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1 BACKGROUND 
Waste Solutions Australia Pty Ltd (WSA) was commissioned by Codlea Pty Ltd to 
undertake an assessment of groundwater resources and their interaction under Lot 1 
DP 871039, located at Bayside Way, Brunswick Heads NSW. Following the exhibition 
of the Environmental Assessment (which included the WSA report) by LandPartners, 
submissions were received from interested parties as well as regulatory agencies. This 
report reviews these submissions and responds to the relevant issues raised.   

1.1 Scope of Work 

Groundwater is only mentioned in the response from the Office of Water and in two 
private submissions. These responses will be examined in detail below in Section 2.  

This report does not address issues raised around acid sulphate soils (ASS), surface 
water flow/ flooding or the water quality of the runoff water treated through the 
proposed detention basin system.    

2 OFFICE OF WATER (OOW) RESPONSE 
 Applicant must forward details of monitoring bores to Office of Water Licencing 

Branch.  If additional monitoring bores for ASS testing have not been 
decommissioned they must be licensed. If additional monitoring bores are to be 
established in the future, they must also be licenced. 

Response: The requested drill log data from the early drilling in 2009 was submitted to 
OOW to complete the licence requirements. As no ASS testing holes were retained as 
groundwater monitoring bores, these holes did not require a license.    

 Applicant to be aware of licensing requirements under the Water Act & 
Management Act.  Dam construction may require consent. 

Response: The Applicant is aware of his licensing requirements under the Act. The 
storm water detention basin will require controlled activity approval. It is proposed that 
this license be conditioned as part of the project design phase. 

 Bond or Bank Guarantee will be required if a ground water or surface water licence 
is required. 

Response: It is proposed that this bond be conditioned as part of the project design 
phase. 

 OOW recommends the applicant prepare Groundwater and Surface Water 
Management Plans that incorporate a detailed description of a sustainable and 
efficient water supply. 

Response: Following discussions with OOW, it was agreed that the Groundwater 
Management Plan will be prepared and submitted as part of the project design phase.  

 Office of Water is satisfied that the storm water management arrangements 
adequately addresses the type and location of on-site detention, major overland 
flows and discharge calculations and the quantity direction and rate of surface and 
nutrients discharges from the site.  However, concerns and recommendations 
include but are not limited to: 
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1. the potential to contaminate groundwater through the direct infiltration of 
storm water runoff or the construction of storm water detention basins and 
swales that intercept the water table which may provide further movement of 
pollutants down gradient that could discharge to surface waters; 

2. detention basins and swales that are constructed below the water table 
should be lined (clay or geo-fabric) to minimise the hydraulic connection within 
the surrounding groundwater system or if unlined, constructed so that the 
base of the excavation is 1m above the water table for most of the time; 

Response: WSA has undertaken additional drilling, pump testing and numerical 
modelling in order to assess whether the requirement for lining of the detention basin is 
necessary to stop potential adverse impacts of the treated infiltration water on the 
adjacent SEPP 14 and 7 (a) zone land.  This work has been discussed in detail in the 
attached report (called Appendix A). 

The main conclusion from this study is that the shallow perched aquifer into which any 
detention basin infiltration water will flow does not discharge to the SEPP 14 wetlands 
or the 7(a) lands. In addition, even with a 1 in 100 year storm event and a dry aquifer, 
the distance the water will infiltrate before returning back to the drain is limited.      

3. the potential of ASS to be exposed when constructing detention basins, 
swales and drains creating acid leachate; 

Response: This issue will be discussed elsewhere by JGA. 

4. on coastal land of very low relief flooding is an issue especially 
considering the longer term possibility of sea level rise and increase in the 
range of inundation depths; and 

Response: This issue will be discussed elsewhere by CivilTech Consulting Engineers 
(CTCE) 

5. all works that intercept groundwater must be licensed under Part 5 WA. 

Response: This will be undertaken. 

 Applicant to provide evidence that sediment and erosion works concur with the 
‘blue book’.  ESCP to be incorporated into a GWMP and/or SWMP. 

Response: It is proposed that this will be included in the SWMP. 

 Applicant must demonstrate in a SWMP and GWMP what mitigation measures will 
be adopted to avoid and/or treat the following potential impacts: 

1. TSS (total suspended solids) may increase in surface water due to 
erosion and runoff of cleared areas during construction stages of the proposed 
development; 

Response: The sediment and erosion controls documented in the SWMP will describe 
the control measures which will limit adverse environmental outcomes. 

2. low conductivity in Simpsons Creek and high conductivity in groundwater 
from storm water runoff discharge and reduced recharge respectively due to 
sealed surfaces on the site; 

Response: As Simpsons Creek is a tidal creek, conductivity will vary daily and 
seasonally. All existing groundwater conductivities are low. After development, 
conductivity of groundwater within the upper perched aquifer may increase through the 
addition of fertilizers to gardens and grass. The conceptual hydrogeological model 
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indicates that the groundwater from this upper aquifer will not reach the SEPP 14 
wetlands. The lower aquifer is unlikely to be affected as it is isolated from the upper 
aquifer by a confining “coffee rock” layer at depth (refer to the conceptual model 
discussions in Appendix A).   

3. decreases in groundwater level and flow rates from reduced recharge 
which may potentially impact on GDEs; 

Response: The top perched aquifer under the proposed development does not 
contribute a significant volume of water to the SEPP 14 wetlands. Most excess water 
from this aquifer will discharge to the central N-S drain before directly discharging to 
Simpson Creek during a wet season. Hence, any potential loss to the groundwater 
from hard surfaces within the development will have no impact on the adjacent GDE’s.  

4. Eutrophication of water sources and higher PH from increased 
application of fertilisers and soil conditioning agents to gardens/lawns; and 

Response: Routine baseline testing of the upper and lower aquifers show that both 
these aquifers already contain significant quantities of nutrients (see Appendix A). 

5. increased concentrations of TPH (total petroleum hydrocarbons), BTEX 
(benzene toluene ethyl-benzene xylene), pesticides and metal from road 
runoff and domestic activities. 

Response: If low concentrations of these contaminants exist in groundwater 
discharging to the detention basin, the treatment process within the detention basin will 
reduce/remove the materials before discharge to the Simpson Creek.  

 Recommended baseline monitoring for water quality for a minimum of 2 years.  
Also recommend more extensive monitoring program which includes all aquifers, 
watercourses and wetlands within and adjacent to the project site. 

Response: The monitoring program was discussed with the OOW. The proposed 
monitoring program is described in Appendix A – Section 1.3.    

 The GWMP and SWMP should incorporate the results of the baseline data 
monitoring already undertaken, proposed future monitoring and reporting 
programs, including a contingency plan.  Should also include measures to protect 
natural environment (SEPP 14, 7(a) zone land etc.).  The plans should be 
forwarded to the Office of Water for review. 

Response: The GWMP will incorporate the baseline sampling data, details of any 
reporting and a contingency plan. The Plan will also include any protection measures, 
should they be required, for the SEPP 14 and 7(a) zone land. The draft Plan will be 
sent to OOW for review prior to finalisation.   

 Recommend 100m buffer to estuarine aquatic vegetation. 

Response: This aspect will be discussed by James Warren & Associates Pty Ltd 
(JWA) or CTCE.  

 Give consideration to NSW State Rivers & Estuaries Policy 1993 when preparing 
SWMP and GWMP. 

Response: The Policy will be taken into account when preparing the GWMP. 

 Applicant to take into account NOW’s “Guidelines for Controlled Activities” 
including the minimum core riparian zone (CRZ) widths which should be adhered 
to.  In addition to the CRZ widths, an additional vegetated buffer is to be provided 
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on both sides of the water course. 

Response:  This aspect will be handled by JWA once CRZ extent is known. 

 The APZ is not to form part of the CRZ. 

Response: JWA to address 

3 PUBLIC SUBMISSIONS 
There were two public submissions which mentioned groundwater. The submissions 
were from: 

 Mr Peter McCulloch of 2/57 Fingal St, Brunswick Heads and 

 Ms Eleanor Sharman of 2/57 Fingal St, Brunswick Heads 

The submissions both stated: 

“The flood report claims that the majority of the site is underlaid by a continuous sand 
aquifer with a shallow water table generally between 0.3 m and 0.8 m. Compromising 
the stability, health and safety of any residential dwellings.” 

Response: the most recent fieldwork showed that the groundwater levels underneath 
the proposed site are 1 - 3 m below ground level (see Appendix A). It is possible that 
higher groundwater levels will occur after prolonged wet periods. However, elevated 
water levels are not considered a health risk. WSA cannot comment on the impact of 
elevated groundwater levels on the stability or safety of residential dwellings. 

4 RECOMMENDATIONS 
 Based on the modeling results, WSA recommends that the detention basin 

sides do not have to be lined assuming the whole structure is underlain by the 
low permeability “Coffee Rock” material.  

 The groundwater and surface water monitoring program, as listed in Appendix 
A, Section 1.3, should be instigated to gather further chemical data before the 
construction phase of the housing estate begins. This will determine impact of 
the development on the receiving environment.  

