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EXECUTIVE SUMMARY 
 
Background 
 
In April 2011, Environmental Earth Sciences VIC undertook a further groundwater 
investigation at the former South Melbourne Gasworks on behalf of City of Port Phillip 
(CoPP).  The site is currently undergoing a two stage 53V audit commissioned by Council to 
assess risks of harm posed by the site.  The first stage of the 53V audit was undertaken by 
Dr. Peter Nadebaum of GHD in December 2008 and involved undertaking a ‘preliminary 
assessment of available information regarding risks associated with groundwater and soil 
contamination to determine what further investigation and remediation works would be 
required to complete the audit’.   
 
As detailed in the audit report, further environmental investigation and monitoring works are 
required to address the higher risk issues identified at the site, determine requirements for 
remediation and the site’s suitability for future land uses. 
 
The objectives of this groundwater investigation were to gain an improved understanding of 
hydrogeological and hydro-geochemical data related to the site and investigate the sources 
for the contaminants of potential concern (CoPCs) detected in the groundwater.   The data 
and observations noted during this groundwater investigation will assist to address the higher 
risk issues identified at the site. 
 
Field work as part of this groundwater investigation (on- and offsite) included: 
 a groundwater gauging round, including the recording of groundwater standing water 

levels (SWLs), assessment of the presence of non-aqueous phase liquids (NAPL) and 
well serviceability checks; 

 the installation of five shallow and three deep groundwater wells; 
 development of all onsite and offsite groundwater wells, including existing and newly 

installed wells; 
 the collection of groundwater samples from thirty one (31) existing groundwater wells 

and eight recently installed wells for laboratory analysis of chemicals of concern (CoC), 
following adequate purging, stabilisation and recording of field parameters; and 

 evaluation of aquifer properties via estimates of physical parameters by slug tests (i.e. 
rising and falling head tests) selectively undertaken on six groundwater wells.  

 
Groundwater flow system 
 
The local hydrostratigraphy consists of Brighton Group sediments (BG) overlying Older 
Volcanics basalts.  Groundwater flow through the full saturated thickness of the BG is 
controlled by deep sewers which border the site on three sides. The water table on site is 
drawn down several metres below its natural level by the sewers such that it is several 
metres below sea level throughout the area of the site and the surrounding vicinity.  
 
The groundwater flow system through the BG on site is interpreted to have the following 
additional characteristics: 
 nearly all of the groundwater flow in the BG beneath the site originated as on-site 

recharge; 
 there is an upward gradient from the OVB to the BG.  Due to this gradient, 

contaminated groundwater cannot migrate downwards but there may be some minor 
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upward leakage; however, this flux is considered to be small in comparison to the flux 
derived from on-site recharge; 

 all the groundwater discharging from the site is captured by the sewers; 
 lateral groundwater flow towards the sewers takes place through the full 10-m 

saturated thickness of the BG.  However, the greatest lateral flux takes place through 
the layers of greatest hydraulic conductivity (K); 

 the oldest groundwater within the BG on site is likely to be close to the sewers, within 
the relatively low K zones of the BG, and/or in areas of relatively low hydraulic gradient; 

 the median K of the BG at the site was evaluated from slug tests to be approximately 
0.3 m/day; and 

 the average linear velocity of the groundwater flowing laterally through the BG over 
most of the site is estimated to be approximately 5 m/yr. 

 
The total flux of groundwater from the site to the surrounding sewers from Gasworks Park 
and Southport Community Nursing Home is estimated to be approximately 11 m3/day, (4 
ML/yr).  The average recharge rate across the site was estimated to be approximately 0.1 
m/yr.  
 
Groundwater contamination 
 
Groundwater at the site is impacted with common gasworks contaminants, including heavy 
metals (primarily arsenic [As], cobalt [Co], copper [Cu], lead [Pb] and zinc [Zn]), ammonia 
(NH4

+), cyanide (CN), sulfate (SO4
2-), polycyclic aromatic hydrocarbons (PAHs), total 

petroleum hydrocarbons (TPHs) and monocyclic aromatic hydrocarbons (MAHs).  However, 
there is no evidence of either dense NAPL (DNAPL) or light NAPL (LNAPL).   
 
The vertical and lateral distribution of the groundwater contamination is consistent with the 
former gasworks infrastructure and the physical groundwater flow system.  The greatest 
concentrations of total dissolved solids (TDS), SO4

2-, NH4
+, CN and many organics in 2011 

were detected in monitoring wells screened in the lower BG near the site perimeter in the 
vicinity of former gas purifiers.  This contamination is interpreted to have originated on site.  
The groundwater in the BG is not interpreted to have been significantly impacted by the 
upwelling of higher salinity groundwater via the underlying OVB. 
 
The relatively low contaminant concentrations towards the centre of the site, in comparison 
to the site perimeter, could be due to less contamination originating from the central part of 
the site but may also reflect some flushing of the on-site flow system with less contaminated 
recharge since the site ceased to operate as a gasworks in 1971. 
 
As all the groundwater migrating from the site is captured by the sewers, all the dissolved 
contaminants are also captured by the sewers.  For the most part, the contaminated 
groundwater from the site migrates directly to the sewers without passing beneath 
neighbouring properties.  However, there is an area to the northeast of Richardson Street 
where a plume of the NH4

+ and SO4
2- contamination that migrates beneath up to 18 

properties en route to the South Yarra Sewer Main beneath Bridport Street.  Relatively high 
concentrations of CN and PAHs have also been detected in groundwater samples from this 
area.  Although the current groundwater flow direction is interpreted to be parallel to, rather 
than across, Richardson Street, the Gasworks site is considered likely to be the original 
source of this area of groundwater contamination. 
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Elevated concentrations of PAHs were also detected within newly installed groundwater 
wells in an area of very low hydraulic gradient in the northern part of the site.  Based largely 
on the low hydraulic gradient in this area, it is considered unlikely that contaminated 
groundwater at Gasworks Park would migrate to the north west beneath the neighbouring 
Alinta Site and present a risk to off-site users.   
 
Potential beneficial uses 
 
Based on TDS values south east of the site and in this general region, the groundwater has 
been classified as ‘Segment A2’, with a TDS range of 501-1,000 mg/L.  However, the quality 
of some of the non-impacted groundwater in the vicinity of the site does not support some of 
the protected beneficial uses. 
 
In this urban environment with a municipal reticulated water supply, the potential beneficial 
uses of potable water and mineral water supply are not considered to be realistic potential 
beneficial uses.  However, the Victorian Groundwater Database shows that some wells have 
been installed in the area for stock/domestic and irrigation purposes. 
 
As all contaminants being transported in groundwater from the site are captured by the 
sewer system, there is currently negligible risk of impacted groundwater from Gasworks Park 
discharging to receiving waters (i.e. ecosystems) in the vicinity of the site. 
 
As the site is owned by the City and the State of Victoria and the groundwater is known to be 
contaminated, the abstraction of groundwater onsite for any purpose is being controlled by 
an ICMP.  Therefore, on site, the above potential beneficial uses, with the exception of 
buildings and structures, are considered to be precluded.   
 
In the area of gasworks-related groundwater contamination beneath private residences to the 
northeast of Richardson Street and northwest of Bridport Street, the abstraction of 
groundwater is not currently prevented.  Although the BG in this area has a particularly low 
potential yield due to a limited saturated thickness, the potential beneficial uses of primary 
contact recreation, irrigation and stock/domestic cannot be discounted in this area. 
 
Risks associated with the groundwater contamination 
 
As all the groundwater flowing from the site is captured by the sewer system, it is ultimately 
pumped to the Werribee Treatment Plant.  The flux of groundwater from the site is several 
orders of magnitude less than the total flow rate of sewage through the sewers to the 
Werribee Treatment Plant.  Therefore, contaminant concentrations are diluted by several 
orders of magnitude.  Therefore, associated risks to workers at the treatment plant would be 
very low.  Furthermore, the personal protective equipment routinely used in the sewers 
themselves would protect workers from any additional contaminants introduced into the 
sewers from the site. 
 
Even if all the sewers in South Melbourne were sealed, such that the natural groundwater 
flow system to Port Phillip Bay were restored, the hydraulic gradient towards the Bay would 
be so low that the groundwater would move towards the Bay at a rate that is orders of 
magnitude less than the current rate of groundwater flow towards the sewers and the travel 
time would likely be thousands of years.  The volumetric rate of discharge to the Bay would, 
therefore, be very low when the contaminants ultimately reached the Bay.  
 
Risks associated with the area of groundwater contamination to the north east of the site 
would only apply if the groundwater is extracted.  Although the resource is physically limited 
and groundwater extraction is unlikely, it is not currently prevented in this area.   
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Recommendations 
 
The requirements of an existing Deed of Agreement between CoPP, Melbourne Water and 
South East Water include ongoing groundwater monitoring and notification of changes in 
conditions.  Therefore, we recommend a GME takes place during the next several weeks to 
months, incorporating rationalisation of the wells to be sampled and the suite of analytes.  
 
Additionally, it is recommended that the mass flux of contaminants discharging to the sewers 
is revisited and the associated very low risk to the sewer system and the treatment plant is 
confirmed.   
 
We recommend a review of possible management/remediation strategies for the area of 
groundwater contamination to the north east of the site.  This review would include 
consideration of the potential cost, benefit, duration, practicality, environmental footprint and 
risks of approaches to remediation in this area, in comparison to the current situation in 
which all this groundwater is captured by the sewer system.   
 
We recommend that a GQRUZ be considered that would cover the area of interpreted 
gasworks-related groundwater contamination to the north east of the site.  This would cover 
an area of approximately 20-30 private properties.   
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1 INTRODUCTION 
 
The site was formerly the manufacturing area of the South Melbourne Gasworks (SMG), and 
operated from 1983 to 1995, with some aspects remaining functional until 1977.  The site 
was redeveloped and has been used as a park since the 1980’s by the City of Port Phillip 
(CoPP).   
 
The site is currently managed in accordance with two Interim Contamination Management 
Plans (ICMPs); one applicable to the Southport Community Nursing Home and the other to 
the Gasworks Arts Park.  The ICMPs are subject to changes and amendments pending 
further investigation, remediation and/or management. 
 
The site is currently undergoing a two stage 53V audit commissioned by CoPP to assess 
risks of harm posed by the site.  The first stage of the 53V audit was undertaken by Dr. Peter 
Nadebaum of GHD in December 2008 and involved undertaking a ‘preliminary assessment 
of available information regarding risks associated with groundwater and soil contamination 
to determine what further investigation and remediation works would be required to complete 
the audit’.  The findings of the first stage were documented in a report entitled “Section 53V 
Environmental Audit – Interim Report” (December, 2008).  As detailed in the audit report, 
further environmental investigation and monitoring works are required to address the higher 
risk issues identified at the site, determine requirements for remediation and the sites 
suitability for future land uses.   
 
