflow. In the case of 

Mianga Avenue Wetland, this occurred 5 times which is equal to the result for Gunnamatta 

Bay GPT, while Tudar Road Wetland and Cronulla Beach GPT returned 3 and 2 instances 

respectively. Using this approach, it becomes apparent that perhaps the catchment draining 

into Mianga Avenue Wetland is more polluted than the others, though the historical data 

suggests that it has improved since 1994, and while the treatment system installed does a 

reasonable job of improving the quality of water leaving the wetland, it cannot treat it to the 

quality stipulated in the guidelines. This does not indicate a failure on the part of the SQID, 

rather it indicates a need to address pollution in the catchment or increase the treatment 
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capabilities of the system. Reviewing Table 3.1, it can be seen that those constituents not 

included in Table 4.1 also demonstrate relatively high values which would suggest that the 

actual pollutant loads support the concept of greater amounts of pollution at Mianga Avenue 

Wetland. Interestingly, Cronulla Beach GPT (Tables 3.6 and 4.6) appears to be the most 

polluted catchment with inflow concentrations exceeding those for Mianga Avenue by a 

greater amount in a number of instances.  

 

      Burnum Burnum Detention Basin and Still Creek Detention Basin by comparison are 

poorly functioning devices as shown by Tables 4.3 and 4.4. It can be seen that for Burnum 

Burnum the outflow concentration exceeds the guideline on 11 occasions and it exceeds the 

inflow value on 12 occasions. The result is similar for Still Creek with the outflow 

concentration exceeding the guideline on 8 instances and it exceeds the inflow concentration 

on 11 instances. Comparing the actual inflow concentrations from these two sites (Tables 3.3 

and 3.4) with the inflow concentrations from Mianga Avenue Wetland (Table 3.1) or Cronulla 

Beach GPT (Table 3.6) it can be seen that they are relatively less polluted catchments, though 

they have a greater constituent inflow concentration than Tudar Road (Table 3.2), for 

example. This further demonstrates their ineffectiveness and highlights that operating issues 

are likely to be a problem at these sites. 

 

      Enrichment factor tables were also produced for the control site mode values to 

demonstrate changes above the background concentrations. Mianga Avenue Wetland (Table 

4.7), Gunnamatta Bay GPT (Table 4.11) and Cronulla Beach GPT (Table 4.12) are within the 

Port Hacking River catchment and therefore share the same control site at Kangaroo Creek, 

while Tudar Road Wetland (Table 4.8), Still Creek Detention Basin (Table 4.9) and Burnum 

Burnum Detention Basin (Table 4.10) are encompassed by the Georges River catchment and 

the control site at Woronora River. Tables 4.7 to 4.12 show that the pollutant concentrations 

at all sites are well above the background levels, particularly in the case of total nitrogen and 

total phosphorus which show dramatic increases above background at all six sites. 

Interestingly, Tudar Road Wetland (Table 4.8) displayed very high total nitrogen increases 

while total phosphorus was significantly smaller. This can in part be attributed to the fact that 

the background concentration for total nitrogen is much smaller than that for total phosphorus, 

however, it demonstrates the potential for high total nitrogen pollution within the urban 

environment. The potential for heavy metal contamination is demonstrated by the results for 

Mianga Avenue Wetland, Gunnamatta Bay GPT and Cronulla Beach GPT which show 
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significant increases in arsenic, copper, lead and zinc. The same level of increase was not 

observed for Tudar Road Wetland, Still Creek Detention Basin and Burnum Burnum 

Detention Basin, although this could possibly be due to higher background concentrations of 

these metals at the Woronora River control site. Ultimately, the control site data illustrates 

that the urban environment is capable of contributing significant quantities of contaminants to 

stormwater which, as a result, reduces the quality of runoff from these environments. None of 

the SQIDs studied were capable of returning the quality of runoff to background levels which 

is to be expected. The purpose of such devices is to improve the stormwater quality and as 

demonstrated by, Mianga Avenue Wetland (Table 4.1), Gunnamatta Bay GPT (Table 4.5), 

Cronulla Beach GPT (Table 4.6) and Tudar Road Wetland (Table 4.2), this is occurring at 

these sites. Although, it is difficult to specify which site is operating the most effectively, all 

four of these sites were designed specifically for stormwater treatment which would suggest 

that the installation of targeted infrastructure is essential for SQID success.  
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ALS Workgroup Number EW1100422 EW1100422 ES1107703 ES1107703 ES1109140 ES1109140 EW1101805 EW1101805 EW1102223 EW1102223

Sample Date 03/02/2011 03/02/2011 13/04/2011 13/04/2011 11/05/2011 11/05/2011 08/06/2011 08/06/2011 28/07/2011 28/07/2011

Sampling Site Point 22A (Inflow) Point 22B (Outflow) Point 22A (Inflow) Point 22B (Outflow) Point 22A (Inflow) Point 22B (Outflow) Point 22A (Inflow) Point 22B (Outflow) Point 22A (Inflow) Point 22B (Outflow)

Units

Laboratory 

Limit of 

Reporting 

(LOR)

Australian 

Runoff 

Quality 

Guidelines 

(2006)

Suspended Solids (SS) mg/L 1 25 NCB 0.6 0.2 0.76 0.72 0.4 0.4 NEA 0.24 0.08

Cadmium mg/L 0.0001 0.0004 NCB 3.75 NEA 16.5 0.25 NEA NEA NEA NEA NEA

Chromium mg/L 0.001 0.01 NCB NEA NEA NEA NEA NEA NEA NEA 0.1 NEA

Copper mg/L 0.001 0.01 NCB 0.3 0.7 0.2 0.3 0.3 1.5 0.3 1 0.3

Lead mg/L 0.001 0.025 NCB 0.12 0.08 NEA NEA 0.12 0.24 NEA 0.08 NEA

Zinc mg/L 0.005 0.05 NCB 0.7 4 1.32 1.78 1.94 3.08 1.68 2.76 1.86

Total Nitrogen as N mg/L 0.1 0.5 NCB 3.4 5.8 3.6 10.4 1.2 8.2 0.4 6.4 1.2

Total Phosphorus as P mg/L 0.01 0.05 NCB NEA 1.2 1.6 2.6 1 1.4 NEA 1 NEA

Biochemical Oxygen Demand mg/L 2 2 NCB 4 4.5 2 2.5 1.5 100.5 NEA 3.5 NEA

ALS Workgroup Number EW1100422 EW1100422 ES1107703 ES1107703 ES1109140 ES1109140 EW1101805 EW1101805 EW1102223 EW1102223