5 LIMITATIONS 
Waste Solutions Australia Pty Ltd has prepared this report for the use of Codlea Pty Ltd 
and the NSW Department of Planning and Infrastructure in accordance with generally 
accepted consulting practice.  No other warranty, expressed or implied, is made as to 
the professional advice included in this report.  This report may not contain sufficient 
information for purposes other than for the client and its respective consulting advisers. 

The accuracy of the assessment made in this report is dependent upon the accuracy 
and reliability of evidence drawn together from a number of sources.  The field 
investigations on which this report is based were restricted to a level of detail 
appropriate for the current stage of the project.  Waste Solutions Australia Pty Ltd has 
taken steps to ensure the accuracy and reliability of field observations and 
investigations.  It is important, however, that the limitations of the assessment be 
clearly recognised when the findings of this study are being interpreted.  This report is 
based on information derived partly from other parties over which Waste Solutions 
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Australia Pty Ltd has no control. 

The report is based on conditions encountered in a limited number of investigation 
locations.  Conditions may be encountered in subsequent investigations or during site 
redevelopment, which were not encountered in this investigation.   

6 SIGNATORIES 
 

Prepared by: 

 
 

 

Paul Smith 
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1 INTRODUCTION 

1.1 Background and Objective 

Waste Solutions Australia Pty Ltd (WSA) was commissioned by Codlea Pty Ltd to 
undertake a groundwater investigation, numerical aquifer modelling and groundwater 
and surface water sampling of their site located at Bayside Way, Brunswick Heads 
NSW (real property description, Lot 1 DP 871039). Codlea Pty Ltd proposes that the 
site be developed into a residential subdivision. An area of wetlands located in the far 
east of the site has been protected under the State Environmental Planning Policy 
(SEPP) No 14 - Coastal Wetlands. 

The aim of this report was to undertake investigations in order to understand the 
hydrogeological conditions of the site so that a more detailed conceptual model of the 
site can be developed (building upon that of WSA 2010). This will allow a numerical 
groundwater model of the site to be used to determine any impact to the receiving 
environment from the construction of the planned housing estate, in particular the 
storm water detention basins and swales. Additionally, WSA has developed a 
groundwater and surface water sampling plan for on-going assessment of 
environmental conditions at the site. This plan has been discussed with the NSW Office 
of Water (OOW). The results of environmental sampling undertaken up to this report 
(November 2012), including historical sampling results, will be presented and 
discussed. 

A site plan showing the locations of the monitoring bores, as well as the surface water 
sample location sites are shown in Figure 1.  

1.2 Scope of Work 

The scope of works comprised: 

 Installation of a further four groundwater monitoring bores to enable 
assessment of interaction between the deeper and shallow aquifer on site. 
New bores installed were Bores 3B, 4A, 4B, and 5. This work was undertaken 
on the 13-14 November 2012; 

 Undertake short term pump tests within two deep bores (Bores 3B and 4B) to 
measure the response in the adjacent shallow monitoring bores (Bores 3A and 
4A); 

 Undertake recovery tests in the deep and shallow bores across the site to 
determine aquifer transmissivity values (Bores 3A, 3B, 4B, and 5); 

 Undertake falling head infiltration tests at two locations in the base of the major 
north-south drainage channel that bisects the site to determine infiltration rates.  
This information forms an essential element of the hydrogeological behaviour 
of the numerical modelling of the shallow unsaturated aquifer at this depth;  

 Surveying of all the groundwater monitoring bores to the Australian Height 
Datum (AHD); 

 Surface water and groundwater sampling and analysis: measurement of 
groundwater levels within the site bores and sampling of the bores (with 
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available water) to determine the groundwater quality on the site prior to the 
development. Sampling of Simpson Creek to the east of the property and the 
drainage lines that intersect the property to determine the quality of the surface 
water on and near the site prior to the development. Analysis of water samples 
for a range of water quality parameters and potential contaminants (with the 
analyte list as agreed with OOW); 

 Numerical modelling of the hydrogeology of the site to determine the impact of 
the storm water detention basin on the local aquifer; and, 

 Submission of a report to Codlea detailing the findings of the investigation. This 
report would also be suitable for submission to the OOW and for public 
viewing. 

1.3 Groundwater and Surface Water Sampling and Analysis Plan 

Discussions were held with the OOW.  The proposed sampling plan for the Codlea site 
is as follows for groundwater and surface water. To date, sampling as per this plan has 
not been carried out; however groundwater and surface water samples have been 
obtained at intervals over the course of investigative work by WSA since 2009. The 
locations of the monitoring bores are shown on Figure 1.   

1.3.1 Groundwater 

The proposed groundwater sampling plan includes sampling of all the monitoring bores 
on a monthly basis for analysis of the following parameters: 

 On site parameters measured using a multiparameter probe (turbidity, pH, EC, 
DO),  

 Nutrients (ammonia, nitrate, total nitrogen, total phosphorus),  

 Major anions and cations (calcium, magnesium, sodium, potassium, chloride, 
sulphate, bicarbonate), and   

 Metals (arsenic, cadmium, chromium, copper, nickel, lead, zinc and mercury) to 
be analysed quarterly only. 

Water level data loggers were installed in Bores 3A, 3B, 4A, and 4B after installation of 
the new deep bores during November 2012. These loggers will be downloaded at least 
quarterly.  

1.3.2 Surface Water 

Surface water sample sites are Drains 1-4 and Simpson Creek near the southerly site 
extent. These locations are shown on Figure 1.   

The OOW has requested sampling be undertaken during rainfall events and not during 
routine groundwater sampling. WSA proposes to collect grab samples from the above 
sites during two runoff events during the next wet season and a total of two runoff 
events during this dry season or the next dry season (should suitable events occur). 
Grab samples were obtained during the 11 September 2012 site visit from locations 
with available water. Surface water samples are to be analysed for the following 
parameters: 

 On site parameters measured using a multiparameter probe (turbidity, pH, EC, 
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DO),  

 Nutrients (ammonia, nitrate, total nitrogen, total phosphorus), 

 Total suspended solids (TSS), 

 Total Petroleum Hydrocarbons (by fractions), and  

 Total algae count (including cyanobacteria). 

2 RESULTS OF FIELD INVESTIGATIONS 

2.1 Field Work Summary 

Investigative fieldwork for this project was undertaken from September to November 
2012. WSA undertook initial site investigations during June and October 2009, the 
results of this work is outlined in the WSA report Surface and Groundwater 
Assessment, Lot 1 DP 871039, Bayside Way, Brunswick Heads (WSA 2010). 

The breakdown of field tasks undertaken for this investigation and the dates these 
occurred are as follows:   

 11 September 2012: Groundwater samples were obtained from Bore 3A and 
the surface water sites: Drain 1, Drain 2, Drain 3 and Ck South 1 (Simpson 
Creek). Drain 4 was dry at the time of sampling. Using an endoscope camera, 
obstructions within Bores 1 and 2 were examined and it was found that tree 
roots had fouled the casing prohibiting functioning of the bores.  

 18 September 2012: The tree roots in Bores 1 and 2 were cleaned out. Bore 1 
was almost dry and was not able to be sampled; however a groundwater 
sample was able to be obtained from Bore 2. 

 5 October 2012: Recovery testing was carried out on Bore 3A and permeability 
testing of the main site drainage channel was undertaken in two locations (Test 
1 and Test 2, shown in Figure 1). 

 13-14 November 2012: Installation of Bores 3B, 4A, 4B and 5 was undertaken 
by Geotech Investigations Pty Ltd. Installation of the deep bores was done 
using wash boring to keep the holes open to allow installation of the casing 
within the collapsible sand environment that the site is situated on. 

 14 November 2012: A short term pump test was undertaken on Bore 3B, 
measuring the response in 3A, and a short term pump test was undertaken on 
Bore 4B, measuring the response in 4A. Recovery testing was then undertaken 
on Bores 3B and 4B after the pump test. A recovery test was also undertaken 
on Bore 5. All new bores were developed after drilling by purging adequate 
volumes using a 12v submersible pump. Groundwater samples were obtained 
from all newly installed bores.     

 19 November 2012: All monitoring bores were surveyed.  

The results of this work will be discussed in the relevant sections to follow. 
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2.2 Quality Assurance and Quality Control 

2.2.1 Field Quality Assurance and Quality Control 

All field work was carried out in accordance with WSA standard operating procedures 
for field Quality Assurance (QA) and Quality Control (QC). These procedures cover: 

 The use of appropriate equipment for obtaining samples;  

 The use of suitable sample containers;  

 Appropriate sample storage, preservation and transportation;  

 Rigorous decontamination procedures;  

 The collection of QC samples (rinsate blanks and field duplicates);   

 Field measurements, including calibration of equipment; and  

 Documentation of all fieldwork, including sample locations and observations.  

Field QA samples were obtained as per WSA field quality assurance standards. No 
metals rinsate sample was obtained, as disposable syringes and filters were used to 
filter samples for dissolved metals analysis. 