Environmental Earth Sciences VIC prepared a scope and methodology for environmental 
investigational works at the former South Melbourne Gasworks in accordance with 
information provided within the tender document Sections 3.1 to 3.4 (Specification), and in 
reference to the Auditor’s comments detailed in the Interim Audit Report (December 2008). 
 
This scope and methodology was refined once a detailed review of existing site 
environmental reports and the development of a Sampling and Analysis Plan (SAP) and 
comments received within GHD 31/26548/189319Letter entitled ‘Gasworks Site 
Environmental Audit Sampling and Analysis Plan’ and SAP discussion between 
Environmental Earth Sciences VIC, CoPP and GHD on 2 December 2010 and on 12 January 
2011 
 
Version 1 of this report (210074 – South Melbourne Gasworks – GW Report V1) was issued 
to the Auditor in August 2011.  Round 1 comments regarding Version 1 of the report were 
received from the Auditor (GHD reference: 31/26548/201840) in November 2011.  
Environmental Earth Sciences’ responses to Round 1 comments were issued in April 2012.   
Meetings with the Auditor then took place to discuss the round 1 comments and our 
responses, and the decision was made to review the interpretations in the report and revise 
the report.   
 
Furthermore, the Auditor issued round 2 comments (in response to our round 1 comments) in 
June 2012.  This document (210074 – South Melbourne Gasworks – GW Report V2) 
presents a revised description and interpretation of the groundwater conditions which 
considers the issues and comments raised and provided by the Auditor (in round 1 and 2 
comments). 
 
The work reported upon in this document has been undertaken in accordance with 
discussion between Environmental Earth Sciences VIC, the Auditor and CoPP. 
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Professional judgement was used to extrapolate between inspected areas, however, even 
under ideal circumstances actual conditions may vary from those inferred to exist.  The 
actual interface between materials and variation in groundwater quality may be more abrupt 
or gradual than the report indicates.  This is described in more detail in Section 10. 
 
 

2 OBJECTIVES 
 
The objectives of this groundwater investigation are to improve the understanding of 
hydrogeological and hydro-geochemical data related to the site.  The data and observations 
noted during this groundwater investigation will assist to: 
 further characterise and delineate groundwater pollution offsite to the north east; 
 identify the potential source(s) of the offsite groundwater pollution; 
 investigate if Gasworks Park is a potential source of groundwater pollution offsite 

towards the Alinta Site (north west); 
 determine the aquifer (Brighton Group) physical parameters, particularly with respect to 

groundwater flux to the sewers; 
 further refine/evaluate the validity of the current conceptual site models including 

relevant beneficial uses of groundwater (groundwater utilisation); 
 access the presence of non-aqueous phase liquid (NAPL) in groundwater; and 
 access the potential for contamination of deeper groundwater on- and offsite due to 

onsite pollution. 
 
 

3 SITE IDENTIFICATION 
 

3.1 Site location 
The site is currently owned by CoPP in conjunction with the State of Victoria.  The CoPP 
currently operate as the ‘Committee of Management’ for the site.  The site is situated in 
Albert Park and is bounded by Graham Street to the south; Pickles Street to the west; 
Richardson Street to the north; and Foote Street/Bridport Street to the east (refer to Figure 1 
and Figure 2). 
 

3.2 Current site uses and condition 
The site covers an area of 3.43 hectares (ha) and includes ‘Gasworks Arts Park’ and 
‘Southport Community Nursing Home’.  Gasworks Arts Park incorporates 2.67 ha of the site, 
consisting of grassed and landscaped areas, playground, BBQ and rotunda facilities, and 
small wetlands, all of which are linked by gravel access tracks.  Residual gasworks buildings 
have been retained near the entrance of the park and used as a café, bookshop, art 
galleries, administration area and theatre, foyer and dressing room area.  Other residual 
gasworks buildings are scattered around the perimeter of the park and used as various art 
studios: 
 the Southport site covers an area of 0.54 ha and is situated in the northeast corner of 

the SMG site (refer to Figure 2).  The Southport Community Nursing Home occupies 
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the majority of the Southport Site (fronting Richardson Street) and incorporates a brick 
building (i.e. nursing home), and open grass, paving and landscaped gardens. 

 the South Melbourne Gas Regulator Site (i.e. Alinta Site) is situated on the corner 
Pickles and Richardson Streets and is not included within the investigation area.  This 
area is covered by bitumen hard stand, and is occupied by a brick building in the 
northern portion of the site, which was a historical part of the original SMG 
infrastructure.  The building housed the regulator station, which controlled pressure in 
the gas distribution pipes. 

3.2.1 Description of local sewer system 
Gasworks Park and Southport site are bounded by two major underground sewer mains 
owned and maintained by Melbourne Water (i.e. South Yarra Main and Hobsons Bay main) 
and two minor sewer systems owned and maintained by South East Water.  The South Yarra 
main and Hobsons Bay main are situated along Bridport Street and the Graham Street road 
reserve, respectively.  The two minor sewer systems run along Pickles Street and 
Richardson Street.  Details of each sewer are provided below: 
 
South Yarra main sewer is 2.05 m in diameter and is known to have an invert level of RL – 
11.22 m Australian Height Datum (AHD) at the intersection of Bridport and Durham Street 
and decreases to RL -11.28 m AHD at the junction with the Hobsons Bay main at Graham 
Street.  
 
Hobsons Bay main sewer runs in a general north-western direction along Danks Street, 
before heading north along Foote Street to Graham Street and the confluence with the South 
Yarra main. The Hobsons Bay main sewer then continues in a north-western direction along 
Graham Street to Williamstown Road. It is understood to continue along Williamstown Road 
to Howe Parade and along Howe Parade under the Yarra River to the former Melbourne 
Metropolitan Board of Work (MMBW) sewerage pumping station in Newport (now Science 
Works).  Golder Associates indicated that “along Graham Street in the vicinity of the site, the 
sewer has a diameter of 2.4 m. The invert level varies from is known to be 2.4 m in diameter 
and with an invert level ranging from RL – 11.73m near the intersection with Foote Street to –
11.80 m AHD near the intersection with Pickles Street’. 
 
Pickles Street sewer is a brick construction with a known diameter between 0.525 m and 
0.6 m.  The sewer is at an invert level of RL -8.1 m AHD near the intersection with Hobsons 
Bay main sewer at Graham Street. 
 
Richardson Street sewer is a concrete construction with a diameter of around 0.225 m and 
invert level of RL -3.45 m AHD.  Additionally the Richardson Street main drain (storm water) 
owned by Melbourne Water is situated along Richardson Street on the northern boundary of 
Gasworks Park and crosses Pickles Street at the northern boundary of the Alinta site.  The 
stormwater pipe is a 1.8 metre diameter concrete pipe at an invert level of RL -1.04 at the 
Pickles Street crossing.  

3.2.2 Building design 
Buildings were generally noted as being constructed slab on grade with either wooden floors 
or carpet as a covering layer and brick walls.  Buildings were all single level without any 
basements, with the exception of the gatehouse building which had an open plan mezzanine 
level.  Most original Gasworks buildings were also noted to have air vents at the top of the 
buildings. In addition most of the buildings are open plan, occasionally with smaller rooms 
such as toilets, kitchenettes or storage areas.   
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All buildings on-site with the exception of South Port nursing home and the new 
administration area are original gasworks buildings. 

3.2.3 Surrounding land use 
South Melbourne Gasworks is surrounded by low density residential houses to the north and 
east across Richardson Street and Foote Street.  High density residential units are present 
across Pickles Street to the east, and to the south across Graham Street. 
 
The nearest surface water body to the site is Port Phillip Bay approximately 350 m south of 
the site (Figure 1). 
  

3.3 Proposed future land use 
The CoPP has advised that the desired future land use of both Gasworks Park is likely to 
remain ‘Open Space Parkland’, and the Southport site to remain a nursing home, which may 
be developed into another community use sometime in the future. 
 
 

4 SUMMARY OF SITE HISTORY 
 
In 1871 the South Melbourne Gas Company was established and leased 2.43 ha of land on 
Pickles Street on the boundary of what are now, the suburbs of Albert Park and Port 
Melbourne.  The construction of the Port Melbourne gas manufacturing plant was completed 
in 1873.  Following completion, the South Melbourne Gas Company merged with Melbourne 
and Collingwood Gas Companies, forming the Metropolitan Gas Company. 
 
A crown grant for the leased site was issued to the Metropolitan Gas Company in 1878, with 
an additional 1ha of land being purchased in the northern section (East of Pickles Street).  
The main manufacturing plant for Gasworks was developed in this area.  The operation was 
expanded over the following years with establishment of the meter shop site (1885), No. 1 
Holder site (1888) and laboratory and oil store (1913).  Following a short period of closure 
during the depression, some sections of the plant never reopened.  Gas manufacture, 
however continued up until 1971 with the Gas and Fuel Corporation of Victoria becoming the 
registered proprietor of all properties onsite in 1955.   
 
The City of South Melbourne and Government of Victoria acquired the manufacturing plant in 
1979, redeveloping it into Gasworks Park.  Gas and Fuel Corporation of Victoria still operate 
a small depot in the northern corner of the former gasworks site (i.e. Alinta site), however this 
is not part of the area under investigation.  Southport Community Nursing Home was 
constructed on city owned land to the north-east of the site in 1981. 
 
Investigations into the contamination status of the site commenced around 1985 with EPA 
Victoria issuing a Clean Up notice to Gas and Fuel Corporation of Victoria in 1988.  The Gas 
and Fuel Corporation commenced assessment and remediation across the site as required 
under the Clean up Notice, resulting in EPA Victoria declaring the site suitable for park use in 
1992.  A historic site review prepared in 2004 by Golder Associates, however recommends 
that CoPP conduct further assessment and management of the site due to potential risks 
associated with soil and groundwater contamination. 
 
Further detail regarding site history please refer to Environmental Earth Sciences VIC, 2010, 
Report 210074 titled ‘Sampling and analysis plan for the former South Melbourne Gasworks, 
Albert Park, Victoria’. 
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4.1 Identified chemicals of potential concern   
Contaminants of potential concern are associated the numerous gas manufacturing process 
during the site historical use as a gas manufacturing plant.  These include: 
 polycyclic aromatic hydrocarbons (PAH) from tar, coke, ash and oil wastes; 
 total petroleum hydrocarbons (TPH) from tar, oil wastes as well as oil storages; 
 heavy metals [i.e. arsenic (As)] from concentration of coal minerals; 
 cyanide, sulfates and sulphides from gas purification and waste water treatment; 
 phenols from tar wastes; 
 monocyclic aromatic hydrocarbons (MAHs) including but not limited to benzene, 

toluene, ethylbenzene and xylene compounds (BTEX);; 
 polychlorinated biphenyls (PCBs) associated with the substations; and 
 solvents associated with maintenance. 