Sample Date 3/02/2011 3/02/2011 13/04/2011 13/04/2011 11/05/2011 11/05/2011 8/06/2011 8/06/2011 28/07/2011 28/07/2011

Sampling Site Point 38A (Inflow) Point 38B (Outflow) Point 38A (Inflow) Point 38B (Outflow) Point 38A (Inflow) Point 38B (Outflow) Point 38A (Inflow) Point 38B (Outflow) Point 38A (Inflow) Point 38B (Outflow)

Units

Laboratory 

Limit of 

Reporting 

(LOR)

Australian 

Runoff 

Quality 

Guidelines 

(2006)

Suspended Solids (SS) mg/L 1 25 0.04 0.2 0.24 NEA 11.6 NEA NEA NEA 0.08 0.04

Cadmium mg/L 0.0001 0.0004 NEA NEA NEA NEA 1 NEA NEA NEA NEA NEA

Chromium mg/L 0.001 0.01 NEA NEA NEA NEA 0.4 NEA NEA NEA NEA NEA

Copper mg/L 0.001 0.01 NEA NEA 0.1 NEA 2.9 NEA 0.2 NEA 0.2 0.2

Lead mg/L 0.001 0.025 NEA NEA 0.04 NEA 1.76 NEA NEA NEA NEA NEA

Zinc mg/L 0.005 0.05 1.76 NEA 10.24 0.14 46.2 0.12 1.36 0.3 0.72 0.74

Total Nitrogen as N mg/L 0.1 0.5 1 1 2.4 0.6 22.4 0.6 3 NEA 1.6 0.4

Total Phosphorus as P mg/L 0.01 0.05 4.4 4.4 1.4 0.6 38.8 1.6 NEA NEA 0.4 0.4

Biochemical Oxygen Demand mg/L 2 2 2 2.5 2 NEA 27.5 1.5 NEA NEA NEA NEA

 

 

 

 

 

 

A= Value is below the LOR therefore enrichment factor cannot be established.  

B= Sample wasn't collected so no data was available to determine the 

enrichment factor.  

 

Table 4.1 Mianga Avenue Wetland Australian Runoff Quality (ARQ) Enrichment Factors. 

Table 4.2 Tudar Road Wetland Australian Runoff Quality (ARQ) Enrichment Factors. 

A= Value is below the LOR therefore enrichment factor cannot be established.  
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ALS Workgroup Number EW1100422 EW1100422 ES1107703 ES1107703 ES1109140 ES1109140 EW1101805 EW1101805 EW1102223 EW1102223

Sample Date 3/02/2011 3/02/2011 13/04/2011 13/04/2011 11/05/2011 11/05/2011 8/06/2011 8/06/2011 28/07/2011 28/07/2011

Sampling Site Point 25A (Inflow) Point 25B (Outflow) Point 25A (Inflow) Point 25B (Outflow) Point 25A (Inflow) Point 25B (Outflow) Point 25A (Inflow) Point 25B (Outflow) Point 25A (Inflow) Point 25B (Outflow)

Units

Laboratory 

Limit of 

Reporting 

(LOR)

Australian 

Runoff 

Quality 

Guidelines 

(2006)

Suspended Solids (SS) mg/L 1 25 1.28 0.8 0.08 0.12 0.12 0.12 NEA 0.4 0.08 0.12

Cadmium mg/L 0.0001 0.0004 1.25 0.75 NEA 0.25 NEA NEA NEA NEA NEA NEA

Chromium mg/L 0.001 0.01 0.1 NEA NEA NEA NEA NEA NEA NEA 1.8 NEA

Copper mg/L 0.001 0.01 NEA NEA 0.2 0.2 0.1 NEA 0.1 0.1 0.4 0.3

Lead mg/L 0.001 0.025 NEA NEA NEA NEA NEA NEA NEA NEA NEA NEA

Zinc mg/L 0.005 0.05 0.16 0.12 0.56 0.22 0.3 0.2 0.32 0.34 0.58 0.5

Total Nitrogen as N mg/L 0.1 0.5 1.4 1 1 0.8 1.2 1 1.8 1 4 2.8

Total Phosphorus as P mg/L 0.01 0.05 3.2 1 0.4 2.4 0.4 1.2 4.2 2.6 NEA 0.2

Biochemical Oxygen Demand mg/L 2 2 4 7 1.5 2 1.5 1.5 NEA 1.5 NEA NEA

ALS Workgroup Number EW1100422 EW1100422 ES1107703 ES1107703 ES1109140 ES1109140 EW1101805 EW1101805 EW1102223 EW1102223

Sample Date 3/02/2011 3/02/2011 13/04/2011 13/04/2011 11/05/2011 11/05/2011 8/06/2011 8/06/2011 28/07/2011 28/07/2011

Sampling Site Point 42A (Inflow) Point 42B (Outflow) Point 42A (Inflow) Point 42B (Outflow) Point 42A (Inflow) Point 42B (Outflow) Point 42A (Inflow) Point 42B (Outflow) Point 42A (Inflow) Point 42B (Outflow)

Units

Laboratory 

Limit of 

Reporting 

(LOR)

Australian 

Runoff 

Quality 

Guidelines 

(2006)