Two duplicate samples were obtained during the project. A duplicate sample was 
obtained at Bore 3A on the 11 September 2012 and Bore 3B on the 14 November 
2012. The Relative Percent Difference (RPD%) (a measure of precision between two 
values expressed as a percentage) between the original sample and the duplicate 
ranged from 0-23.1% (Bore 3A) and 0-17.4% (Bore 3B) for the inorganic analyses. The 
laboratory reports that ionic balances were within acceptable limits. The field QA and 
QC results are considered acceptable and analysis results are suitable for use in this 
report.  

The laboratory completed routine QA and QC procedures in accordance with National 
Association of Testing Authorities (NATA) requirements and internal laboratory 
standards as part of the analytical testing program. The results of this testing can be 
found on the appropriate reports within Appendix B. All samples were within holding 
times with the exception of pH which has a holding time of 6 hours only. The remaining 
laboratory duplicate, method blank, laboratory control spike, and matrix spike samples 
that were a part of this work order were within ALS acceptable standards.   

2.3 Groundwater and Surface Water Monitoring Results 

2.3.1 Drilling of New Boreholes 

Installation of a further four groundwater monitoring bores to enable assessment of 
interaction between the deeper and shallow aquifer on site was carried out on the 13-
14 November 2012. New bores installed were Bores 3B, 4A, 4B, and 5. The bore logs 
have been supplied in Appendix C. The geological findings of the drilling investigations 
will be discussed in Section 3 below, groundwater conceptual model. 

2.3.2 Groundwater Levels 

Bore details and recorded groundwater levels reduced to meters Australian Height 
Datum (mAHD), from survey data, are shown below in Table 1. The groundwater levels 
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show significant seasonal variation with levels fluctuating by several meters in Bores 1 
and 2. Bore 3A has fluctuated less over the monitoring period, by up to 0.92m.  

The shallow bores have been installed within the upper sand aquifer on the site, while 
the deep bores have been installed below an extensive cemented sand (“coffee rock”) 
layer (terminating between 8-10 m below ground level). There is a distinct difference in 
piezometric groundwater level between these two aquifers, with the deeper aquifer 
being approximately 2.1-2.2 meters deeper than the shallow aquifer.  

Water level data loggers were installed in Bores 3A, 3B, 4A, and 4B after installation of 
the new deep bores during November 2012. No data is available for review for this 
report. 

Table 1 Monitoring bore details 

Borehole 
Location 

UTM MGA94 
Co-ordinate 

Easting 

UTM MGA94 
Co-ordinate 

Northing 

Casing 
height 

(mAHD)(1) 

Casing 
Height 

(mAGL)(2) 

Bore 
Depth 

(mBTOC
)(3) 

Groundwater 
Level 4/06/09 

(mAHD) 

Groundwater 
Level 8/10/09 

(mAHD) 

Groundwater 
Level 11/09/12 

(mAHD) 

Groundwater 
Level 14/11/12 

(mAHD) 

Bore 1 553888.484 6840943.733 5.385 0.515 3.02 3.875 Dry 2.395 Dry 

Bore 2 553953.278 6840829.324 5.165 0.615 2.9 3.855 2.59 2.765 Dry 

Bore 3A 553819.893 6840801.054 4.37 -0.05 (gatic) 2.1 4.11 3.19 3.37 3.39 

Bore 3B 553815.892 6840800.437 4.29 -0.07 (gatic) 11.87 NI(4) NI NI 1.257 

Bore 4A 553804.108 6840534.801 4.46 -0.1 (gatic) 2.94 NI NI NI 3.741 

Bore 4B 553804.377 6840531.391 4.47 -0.07 (gatic) 10 NI NI NI 1.456 

Bore 5 554099.484 6840943.733 5.37 0.72 12.68 NI NI NI 0.995 
(1) Casing height (measurement point) meters Australian Height Datum 
(2) Casing height (measurement point) meters Above Ground Level 
(3) Bore Depth meters below top of casing 
(4) Not Installed 

2.3.3 Comparative Guideline Values 

Field and laboratory chemical data has been compared against the:  

 ANZECC (2000) Australian and New Zealand Guidelines for Fresh and Marine 
Water Quality Australian Government Department of Environment, Water, 
Heritage and the Arts, Canberra; and  

 The “Dutch Guidelines”: Ministry of Housing, Spatial Planning and the 
Environment. Environmental Quality Objectives in the Netherlands: A review of 
environmental quality objectives and their policy framework in the Netherlands 
(1994). 

Values chosen for each analyte are as per values stipulated in WSA 2010 for 
consistency across the reports. Where available, estuarine values have been adopted, 
as estuarine environments represent the major receiving environment at the site. For 
metals, the freshwater 95% protection of species has been chosen as the majority of 
water types are freshwater across the site. Values have been applied to dissolved 
metals, not totals as was done in WSA 2010. 

2.3.4 Groundwater Chemistry 

The standing water level was measured in each bore prior to purging. Approximately 
three times the volume of water in each bore was removed via bailer (Bores 2 and 3A) 
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or a 12v submersible pump (Bores 3B, 4A, 4B, 5), and the wells were allowed to 
recover prior to drawing a groundwater sample. Field recordings are provided in 
Appendix D. A low-flow sampling pump was not used to collect the groundwater 
sample as the bores required development and cleaning out after drilling. This is quite 
important as the bores were installed using the wash boring technique. Several 
hundred litres were purged prior to obtaining the groundwater sample from each newly 
installed bore, with the exception of Bore 5 which went dry after purging 25L. 

Groundwater samples were decanted into appropriately preserved sample bottles 
prepared by a NATA accredited laboratory and delivered to the lab for analysis. Two 
duplicate samples were obtained for quality assurance purposes (refer to Section 2.2.1 
above). The full NATA accredited results are provided in Appendix B. 

The analytical results have been tabulated in Table 3 below with a comparison to the 
guideline values as discussed above in Section 2.3.3. Three groundwater monitoring 
rounds have been competed in total, during June 2009, October 2009 and 
September/November 2012. 

The results of the groundwater sampling indicate that the shallow sand aquifer is fresh 
(between 60-260 S/cm) and acidic (between pH 3.5 and 4.8), the low pH originating 
from the natural coastal environment in which the site is situated. The groundwater is 
sodium-chloride dominated, again due to the coastal environment. The spatial 
distribution of groundwater chemical types across the site can be compared by plotting 
Stiff diagrams on a map of the site (refer to Figure 2). The total area of each diagram 
indicates the Total Dissolved Solids (TDS) of a sample.  

Groundwater sampling from the deeper aquifer indicates that groundwater is fresh 
(between 80-210 S/cm) and acidic (between pH 5 and 5.6). The major difference 
between the deeper and shallower aquifer is pH, in which the deeper aquifer is 
approximately one pH unit higher. A comparison of major ion chemistry between the 
shallow and deeper aquifers is shown on Figure 2. Groundwater types are similar 
across the site, with Bore 3A having a similar TDS and water type to Bore 4B. Even 
with these similarities, these aquifers can still be considered separate due to the 
differences in pH and water levels. 

Metal concentrations within samples collected during 2009 were elevated for copper 
and zinc; however the most recent round of sampling during September/November 
2012 recorded low concentrations of copper and zinc (with the exception of Bore 5 for 
zinc). Arsenic was above the Dutch guideline value for Bore 5 during the November 
sampling.    

Nutrient concentration of the groundwater was highly variable over time. Ammonia, 
nitrite and nitrate concentrations were generally low within all bores, with the exception 
of nitrate in Bore 5 with 3800g/L. Total nitrogen and total phosphorus were elevated, 
exceeding the ANZECC guidelines for every groundwater sample obtained. Total 
nitrogen varied between 400g/L and 8200g/L and total phosphorus varied between 
60g/L and 590g/L over the monitoring period for all bore holes. Both the shallow and 
deep aquifers have elevated concentrations of nutrients with the highest concentrations 
recorded in Bore 3A (shallow) and Bore 5 (deep). These results suggest high 
concentrations of existing nutrients inherent to both aquifers at the site.  

2.3.5 Surface Water Chemistry 

The surface water sample points and their geographical coordinates are listed below 
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on Table 2 and shown on Figure 1. Three surface water monitoring rounds have been 
competed in total, during June 2009, October 2009 and September/November 2012. It 
should be noted that these samples were grab samples that were not obtained during 
flow events associated with rainfall as stipulated in the surface water sampling plan. 

The results suggest low to no hydrocarbon contamination within the surface water 
sites. Nutrient concentrations were lower than those within the groundwater bores with 
total nitrogen results varying between 200g/L and 2900g/L and total phosphorus 
varying between less than the limit of reporting (LOR) to 1590g/L over the monitoring 
period for the sites. The drain samples were not obtained during flow events and 
therefore are a result of direct groundwater discharge (flow) into the drain. Therefore 
results are similar to that of the groundwater with a low pH and elevated nutrients. 

Table 2 Surface water monitoring location details 

Sample 
Location 

UTM GDA94 
 Co-ordinate 

Easting 

UTM GDA94  
Co-ordinate 

Northing Description 

Ck South 1 56 554225 6840444 Simpson Creek near the southern boundary of the site 

Drain 1 56 553771 6840502 

Drainage channel running north-south though the site, with the sample point 
located on the southern site boundary. The source of this water is from 
surface water runoff and groundwater discharge during drier times. 