 

4.2 Previous investigations 

4.2.1 Golder Associates 
A total of eleven documents, detailing environmental works undertaken by Golder Associates 
at the site between 2004 and 2007, were provided for review as part of this groundwater 
investigation.  The reports detail the site history, site conceptual model, soil and groundwater 
investigations undertaken and recommendations for further investigation and remediation. 
 
From these works, Golder Associates concluded the site history indicated significant 
potential for contamination of soil and groundwater to have occurred from historical on-site 
gasworks processes and/or the storage/management of on-site waste.  As little remediation 
of on-site soil was conducted, the potential for the soil to still be contaminated and acting as 
a source for groundwater impacts was high.  Remediation was limited to excavation of 0.5 m 
of contaminated fill material and replacement with “clean soil” in the south-eastern corner of 
the site.  Other remedial works have been limited to landscaping and the placing of topsoil 
and clay over the site.   
 
The general stratigraphy within Gasworks Park was observed to comprise a layer of fill 
material overlying natural sands, clayey sands and sandy clays.  Fill material varied between 
0.5 m and 3.2 m and surface fill material generally comprised black sands with fragments of 
coke, bricks and glass. 
 
Groundwater impacts include: 
 contamination with common gasworks chemicals, including heavy metals, ammonia, 

total cyanide, sulfate, total dissolved solids (TDS), PAHs, TPHs and monocyclic 
aromatic hydrocarbons (MAHs); 

 the main sources of ammonia, TDS and sulfate in the groundwater appears to be in the 
north eastern portion of the site, whilst the main PAH and MAH sources appear to be in 
the south eastern and north eastern portion of the site; 

 groundwater to the west and north west of Gasworks Park is contaminated with some 
heavy metals [arsenic (As), cobalt (Co), copper (Cu), lead (Pb), nickel, (Ni), zinc (Zn), 
selenium (Se), boron (B) and manganese (Mn)], sodium (Na), sulfate (SO4

2-), chloride 
(Cl), bicarbonate (HCO3) and total CN.  Concentrations are generally consistent across 
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the off-site wells to the east and north of Gasworks Park, potentially indicating 
background concentrations of the area; 

 the main CoC found during the groundwater sampling was ammonia; 
 levels of pH are indicative of background concentrations and are not considered to be 

as a result of contamination at the site; and 
 there are a variety of potential sources of the groundwater contamination in the north-

western portion of the Gasworks Park including Gasworks Park, the Alinta site, the 
former gasholder yard and laboratory site to the west of Pickles Street, and potentially 
other currently unidentified areas in the vicinity where gasworks fill which may have 
been placed as part of historical filling in the region. 

 
The hydrogeological conceptual model indicates that discharge of groundwater from the 
Gasworks Park precinct is to the surrounding the sewer network, of which the point of 
discharge is thought to be the Werribee Treatment Plant.  There were, however, three 
possible areas of off-site impact from groundwater beneath the Gasworks Park and 
Southport site which were identified as: 
 the Alinta site; 
  the area between the site and the South Yarra main and Hobsons Bay main 

(surrounding road reserves); and  
 the residential area north of Richardson Street and north east of Southport Community 

Nursing Home between the site and the point of discharge into the South Yarra main. 
 
For more detail of previous environmental investigations undertaken at the site, please refer 
to Environmental Earth Sciences VIC, 2010, Report number 210074 - Sampling and Analysis 
Plan for the former South Melbourne Gasworks, Albert Park, Victoria (Environmental Earth 
Sciences, 2010). 

4.2.2 GHD 
GHD undertook a preliminary assessment of the risks associated with groundwater and soil 
contamination at SMG as part of the 53V audit currently being undertaken by Dr. Peter 
Nadebaum.  This objective and method of ‘screening risk assessment’ was to formulate the 
auditor’s opinion on the risk posed to the relevant beneficial uses.  This report also 
documents what further investigation and remediation work may be require to complete the 
audit. 
 
In each case, a particular scenario and level of effect was considered, and the likelihood of 
this scenario occurring was then determined based on the information obtained from the 
preliminary review of information pertaining to SMG and in consultation with stakeholders.   
 
Findings of the screening risk assessment process, taking into account the relevant controls 
measure, are identified as the following: 
 50 medium risk scenarios; 
 99 low risk scenarios; and  
 115 negligible risk scenarios. 
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The auditor identified groundwater issues requiring further assessment to resolve uncertainty 
and to better understand the level of risk, which included: 
 non-aqueous phase liquid (NAPL), particularly its presence and extent on-site, and its 

significance as an on-going source of vapour and groundwater contamination; 
 the migration of dissolved phase groundwater contamination off-site, and the potential 

for use of this groundwater; and 
 the extent to which deeper groundwater might be contaminated and result in 

groundwater contamination migrating from the site. 
 
 

5 GEOLOGY AND HYDROGEOLOGY 
 
This section provides an overview of the geology and hydrogeology summarised from 
previous reports, particularly the Sampling and Analysis Plan (Environmental Earth Sciences, 
2010).   
 

5.1 Geology  
According to the Geological Survey of Victoria (GSV 1974) Melbourne 1:63,360 map sheet, 
the surface geology at the site is the Recent Holocene aged (0-10,000 year old [yo]) Port 
Melbourne Sand (PMS), consisting of raised beach ridges of well sorted sand, shelly sand, 
minor silty or clayey sand.   
 
Regionally, the PMS formation in the region is sequentially underlain by the following 
formations: 
 Pliocene age (late Tertiary era – 5.3 to 1.8 myo) Brighton Group sediments, consisting 

of red-brown, yellow and white cross-bedded sands and silty sands (with clay); 
 Late Lower Tertiary Eocene aged (36-53 Myo), olivine and titanaugite dense blue-black 

Older Volcanics basalt (OVB);  
 Eocene age (early Tertiary era – 54.8 to 33.7 myo) sand and silty-sands with clay, with 

pyritic and lignitic sands, of the Werribee Formation; and 
 Late Upper Silurian aged (400 Myo) Dargile Formation sandstone and siltstone. 

 
The geological units encountered during site investigation works included: 
 PMS – the upper geological formation at the site, which discontinuously underlies the 

fill material, and has been identified in lenses up to 2.6 m thick in the southern portion 
of Gasworks Park; 

 Brighton Group – encountered underlying fill material and, where present, the PMS.  
Brighton Group sediments have been identified extending to a maximum depth of 22 
m BGL; and 

 OVB – identified underlying Brighton Group sediments at approximately 18 m BGL in 
the north-eastern portion of the site. 

5.1.1 Soil 
The soils of the local area are described in van de Graaff (1996) - Landcare Notes 
Melbourne Soils as comprising dark loams, clays and local sands.  These features are 
consistent with the local geology as described above, being PMS sands and silty/clayey 
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sands.  Although the site is located in an area that potentially contains acid sulfate soil (ASS) 
(DPI, 2003) the only estuarine deposits where ASS are likely have been identified to the west 
of the site. 
 

5.2 Hydrogeology 
Interpretation of previous groundwater investigations and monitoring events indentified 
several potential aquifers and aquitards beneath the site.  The Brighton Group is the 
shallowest aquifer on site. It is underlain by the OVB, which is considered to be an aquitard 
due to its high clay content.  As such it hydraulically insulates but does not isolate the deeper 
geological units from the Brighton Group sediments.  
 
Table 3 summarises registered groundwater wells within 3 km of the site from a recent well 
search. It is understood that there are 29 registered groundwater wells with variable yields 
existing within the OVB within a 3 km radius (limits of SKM groundwater well database 
search) of the site (although none of these are  on the site).  There have been no registered 
groundwater wells accessing the Dargile Formation within 3 km radius of the site.  Most 
registered wells in the vicinity of the site are screened within the Quaternary and Tertiary 
sediments of the PMS and Brighton Group.  Therefore, it is the utilisation of the watertable 
aquifer in Brighton Group Sediments which is of primary concern. 

5.2.1 Groundwater flow 
Regional groundwater flow in the basement Dargile Formation is towards Port Phillip Bay, 
therefore under natural hydraulic gradients, the groundwater flow direction would be 
expected to be towards the south to south west beneath the site.  Previous groundwater 
assessments at the site (Golder Associates, 2006; 2006b; and 2006c) indicate that local 
groundwater flow in the shallow Brighton Group sediments is controlled by the sewer 
system(s) that is described previously in Section 3.2.1.   
 
Groundwater within the Brighton Group sediments beneath Gasworks Park generally flows 
radially from the site towards the nearby sewers aligned along Foote Street, Graham Street 
and Pickles Street, which act as groundwater sinks.  This is consistent with the deepest 
drawdown being observed at the corners of the site, which is supported by previous 
investigations by Golders Associates.  Groundwater levels in the Brighton Group beneath 
Gasworks Park are all below sea level due to the drawdown caused by the sewers.  
Therefore, the vertical gradient between the OVB and the Brighton Group is upwards, 
potentially contributing inflow to the groundwater system beneath the site.   
 
An upward hydraulic gradient would prevent the downward migration of any contaminants of 
potential concern (CoPC) from the water table aquifer in the Brighton Group.  Golder 
Associates noted that “given the laterally extensive nature of the observed length of 
groundwater depression, it appears that leakage into the South Yarra main sewer and 
Hobsons Bay main occurs regularly along the sewer length rather than in discrete zones.  As 
a result, groundwater is unable to migrate across the depression but rather discharges to the 
sewer” (Golder Associates, 2006e).  Thus, the distribution of CoPCs is interpreted to be 
controlled and contained both vertically and horizontally by the sewer network around the 
site. 
 
This local groundwater flow system is dependent on the leakage of groundwater into the 
sewers.  If leakage to the sewers were reduced significantly, the flow regime would change.   
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5.2.2 Trade Waste Agreement 
During the initial planning phase of the further groundwater investigation strategy with CoPP 
and the auditor,  Environmental Earth Sciences VIC was informed of a ‘Deed of Agreement 
Groundwater and Gasworks Arts Park, Albert Park’ executed between CoPP, Melbourne 
Water and South East Water on 4 January 2010. 
 
This ‘Deed of Agreement’ states that Melbourne Water (responsible for the South Yarra 
Sewer Main and Hobsons Bay Sewer Main) and South East Water (responsible for the 
Pickles Street Branch sewer) acknowledge that these sewers act as a control for 
groundwater surrounding Gasworks Arts Park and agree to accept groundwater discharging 
from Gasworks Arts Park.  A copy of the ‘Deed of Agreement’ is provided in Appendix E.  
 