Suspended Solids (SS) mg/L 1 25 0.2 0.96 2.68 0.32 NEA 1.92 NEA 0.16 0.08 0.36

Cadmium mg/L 0.0001 0.0004 0.25 0.25 4 NEA NEA NEA NEA NEA NEA NEA

Chromium mg/L 0.001 0.01 NEA 0.1 0.3 NEA NEA NEA NEA NEA NEA NEA

Copper mg/L 0.001 0.01 0.2 0.5 3.3 0.2 0.5 0.2 0.6 0.3 0.7 0.3

Lead mg/L 0.001 0.025 NEA NEA 0.72 NEA NEA NEA NEA NEA NEA NEA

Zinc mg/L 0.005 0.05 0.34 0.22 6.58 NEA 0.32 0.12 0.36 0.24 0.46 0.2

Total Nitrogen as N mg/L 0.1 0.5 2.2 2.6 4.8 2.2 2 1.6 1.6 1.2 0.6 2.4

Total Phosphorus as P mg/L 0.01 0.05 8 3.2 1.6 0.4 2.8 4.2 NEA NEA NEA 0.8

Biochemical Oxygen Demand mg/L 2 2 2.5 4 6 2.5 NEA 2 NEA NEA NEA NEA

 

 

 

 

 

 

Table 4.3 Still Creek Detention Basin Australian Runoff Quality (ARQ) Enrichment Factors. 

Table 4.4 Burnum Burnum Detention Basin Australian Runoff Quality (ARQ) Enrichment Factors. 

A= Value is below the LOR therefore enrichment factor cannot be established.  

 

A= Value is below the LOR therefore enrichment factor cannot be established.  
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ALS Workgroup Number EW1100422 EW1100422 ES1107703 ES1107703 ES1109140 ES1109140 EW1101805 EW1101805 EW1102223 EW1102223

Sample Date 03/02/2011 03/02/2011 13/04/2011 13/04/2011 11/05/2011 11/05/2011 08/06/2011 08/06/2011 28/07/2011 28/07/2011

Sampling Site Point 11A (Inflow) Point 11B (Outflow) Point 11A (Inflow) Point 11B (Outflow) Point 11A (Inflow) Point 11B (Outflow) Point 11A (Inflow) Point 11B (Outflow) Point 11A (Inflow) Point 11B (Outflow)

Units

Laboratory 

Limit of 

Reporting 

(LOR)

Australian 

Runoff 

Quality 

Guidelines 

(2006)

Suspended Solids (SS) mg/L 1 25 0.08 0.4 0.16 0.16 NEA 0.04 0.28 0.24 1.48 0.56

Cadmium mg/L 0.0001 0.0004 3.75 1.5 3 NEA 0.5 NEA NEA NEA NEA NEA

Chromium mg/L 0.001 0.01 NEA NEA NEA NEA NEA NEA NEA NEA NEA 0.1

Copper mg/L 0.001 0.01 NEA NEA 0.7 NEA 0.6 NEA 0.6 0.6 1.2 0.9

Lead mg/L 0.001 0.025 NEA NEA 0.16 NEA 0.32 NEA NEA NEA NEA 0.08

Zinc mg/L 0.005 0.05 1.32 NEA 0.38 NEA 0.48 NEA 0.38 0.28 0.4 0.34

Total Nitrogen as N mg/L 0.1 0.5 0.8 NEA 4 1 4.6 0.8 3.8 1.2 4 2.2

Total Phosphorus as P mg/L 0.01 0.05 1.6 2.4 1 NEA 1.4 NEA 0.8 0.2 1.2 1.2

Biochemical Oxygen Demand mg/L 2 2 3.5 3 2 1.5 1.5 NEA NEA 1.5 1.5 NEA

ALS Workgroup Number EW1100422 EW1100422 ES1107703 ES1107703 ES1109140 ES1109140 EW1101805 EW1101805 EW1102223 EW1102223

Sample Date 03/02/2011 03/02/2011 13/04/2011 13/04/2011 11/05/2011 11/05/2011 08/06/2011 08/06/2011 28/07/2011 28/07/2011

Sampling Site Point 9A (Inflow) Point 9B (Outflow) Point 9A (Inflow) Point 9B (Outflow) Point 9A (Inflow) Point 9B (Outflow) Point 9A (Inflow) Point 9B (Outflow) Point 9A (Inflow) Point 9B (Outflow)

Units

Laboratory 

Limit of 

Reporting 

(LOR)

Australian 

Runoff 

Quality 

Guidelines 

(2006)

Suspended Solids (SS) mg/L 1 25 0.32 NCB 0.36 0.28 0.24 0.6 0.2 0.2 0.64 0.32

Cadmium mg/L 0.0001 0.0004 0.5 NCB NEA NEA NEA NEA NEA NEA NEA NEA

Chromium mg/L 0.001 0.01 0.1 NCB NEA NEA 0.1 NEA NEA NEA 0.2 0.3

Copper mg/L 0.001 0.01 1.2 NCB 1.3 NEA 0.6 NEA 0.5 0.5 4.2 2.7

Lead mg/L 0.001 0.025 NEA NCB 0.28 NEA NEA NEA NEA NEA 0.16 0.08

Zinc mg/L 0.005 0.05 0.48 NCB 0.84 NEA 0.22 NEA 0.4 0.34 1.46 0.84

Total Nitrogen as N mg/L 0.1 0.5 9.2 NCB 9.2 2.4 8.4 0.2 9.4 5.2 3 1.6

Total Phosphorus as P mg/L 0.01 0.05 13.6 NCB 5.4 0.8 5 NEA 3.4 1.6 10.2 5

Biochemical Oxygen Demand mg/L 2 2 5.5 NCB 7.5 2 4 1.5 2 1.5 5 3

 

 

 

 

 

 

Table 4.5 Gunnamatta Bay GPT Australian Runoff Quality (ARQ) Enrichment Factors. 