Drain 2 56 553671 6840809 

Sample taken at the storm water discharge pipe into the drainage channel 
that runs south to the Drain 1 sample location. Again, the source of this water 
is from surface water runoff and groundwater discharge during drier times. 

Drain 3 56 553858 6841019 

Sample taken in running water from the discharge of a man made dam 
servicing the nursery adjacent to the north. The source of this water is from 
surface water runoff (and groundwater discharge during drier times) into a 
drainage channel running east-west though the existing housing estate.   

Drain 4 56 554018 6840724 
Natural drainage depression running north from the southern site boundary 
toward Simpson Creek. Dry if no recent rain. 
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Table 3 Groundwater sampling results 
Bore Name Bore 1 Bore 2 Bore 2 Bore 2 Bore 3A Bore 3A Bore 3A Bore 3B Bore 4A Bore 4B Bore 5 

Date Sampled 4/06/09 4/06/09 8/10/09 18/09/12 4/06/09 8/10/09 11/09/12 14/11/12 14/11/12 14/11/12 14/11/12 

Analyte Units 
Dutch 

Guidelines
ANZECC 

Guidelines
           

Field pH pH Unit NE 7-8.5 - - 3.45 4.00 - 3.87 4.83 5.22 4.46 5.07 5.60 

Field Conductivity µS/cm NE 125-2200 - - 136.3 65 - 259 204 85 99 211 141 

Field Temperature oC NE NE - - - 19.1 - - 23.6 21.3 21.4 21.9 21.9 

Field Redox mV NE NE - - - +251 - - -22 -178 -109 -149 +94 

Field DO mg/L NE <5 - - 1.78 6.11 - 2.20 5.33 2.97 3.06 2.30 6.07 

Field Total Dissolved Solids (TDS) mg/L NE NE - - 78.3 42 - 150 132 55 64 137 91 

Field Turbidity NTU NE 0.5-10 - - 16 - - 210 912 625 1297 654 699 

Total Suspended Solids (TSS) mg/L NE NE - - 37 729 - 1090 - - - - - 

Bicarbonate Alkalinity as CaCO3 mg/L NE NE <1 <1 <1 <1 4 5 <1 21 <1 15 3 

Sulfate as SO4 mg/L NE NE 29 4 5 42 6 3 <1 <1 5 <1 35 

Chloride mg/L NE NE 12 26 22 20 94 48 65 22 29 69 30 

Calcium mg/L NE NE 4 4 <1 <1 1 <1 <1 2 1 3 7 

Magnesium mg/L NE NE 1 2 2 1 8 5 7 3 3 4 2 

Sodium mg/L NE NE 11 16 15 8 47 30 32 16 19 38 22 

Potassium mg/L NE NE <1 <1 <1 <1 <1 <1 <1 <1 <1 2 2 

Arsenic µg/L 60 24(III), 13(V) - - <1 <1 - <1 <1 4 <1 8 95 

Cadmium µg/L 6 0.2 - - 0.1 0.1 - <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 

Chromium µg/L 30 1(VI) - - <1 <1 - 1 <1 2 <1 <1 <1 

Copper µg/L 75 1.4 - - 33 17 - 8 <1 <1 <1 <1 <1 

Lead µg/L 75 3.4 - - 7 2 - 2 <1 <1 <1 <1 <1 

Nickel µg/L 75 11 - - 2 1 - <1 <1 <1 1 <1 4 

Zinc µg/L 800 8 - - 170 37 - 37 7 5 8 6 45 

Mercury µg/L 0.3 0.6 - - <0.1 <0.1 - <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 

Ammonia µg/L NE 15 - - 20 140 - 80 70 560 100 390 240 

Nitrite + Nitrate µg/L NE 15 - - <10 <50 - <10 <10 <10 <10 20 3800 

Nitrite µg/L NE NE - - 90 <10 - 40 <10 <10 <10 <10 <10 

Nitrate µg/L NE NE 20 40 90 <10 <10 40 <10 <10 <10 20 3800 

Total Kjeldahl Nitrogen µg/L NE NE 3200 1100 300 2800 8200 1300 3800 1200 4300 500 2600 

Total Nitrogen µg/L NE 300 3200 1100 400 2800 8200 1300 3800 1200 4300 500 6400 

Total Phosphorus µg/L NE 30 310 220 60 370 590 110 230 70 230 60 440 

Note: NE: value Not Established, Yellow shaded cells indicate an exceedance of the ANZECC Guidelines, Red shaded cells indicate exceedances of the Dutch Guidelines.  
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Table 4 Surface water sampling results 

 Sample Point Ck South 1 Ck South 1 Ck South 1 Drain 1 Drain 1 Drain 2 Drain 2 Drain 3 
 Date Sampled 4/06/2009 8/10/2009 11/09/2012 4/06/2009 11/09/2012 8/10/2009 11/09/2012 11/09/2012 

Analyte Units 
Dutch 

Guidelines
Draft NEPM 
Guidelines 

        

Field pH pH Unit NE 7-8.5 - 8.39 6.2 4.6 4.35 3.07 5.58 5.49 

Field Conductivity µS/cm NE 125-2200 - 50700 19440 120 97 129.6 203 116 

Field Temperature oC NE NE - - 23.9 - 26.1 19.6 20.2 21.7 

Field Redox mV NE NE - +182 +155 - +261 +233 +71 +170 

Field DO mg/L NE <5 - 16.4 8.49 - 9.78 12.5 5.74 4.94 

Field Total Dissolved Solids (TDS) mg/L NE NE - 38800 12.65 - 63 78.2 130 76 

Field Turbidity NTU NE 0.5-10 - - 313 - 317 - 170 360 

Total Suspended Solids (TSS) mg/L NE NE 43 32 96 5 <5 4 110 7 

Bicarbonate Alkalinity as CaCO3 mg/L NE NE 14 118 - <1 - <1 - - 

Sulfate as SO4 mg/L NE NE 18 3010 - 5 - 5 - - 

Chloride mg/L NE NE 145 20100 - 23 - 23 - - 

Calcium mg/L NE NE 6 411 - 2 - <1 - - 

Magnesium mg/L NE NE 9 1300 - 2 - 3 - - 

Sodium mg/L NE NE 83 11400 - 14 - 16 - - 

Potassium mg/L NE NE 4 569 - 1 - <1 - - 

Ammonia µg/L NE 15 - 40 40 - 30 10 60 320 

Nitrite + Nitrate µg/L NE 15 1300 70 10 - <10 40 <10 80 

Nitrite µg/L NE NE - <10 <10 - <10 <10 <10 <10 

Nitrate µg/L NE NE - 70 10 <10 <10 40 <10 80 

Total Kjeldahl Nitrogen µg/L NE NE 1000 200 400 600 1200 600 2900 1600 

Total Nitrogen µg/L NE 300 2300 200 400 600 1200 700 2900 1700 

Total Phosphorus µg/L NE 30 180 360 60 <10 100 <10 450 1590 

C6 - C9 Fraction µg/L NE NE <20 <20 <20 <20 <20 <20 <20 <20 

C10 - C14 Fraction µg/L NE NE <50 <50 <50 <50 <50 <50 <50 <50 

C15 - C28 Fraction µg/L NE NE <100 <100 <100 <100 <100 <100 <100 <100 

C29 - C36 Fraction µg/L NE NE <50 <50 <50 <50 <50 <50 90 <50 

Total TPH µg/L 600 NE NA NA NA NA NA NA 90 NA 

Blue Green Algae cells/mL NE NE - - 70 - 220 - 180 <1 

Total Predominate Algae cells/mL NE NE - - 15930 - 2350 - 950 460 

Note: NE: value Not Established, Yellow shaded cells indicate an exceedance of the ANZECC Guidelines, Red shaded cells indicate exceedances of the Dutch Guidelines. 
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2.4 Pump Testing  

Two short duration pump tests were undertaken at deep Bores 3B and 4B to measure 
groundwater level responses on the adjacent shallow bores (3A and 4A). This was 
done to determine the interaction between the deep and shallow aquifers so that any 
impact to the deeper aquifer (used by local landholders for water supply) resulting from 
the construction of the housing estate storm water detention basin and swales could be 
modeled.  

Fieldwork was undertaken on the 14 November 2012. A 12v submersible pump was 
used to purge Bore 3B and Bore 4B. Bore 3B was purged for 159 minutes with an 
approximate total volume of 1060 L of groundwater removed from the bore. Bore 4B 
was purged for 190 minutes with an approximate total volume of 1480 L of groundwater 
removed from the bore. WSA considers the duration of the tests sufficient to determine 
interaction between the deep and shallow aquifers. 

There were negligible changes in water level in either shallow aquifer monitoring bores 
during the pump testing. The pump testing confirms no connection between the upper 
and lower aquifer. Due to obtaining non-interpretable data, the field recordings are not 
presented in this report. 

2.5 Permeability Testing 

2.5.1 Recovery Testing in the Shallow Sand Aquifer 

Fieldwork was undertaken on the 5 October 2012. A 12v submersible pump was used 
to purge Bore 3A for 70 minutes with an approximate total volume of 800 L of 
groundwater removed from the bore.  