Under the Operative provisions ‘City of Port Phillip obligations’, CoPP agreed that it will: 
 prepare a monitoring plan and submit it to Melbourne Water and South East Water for 

approval; 
 continue to monitor groundwater contamination at, and in the vicinity of, the South 

Yarra main, Hobsons Bay main and Pickles Street branch sewer in accordance with 
the monitoring Plan; 

 supply data relating to groundwater recorded or obtained in the course of implementing 
the monitoring Plan to Melbourne water and South Easter water; 

 notify Melbourne Water and South East Water of any groundwater changes in 
accordance with the monitoring plan; and  

 have and implement a contingency plan to manage the contamination risks posed by 
groundwater to meet EPA requirements should Melbourne Water or South East Water 
undertake work to its sewer which increases risks associated with groundwater 
contamination from the site to an unacceptable level. 

 
As part of the ‘Deed of Agreement’, Melbourne Water obligations include the following: 
 it will accept groundwater from the Gasworks Site into the South Yarra Main and 

Hobsons Bay Main provided that it maintains the right, acting reasonably, not to accept 
the groundwater if it is found to interfere with the operation or maintenance of its assets 
or does not comply with trade waste requirements or safety requirements imposed by 
the Victorian Government from time to time; 

 it will not unreasonable withhold its approval of the Monitoring Plan submitted by the 
Council; 

 it will provide Council with eight weeks written notice before commencing any works to 
the South Yarra Main or Hobsons Bay Main, accompanied by a plan showing the 
particulars of the proposed works; and 

 in the event that emergency works are required to the South Yarra Main or Hobsons 
Bay Main, it will provide Council with notification as soon as possible after the 
commencement of the works. 

 
South East Water obligations include the following: 
 it will accept groundwater that enters the Gasworks Site into Pickles Street Branch 

sewer provided that it maintains the right, acting reasonably, not to accept the 
groundwater if it is found to interfere with the operation or maintenance of its assets; 

 it will not unreasonably withhold its approval of the monitoring Plan submitted by 
Council; 



 

210074- South_Melbourne_Gasworks-GW Report_V3 10 

 it will provide Council with eight weeks written notice before commencing any works to 
the Pickles Street Branch Sewer, accompanied by a plan showing the particulars of the 
proposed works; and 

 in the event that emergency works are required to the Pickles Street, it will provide 
Council with notification as soon as possible after the commencement of the works. 

5.2.3 Regional groundwater utilisation 
A registered well search of the Department of Sustainability and Environment (DSE) 
‘Groundwater Database’ (Sinclair Knights Merz, 2010) has indicated that 291 wells are 
located within a 3 km radius of the site.  Drilling geological logs of registered wells located 
within the vicinity of the site appear to be within the same or similar geological units as at the 
site.  Further useful information however, is limited. 
 
Table 3 summarises the details of the information available for the groundwater wells located 
within 3 km of the site. Note that some wells did not contain any relevant information. 
 
Groundwater wells with specific information include: 
 well 78476 (located 870 m north-west of the site) was installed in 1990.  Groundwater 

was encountered from 1.8 m BGL (below ground level).with the water bearing zone 
consisting  of silty sands and sands with shells.  It has an un-known registered use; 

 well 78467 (located 1.75 km north-west of the site) was installed in 1986.  Groundwater 
was encountered at 3.3 m BGL.  The lithology encountered is marl; a lime-rich clay.  
The limited chemistry data available for this well indicates electrical conductivity during 
testing was 221 mg/L TDS.  The well is registered for stock/domestic purposes; 

 well 78462 (located 1.2 km south-east of site) was installed in 1983 to a total depth of 3 
m BGL.  Groundwater was encountered at 3 m BGL with a yield of 0.4 L/sec reported 
at the time of construction.  The screen is situated in marl and sand; and 

 well 78463 (location 1.9 km north-west of site) was installed in 1983 to a total depth of 
5 m BGL.  Groundwater was encountered at 1.8 m BGL with a yield of 0.4 L/sec 
reported at the time of construction.  The screen is situated in marl and sand.  

 
Overall, information for wells within 3 km of the site is relatively scarce, the aquifer is not 
widely used as a resource and that there are no registered wells in the immediate area of the 
Gasworks Park Precinct.  Approximately 63% of the wells were installed for investigative 
rather than abstraction purposes, 24% were installed for unknown purposes with 
stock/domestic (12%) and irrigation (3%) accounting for the remaining wells.   
 
There are more than 30 wells in Table 3 with listed uses as stock/domestic or irrigation, 
including more than 10 within 1 km of the site.  Therefore, irrigation is one of the beneficial 
uses of the local groundwater.   
 
The Department of Natural Resources and Environment (DNRE) South Eastern Victoria 
Regional Aquifer Systems (1995) defines groundwater in the Upper Tertiary Aquifer System 
in the vicinity of the site as ‘Segment A2’, with a total dissolved solids (TDS) range of 501-
1000 mg/L.  Segment A2 groundwater has the full range of protected beneficial uses, i.e. 
drinking water, potable mineral water, irrigation, stock water, industry, ecosystem protection 
and building and structures.  These beneficial uses are described in more detail in Section 6 
and 10.4. 
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5.2.4  Groundwater monitoring well network 
The existing site monitoring well network prior to these works consisted of 35 groundwater 
monitoring wells identified as GW1 - GW36 as presented in Table 4 (note that monitoring 
well GW17 does not exist).  An additional seven groundwater wells were installed as part of 
these works, identified as GW37-GW44, as discussed further in Section 8.1.   
 
All groundwater wells are installed into the upper part of the Brighton Group, except wells 
GW42-GW44, which are deeper wells screened at the base of this unit (as denoted by the 
suffix D).  The locations of the wells are shown in Figure 3.  Groundwater wells are classified 
based on their spatial location into four groups, i.e. 
 “OS” Wells: onsite groundwater wells, including all groundwater wells installed in 

Gasworks park and South Port Nursing home and also including wells GW01, GW05, 
GW31, GW35 and GW44, which are close to the site perimeter, down-gradient from 
the site and, therefore, considered to be potentially impacted by on-site contamination; 

 “NW” Wells: offsite groundwater wells to the north (and north-west) of the site, i.e. 
GW06,GW32 to GW34 and GW36;  

 “NE Wells”: offsite groundwater wells to the east north-east of the site (in the residential 
area to the east of Richardson Street and to the north of Bridport Street, i.e. GW07, 
GW08, GW26 to GW30, GW37, GW38; and 

 “SE Wells”: offsite groundwater wells to the south east of the site (all wells to the east 
of Foote Street and Bridport Street), i.e. GW09 to GW16 and GW25. 

 
 

6 ASSESSMENT CRITERIA 
 
The SEPP GoV provides the framework for the protection of groundwater and associated 
beneficial uses throughout Victoria.  The policy allows for a consistent approach for the 
prevention and clean-up of contamination to groundwater throughout Victoria and sets 
environmental quality indicators and objectives for each beneficial use.  The SEPP GoV 
defines certain aquifer categories based on salinity reported as TDS and associated 
beneficial uses to be protected.  The beneficial uses of groundwater to be protected are 
dependent on the proposed land-use and are shown in Table 1. 
 
Beneficial uses pertaining to the site may not apply to groundwater when: 
 there is insufficient groundwater yield; 
 the background level of a water quality indicator/s other than TDS precludes a 

beneficial use; 
 the soil characteristics preclude a beneficial use; and 
 a Groundwater Quality Restricted Use Zone (GQRUZ) has been declared by the EPA. 

 
Any assessment of the likelihood of beneficial uses of groundwater being realised should be 
based on an evaluation of whether an owner/occupier of the site (or in the vicinity of the site) 
may reasonably expect to use or be able to use groundwater for the relevant purposes. 
 
Based on the TDS values considered to be background in the area of SMG the groundwater 
classifies as Segment A2.  The SEPP GoV states that in order to protect the beneficial uses 
associated with the ‘Segment A2’ (relevant to this site) the following should be referred to: 
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 maintenance of ecosystems – criteria specified for protection of marine water 
ecosystems in ANZECC/ ARMCANZ 2000.  For this site, the most sensitive beneficial 
use to be protected is Port Philip Bay, which is considered to be a marine water 
ecosystem slightly impacted by nearby human activities.  As such, the 95% protection 
of species guideline for a ‘slightly modified’ marine water environment is considered the 
most suitable criteria for groundwater assessment at the site.  Note that, under natural 
conditions, the groundwater flow direction would be towards Port Phillip Bay; hence the 
protection of marine environments would be relevant.  However, due to the surrounding 
sewer system(s) controlling local groundwater flow in the Brighton Group sediments, 
groundwater from beneath the site is captured and none of the groundwater on site 
discharges to Port Phillip Bay.  Therefore, protection of ecosystems would only be 
relevant if the sewers were sealed and, therefore, no longer controlled local 
groundwater flow; 

 potable water supply (acceptable) – those specified for health in the National Health 
and Medical Research Council (NHMRC), 2004 and 2011, Australian Drinking Water 
Guidelines; 

 potable mineral water supply – those specified for potable mineral water in the 
Australian Food Standards Code (1987) – Standard 08 Mineral Water; 

 agriculture, parks and gardens – those specified in ANZECC 2000 for irrigation; 
 stock watering – those specified for livestock in the ANZECC 2000 guidelines; 
 Industrial Water Use – those specified for industrial use in the ANZECC 2000 

guidelines; 
 primary contact recreation – those specified for primary contact recreation in the 

NHMRC and ARMCANZ (2008) Australian drinking water guidelines.  Consumption of 
water during recreational events (i.e. in creeks or swimming pools using groundwater) 
has been considered, with criteria for non-volatile contaminants being set at 20 times 
the health criteria based on the assumption that recreational swimmers consume 100 
mL of water per session, while NHMRC (2008) drinking criteria assume 2 L/day potable 
water consumption (also reported in ANZECC 1992, p3-7); and 

 buildings and structures – The SEPP GoV states that concentrations of pH, sulfate and 
redox potential should be considered but does not specify a reference.  Therefore, the 
Australian Standard AS3600-2001 Concrete Structures is referred to. 

 
For the purpose of this assessment all beneficial uses described above will be considered 
with the exception of the following: 
 potable mineral water supply – this beneficial use is excluded as the groundwater does 

not display effervescent qualities as required under the definition of “potable mineral 
water” in the SEPP GoV and the area is not within a designated mineral water 
production zone.  