Table 4.6 Cronulla Beach GPT Australian Runoff Quality (ARQ) Enrichment Factors. 

A= Value is below the LOR therefore enrichment factor cannot be established.  

 

A= Value is below the LOR therefore enrichment factor cannot be established.  

B= Sample wasn't collected so no data was available to determine the 

enrichment factor.  
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ALS Workgroup Number EW1100422 EW1100422 ES1107703 ES1107703 ES1109140 ES1109140 EW1101805 EW1101805 EW1102223 EW1102223

Sample Date 03/02/2011 03/02/2011 13/04/2011 13/04/2011 11/05/2011 11/05/2011 08/06/2011 08/06/2011 28/07/2011 28/07/2011

Sampling Site Point 22A (Inflow) Point 22B (Outflow) Point 22A (Inflow) Point 22B (Outflow) Point 22A (Inflow) Point 22B (Outflow) Point 22A (Inflow) Point 22B (Outflow) Point 22A (Inflow) Point 22B (Outflow)

Units

Laboratory 

Limit of 

Reporting 

(LOR)

Port Hacking 

River 

Catchment 

Control Site 

Kangaroo 

CreekC

pH pH Unit 0.1 7.5 NCB 0.97 0.97 0.99 0.91 0.96 0.99 0.97 1.04 1.01

Electrical Conductivity (NC) µS/cm 1 240 NCB 0.58 1.20 0.33 1.31 0.48 1.76 0.53 1.63 0.65

Dissolved Oxygen mg/L 0.01 5.8 NCB 1.51 0.68 1.31 1.95 1.23 1.91 1.64 2.02 1.90

Suspended Solids (SS) mg/L 1 2 NCB 7.5 2.5 9.5 9 5 5 NEA 3 1

Arsenic mg/L 0.001 0.0005 NCB NEA NEA NEA NEA NEA NEA NEA NEA NEA

Copper mg/L 0.001 0.0005 NCB 6 14 4 6 6 30 6 20 6

Lead mg/L 0.001 0.0005 NCB 6 4 NEA NEA 6 12 NEA 4 NEA

Zinc mg/L 0.005 0.005 NCB 7 40 13.2 17.8 19.4 30.8 16.8 27.6 18.6

Ammonia as N mg/L 0.01 0.005 NCB 46 18 NEA 6 12 14 12 10 24

Total Nitrogen as N mg/L 0.1 0.2 NCB 8.5 14.5 9 26 3 20.5 1 16 3

Total Phosphorus as P mg/L 0.01 0.005 NCB NEA 12 16 26 10 14 NEA 10 NEA

Biochemical Oxygen Demand mg/L 2 1 NCB 8 9 4 5 3 201 NEA 7 NEA

Enterococci CFU/100mL 1 10 NCB 18 600 2.6 8.2 0.6 140 0.5 14 2.2

 

 

 

 

 

 

 

 

 

 

 

 

A= Value is below the LOR therefore enrichment factor cannot be established.  

B= Sample wasn't collected so no data was available to determine the 

enrichment factor.  

C= Guidelines are mode values determined from data taken over a period from 

1994-2010.  

 

 

Table 4.7 Mianga Avenue Wetland Control Site (CS) Enrichment Factors. 
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ALS Workgroup Number EW1100422 EW1100422 ES1107703 ES1107703 ES1109140 ES1109140 EW1101805 EW1101805 EW1102223 EW1102223

Sample Date 3/02/2011 3/02/2011 13/04/2011 13/04/2011 11/05/2011 11/05/2011 8/06/2011 8/06/2011 28/07/2011 28/07/2011

Sampling Site Point 38A (Inflow) Point 38B (Outflow) Point 38A (Inflow) Point 38B (Outflow) Point 38A (Inflow) Point 38B (Outflow) Point 38A (Inflow) Point 38B (Outflow) Point 38A (Inflow) Point 38B (Outflow)

Units

Laboratory 

Limit of 

Reporting 

(LOR)

Georges 

River 

Catchment 

Control Site 

Woronora 

RiverB

pH pH Unit 0.1 7.2 0.99 0.90 0.94 0.92 0.875 0.96 1.03 0.96 1.03 0.97

Electrical Conductivity (NC) µS/cm 1 190 2.42 1.63 1.86 1.4 2.65 2.25 2.49 2.16 2.21 2.12

Dissolved Oxygen mg/L 0.01 11.1 0.64 0.28 0.46 0.31 0.66 0.37 0.90 0.44 0.92 0.56

Temperature °C 0.1 9.9 2.93 2.64 2.09 1.55 1.59 1.26 1.45 1.09 1.47 1.23

Suspended Solids (SS) mg/L 1 2 0.5 2.5 3 NEA 145 NEA NEA NEA 1 0.5

Arsenic mg/L 0.001 0.001 NEA NEA NEA NEA 2 NEA NEA NEA NEA NEA

Copper mg/L 0.001 0.05 NEA NEA 0.02 NEA 0.58 NEA 0.04 NEA 0.04 0.04

Lead mg/L 0.001 0.0005 NEA NEA 2 NEA 88 NEA NEA NEA NEA NEA

Zinc mg/L 0.005 0.005 17.6 NEA 102.4 1.4 462 1.2 13.6 3 7.2 7.4

Ammonia as N mg/L 0.01 0.005 22 4 NEA NEA 182 6 10 4 4 4

Total Kjeldahl Nitrogen as N mg/L 0.1 0.005 100 100 180 60 NEA NEA 100 NEA NEA NEA

Total Nitrogen as N mg/L 0.1 0.005 100 100 240 60 2240 60 300 NEA 160 40

Total Phosphorus as P mg/L 0.01 0.05 4.4 4.4 1.4 0.6 38.8 1.6 NEA NEA 0.4 0.4

Biochemical Oxygen Demand mg/L 2 1 4 5 4 NEA 55 3 NEA NEA NEA NEA

Enterococci CFU/100mL 1 10 72 18 27 3.4 4500 1 41 0.6 20 1.6

 

 

 

 

 

 

 

 

 

 

 

 

Table 4.8 Tudar Road Wetland Control Site (CS) Enrichment Factors. 