Following pumping, recovery testing was undertaken. The bore recovered within 4 mm 
from full recovery after 149 minutes of ceasing pumping. The results of this testing is 
shown in Appendix E. Recovery data was then analysed for aquifer transmissivity 
using the Theis Recovery method. A summary of the recovery testing results are 
shown below in Table 5. The results of this testing indicate that the shallow aquifer 
here is highly permeable with a transmissivity of approximately 21.54 m²/day.  

Table 5 Recovery test results in the shallow sand aquifer 

 
Duration 
Pumped 

Pumped 
Volume 

Total 
Recorded 
Drawdown 

Residual 
Drawdown 

Duration 
Recovery 
Recorded 

T K 

Bore name mins L m m mins m²/d m/d

Bore 3A 70 800 0.571 0.004 149 21.54 21.54 

 

2.5.2 Recovery Testing in the Deep Sand Aquifer 

Fieldwork was undertaken on the 14 November 2012. A 12v submersible pump was 
used to purge the following bores: Bore 3B, Bore 4B and Bore 5. 

Bore 3B was purged for 160 minutes with an approximate total volume of 1060 L of 
groundwater removed from the bore. Bore 4B was purged for 190 minutes with an 
approximate total volume of 1480 L of groundwater removed from the bore. Bore 5 was 
purged for 9 minutes with an approximate total volume of 25 L of groundwater removed 
before the bore went dry.  
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Following pumping recovery testing was undertaken. The results of this testing is 
shown in Appendix E. Recovery data was then analysed for aquifer transmissivity 
using the Theis Recovery method. A summary of the recovery testing results are 
shown below in Table 6. The results of this testing indicate that the deep sand aquifer 
is less permeable than the upper sand aquifer with a transmissivity of approximately 10 
m²/day respectively. Even though the drillers noted a change in lithology at 10m in Bore 
5 and installed the slotted section below this, this bore is likely to be installed, or at 
least partially installed, within the “coffee rock” cemented sands at depth. This explains 
its low transmissivity when compared to the other deep bores 3B and 4B.  

 

Table 6 Recovery test results in the deep sand aquifer 

 
Duration 
Pumped 

Pumped 
Volume 

Total 
Recorded 
Drawdown 

Residual 
Drawdown 

Duration 
Recovery 
Recorded 

T K 

Bore name mins L m m mins m²/d m/d

Bore 3B 160 1060 1.9 0.013 383 9.6 4.8 

Bore 4B 190 1480 0.356 0 92 10 5 

Bore 5 9 25 6.52 0.315 83 0.07 0.01 

 

2.5.3 Channel Permeability Testing 

Falling head permeability testing was undertaken on two sites within the main drainage 
channel that bisects the site. This work was undertaken on the 5 October 2012. The 
locations of the testing locations are shown in Figure 1.  

The methodology of the permeability testing was as follows: 

 Two sites were chosen for testing of the “coffee rock” material that the drainage 
channel is cut into, one toward the north of the site (Test 1) and one halfway 
along to the southern boundary of the site (Test 2); 

 A shallow soil bore was dug so that the testing apparatus (a 100mm PVC pipe 
cut to a length of 0.5m) could be placed securely within the tested material. This 
depth was between 0.05 and 0.10m below the prepared surface. Bentonite was 
then used to seal around the outside of the casing; 

 The testing apparatus was then filled with fresh tap water and the time and date 
filling occurred recorded. The height and time at which the water level dropped 
was then recorded for a period of up to five hours; and 

 The data gathered in the field was then analysed and hydraulic conductivity 
determined using the falling head method described by Oweis and Khera (1998, 
pp 180 Figure 7.24 (E)) for undertaking field soil permeability tests. 

The field data and graphical representation of results including the hydraulic 
conductivity calculation testing time frame for each test is presented in Appendix F. 

A tabulation of the results is presented below in Table 7. The results suggest that the 
permeability of the creek bed material is highly variable. At the northern testing 
location, the coffee rock is very dense and impermeable. At the southern testing site, 
the permeability is around 100 times higher than at the northern site, but still 100 times 
lower than in the sand aquifer that lies on top of the coffee rock formation.  
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Table 7 Permeability test results for two creek bed locations 

K K

Bore name m/s m/day

Test 1 (north) 3.65 x 10-8 3.15 x 10-3 

Test 2 (south)  2.81 x 10-6 2.43 x 10-1 

3 CONCEPTUAL GROUNDWATER MODEL 
The site is underlain by three main hydrogeological layers: 

 Upper perched sand aquifer, unconfined, 2-5m thickness; 

 Coffee rock layer, impermeable/low permeable barrier, 3-7m thickness; and 

 Lower sand aquifer, confined. Vertical extent unknown. 

Figures 3A and 3B shows the conceptual model of the groundwater system. This site 
conceptual model was derived using information from the drilling and field 
investigations that were undertaken on site on the 13 and 14 November 2012 as well 
as information gathered previously.  

3.1 Shallow Sand Aquifer 

Figure 3A shows the conceptual model for the shallow perched sand aquifer, consisting 
of a cross section through the site, from Bore 4A/B to Bore 5. The data collected during 
the November 2012 investigations represent the “dry weather” groundwater levels prior 
to start of the wet season. The shallow groundwater discharges into the drainage 
channel close to Bore 4A/B, with the groundwater level 1.4m above the base of the 
drainage channel at Bore 4A. Away from the channel, the shallow groundwater flows to 
the east, toward Simpsons Creek. However it should be noted that there is no 
groundwater monitoring bores for the upper aquifer in the vicinity of Bore 5, with the 
exception of Bore 2 to the north, which was dry during the November 2012 
investigations (the groundwater level is below 2.265mAHD). 

During the wet season, groundwater levels are expected to rise quickly through direct 
infiltration through the upper sands. When this occurs, the groundwater will rise and 
discharge into the wetland channel (from which the Drain 4 sample is obtained), as well 
as the main drainage channel and Simpsons Creek. Both dry and wet weather 
projected groundwater levels are shown diagrammatically on Figure 3A. 

The proposed storm water detention basin is shown in Figure 3A as the green lines. 
The maximum water level the basin is expected to fill to from rain events is 3.3mAHD 
(CivilTech Consulting Engineers). This is below the current shallow groundwater level 
at Bore 4A by 0.44m. Construction of the basin will move the discharge point of the 
shallow groundwater laterally, however it is still expected that the shallow groundwater 
level away from the basin will most likely be above any short term storage in the 
detention basin. This will result in minimal hydraulic head to push stored water from the 
detention basin out into the shallow groundwater. Discharge of shallow groundwater 
into the detention basin is not expected to be above that which is currently occurring as 
the detention basin has a very similar finished depth as the current drainage channel 
(proposed depth of 2.22mAHD, current depth of 2.35mAHD).   
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3.2 Vegetation Effects on Groundwater  

In addition to the groundwater drainage towards the surface water discharge lines, the 
shallow aquifer also loses water through evapotranspiration, i.e. water uptake by tree 
roots. The proposed development plans to make some changes to the spatial 
distribution of trees across the site. Many of these changes will be beneficial to the 
environment of the site, with additional habitat for the Wallum Froglet being constructed 
along the storm water detention basin. The basin will be revegetated with Melaleuca 
quinquenervia at 12m centres (i.e. 80 plants/ha). Planting of native shrubs and 
groundcovers will be done to fully vegetate the basin and provide habitat for the 
Wallum Froglet. East of the estate, open areas will be revegated with swamp 
sclerophyll forest and tall open sclerophyll forest as shown on Figure 11 in James 
Warren and Associates Pty Ltd (2012). Some revegetation will also be carried out in 
areas of the site further to the west. WSA assumes that individual allotments of the 
housing estate will not be heavily vegetated.  

Figure 3C shows a conceptual model of the shallow groundwater regime taking into 
account the final vegetation plantings for the site and the storm water detention basin. 
During wet periods, groundwater recharge will still occur though natural surfaces 
throughout the site, however with additional capped surfaces, stored rainwater in tanks 
and additional runoff from the estate, recharge to the shallow perched aquifer will be 
diminished. This will have some effect on reducing high groundwater levels during the 
wet season. During prolonged dry periods, evapotranspiration through the Melaleuca 
trees within the basin is likely to locally reduce groundwater levels further. 

 The groundwater flow regime is expected to stay the same after development with 
groundwater flow to the storm water detention basin (and swales) and the wetland flow 
channel. Groundwater flow to Simpsons Creek will be mainly limited to seepage from 
the sand dune (located to the east of the proposed development). In the wet season, 
this dune will form a ridge of groundwater which will prevent any groundwater flow from 
under the development reaching Simpsons Creek.  

3.3 “Coffee Rock” Layer 

According to the drill logs, the “Coffee Rock” layer begins at approximately -0.3mAHD 
and is between 3 and 7m deep. The pump tests during the November field work 
showed that the coffee rock has low permeability and acts as a confining layer between 
the shallow and the deep sand aquifer. This means that there is no exchange of water 
between the shallow and the deep aquifer in the areas tested.  