 
The adopted investigation levels for groundwater are dictated by the potential beneficial uses 
of groundwater.  These are primarily defined by the SEPP (1997) GoV.  Where the SEPP 
GoV does not specify contaminant limits, the ANZECC/ ARMCANZ (2000) Australian and 
New Zealand guidelines for fresh and marine water quality and NEPM (1999) Groundwater 
investigation levels (GILs) are consulted.  In Victoria, the NEPM levels are generally used in 
preference to ANZECC/ ARMCANZ criteria for all beneficial uses other than ecological 
receptors. 
 



 

210074- South_Melbourne_Gasworks-GW Report_V3 13 

The reason for this is that the ecological receptor for an aquifer is the nearest potential 
surface receiving water or discharge zone for that aquifer, which is controlled under the 
SEPP Waters of Victoria (WoV).  The SEPP WoV refers to ANZECC/ ARMCANZ 2000.  
 
In the absence of relevant Australian based criteria for various compounds, the Dutch 
Intervention Levels are often referenced.  This is most commonly undertaken for total 
petroleum hydrocarbons (TPH) in water by use of the 600 μg/L mineral oil intervention level.  
If TPH compounds are detected, it is considered more important to focus on benzene, 
toluene, ethyl-benzene and xylene (BTEX) and polycyclic aromatic hydrocarbon (PAH) 
compound levels in determining potential human health and ecosystem risks.  
 
The ‘Deed of Agreement’, executed between CoPP, Melbourne Water and South East Water 
(Section 5.2.2), states that Melbourne Water and South East Water will accept groundwater 
discharging from Gasworks Arts Park to surrounding sewers provided that they:  
 
“maintain the right acting reasonably, not to accept the groundwater if it is found to interfere 
with the operation or maintenance of its assets or does not comply with trade waste 
requirements or safety requirements imposed by the Victorian Government from time to 
time”. 
 
In reference to Melbourne Water and South East Water specific obligations, groundwater 
concentrations at the site have been compared against South East Water ‘Standards for 
trade waste discharge to the sewerage system’, presented in Appendix G.   Please note 
Melbourne Water standards for discharge could not be identified. 
 
The following guidelines have also been used as guiding documents: 
 EPA Victoria (2000) EPA Information Bulletin – Publication 669 Groundwater sampling 

guidelines; and 
 Victoria Government Gazette (1997) Variation of the State environment protection 

policy (Waters of Victoria) – insertion of Schedule F6. Waters of Port Phillip Bay. 
 
It is important to note that the LOR for selected analytes was noted (following analysis) to 
exceed selected criteria.  These include: 
 Se (LOR - 0.01 mg/L) is higher than the ecosystem criteria (0.003 mg/L); 
 anthracene (LOR – 1 ug/L) is higher than the ecosystem criteria (0.4 ug/L); and 
 BaP (LOR – 0.5 ug/L) is higher ecosystem criteria (0.2 ug/L), health criteria (0.01 ug/L) 

and recreation criteria (0.2 ug/L).   
 
Environmental Earth Sciences will ensure that the LOR is reduced (to below criteria) during 
future rounds of monitoring (if required). 
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7 FIELD ASSESSMENT 
 
Field work as part of this groundwater investigation (on- and offsite) included: 
 a groundwater gauging round, including the recording of groundwater standing water 

levels (SWLs), assessment of the presence of NAPL and well serviceability checks; 
 the installation of five shallow groundwater wells: 

o three wells were drilled onsite within the South Port Nursing Home (GW39) and 
Gasworks park along the boundary of the Alinta site (GW40 and GW41); and 

o two wells were drilled offsite to the north-east (GW37 and GW38); 
 the installation of three deep groundwater wells:  

o two wells were drilled onsite, one located in the south-eastern corner (GW42D) 
and the north western corner (GW43D) of the site; and  

o one well was drilled offsite to the north east (GW44D). 
 development of all onsite and offsite groundwater wells, including existing and newly 

installed wells; 
 the collection of groundwater samples from thirty one (31) existing groundwater wells 

and eight recently installed wells for laboratory analysis of chemicals of concern (CoC), 
following adequate purging, stabilisation and recording of field parameters;  

 the collection of groundwater levels from the groundwater wells and interpretation of 
the water table surface and groundwater flow directions; and 

 evaluation of aquifer properties by slug testing (i.e. rising and falling head tests) 
selectively undertaken on six groundwater wells.  

 

7.1 Groundwater well installation 
Eight new groundwater wells were installed onsite and offsite between 28 February and 8 
March 2011 by NUMAC Drilling Services (NUMAC) under the direct supervision of 
Environmental Earth Sciences VIC personnel.   
 
The location of each well was selected to: 
 further characterise and delineate groundwater pollution offsite to the east of the site 

(GW37 and GW38); 
 investigate if Gasworks Park is a potential source of groundwater pollution offsite 

towards the Alinta Site (north) (GW40 and GW41); 
 assess the potential for contamination of deeper groundwater on- and off-site due to 

onsite pollution (GW42D, GW43D and GW44D); 
 further delineate the extent and source areas of contaminated groundwater (GW39 and 

GW42D); and 
 assess the migration of CoC to down-gradient receptors (GW37 and GW38). 

 
The location of each well is presented in Figure 3 and the rationale for each well location is 
described in Table 5.  All well locations were approved by the site Environmental Auditor, Dr. 
Peter Nadebaum (GHD) prior to the commencement of field works. 
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7.1.1 Shallow Brighton Group wells  
Shallow groundwater wells (GW37 to GW41) were constructed to monitor across the 
watertable.  The shallow wells were installed to total depths ranging between 10.0 and 11.5 
metres below ground level (mbgl) and constructed of Class 18 uPVC with diameter 50 mm 
and slotted screen (0.4 mm slot apertures and 4 mm slot spacing) placed across the 
saturated zone, in an augered borehole of diameter 125 mm.  Each installation was 
completed with filter pack sand (16/30 grade) completely filling the annular space from the 
base of the borehole to a maximum of 1.0 m above the screen, a bentonite seal of thickness 
0.5 m placed above the sand and cement grout (with 5% bentonite) placed within the 
remaining annulus to ground level.   
 
Well construction details are presented in Table 6, with geological borelogs presented in 
Appendix A.  Borelogs were logged in accordance with Environmental Earth Sciences, 2008 
– Company logging manual.  

7.1.2 Deep Brighton Group wells 
Figures 4 and 5 illustrate the construction details of deeper groundwater wells GW42D, 
GW43D and GW44D.  These deep Brighton Group wells were installed using telescopic 
construction techniques and mud rotary drilling techniques to prevent cross contamination 
between shallow and deep sediments, as follows: 
 an initial borehole 300 mm in diameter was drilled through fill material to depths 

between 2.5 and 3.6 mbgl using a solid flight auger.  This interval was sealed off using 
250-mm internal diameter PVC casing to the base, cemented (quick set) to surface 
level and allowed to cure; 

 a 190-mm diameter borehole was then drilled within the initial cased interval using mud 
rotary techniques.  The borehole was extended into the upper Brighton Group to a 
depth of between 12.0 and 13.5 mbgl).  The upper Brighton Group was then sealed off 
using 125 mm internal diameter PVC casing to the base, grouted (via tremie pipe) to 
surface level and allowed to cure; and 

 a 125-mm diameter borehole was then drilled through the base of the 125-mm cased 
borehole using mud rotary techniques.  The borehole was extended through the 
Brighton Group to the OVB, at approximately 17.0 mbgl.  The wells were completed 
using 50 mm internal diameter PCV to total depths between 17.0 and 17.8 mbgl with a 
3 m slotted screen (0.4 mm slot apertures and 4 mm slot spacing) positioned at the 
base of the Brighton Group.  Each installation was completed with filter pack sand 
(16/30) placed up to 0.5 m above the screen, 0.5 m bentonite seal placed above the 
sand and cement grout (5% bentonite) filling the remaining annulus to ground level. 

 
Well construction details are presented in Table 6 and Figures 4 and 5, with geological 
borelogs presented in Appendix A.  Borelogs were logged in accordance with Environmental 
Earth Sciences, 2008 – Company logging manual.  
 
Drilling mud produced during well installation was stored onsite in sealed, appropriately 
labelled steel drums. 

7.1.3 Well development 
All existing and newly installed groundwater wells were developed to optimise their hydraulic 
connection to the aquifer and remove drilling residues. 
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Development of the three deep wells (GW42D, GW43D and GW44D) was undertaken by air 
lifting on 9 March 2011.  Groundwater extracted during airlifting was directed through a T-
piece PVC pipe and collected in 200 L storage drums and awaiting offsite disposed to a 
facility licensed to accept such waste. 
 
Newly installed shallow wells (GW37 to GW41) were developed between 21 and 22 March 
2011 by a combination of pumping, bailing and surging in reference to EPA Publication 669, 
2000 – Groundwater sampling guidelines.  Additionally, all existing groundwater wells (GW1 
to GW36) were re-developed to remove sediment and optimise aquifer connectivity. 
 
Wells GW8, GW18, GW19, GW20, GW21, GW22, GW23 and GW24 could not be located 
during the initial development program.  These wells were later located using a surveyor on 
13 April 2011 and were re-developed (along with the three deep groundwater wells (GW42D 
to GW44D), by pumping, bailing and surging and were allowed to equilibrate prior to 
groundwater sampling. 
 
Details of the groundwater well development program, including purged volumes and field 
observations, are presented in Table 7. 
 

7.2 Groundwater sampling methodology 
Groundwater sampling at each existing and newly installed groundwater well was undertaken 
between 18 and 21 April 2011, with the exception of GW7 which was sampled on 2 May 
2011.  Prior to purging, a multi-phase dipper was used to measure the SWL in each well and 
to assess the presence of LNAPL or DNAPL, if any. 
 
Sampling was undertaken via low flow (Micro-purge) sampling techniques, with the pump 
inlet placed at depths within the screen interval.  Purging was continued until field 
parameters [pH, electrolytic conductivity (EC), oxidation/reduction potential (ORP or pe), 
dissolved oxygen (DO), temperature and flow rate (yield)] had stabilised (refer to Table 8) 
and a sustainable sampling flow rate (i.e. minimal draw down) had been established to 
confirm that a representative sample of the aquifer was collected.  Groundwater sampling 
records have been provided in Appendix I.  
 
Groundwater well GW4 displayed insufficient yield to sustain an adequate flow rate with 
minimal drawdown.  As such, purging and collection of field parameters was continued using 
a hand bailer until the well was purged dry and it was sampled following adequate recharge. 
 