A= Value is below the LOR therefore enrichment factor cannot be established.  

B= Sample wasn't collected so no data was available to determine the 

enrichment factor.  
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ALS Workgroup Number EW1100422 EW1100422 ES1107703 ES1107703 ES1109140 ES1109140 EW1101805 EW1101805 EW1102223 EW1102223

Sample Date 3/02/2011 3/02/2011 13/04/2011 13/04/2011 11/05/2011 11/05/2011 8/06/2011 8/06/2011 28/07/2011 28/07/2011

Sampling Site Point 25A (Inflow) Point 25B (Outflow) Point 25A (Inflow) Point 25B (Outflow) Point 25A (Inflow) Point 25B (Outflow) Point 25A (Inflow) Point 25B (Outflow) Point 25A (Inflow) Point 25B (Outflow)

Units

Laboratory 

Limit of 

Reporting 

(LOR)

Georges 

River 

Catchment 

Control Site 

Woronora 

RiverB

pH pH Unit 0.1 7.2 1.07 0.99 1.03 0.97 0.93 0.93 1.08 1.03 1.08 1.03

Electrical Conductivity (NC) µS/cm 1 190 2.63 2.11 2.04 0.78 1.82 2.21 2.61 2.75 4.33 3.44

Dissolved Oxygen mg/L 0.01 11.1 0.87 0.75 0.83 0.45 0.98 0.67 1.02 0.57 0.89 0.68

Temperature °C 0.1 9.9 2.90 3.04 1.82 1.79 1.30 1.25 1.15 0.91 1.16 1.20

Suspended Solids (SS) mg/L 1 2 16 10 1 1.5 1.5 1.5 NEA 5 1 1.5

Arsenic mg/L 0.001 0.001 NEA NEA NEA NEA NEA NEA NEA NEA NEA NEA

Copper mg/L 0.001 0.05 NEA NEA 0.04 0.04 0.02 NEA 0.02 0.02 0.08 0.06

Lead mg/L 0.001 0.0005 NEA NEA NEA NEA NEA NEA NEA NEA NEA NEA

Zinc mg/L 0.005 0.005 1.6 1.2 5.6 2.2 3 2 3.2 3.4 5.8 5

Ammonia as N mg/L 0.01 0.005 12 8 NEA 6 6 8 8 10 6 20

Total Kjeldahl Nitrogen as N mg/L 0.1 0.005 140 100 80 80 NEA NEA 60 80 NEA 80

Total Nitrogen as N mg/L 0.1 0.005 140 100 100 80 120 100 180 100 400 280

Total Phosphorus as P mg/L 0.01 0.05 3.2 1 0.4 2.4 0.4 1.2 4.2 2.6 NEA 0.2

Biochemical Oxygen Demand mg/L 2 1 8 14 3 4 3 3 NEA 3 NEA NEA

Enterococci CFU/100mL 1 10 8 63 19 590 3.8 100 3.8 12 28 62

 

 

 

 

 

 

 

 

 

 

 

 

Table 4.9 Still Creek Detention Basin Control Site (CS) Enrichment Factors. 

A= Value is below the LOR therefore enrichment factor cannot be established.  

B= Sample wasn't collected so no data was available to determine the 

enrichment factor.  
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ALS Workgroup Number EW1100422 EW1100422 ES1107703 ES1107703 ES1109140 ES1109140 EW1101805 EW1101805 EW1102223 EW1102223

Sample Date 3/02/2011 3/02/2011 13/04/2011 13/04/2011 11/05/2011 11/05/2011 8/06/2011 8/06/2011 28/07/2011 28/07/2011

Sampling Site Point 42A (Inflow) Point 42B (Outflow) Point 42A (Inflow) Point 42B (Outflow) Point 42A (Inflow) Point 42B (Outflow) Point 42A (Inflow) Point 42B (Outflow) Point 42A (Inflow) Point 42B (Outflow)

Units

Laboratory 

Limit of 

Reporting 

(LOR)

Georges 

River 

Catchment 

Control Site 

Woronora 

RiverB

pH pH Unit 0.1 7.2 0.99 1.10 0.99 1 1.08 1.14 1.10 1.06 1.11 1.01

Electrical Conductivity (NC) µS/cm 1 190 2.79 138.42 2.93 36.05 3.59 3.02 4.04 21.84 3.73 10.84

Dissolved Oxygen mg/L 0.01 11.1 0.19 0.79 0.33 0.56 0.63 0.81 0.75 0.88 0.77 0.80

Temperature °C 0.1 9.9 2.49 3.04 2.53 2.53 1.47 1.17 1.33 1.08 1.35 1.15

Suspended Solids (SS) mg/L 1 2 2.5 12 33.5 4 NEA 24 NEA 2 1 4.5

Arsenic mg/L 0.001 0.001 NEA 8 2 NEA NEA 1 2 NEA NEA NEA

Copper mg/L 0.001 0.05 0.04 0.1 0.66 0.04 0.1 0.04 0.12 0.06 0.14 0.06

Lead mg/L 0.001 0.0005 NEA NEA 36 NEA NEA NEA NEA NEA NEA NEA

Zinc mg/L 0.005 0.005 3.4 2.2 65.8 NEA 3.2 1.2 3.6 2.4 4.6 2

Ammonia as N mg/L 0.01 0.005 60 NEA 200 6 10 20 8 28 12 30

Total Kjeldahl Nitrogen as N mg/L 0.1 0.005 200 260 440 220 NEA NEA 80 100 NEA 200

Total Nitrogen as N mg/L 0.1 0.005 220 260 480 220 200 160 160 120 60 240

Total Phosphorus as P mg/L 0.01 0.05 8 3.2 1.6 0.4 2.8 4.2 NEA NEA NEA 0.8

Biochemical Oxygen Demand mg/L 2 1 5 8 12 5 NEA 4 NEA NEA NEA NEA

Enterococci CFU/100mL 1 10 62 5.6 860 2.4 1.6 1 2 2 6.2 3.6

 

 

 

 

 

 

 

 

 

 

 

 

Table 4.10 Burnum Burnum Detention Basin Control Site (CS) Enrichment Factors. 