3.4 Deep Sand Aquifer 

Figure 3B shows the conceptual model for the deep confined sand aquifer, consisting 
of a cross section through the site, from Bore 4A/B to Bore 5. The extent of the deep 
aquifer is unknown, however it starts at approximately -3.5mAHD at Bore 4B and           
-5.9mAHD at Bore 3B. It is believed that Bore 5 was still within the “Coffee Rock” at      
-7.3mAHD. The drilling and field measurements confirmed that the deep sand aquifer is 
confined by the overlying “Coffee Rock” layer. The ultimate point of discharge is 
unknown as there is no drilling information to the east of Bore 5, however discharge is 
expected to occur east of Simpsons Creek or further, toward the Pacific Ocean. There 
is no interaction with the shallow aquifer or the drainage lines that bisect the site. 
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4 GROUNDWATER MODELING 
In order to quantify the potential impact of the detention basin on the groundwater 
underneath the site, a numerical groundwater model was developed. The model was 
prepared to assess how far infiltrating water from the detention basin will move laterally 
during selected rain events. This will assess the necessity for lining the basin on the 
side walls.  

4.1 Model set up 

The modeling code used in this project is SPRING (Delta-h, 2012), a finite element 
code that supports unsaturated groundwater flow. The unsaturated water flow is crucial 
in this kind of setting. It is likely that some parts of the upper sand aquifer will be dry at 
the time when the detention basin fills after an event. The unsaturated state of the soil 
during dry condition delays the initial infiltration of the water into the aquifer.  

4.1.1 Hydrological Scenarios 

Three hydrological scenarios have been calculated for the nine provided extreme 
rainfall events (1 year, 10 year and 100 year return period, for a 1h, 24h and 72h event 
lengths each). The water level in the detention basin for these extreme events was 
provided by CivilTech Consulting Engineers. These scenarios are: 

1. The upper sand aquifer is dry before the rainfall event occurs. This scenario 
reflects rainfall events that occur during dry hydrological conditions, i.e. after a 
long, dry period. Assumed starting groundwater level head: 2.1mAHD.  

2. The upper sand aquifer is partially saturated before the rainfall event occurs. 
This scenario reflects rainfall events that occur in average hydrological 
conditions. Assumed starting groundwater level head: 2.6mAHD. 

3. The upper sand aquifer is saturated up to a certain point before the rainfall 
event occurs. This scenario reflects rainfall events that occur during wet 
hydrological conditions, i.e. during the wet season. Assumed starting 
groundwater level head: 3.1mAHD. 

After reviewing the interim results, higher starting water levels were not considered, 
because the impact on the groundwater away from the detention basin was negligible 
for the third scenario.  

The groundwater levels in Bore 4A were measured at 3.741mAHD on the 14 
November 2012. Three days before measuring, a rainfall event of 70mm over two days 
occurred. This would reflect pre-saturation conditions. However, the groundwater levels 
at Bore 4A were higher than estimated for the wet weather scenario. This can be 
explained with the higher elevation and the smaller width of the current drain. Once the 
detention basin is built, the local groundwater levels will be lowered by the new drain.  

4.1.2 Model geometry and characteristics 

To reflect the processes that happen when the detention basin is filled after a rain 
event, a vertical section perpendicular to the drain axis was chosen. The influence of 
the drain on the aquifer is equal on both sides (symmetrical problem, however only one 
side, to the east is discussed). The left border of the model represents the interface 
between the aquifer and the drain i.e. the side walls of the detention basin.  

Figure 4 illustrates the conceptual model of the interaction of the water within the 
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detention basin with the shallow aquifer. The numerical model is based on this concept. 
When the detention basin is empty the groundwater in the shallow sand aquifer drains 
toward this surface water body. When the detention basin is filled after a rain event, the 
surface water infiltrates into the shallow sand aquifer. After the basin has emptied 
again, the infiltrated water will discharge back into the surface water drain.  

Figure 5 shows the dimensions, the grid and the hydrogeological properties of the 
groundwater model. The grid size varies from 1.25 to 5m horizontally and from 2.5 to 
5cm vertically. The hydraulic conductivity of the upper sand aquifer is 21.54m/day and 
0.25m/d for the coffee rock layer. It is likely that the conductivity in the coffee rock is 
even lower (see Table 7). The worst case scenario, i.e. the higher permeability value 
was chosen to calculate the impact. On both sides of the model, a fixed head boundary 
was applied. On the left border, this fixed head boundary level is 2.1mAHD, reflecting 
the drainage into the detention basin bed, which is at this level. During the modeling 
runs, this boundary is changing according to the water levels in the detention basin 
provided by CivilTech Consulting Engineers, up to 3.3mAHD for the 1hr rainfall event 
with a return period of 100 years. The right boundary was set to 2.05mAHD to generate 
a gradient towards the east. This boundary is far enough from the surface water / 
groundwater interface and has no influence on the infiltration modeling (i.e. the exact 
level of the fixed head at this boundary is not of importance). 

It is assumed that the basin and the drainage channel are scraped into the coffee rock. 
The detention basin bed elevation in the model is 2.1mAHD. Further upstream in the 
drainage channel it increases up to 2.5mAHD. The lower elevation is considered to be 
the worst case, because the water depth (and therefore the potential infiltration into the 
aquifer) will be highest at this point.  

The model calculations did not include the infiltration by rainfall. This process was 
deemed too complex to integrate into this study. Several parameters influence the 
infiltration of the rain, e.g. soil properties, slope of the land (runoff), land use, 
percentage of sealed surface. In general, it is expected that the development will 
lessen the rainfall infiltration due to the presence of sealed surfaces.  

The model runs transiently with time steps of 5 minutes length. The total modeling 
timeframe depends on the length of the rainfall events. The 1hr rainfall events are 
calculated over 15 hours, the 24hr rainfall events over 3 days and the 72hrs rainfall 
events over 7 days. The length of the groundwater modeling has to be longer than the 
event itself in order to calculate the discharge of the groundwater into the surface 
water.  

4.2 Results 

The detailed results are shown in Appendix G and Appendix H.  

Appendix G shows the hydrographs at selected distances from the detention basin. 
For each scenario (dry, average and wet) and rainfall event (1hr, 24hr, 72hr), there are 
six plots showing the groundwater level changes at selected distances from the drain. 
The results show, that the highest change in water level is caused by the 1h events, 
but the impact is only of short duration i.e. an hour in the proximity of the drain. On the 
other extreme, the water level changes of the 72hr rainfall events are the smallest, but 
they last over the entire 3 days, before the groundwater drains back into the drainage 
channel. This allows more water to infiltrate the system. Table 8 summarises the 
maximum groundwater level changes for all the scenarios.  
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Table 8 Impact of the detention basin on the aquifer, quantified as water level change 
(in m) for locations at different distances from the drain 

 
1h rainfall 

event 
24h rainfall 

event 
72h rainfall 

event 

Scenario 1 – Dry conditions    

2.5 m distance from drain 0.6-1.1 0.6-0.9 0.55-0.78 

5 m distance from drain 0.45-0.9 0.5-0.8 0.50-0.75 

10 m distance from drain 0.3-0.6 0.4-0.6 0.5-0.65 

20 m distance from drain 0.15-0.37 0.33-0.44 0.45-0.60 

50 m distance from drain 0.01-0.08 0.13-0.18 0.30-0.42 

100 m distance from drain 0 0.02 0.18-0.25 

Scenario 2 – Average conditions    

2.5 m distance from drain 0.18-0.62 0.10-0.40 0.18-0.30 

5 m distance from drain 0.10-0.55 0.05-0.35 0.05-0.28 

10 m distance from drain 0.05-0.40 0-0.22 0.05-0.22 

20 m distance from drain 0.05-0.20 0-0.10 0.03-0.18 

50 m distance from drain 0 0-0.02 0-0.08 

100 m distance from drain 0 0 0-0.03 

Scenario 3 – Wet conditions    

2.5 m distance from drain 0.18  0 0 

5 m distance from drain 0.10 0 0 

10 m distance from drain 0 0 0 

20 m distance from drain 0 0 0 

50 m distance from drain 0 0 0 

100 m distance from drain 0 0 0 
Note:  - the range of water level changes is between the 1 year and the 100 year return period. 
 - if the change in water level is negative, the impact on the aquifer is 0 m. 
 

Appendix H shows the plots of the modeled cross section of the upper sand aquifer. 
The groundwater levels are plotted for four points in time (depending on the length of 
the event) and for the three return periods. The 100 year events always cause greater 
impact than the 10 year and 1 year events.  

The Scenario 1 (dry condition) has the biggest impact on the groundwater. Because 
the gradient between the water level in the detention basin and the groundwater is the 
highest, more water can infiltrate into the aquifer compared to the other two scenarios. 
With the dry starting conditions, the 72h hour’s rainfall event has the biggest impact, 
because the water in the detention basin stays at a high water level the longest time. 
After 3 days, the infiltration phase is over and the groundwater drains back into the 
detention basin (see groundwater level after 5 days).  