Groundwater samples were collected in amber glass bottles, volatile vials or plastic bottles 
depending on the individual analytes and required preservatives, labelled with the 
groundwater well number, site reference and date before being placed in a cooler with ice.  
All sampling procedures were undertaken in accordance with Environmental Earth Sciences, 
2009, Soil, gas & groundwater sampling manual and EPA Publication 669, 2000, 
Groundwater sampling guidelines.  Practices to eliminate cross contamination included the 
following: 
 use of individual dedicated pump bladders and tubing at each groundwater well; and 
 thorough washing of all re-used sampling equipment (i.e. pump and steel cable) with 

detergent (Decon 90) water, then double rinsing with clean water and drying before the 
collection of each sample. 
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Samples analysed for metals concentrations were collected without filtering in the field and 
without preservative.  These samples were filtered by the laboratory before analysis.  Further 
discussion on this procedure, and the results obtained, is provided in Section 10.3. 
 

7.3 Groundwater field physical assessment 
Following sample collection, slug tests (falling and rising head) were undertaken in selected 
wells utilising transducers.  The slug tests were undertaken to confirm the hydraulic 
conductivity data (of the shallow water bearing zones) derived from previous assessments 
and evaluate the hydraulic conductivity of the deeper water bearing zones within the Brighton 
Group sediments.   
 
Slug tests were undertaken on shallow wells GW7, GW37, GW30 and GW40 and deeper 
wells GW42 and GW44, as follows: 
 install pressure transducer at the base of the well; 
 measurement and recording of SWL; 
 full immersion of a solid slug of approximate volume 1 litre to initiate falling head test; 
 measurement of the recovery of groundwater level (falling head test); 
 removal of the slug to initiate rising head test; 
 measurement of the recovery of groundwater level (rising head test); 
 assessment of data quality, preparation of tables and graphs of displacement vs. time 

for analysis; 
 estimation of hydraulic conductivity (K) values for falling and rising head tests using the 

Cooper-Bredehoeft Papadopulos (CBP) method and Bower-Rice method; and 
 estimation of the mean K value across the site. 

 
Aquifer property estimates from the slug tests are discussed further in Section 10.1 and 
presented in Table 10 and Appendix B.   
 
Groundwater levels were measured in April 2011.  The groundwater elevations are 
presented in Table 9 and the interpreted water table surface is presented in Figure 6. 
 
 

8 LABORATORY ANALYSIS 
 
The schedule for laboratory analysis of groundwater samples was based on findings from 
historical investigations.  All groundwater analysis was undertaken by Australian Laboratory 
Services (ALS) and SGS Australia, both NATA accredited.  Laboratory transcripts for 
groundwater samples are presented in Appendix C. 
 

8.1 Laboratory analysis 
Groundwater was collected for organic and inorganic analysis from thirty nine groundwater 
wells during the April 2011 groundwater sampling event.  Each groundwater sample was 
analysed for the following analytical schedule: 

 ionic balance including pH, TDS, Ca2+, Mg2+, Na+, K+, NH4
+, Cl-, HCO3

-, SO4
2-, NO3

-, 
NO2

-, PO4
3- and F-; 
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 dissolved heavy metals including Al, As, B, Cd, Co, Cr (VI), Cu, Fe, Hg, Pb, Mn, Ni, Se 
and Zn; 

 total, free and weak acid dissociable (WAD) cyanide; 
 TPHs and total recoverable hydrocarbons (TRH); 
 monocyclic aromatic hydrocarbons (MAHs) including BTEX; 
 PAHs; and 
 volatile organic compounds (VOCs). 

 
Seven intra- and one inter- laboratory duplicate samples were collected during sampling and 
selectively analysed for a range of CoPC for quality control purposes.  Please note that four 
intra- and four inter-laboratory duplicates were collected during fieldwork, however confusion 
during sample laboratory sorting resulted seven intra-laboratory and one inter-laboratory 
samples being analysed.  The implications of not having the correct number of inter-
laboratory duplicates analysed are discussed in Appendix D.   
 
The results of organic and inorganic laboratory analysis are discussed in Section 10, and 
complete laboratory transcripts are presented in Appendix C. 
 

8.2 Procedures for quality assurance and quality control 
Quality control (QC) is achieved by using NATA registered laboratories using ASTM standard 
methods supported by internal duplicates, the checking of high, abnormal or otherwise 
anomalous results, against background and other chemical results for the sample concerned. 
 
Quality assurance (QA) is achieved by confirming field or anticipated results based upon the 
comparison of field observations with laboratory results.  In addition, the laboratory 
undertakes additional duplicate analysis as part of their internal QA program on the basis of 
one duplicate for every 20 analysed. 
 
Field observations are compared with laboratory results when they are not as expected and 
confirmation, re-sampling and re-analysis are undertaken if results cannot be correlated.  In 
brief, correlations of field-measured pH with laboratory measurements were reliable with an 
average recorded relative percentage difference (RPD) of 2.9%.  The laboratory-determined 
total dissolved salts (TDS) to field electrolytic conductivity (EC in μS/cm) relationship was, on 
average, 0.7, which provides confidence in the results obtained.   
 
The potential for cross contamination of samples is considered to be negligible due to 
sampling decontamination and transportation procedures.  This was confirmed after the 
analysis of rinsate and trip samples collected during each round of sampling reported 
concentrations of CoPC below the laboratory LOR.  Full laboratory transcripts and chain of 
custody forms are presented in Appendix C, while further discussion on QA/QC is provided in 
Appendix D. 
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9 GROUNDWATER CHEMISTRY RESULTS 
 

9.1 Organic groundwater analysis 
For ease of interpretation, all organic laboratory groundwater results are presented in Tables 
15-18.  In addition, Appendix H presents figures illustrating concentrations of PAHs, BTEX 
and TPH.  Only detectable organic results have been provided, with all other concentrations 
being less than the laboratory LOR.   
 
Organic compounds which exceeded adopted site criteria include: 

 PAH compound concentrations as follows: 

o naphthalene for OS wells GW24 (1,820 μg/L) and GW44D (142 μg/L); 

o phenanthrene concentrations ranging between 3.4 and 6.2 μg/L in OS wells 
GW3, GW4 and GW41; 

o anthracene concentrations ranging between 1.1 and 2.1 μg/L in OS wells GW3, 
GW4 and GW41; 

o fluoroanthene concentrations ranging between 2.1 and 8.4 μg/L for OS wells 
GW3, GW4, GW40, GW41 and GW43D; and 

o benzo(a)pyrene concentrations ranging between 0.9 and <53.8 μg/L for OS wells 
GW4, GW24, GW40, GW41 and GW44D. 

 styrene concentration of 193 μg/L in OS well GW24. 

 benzene concentrations ranging between: 

o 2 – 6,350 μg/L for OS wells GW3, GW23, GW24, GW39, GW42D and GW44D; 

o 5 μg/L for NW wells GW32; and 

o 13 – 42 μg/L for NE wells GW8, GW37 and GW38. 
 toluene concentrations for OS wells GW24 (318 μg/L) and GW44D (712 μg/L); 
 ethylbenzene concentrations for OS wells GW24 (111 μg/L), GW23 (13 μg/L) and 

GW44D (46 μg/L); 
 xylene(s) concentration for OS wells GW24 (2,290 μg/L) and GW44D (435 μg/L); 
 TPH Fraction C6-C9 concentrations for OS wells GW24 (9,780 μg/L), GW42D (470 

μg/L) and GW44D (3,380 μg/L); and 
 TPH fraction C10-C36 concentrations for: 

o OS wells GW3 (2,010 μg/L), GW4 (1,080 μg/L), GW19 (1,250 μg/L), GW23 
(1,800 μg/L), GW24 (20,500 μg/L), GW39 (2,170 μg/L), GW42D (4,720 μg/L) and 
GW44D (285,000 μg/L); 

o NE wells GW8, (1,710 μg/L), GW37 (2,000 μg/L) and GW38 (5,350 μg/L); and 

o SE wells GW11 (770 μg/L). 
 
Silica gel clean up and re-analysis was undertaken on a number of samples for TPH fraction 
C10-C36.  The results of this analysis indicated that approximately 37.6% to 100% of 
previously identified TPH compounds across the analysed samples were confirmed to be 
from primarily natural organic influences such as humic and fluvic acids rather than attributed 
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to true petroleum hydrocarbons.  Therefore after silica gel clean-up only the following wells 
exceeded adopted ecological and health criteria (600 μg/L): 

 OS wells GW24 (12,850 μg/L) and GW44D (57,800 μg/L); and 

 NE well GW38 (1,300 μg/L). 
 
TPH speciation analysis undertaken on samples GW24, GW38 and GW44D indicates the 
presence of aromatic hydrocarbons only, which is consistent the PAH and BTEX 
concentrations reported for these samples.  This indicates that TPH detected onsite consists 
predominantly of BTEX and PAHs compounds.  Therefore TPHs as a CoPC are of lesser 
concern on this site as they are assessed separately under their more toxic constituents. 
 
Sample GW23 reported TPH concentrations in excess of adopted criteria, however was not 
submitted for silica gel clean-up.  It considered likely that TPH concentrations in GW23 are 
the result of natural organic influences such as humic and fluvic acids rather than attributed 
to true petroleum hydrocarbons.  This is based on the location of GW23, the low BTEX and 
PAH concentrations and the silica gel clean-up results from other samples. 
 

9.2 Inorganic groundwater analysis 
Inorganic laboratory groundwater results are presented in Tables 11-14.  In addition, 
Appendix H presents figures illustrating concentrations of As, Co/Cu and Ni/Zn.   
  
The mean pH measured in the four groups of wells were 6.34 in the SE wells, 6.62 in the OS 
wells, 7.01 in the NE wells and 7.30 in the NW wells.   
 
The following water quality indicators exceed adopted criteria: 
 pH levels indicated groundwater was too acidic in: 

o four OS wells GW19, GW21, GW22 and GW42D for health criteria (pH 6.5-8.5), 
with wells GW19 (pH 5.43) and GW21 (pH 5.44) also unacceptable for trade 
waste (pH 6.0-10.0); 

o NE well GW8 (pH 6.27) for health criteria; and 

o five SE (background) wells (GW10, GW11, GW13, GW15 and GW25) which 
recorded pH concentrations ranging between 5.23-6.45, unacceptable for health 
criteria, with wells GW10 (pH 5.23) and GW11 (pH 5.55) also unacceptable for 
trade waste.   

 TDS concentrations exceeded: 

o irrigation criteria (500 mg/L) in all wells with exception to SE wells GW11, GW13, 
GW14, GW15, GW16 and GW25; 

o health criteria (1,000 mg/L) in all OS wells, with exception to GW22, and all NW 
and NE wells.  No SE wells contained TDS concentrations which exceeded 
health criteria; and 

o livestock watering guideline (3,000 mg/L) in six OS wells (GW03, GW24, GW35, 
GW39, GW42D, GW43D and GW44D), three  NW wells (GW33, GW34and 
GW36) and three NE wells (GW27, GW30 and GW38). 