A= Value is below the LOR therefore enrichment factor cannot be established.  

B= Sample wasn't collected so no data was available to determine the 

enrichment factor.  
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ALS Workgroup Number EW1100422 EW1100422 ES1107703 ES1107703 ES1109140 ES1109140 EW1101805 EW1101805 EW1102223 EW1102223

Sample Date 03/02/2011 03/02/2011 13/04/2011 13/04/2011 11/05/2011 11/05/2011 08/06/2011 08/06/2011 28/07/2011 28/07/2011

Sampling Site Point 11A (Inflow) Point 11B (Outflow) Point 11A (Inflow) Point 11B (Outflow) Point 11A (Inflow) Point 11B (Outflow) Point 11A (Inflow) Point 11B (Outflow) Point 11A (Inflow) Point 11B (Outflow)

Units

Laboratory 

Limit of 

Reporting 

(LOR)

Port Hacking 

River 

Catchment 

Control Site 

Kangaroo 

CreekB

pH pH Unit 0.1 7.5 1.03 1.04 1.05 1.08 0.96 1.05 1.05 1.07 1.05 1.05

Electrical Conductivity (NC) µS/cm 1 240 151.67 142.5 1.43 6.83 117.08 190 51.67 142.92 18.83 46.67

Dissolved Oxygen mg/L 0.01 5.8 1.42 1.16 1.1 1.25 1.69 1.27 1.79 1.69 1.66 1.61

Suspended Solids (SS) mg/L 1 2 1.00 5 2 2 NEA 0.5 3.5 3 18.5 7

Arsenic mg/L 0.001 0.0005 18.00 24 NEA NEA 4 NEA NEA NEA NEA NEA

Copper mg/L 0.001 0.0005 NEA NEA 14 NEA 12 NEA 12 12 24 18

Lead mg/L 0.001 0.0005 NEA NEA 8 NEA 16 NEA NEA NEA NEA 4

Zinc mg/L 0.005 0.005 13.20 NEA 3.8 NEA 4.8 NEA 3.8 2.8 4 3.4

Ammonia as N mg/L 0.01 0.005 NEA NEA 24 NEA NEA NEA NEA NEA 26 22

Total Nitrogen as N mg/L 0.1 0.2 2.00 NEA 10 2.5 11.5 2 9.5 3 10 5.5

Total Phosphorus as P mg/L 0.01 0.005 16.00 24 10 NEA 14 NEA 8 2 12 12

Biochemical Oxygen Demand mg/L 2 1 7.00 6 4 3 3 NEA NEA 3 3 NEA

Enterococci CFU/100mL 1 10 33.00 9 160 64 1200 130 56 26 130 80

 

 

 

 

 

 

 

 

 

 

 

 

Table 4.11 Gunnamatta Bay GPT Control Site (CS) Enrichment Factors. 

A= Value is below the LOR therefore enrichment factor cannot be established.  

B= Sample wasn't collected so no data was available to determine the 

enrichment factor.  
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ALS Workgroup Number EW1100422 EW1100422 ES1107703 ES1107703 ES1109140 ES1109140 EW1101805 EW1101805 EW1102223 EW1102223

Sample Date 03/02/2011 03/02/2011 13/04/2011 13/04/2011 11/05/2011 11/05/2011 08/06/2011 08/06/2011 28/07/2011 28/07/2011

Sampling Site Point 9A (Inflow) Point 9B (Outflow) Point 9A (Inflow) Point 9B (Outflow) Point 9A (Inflow) Point 9B (Outflow) Point 9A (Inflow) Point 9B (Outflow) Point 9A (Inflow) Point 9B (Outflow)

Units

Laboratory 

Limit of 

Reporting 

(LOR)

Port Hacking 

River 

Catchment 

Control Site 

Kangaroo 

CreekC

pH pH Unit 0.1 7.5 1.01 NCB 0.96 1.13 1.09 1.07 1 1.04 1.08 1.01

Electrical Conductivity (NC) µS/cm 1 240 5.54 NCB 3.23 66.25 2.57 198.33 3.89 36.92 50.83 5.42

Dissolved Oxygen mg/L 0.01 5.8 1.07 NCB 0.89 1.48 1.52 1.45 1.56 1.88 1.79 1.59

Suspended Solids (SS) mg/L 1 2 4 NCB 4.5 3.5 3 7.5 2.5 2.50 8 4

Arsenic mg/L 0.001 0.0005 4 NCB 2 NEA NEA NEA NEA NEA NEA NEA

Copper mg/L 0.001 0.0005 24 NCB 26 NEA 12 NEA 10 10 84 54

Lead mg/L 0.001 0.0005 NEA NCB 14 NEA NEA NEA NEA NEA 8 4

Zinc mg/L 0.005 0.005 4.8 NCB 8.4 NEA 2.2 NEA 4 3.4 14.6 8.4

Ammonia as N mg/L 0.01 0.005 258 NCB 126 NEA 76 NEA 52 NEA 48 NEA

Total Nitrogen as N mg/L 0.1 0.2 23 NCB 23 6 21 0.5 23.5 13 7.5 4

Total Phosphorus as P mg/L 0.01 0.005 136 NCB 54 8 50 NEA 34 16 102 50

Biochemical Oxygen Demand mg/L 2 1 11 NCB 15 4 8 3 4 3 10 6

Enterococci CFU/100mL 1 10 200 NCB 400 71 220 3.4 350 23 31 20

 

 

 

 

 

 

 

 

 

 

 

 

A= Value is below the LOR therefore enrichment factor cannot be established.  