The calculations did not include any infiltration from rainfall. This process was deemed 
too complex to integrate into this study. However, the worst case scenario (dry 
conditions, 72h rainfall) will have less impact than modeled. When the aquifer fills up 
with rain water, the gradient to the water level in the detention basin gets smaller and 
therefore the infiltration will be lower. Also, the fresh rainwater will push out the 
infiltrated water out of the system when draining back into the detention basin.  

The scenarios of the average and wet conditions have less impact than the scenario 
with the dry conditions. The saturated aquifer receives less infiltration due to lower 
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hydraulic gradients. The groundwater drains towards the detention basin after the 
rainfall event is over.  

5 CONCLUSIONS 

5.1 Sampling Results 

Groundwater across the site is fresh and acidic, with the major ions being sodium and 
chloride. The major difference between the shallow and the deeper aquifer on site is 
the pH results with the deeper aquifer being a pH unit higher than the shallow aquifer. 
This is attributed to the higher percentage of organic matter (and humic acids) within 
the shallow system. The groundwater is naturally elevated in nutrients, again most 
likely due to naturally decaying organic matter within the system. Groundwater 
discharge into the drainage channels on site is the source of the low pH and nutrients 
within the surface water drain samples.   

5.2 Conceptual Model  

Groundwater levels, chemical data, and pump testing have confirmed that the deeper 
confined sand aquifer below the site is not connected to the shallow perched sand 
aquifer. The groundwater flow of the deep aquifer is to the east and the discharge point 
is likely to be east of Simpsons Creek. 

During drier times, the shallow groundwater flow is both to the west and east into the 
north-south drainage channel and Simpsons Creek. Evapotranspiration is likely to have 
some effect on groundwater levels in the vegetated, eastern part of the site by lowering 
groundwater levels. During wet periods, groundwater levels will rise from direct 
infiltration of rainfall into the shallow sand aquifer. Additional groundwater discharge is 
likely to occur into the wetland flow channel.  

After construction of the estate, recharge to the shallow perched aquifer will be 
diminished because of additional capped surfaces, stored rainwater in tanks and 
additional runoff. This will have some effect on reducing high groundwater levels during 
the wet season.  

The groundwater flow regime is expected to stay the same after development with flow 
to the storm water detention basin, and the wetland flow channel. During prolonged dry 
periods, evapotranspiration through the Melaleuca trees within the basin is likely to 
locally reduce groundwater levels.  

As well as modifying rainfall infiltration and runoff, the housing estate will also introduce 
possible impacts from resident activities, such as gardening. As this site is located in 
an environmentally sensitive area, it would minimize adverse impact on the 
environment if residents of the new housing estate were advised about the most 
ecologically sustainable methods for planting and maintaining lawn and gardens in 
these conditions. 

5.3 Impact of the Detention Basin on the Aquifer 

It should be noted that the nearest natural surface water discharge point to the east is 
250m from the proposed detention basin (refer to Figure 1, “Wetland flow”). 
Groundwater infiltrated at the detention basin will not discharge into this shallow 
wetland channel, because the elevation of the natural drain is higher than the expected 
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groundwater levels caused by infiltration. The new artificial discharge point (detention 
basin) lies about 1m lower than the natural surface water drain. The groundwater will 
tend to discharge into the lower point. During wet hydrological conditions groundwater 
will discharge into the natural drain, however, there will be no infiltration from the 
detention basin at the same time.  

Overall, WSA concludes that infiltration from the detention basin will not discharge into 
the Simpsons Creek or the adjacent wetlands. Indeed, during wet conditions, infiltration 
of rainfall into the elevated sand dune to the east of the development will form a 
groundwater divide preventing any groundwater flow from the west into Simpsons 
Creek. 

The modeled worst case impact at 100m distance from the detention basin is 0.25m of 
groundwater level rise due to infiltration at the detention basin. This scenario (72h 
rainfall with dry starting conditions) will have less impact than modeled, once the 
groundwater levels start rising from rainfall infiltration. Hence, this modeling result can 
be regarded as being very conservative. 

The higher the groundwater levels in the aquifer, the smaller the hydraulic gradient and 
consequently the smaller the infiltration rate.  
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7 LIMITATIONS 
Waste Solutions Australia Pty Ltd has prepared this report for the use of Codlea Pty Ltd 
and the NSW Department of Planning and Infrastructure in accordance with generally 
accepted consulting practice.  No other warranty, expressed or implied, is made as to 
the professional advice included in this report.  This report may not contain sufficient 
information for purposes other than for the client and its respective consulting advisers. 

The accuracy of the assessment made in this report is dependent upon the accuracy 
and reliability of evidence drawn together from a number of sources.  The field 
investigations on which this report is based were restricted to a level of detail 
appropriate for the current stage of the project.  Waste Solutions Australia Pty Ltd has 
taken steps to ensure the accuracy and reliability of field observations and 
investigations.  It is important, however, that the limitations of the assessment be 
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clearly recognised when the findings of this study are being interpreted.  This report is 
based on information derived partly from other parties over which Waste Solutions 
Australia Pty Ltd has no control. 
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Appendix D 

Water Quality Purging Information 
PROJECT: September / November 2012 Groundwater Monitoring   JOB No.: W516-4  

Bore number : Bore 1 Date:  18/09/2012 

Total depth (m): 3.02 Casing height / radius (m)   

SWL (m): 2.99 
Water Level after purge (m):  

Purging Method: Bailer 
Approx. vol. removed (L): - 

Volume (L) Flow (L/s) pH EC 
(µS/cm) 

T°°°°C Eh 
(mV) 

DO 
(mg/L) 

TDS NTU 

         
         
         
         
         

Observations during purging/sampling:  unable to obtain sample 

Bore number : Bore 2 Date: 18/09/2012  

Total depth (m): 2.9 Casing height / radius (m)   

SWL (m): 2.4  
Water Level after purge (m): 2.4 

Purging Method: Bailer 
Approx. vol. removed (L): 5L 

Volume (L) Flow (L/s) pH EC 
(µS/cm) 

T°°°°C Eh 
(mV) 

DO 
(mg/L) 

TDS NTU 

1L NR 4.12 119 19.4 +283.6 3.53 77 NR 
5L sampled NR 4.00 65 19.1 +251.1 6.11 42 NR 

         
         
         

Observations during purging/sampling:  Sampled at 5L. very cloudy, Brown/red, moderate odour, rotten 
egg gas. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 

 
Ph: 07 3366 5778   Fax: 07 3366 7302 

 



Appendix D 

Water Quality Purging Information 
PROJECT: September / November 2012 Groundwater Monitoring   JOB No.: W516-4  

Bore number : Bore 3A Date:  11/09/2012 

Total depth (m): 2.1m Casing height / radius (m)   

SWL (m): 1.00 
Water Level after purge (m): NR 

Purging Method: Bailer 
Approx. vol. removed (L): 10L 

Volume (L) Flow (L/s) pH EC 
(µS/cm) 

T°°°°C Eh 
(mV) 

DO 
(mg/L) 

TDS NTU 

1 NR 6.82 156 19.8 +191 7.03 100 213 
5 NR 4.85 189 19.4 -2.3 6.71 123 967 

10 sampled NR 4.83 204 23.6 -22 5.33 132 912 
Observations during purging/sampling:  Sampled at 10L. Brown/red highly turbid water. Slight swampy, 
rotten egg gas smell. 

Bore number : Bore 3A Date: 14/11/2012 

Total depth (m): 2.1 Casing height / radius (m)   

SWL (m): 0.98 
Water Level after purge (m): 1.149 

Purging Method: 12V submersible pump 
Approx. vol. removed (L): 787L 

Time Flow (L/s) pH EC 
(µS/cm) 

T°°°°C Eh 
(mV) 

DO 
(mg/L) 

TDS NTU 

11:24am 8.70 5.67 318 23.2 -82 4.19 NR 399 
11:28am Pump off - - - - - - - 
11:34am Pump on - - - - - - - 
11:35am 12.24 5.19 182 25.5 -73 5.62 NR 490 
11:42am 11.76 4.61 204 19.9 -69 6.93 NR 622 
11:50am NR 4.69 214 22.4 -68 6.73 NR 688 
11:57am 11.54 4.56 225 20.4 -63 6.24 NR 677 
12:10pm 11:54 4.51 232 20.2 -59 5.0 NR 663 
12:27pm 10.71 4.49 244 20.3 -65 6.48 NR 643 

Observations during purging/sampling:  Pumping from 11:23 am to 12:40pm with 6 minutes of break. 
Average pump rate 11.08L/min. Dirty red/yellow water to clear yellow water, sandy sediment. Bore not 
sampled. 

Bore number : Bore 3B Date:  14/11/2012 

Total depth (m): 11.87 Casing height / radius (m)   

SWL (m): 3.033 
Water Level after purge (m): NA 

Purging Method: 12V submersible pump 
Approx. vol. removed (L): 1060L 

Time Flow (L/s) pH EC 
(µS/cm) 

T°°°°C Eh 
(mV) 

DO 
(mg/L) 

TDS NTU 

08:35am 5.71 6.30 115 22.4 -93 3.25 75 1042 
09:04am 6.25 5.18 93 21.4 -181 3.78 61 469 
09:20am NR 5.22 85 21.3 -178 2.97 55 625 
09:45am 7.23 5.35 84 21.4 -191 3.33 54 631 
10:07am 7.50 5.44 81 21.6 -197 3.25 52 675 
10:32am NR 5.34 81 21.4 -192 3.01 53 654 
10:55am NR 5.29 81 21.5 -196 3.47 52 693 

Observations during purging/sampling:  Pumping from 8:26am to 11:05am at 6.7L/min. Brown, very dark 
coloured water at the start, purging to clear, red tea stained water after 30 minutes. Sampled at 09:20 am, 
duplicate taken.  