 Na+ concentrations exceeded irrigation criteria (120 mg/L) in:  

o OS wells GW1, GW4, GW31, GW35, GW42D, GW43D and GW44D; 

o NW wells GW6, GW33, GW34 and GW36; 
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o NE wells GW7, GW8, GW26, GW27, GW28, GW29, GW30 and GW38; and 

o SE wells GW9, GW10, GW12 and GW25. 
 Cl- concentrations exceeded: 

o health criteria (250 mg/L) in eight OS wells (GW1, GW31, GW35, GW40, GW41, 
GW42D, GW43D and GW44D), three NW wells (GW6, GW33and GW36) and six 
NE wells (GW8, GW26, GW27, GW28, GW29 and GW30); and 

o irrigation criteria (700 mg/L) in four OS wells (GW1, GW35, GW42D and 
GW43D), two NW wells (GW33and GW36) and three NE wells (GW27, GW29 
and GW30). 

 Mg concentrations exceeded livestock watering criteria (600 mg/L) in OS deep wells 
GW42D (787 mg/L) and GW43D (694 mg/L); and 

 F concentrations exceeded: 

o irrigation criteria (1 mg/L) in OS wells GW1, GW3, GW3, GW31, GW35 and 
GW41, NW wells GW6, GW32, GW33  and GW36, and NE wells GW7, GW28, 
GW30 and GW37; 

o health criteria (1.5 mg/L) in OS well GW31, NW wells GW32, GW35 and GW36, 
and NE well GW30; 

o livestock criteria (2 mg/L) in OS well GW31 and NW well GW32.  
 
The following inorganic CoPC and nutrients exceed adopted criteria: 
 SO4

2- concentrations in: 

o eight OS wells (GW3, GW19, GW21, GW24, GW39, GW42D, GW43D and 
GW44D) exceeded health criteria (500 mg/L), one OS well (GW42D) exceeded 
recreation criteria (10,000 mg/L), six OS wells (GW3, GW24, GW39, GW42D, 
GW43D and GW44D) exceeded livestock criteria (1,000 mg/L)and all OS wells 
with exception to GW40 exceeded trade waste criteria (100 mg/L).  
Concentrations of SO4

2- in OS wells ranged between 28 and 14,800 mg/L; 

o three NW wells (GW33, GW34 and GW35) exceeded health criteria, two NW 
wells (GW33 and GW34) exceeded livestock criteria and all NW wells with 
exception to GW6 exceeded trade waste criteria.  Concentrations of SO4

2- in NW 
wells ranged between 72 and 1,930 mg/L; 

o five NE wells (GW8, GW27, GW30, GW37 and GW38) exceeded health criteria, 
two NE wells (GW8 and GW37) exceeded livestock criteria and all NE wells 
exceeded trade waste criteria.  Concentrations of SO4

2- in NE wells ranged 
between 167 and 1,510 mg/L; and 

o six SE wells (GW10, GW12 to GW15 and GW25) exceeded trade waste criteria.  
Concentrations of SO4

2- in SE wells ranged between 46 and 303 mg/L. 
 nitrate concentrations in OS well GW4 (69.6 mg/L), NE well GW29 (62.9 mg/L) and SE 

well GW9 (93 mg/L) exceeded the health criteria (50 mg/L); 
 total CN concentrations in: 

o all OS wells with exception to GW43D exceeded ecosystem criteria (0.004 mg/L), 
eight OS wells exceeded health criteria (0.08 mg/L) and one OS well exceeded 
recreation criteria (1.6 mg/L).  Concentrations of total CN in OS wells ranged 
between <0.004 and 3.98 mg/L; 
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o all NW wells exceeded ecosystem criteria, and two NW wells (GW32 and GW34) 
exceeded health criteria.  Concentrations of total CN in NW wells ranged 
between 0.006 and 0.24 mg/L; 

o all NE wells with exception to GW27, GW29 and GW30 exceeded ecosystem 
criteria and GW37 exceeded health criteria.  Concentrations of total CN in NE 
wells ranged between <0.004 and 0.39 mg/L; and 

o five SE wells (GW11, GW13, GW14, GW15 and GW25) exceeded ecosystem 
criteria.  Concentrations of total CN in SE wells ranged from <0.004 and 0.014 
mg/L. 

 NH3 concentrations in: 

o all OS wells with exception to GW4 and GW41 exceed ecosystem criteria (0.91 
mg/L), health criteria (0.5 mg/L - aesthetic consideration only) and recreation 
criteria, excluding GW22 (1.5 mg/L).  Six OS wells (GW3, GW23, GW24, GW39, 
GW42D and GW44D) also exceeded trade waste criteria (200 mg/L).  
Concentration of NH4+ in OS wells ranged between 0.29 and 2,170 mg/L; 

o four NW wells (GW32, GW33, GW35 and GW36) exceeded ecosystem, health 
and recreation criteria.  Concentrations of NH4+ in NW wells ranged between 
0.41 and 12.5 mg/L; 

o six NE wells (GW7, GW8, GW26, GW28, GW37 and GW38) exceeded 
ecosystem criteria, seven NE wells (GW7, GW8, GW26, GW27, GW28, GW37 
and GW38) exceeded health criteria, five NE wells (GW7, GW8, GW28, GW37 
and GW38) exceeded recreation criteria and three NE wells (GW8, GW37 and 
GW38) exceeded trade waste criteria.  Concentrations of NH4+ in NW wells 
ranged from 0.10 and 511 mg/L; and 

o three SE wells (GW9, GW14 and GW25 exceeded health criteria and GW25 also 
exceeded ecosystem criteria.  Concentrations of NH4+ in SE wells ranged from 
<0.01 and 2.11 mg/L. 

 
The following heavy metals CoPC exceed adopted criteria: 
 Al concentration in OS well GW42D (3.91 mg/L) exceeded health (aesthetics) criteria 

(0.2 mg/L); 
 As concentrations in: 

o all OS wells with exception to GW43D exceeded ecosystem criteria (0.0023 
mg/L), all OS wells with exception to GW40 and GW43D exceeded health based 
criteria (0.007 mg/L), three OS wells (GW19, GW21 and GW31) exceed 
recreation criteria (0.14 mg/L), one OS well exceeds livestock criteria (0.5 mg/L) 
and three OS wells exceeded irrigation criteria (0.1 mg/L).  Concentrations of As 
onsite ranges between 0.002 and 0.799 mg/L; 

o all NW wells with exception to GW6 exceeded ecosystem and health criteria and 
three wells (GW32, GW34 and GW35) exceeded recreation criteria.  
Concentrations of As in the NW wells ranges between 0.002 and 0.396 mg/L; 

o all NE wells with exception to GW29 exceeded ecosystem criteria, all NE wells 
with exception to GW29 and GW27 exceeded health criteria, GW28 exceeded 
recreation and irrigation criteria.  Concentrations of As in NE wells ranges 
between 0.002 and 0.189 mg/L; and 

o five SE wells (GW9, GW10, GW12, GW13 and GW14) exceeded ecosystem 
criteria and GW12 exceeded health criteria.  Concentrations of As in SE wells 
ranged between <0.001 and 0.008 mg/L. 
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 B concentrations in all OS wells (with exception to GW4, GW24 and GW40), all NW 
wells, all NE wells (with exception to GW26, GW29 and GW30) and SE wells GW13-
GW16 and GW25 exceeded irrigation criteria (0.5 mg/L).  The concentration of B in 
GW34 (NW well) was 6.88 mg/L, exceeding health criteria (4 mg/L), livestock criteria (5 
mg/L) and irrigation criteria (0.5 mg/L); 

 Cd in OS well GW43D (0.0025 mg/L) exceeded health criteria (0.02 mg/L); 
 Co concentrations in: 

o ten OS wells (GW1, GW3, GW19, GW21, GW22, GW23, GW39, GHW42D, 
GW43D and GW44D) exceeded ecosystem criteria (0.001 mg/L) with three of 
these wells (GW42D, GW43D and GW44D) also exceeding irrigation criteria 
(0.05 mg/L).  GW42D also exceeded livestock criteria (1.0 mg/L) with a 
concentration of 9.66 mg/L.  Concentrations of Co in OS wells ranged between 
<0.001 and 9.66 mg/L;  

o four NW wells (GW33 to GW36) exceeded ecosystem criteria.  Concentrations of 
Co in NW wells ranged between <0.001 and 0.005 mg/L; 

o seven NE wells (GW8, GW26, GW27, GW29, GW30, GW37 and GW38) 
exceeded ecosystem criteria.  Concentrations of Co in NE wells ranged between 
<0.001 and 0.016 mg/L; and 

o two SE wells (GW14 and GW15) exceeded ecosystem criteria.  Concentrations 
of Co in SE wells ranged between <0.001 and 0.008 mg/L. 

 Cu concentrations in: 

o nine OS wells (GW1, GW4, GW21, GW22, GW24, GW31, GW42D, GW43D and 
GW44D) exceeded ecosystem criteria (0.013 mg/L).  Concentrations of Cu in OS 
wells ranged between <0.001 and 0.051 mg/L; 

o all NW wells exceeded ecosystem criteria with concentrations ranging between 
0.002 and 0.006 mg/L; 

o all NE wells with exception to GW7 and GW26 exceeded ecosystem criteria.  
Concentrations of Cu in NE wells ranged between <0.001 and 0.005 mg/L; 

o all SE wells with exception to GW9, GW14 and GW16 exceeded ecosystem 
criteria.  Concentrations of Cu in SE wells ranged between <0.001 and 0.007 
mg/L. 

 Fe concentrations in: 

o ten onsite wells (GW01, GW03, GW04, GW19, GW21, GW23, GW39, GW42D, 
GW43D and GW44D) exceeded irrigation criteria (0.2 mg/L), with one well 
(GW19) also exceeding trade waste criteria (100 mg/L).  Fe concentrations in OS 
wells ranged between <0.05 and 309 mg/L; and 

o two NE wells (GW8 and GE37) exceeded irrigation criteria.  Concentrations 
within NE wells ranged between <0.05 and 3.5 mg/L. 