B= Sample wasn't collected so no data was available to determine the 

enrichment factor.  

C= Guidelines are mode values determined from data taken over a period from 

1994-2010.  

 

 

Table 4.12 Cronulla Beach GPT Control Site (CS) Enrichment Factors. 
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4.4 Most Important Water Quality Indicator       

      Although the vast majority of studies examining stormwater employ a range of parameters 

in the assessment of the overall health of the system, it is possible to recognise individual 

contaminants as being the more important indicators of water quality at a given location. The 

results for Tudar Road Wetland for example, could largely be demonstrated by simply 

measuring suspended solids, which in this instance was the main driver for the changes in 

nearly all of the other constituents examined. It is possible the same approach could be 

adopted for Burnum Burnum Detention Basin with suspended solids apparently driving 

changes in a number of the other parameters measured. In the case of Mianga Avenue 

Wetland, total nitrogen would represent the most important parameter with this measure 

giving a good indication of the behaviour of nutrients in the system, including total 

phosphorus. This could also be true of Gunnamatta Bay GPT, Still Creek Detention Basin and 

Cronulla Beach GPT where nutrients are perhaps the best parameter to use as an indicator of 

overall water quality due to the lack of any relationship between suspended solids and the 

other constituents. Simply measuring a field parameter such as pH or a single metal 

significantly limits the assessment of the stormwater quality and as a result nutrient analysis is 

probably the best selection as this can give some indication of ammonia, nitrite and nitrate, 

total nitrogen and total phosphorus behaviour in the system. While in some instances the 

selection of a single water quality parameter can provide a reasonable insight into the 

behaviour of other constituents and, therefore, overall water quality, this is not always the 

case. It is therefore always in the best interests of the study to select and measure a range of 

contaminants in order to achieve the most accurate assessment. Indeed, the relationship 

observed at Tudar Road Wetland would not have become apparent without such an approach 

and the importance of suspended solids, in that location, would not have been recognised as a 

result.  

 

       

4.5 Presentation of Human and Ecological Health Impacts to the Community 

      While the data collected for each of the SQIDs provides an important insight into their 

functioning, which is of use to Council, another very important aspect of the process is the 

presentation of this information to the community. Communication of the human and 

ecological health impacts of the inflow and the outflow water can provide the community 

with an understanding of the water quality around where they live and work and how that may 

impact them or their families. It can also help them to understand how they may be 
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contributing to the problem. In order to do this effectively it is necessary to design a clear and 

easily understandable communication medium. One possibility is the categorisation of the 

water quality results for the sites studied. This could involve scoring the inflow and outflow 

data using a scale from A to D with the terms Excellent, Good, Fair and Poor to describe the 

score given. Scores could be assigned to describe a variety of water quality parameters 

including metals, nutrients and bacteria and an overall score could be given for the site as a 

whole. One method of deciding what score to assign could be to employ enrichment tables, as 

seen above. This involves comparing the results for the various parameters with the 

established guidelines. Depending upon the spread of results received, the enrichment factor 

values could be divided to achieve four categories, as above. This represents an effective 

means of translating the quantitative data into a qualitative form. Such an approach would 

allow the audience to quickly and easily understand the water quality at a given site. This 

information could then be presented on a pamphlet or postcard size printout which could be 

distributed amongst the community, either through letter box drops, which would probably be 

the most effective, or at community information events. Community information sessions 

could also assist with the communication of the water quality information. At such an event 

the categorisation approach could be explained in more detail, including how the system was 

devised. Community members would have the opportunity to ask questions which could be 

answered in more detail, if required, by a relevant Council employee or external professional. 

In this sense these two approaches would operate effectively in unison to provide the 

community with the information they need in a format they can understand. Therefore this 

would represent the most effective means of presenting such data to the community.  

 

 

4.6 Water Quality and Environmental Management Implications 

      Overall, the water quality data suggests that stormwater within the Sutherland Shire is of a 

reasonable quality and has improved since 1994, particularly in the sense of heavy metal 

concentrations which are, in most instances, quite low. Indeed, oil and grease measurements 

are no longer taken as it was found that over time the values were at such a consistently low 

level that it was not considered necessary to examine this constituent any longer. Some 

nutrient contamination can be observed across all sites, although this is expected, given the 

prevalence of sources for such pollution within an urban catchment. With proper management 

the potential impact on human and ecological health can be controlled. The aerial photos and 

zoning maps illustrate that catchment land use has changed little since 2000/2001, which 
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suggests that any changes in pollutant concentrations can be attributed to behavioural and 

process changes within the catchments. Of comfort is the fact that the data appears to justify 

the collection of inflow and outflow data on the same sampling day. It is possible under such 

circumstances, that a time-lag could exist between the two points and therefore sampling one 

straight after the other does not provide an accurate indication of the relative water quality. 

The data collected does not show evidence of a time-lag, rather both the inflow and outflow 

appear to follow the same trend, which supports the current sampling practices.  

 

      The comparisons of the different sites demonstrate that those devices which have been 

designed specifically for stormwater treatment are the most effective with Tudar Road 

Wetland functioning the best, despite the need to harvest the reeds growing in the wetland. As 

discussed above Mianga Avenue Wetland appears to be operating relatively well though it is 

interesting when this site is compared with Cronulla Beach GPT. Cronulla Beach GPT 

appears to provide a relatively adequate treatment of nutrients despite the absence of a 

vegetated wetland basin, beneficial to nutrient removal. Similar results were observed at 

Gunnamatta Bay GPT which suggests that, despite the absence of a wetland system, a 

reasonable degree of nutrient removal can occur. It is possible the nutrient load is being 

incorporated into the sediment within the GPT and as a result, being retained within the 

system. It is therefore difficult to unequivocally recommended one kind of installation over 

the other. It is clear however, that sites such as Burnum Burnum Detention Basin and Still 

Creek Detention Basin are poorly functioning which could be resulting in unnecessarily 

polluted outflows, to Woronora River for example. Furthermore, poorly functioning devices 

can contribute to the degradation in aesthetic appeal of a location, which is particularly so for 

Still Creek Detention Basin where the channel is overgrown by weeds and the basin holds 

essentially, stagnant water. In these instances, the opportunity exists to improve the sites and 

upgrade their stormwater treatment potential as well as improve the amenity of the area. 