 

 
Ph: 07 3366 5778   Fax: 07 3366 7302 

 



Appendix D 

Water Quality Purging Information 
PROJECT: September / November 2012 Groundwater Monitoring   JOB No.: W516-4  

Bore number : Bore 4A Date: 14/11/2012 

Total depth (m): 2.44 Casing height / radius (m) 

SWL (m): 0.719 
Water Level after purge (m): NA 

Purging Method: 12V submersible pump 
Approx. vol. removed (L): 220 

Time Flow (L/min) pH EC 
(µS/cm) 

T°°°°C Eh 
(mV) 

DO 
(mg/L) 

TDS NTU 

03:37pm 10 4.92 122 22.5 -96 3.38 78 2946 
03:43pm NR 4.53 103 21.5 -98 3.98 66 2423 
03:48pm NR 4.40 99 21.4 -105 3.66 64 1754 
03:53pm NR 4.46 99 21.4 -109 3.06 64 1297 

Observations during purging/sampling:  Brown, highly turbid water. Pumping from 03:33 to 3:55pm. 
Pump rate 10L/min. Sampled at 03:53pm. 

Bore number : Bore 4B Date:  14/11/2012 

Total depth (m): 10 Casing height / radius (m)   

SWL (m): 3.014 
Water Level after purge (m): NA  

Purging Method: 12V submersible pump 
Approx. vol. removed (L): 1482 

Time Flow (L/min) pH EC 
(µS/cm) 

T°°°°C Eh 
(mV) 

DO 
(mg/L) 

TDS NTU 

12:20pm NR 5.59 196 25.9 -108 5.34 127 1889 
12:26pm 7.14 5.27 198 23.2 -126 3.60 128 507 
12:34pm 7.41 5.05 210 22.5 -143 4.12 136 527 
01:00pm NR 5.14 212 22.1 -153 3.06 137 446 
01:24pm 8.45 5.07 211 21.9 -149 2.30 137 654 
02:01pm NR 5.23 200 24.5 -145 2.36 130 537 
02:20pm 8.22 5.18 204 22.7 -153 2.96 132 582 
02:55pm NR 5.18 203 22.1 -154 3.66 132 681 

Observations during purging/sampling:  Pumping from 12:18pm to 3:28pm at 7.8L/min. Sampled at 
1:2- pm. Brown, highly turbid water, water clearing through purge (10 minutes after pump start).  

Bore number : Bore 5 Date:  14/11/2012 

Total depth (m): 12.68 Pipe height 72cm / Casing height 80cm 

SWL (m): 4.55 
Water Level after purge (m): NA 

Purging Method: 12V submersible pump 
Approx. vol. removed (L): 25L 

Time Flow (L/s) pH EC 
(µS/cm) 

T°°°°C Eh 
(mV) 

DO 
(mg/L) 

TDS NTU 

4:18 NR 5.20 505 22.7 +93 5.82 328 925 
4:20 NR 5.60 141 21.9 +94 6.07 91 699 

         
         

Observations during purging/sampling:  Pumping from 4:13 to 4:22pm. Brown, highly turbid water. 
Bore going dry? Low flow rate. 

 

 
Ph: 07 3366 5778   Fax: 07 3366 7302 
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RECOVERY TEST ANALYSIS

Job No.: W516-4 Bore 3A Date: 5/10/2012
Owner : Codlea Pty Ltd Operator : Patrick Mason

Standing Water Level 1.145 m BTOC
Aquifer thickness 1 m

Pump rate 16.0 m3/d
∆s 0.14 m

Transmissivity 21.54 m2/d
Hydraulic Conductivity 21.54 m/d

Pumped Bore No.:
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RECOVERY TEST ANALYSIS

Job No.: W516-4 Bore 3B Date: 14/11/2012
Owner : Codlea Pty Ltd Operator : Patrick Mason

Standing Water Level 3.033 m BTOC
Aquifer thickness 2 m

Pump rate 9.6 m3/d
∆s 0.18 m

Transmissivity 9.60 m2/d
Hydraulic Conductivity 4.80 m/d

Pumped Bore No.:
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RECOVERY TEST ANALYSIS

Job No.: W516-4 Bore 4B Date: 14/11/2012
Owner : Codlea Pty Ltd Operator : Patrick Mason

Standing Water Level* 3.01 m BTOC
Aquifer thickness 2 m

Pump rate 11.2 m3/d
* standing water level after recovery ∆s 0.21 m

Transmissivity 10.01 m2/d
Hydraulic Conductivity 5.00 m/d

Pumped Bore No.:
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RECOVERY TEST ANALYSIS

Job No.: W516-4 Bore 5 Date: 14/11/2012
Owner : Codlea Pty Ltd Operator : Patrick Mason

Standing Water Level 4.375 m BTOC
Aquifer thickness 5 m

Pump rate 4.0 m3/d
∆s 10.08 m

Transmissivity 0.07 m2/d
Hydraulic Conductivity 0.01 m/d

Pumped Bore No.:

0.00

1.00

2.00

3.00

4.00

5.00

6.00

7.00

0 20 40 60 80 100 120 140

Time since pumping started [min]

re
si

d
u

a
l 

d
ra

w
d

o
w

n
 [

m
]

0.00

1.00

2.00

3.00

4.00

5.00

6.00

7.00

8.00

1 10

log (t/t')

re
si

d
u

a
l 

d
ra

w
d

o
w

n
 [

m
]



 

December 2012 
RN12-W516/4-02 

APPENDIX F 

PERMEABILITY TESTING RESULTS 
 



Appendix F Permeability Test

Job # : W516-3
Site : Codlea Pty Ltd Location:
Time: 8:34:30 AM

Drain # : Test 1
Operator : PM

Date: 5/10/2012

Test Dimensions (m): Soil Log:
Top of Casing mBGL

0.43
Diameter

0.102
Distance from Soil Log

NA

Date Time

Time Elapsed in 
since start of test 

[min]

Water Level from 
Top of Casing 

(cm)

5/10/2012 10:04:00 AM 0 0
5/10/2012 11:01:35 AM 58 0.1
5/10/2012 11:38:20 AM 94 0.15
5/10/2012 12:22:00 PM 138 0.25
5/10/2012 1:05:47 PM 182 0.5
5/10/2012 2:23:00 PM 259 0.7
5/10/2012 3:04:25 PM 300 0.7 H2, End of Test

Remarks

H1

Soil type
Black cemented SAND
moist
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Appendix F Permeability Test

Job # : W516-3
Site : Codlea Pty Ltd Location:
Time: 10:45:00 AM

Drain # : Test 2
Operator : PM

Date: 5/10/2012

Test Dimensions (m): Soil Log:
Top of Casing mBGL

0.377
Diameter

0.102
Distance from Soil Log

NA

Date Time

Time Elapsed in 
since start of test 

[min]

Water Level from 
Top of Casing 

(cm)

5/10/2012 10:45:00 AM 0 0
5/10/2012 10:47:00 AM 2 1.7
5/10/2012 10:49:00 AM 4 3.1
5/10/2012 10:51:00 AM 6 3.9
5/10/2012 10:53:10 AM 8 4.6
5/10/2012 10:55:40 AM 11 5.3
5/10/2012 10:58:30 AM 14 6.0
5/10/2012 11:04:00 AM 19 7.0
5/10/2012 11:10:50 AM 26 8.3
5/10/2012 11:42:10 AM 57 12.8
5/10/2012 12:18:16 PM 93 15.7
5/10/2012 1:03:13 PM 138 19
5/10/2012 2:02:09 PM 197 22
5/10/2012 2:32:23 PM 227 23.7
5/10/2012 2:57:59 PM 253 24.7 H2, End of Test

Remarks

H1

Soil type
Black / white loosely cemented SAND
wet

Permeability Test 2
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APPENDIX G

Groundwater modelling results 
Scenario 1: dry conditions 1h rainfall event
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APPENDIX G

Groundwater modelling results 
Scenario 1: dry conditions 24h rainfall event
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APPENDIX G

Groundwater modelling results 
Scenario 1: dry conditions 72h rainfall event
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Appendix G

Groundwater modelling results 
Scenario 2: average conditions 1h rainfall event
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Appendix G

Groundwater modelling results 
Scenario 2: average conditions 24h rainfall event
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Appendix G

Groundwater modelling results 
Scenario 2: average conditions 72h rainfall event
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Appendix G

Groundwater modelling results 
Scenario 3: wet conditions 1h rainfall event
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Appendix G

Groundwater modelling results 
Scenario 3: wet conditions 24h rainfall event
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Appendix G

Groundwater modelling results 
Scenario 3: wet conditions 72h rainfall event
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