Council is currently engaged in preparing a plan of management for these sites in order to 

understand how best to remedy the problems encountered. Once this process, which includes 

community consultation, has been completed then work can be undertaken to redesign and 

improve these installations.  
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5. Conclusions and Recommendations  

       

      This study shows that it is difficult to clearly define what represents a superior stormwater 

quality improvement device under some circumstances, though it is evident that specifically 

designing the system for stormwater quality control is necessary. Attempts made to utilise 

sites, originally intended for other purposes and possibly poorly designed in the first instance, 

do not achieve the required outcome and are likely to be plagued by operational problems. 

The results show that those specifically designed devices are indeed improving the quality of 

stormwater outflow and while not all discharges meet the guideline values they are, in the 

majority of cases, an improvement upon the inflow quality. In order to investigate further the 

causes of any breaches of guideline values, as well as the operational efficiency of the SQIDs 

in the Sutherland Shire, a number of recommendations for future studies have been provided. 

Firstly, an examination of the constituent metal content of the sediment at the inflow and 

outflow of each site would provide a more accurate representation of the kinds of heavy metal 

loads originating from the catchment and the SQIDs potential for controlling this. Secondly, 

expand the number of sites with the inclusion of an equal number of wetland systems and 

gross pollutant trap systems to investigate the relative treatment potential of these two designs 

further. This could reveal which of these systems is the most effective. It would also be 

worthwhile to conduct a more detailed study of the impact rainfall has upon the operation of 

the devices. This could involve sampling for a number of days after the rain event and if 

possible before the event to more accurately determine how rainfall influences the pollutant 

concentrations. Finally, a detailed review of the catchment area of an individual device or 

devices could be performed with a view to identifying the sources of contaminants measured 

in the SQID. Such a study could have wider implications for land use management and could 

guide decisions affecting the installation of SQIDs and development approvals around water 

ways. Ultimately, this would allow Sutherland Shire Council to improve, what appears to be, 

an already comprehensive stormwater management system.  
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Appendix 1: Legend Description for Geology Maps 

 
 

 Qhf- “Marine” quartz sand, fine to medium, shelly. Leached to varying degrees.  

 

 Qhbr-  “Marine” quartz sand, minor shell content, interdune (swale) silt and fine  

 sand.  

 

 Qal- Quartz and lithic “fluvial” sand, silt and clay. 

  

 Qhb- “Marine” quartz sand, medium to coarse, with shelly fragments.  

 

 Rh- Hawkesbury Sandstone; medium to coarse-grained quartz sandstone, very          

 minor shale and laminate lenses.  

 

 Rhs- Claystone, siltstone and laminate (“shale lenses”).  

 

 mf- Man-made fill. Dredged estuarine sand and mud, coal washing, industrial  

 and household waste. 

 

 water- Water surface such as a lake, river or stream.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



169 

 

Appendix 2: Legend Description for Past Zoning SSLEP 2000 Maps 

 
 

 1 (a)-   Rural 

 1 (b)-   Rural (Future Urban) 

 2 (a1)-   Residential 

 2 (a2)-   Residential 

 2 (b)-   Residential 

 2 (c)-   Residential 

 2 (e1)-   Residential 

 2 (e2)-   Residential 

 3 (a)-   General Business 

 3 (b)-   Neighbourhood Business 

 4 (a)-   General Industrial 

 5 (a)-   Special Uses 

 5 (b)-   Special Uses (Railways) 

 5 (c)-   Special Uses (Arterial Road) 

 5 (d)-   Special Uses (Future Arterial Road) 

 5 (e)-   Special Uses (Proposed Road) 

 5 (f)-   Special Uses (Waste Recycling) 

 5 (g)-   Special Uses (General Road) 

 6 (a)-   Public Recreation 

 6 (b)-   Private Recreation 

 6 (c)-   Regional Recreation 

 6 (d)-   Future Recreation 

 7 (a)-   Environmental Protection (Waterways) 

 7 (b)-  Environmental Protection (Bushland) 

 7 (c)-   Environmental Protection (Water Catchment) 

 8 (a)-   National Parks, Nature Reserves and State Recreation Areas 

 9 (a)-   Mixed Residential/Business 
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Appendix 3: Legend Description for Current Zoning SSLEP 2006 Maps 

 

Zone 1-  Environmental Housing (Environmentally Sensitive Land) 

Zone 2-  Environmental Housing (Scenic Quality) 

Zone 3-  Environmental Housing (Bushland) 

Zone 4-  Local Housing 

Zone 5-  Multiple Dwelling A 

Zone 6-  Multiple Dwelling B 

Zone 7-  Mixed Use—Kirrawee 

Zone 8-  Urban Centre 

Zone 9-  Local Centre 

Zone 10-  Neighbourhood Centre 

Zone 11-  Employment 

Zone 12-  Special Uses 

Zone 13-  Public Open Space 

Zone 14-  Public Open Space (Bushland) 

Zone 15-  Private Recreation 

Zone 16-  Environmental Protection (Waterways) 

Zone 17-  Environmental Protection (Low Impact Rural) 

Zone 18-  Environmental Protection (Water Catchment) 

Zone 19-  Aquatic Reserves 

Zone 20-  National Parks, Nature Reserves and State Conservation Areas 

Zone 21-  Railway 

Zone 22-  Arterial Road 

Zone 23-  Road 

Zone 24-  Transport Reservation 

 

 