 Pb concentrations in: 

o two OS wells (GW21 and GW22) exceeded ecosystem criteria (0.0044 mg/L).  
Concentrations of Pb in OS wells ranged between <0.001 and 0.01 mg/L; 

o one NE well (GW30) exceeded ecosystem criteria.  Concentrations of Pb in NE 
wells ranged between <0.001 and 0.01 mg/L; and 

o one SE well (GW13) exceeded ecosystem criteria.  Concentrations of Pb in SE 
wells ranged between <0.001 and 0.008 mg/L. 
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 Mn concentrations in: 

o seven OS wells (GW3, GW19, GW21, GW39, GW42D, GW43D and GW44D) 
exceeded health criteria (0.5 mg/L), with GW19, GW42D and GW44D also 
exceeding trade waste and recreation criteria (10 mg/L).  Concentrations of Mn 
ranged between 0.01 and 14.2 mg/L except for GW42D with an outlier 
concentration of 120 mg/L, which exceeds health, recreation and trade waste 
criteria; 

o one NW well (GW35) exceeded health criteria with a concentration of 0.792 
mg/L; and 

o three NE wells (GW08, GW26 and GW38) also exceeded health criteria.  
Concentrations of Mn within the NE wells ranged between 0.138 and 1.97 mg/L. 

 Ni concentrations in: 

o six OS wells (GW19, GW22, GW23, GW39, GW42D, GW43D and GW44D) 
exceeded health criteria (0.02 mg/L), GW42D and GW44D also exceeded 
ecosystem criteria (0.07 mg/L).  GW42D also exceeded recreational criteria (0.4 
mg/L), livestock criteria (1 mg/L) and irrigation criteria (0.2 mg/L) with a 
concentration of 2.82 mg/L; 

o one NE well (GW38) exceeded ecosystem criteria, three NE wells (GW8, GW27 
and GW38) exceeded health criteria and GW38 exceeded irrigation criteria.  
Concentrations of Ni within the NE wells ranged between 0.005 and 0.283 mg/L; 

o one SE well (GW10) exceeded health criteria with a concentration of 0.037 mg/L. 
 Se concentrations in OS well GW42D (0.03 mg/L) exceeded ecosystem, health, 

livestock and irrigation; 
 Zn concentrations in: 

o nine OS wells (GW1, GW3, GW19, GW21, GW22, GW31, GW42D, GW43D and 
GW44D) exceeded ecosystem criteria (0.015 mg/L); concentrations ranging 
between <0.005 and 0.129 mg/L except for GW42D with an outlier concentration 
of 2.2 mg/L which also exceeds irrigation criteria (2.0 mg/L); 

o five NE wells (GW7, GW8, GW27, GW29 and GW30) exceeded ecosystem 
criteria with concentrations ranging between <0.005 and 0.052 mg/L; 

o four SE wells (GW10, GW13, GW15 and GW16) exceeded ecosystem criteria 
with concentrations ranging between <0.005 and 0.045 mg/L. 

 
 

10 DISCUSSION AND INTERPRETATION OF NEW 
DATA 

 

10.1 Physical hydrogeology 
Wells GW37 to GW44D were installed in sands and clays of the Brighton Group.  
Groundwater within this formation was generally first encountered at depths ranging between 
7.5 and 8.0 mBGL.  The depths of the new wells are described in Section 7.  Five of the new 
wells were screened across the water table, but GW42D, 43D and 44D were installed at the 
base of the Brighton Group, approximately 6-10 m below the water table.   
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Following installation, each new groundwater well was surveyed at the top of casing and 
ground level relative to the Australian Height Datum (AHD) level by a qualified surveyor.  
Surveyed well levels and static water level (SWL) measurements undertaken in April 2011 
are presented in Table 9.  Hydraulic heads from the shallow wells were used to generate the 
watertable surface shown in Figure 6.  The contours were generated by hand, with 
consideration of the sewer alignments, rather than using contouring software.   
 
Hydraulic heads from both the shallow wells and deep wells GW42D, GW43D and GW44D 
are shown in cross section in Figures10 and 11.  Due to their relatively high salinity, hydraulic 
heads in GW42D, GW43D and GW44D shown in Figures 10 and 11 were first corrected to 
equivalent freshwater heads, as described in the footer of Table 9.  These corrections were 
minor and did not alter the interpreted direction of the vertical gradients at these locations.  
Figure 11 shows that small upward hydraulic gradients were observed at GW42D and 
GW43D.  In contrast, a downward gradient was observed at GW44D, close to the eastern 
corner of the site.   
 
The different vertical gradients at different locations are not considered to be significant.  
They could be caused by different rates of recharge at the water table in both location across 
the site and with time (due to short-term variations in climate).  Localised vertical gradients 
could also be due to heterogeneities within the Brighton Group. 
 
Figure 6 shows that, consistent with previous data, all hydraulic heads on site are 
significantly below 0 m AHD.  A watertable that is significantly below 0 m AHD throughout the 
site would not be possible without an anthropogenic control over the groundwater flow.  The 
drawdown of the watertable to levels that are several metres below sea level is caused by 
the sewers located along Bridport Street, Graham Street and Pickles Street.   Figures 10 and 
11 show the site hydrogeology and the sewers in cross section; the lines of section are 
shown in Figure 6.  Groundwater beneath the site flows towards groundwater depressions 
associated with the sewers located along Foote Street, Graham Street and Pickles Street. 
 
The horizontal hydraulic gradient over much of the site is in the range 0.006 to 0.01.  
However, it steepens to greater than 0.01 towards the sewers on Bridport Street, Graham 
Street and Pickles Street. 
 
The consistent drawdown associated with and gradient towards the South Yarra Main Sewer, 
Hobson’s Bay Main Sewer and, to a lesser extent, Pickles Street sewer, indicate that 
groundwater leakage into the sewers is continuous along the sewer length rather than in 
discrete zones.  This is consistent with previous findings (Golder Associates, 2006a).  Due to 
the significant permanent drawdown caused by these three sewers to several metres below 
natural groundwater levels, all groundwater from the site discharges to these sewers, with no 
migration across the sewers. 
 
There is a sewer aligned along Richardson Street at an elevation of approximately -3.5 
mAHD which is the north east boundary of the site.  Figure 10 shows that the water table is 
more than 1 m below an elevation of -3.5 mAHD, along the length of Richardson Street, due 
to the drawdown caused by the other, deeper sewers.  Therefore, if this sewer leaks it can be 
expected to have outward flow into the groundwater rather than inward flow from the 
groundwater.  
 
Groundwater levels are relatively high within the north central portion of the site, with a 
groundwater divide located approximately along the site boundary between Gasworks Park 
and the Alinta site.   
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Figure 13 illustrates the conceptual groundwater flow system within the sediments of the 
Brighton Group without the vertical exaggeration used in Figures 10 and 11.  This figure is 
intended to show the interpreted flow system in cross section from a location in the north-
central part of the site to the site perimeter either on Foote Street or Graham Street.  (Figure 
6 shows that flow from the north-central part of the site is radial towards both Foote Street 
and Graham Street.)   
 
Figure 13 shows that, in reality, the saturated thickness of the Brighton Group is small in 
comparison to the length of the horizontal flow path and that flow in the saturated zone is 
expected to be predominantly horizontal.  As the sewers are within a few metres of the base 
of the Brighton Group, and the saturated thickness is generally 10 metres or less throughout 
the site area, lateral groundwater flow towards the sewers takes place through the full 
saturated thickness of the formation.  From the flow paths shown in Figure 13, the 
groundwater near the base of the Brighton Group and near the discharge end of the flowpath 
(i.e. near the sewer) is likely to be the oldest groundwater in the flow system. 
 
Based on the slug test analyses (Table 10), the median hydraulic conductivity in the shallow 
Brighton Group wells GW7, GW37, GW30 and GW40 was approximately 0.5 m/day and the 
median hydraulic conductivity evaluated from deeper wells GW42 and GW44 was 
significantly lower, at approximately 0.1 m/day.  The mean hydraulic conductivity of the 
Brighton Group was estimated to be 0.3 m/day and the maximum hydraulic conductivity 
evaluated from the slug tests was 1.7 m/day.   
The aquifer is considered to be heterogeneous in both the vertical and lateral directions due 
to lithological variations within the Brighton Group.  Groundwater is likely to move 
preferentially through the most permeable layers.  The maximum linear velocity of the 
groundwater is estimated to be approximately 30 m/yr, based on the maximum hydraulic 
conductivity of 1.7 m/day evaluated from slug tests, an effective porosity of 0.2 and a 
hydraulic gradient of 0.01.  For the median hydraulic conductivity of 0.3 m/day calculated 
from the slug test results, the average linear velocity of the groundwater is estimated to be 
approximately 5 m/yr.   
 
If the decrease in hydraulic conductivity with depth noted in the slug tests is representative of 
conditions across the site, it can be expected that groundwater flow through the basal 
Brighton Group close to the OVB would be slower than groundwater flow through the 
Brighton Group close to the water table. 
 

10.2 Estimated groundwater flux to sewers 
The flux of groundwater to the South Yarra Main Sewer, Hobsons Bay Main Sewer and 
Pickles Street sewers has been estimated from observations of hydraulic heads and 
estimates of Brighton Group aquifer properties using the formula Q=KiA. 
 
South Yarra main sewer 
Assuming a saturated thickness of 9 metres, a sewer length over which discharge is taking 
place of 170 m, a hydraulic gradient of 0.02 and a hydraulic conductivity of 0.3 m/day, the 
groundwater discharge rate from the site to the South Yarra main sewer (along Bridport 
Street) was estimated to be 9 m3/day (3 ML/yr).  
 
Hobsons Bay main sewer 
Assuming a saturated thickness of 9 metres, a sewer length over which discharge is taking 
place of 140 m, a hydraulic gradient of 0.0035 and a hydraulic conductivity of 0.3 m/day, the 
groundwater discharge rate from the site to the Hobson Bay main sewer (along Graham 
Street) was estimated to be 1.3 m3/day (0.5 ML/yr). 
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Pickles Street sewer 
Assuming a saturated thickness of 9 metres, a sewer length over which discharge is taking 
place of 112 m, a hydraulic gradient of 0.003 and a hydraulic conductivity of 0.3 m/day, the 
groundwater discharge rate from the site to the Pickles Street sewer was estimated to be 0.9 
m3/day (0.3 ML/yr).   
 
Thus, the total discharge to the surrounding sewers from Gasworks Park and Southport 
Community Nursing Home is estimated to be 11 m3/day, (4 ML/yr).  This is approximately 5 
times the rate previously estimated by Golder Associates (Golder Associates, 2006a).  A rate 
of 11 m3/day would be equivalent to a vertical recharge flux of approximately 100 mm/yr over 
the area of the Gasworks site.  It is possible that a small proportion of the groundwater 
discharging from the site to the sewers originated as upward flow from the Older Volcanics. 
Therefore, the recharge rate on site may be slightly less than 100 mm/yr.   
 
The flux estimates herein were calculated from observations of hydraulic properties and 
gradients within the Brighton Group sediments on site.  Previous estimates by Golder were 
based on assumed sewer pipe hydraulic properties rather than on-site field measurements of 
Brighton Group properties.  Although the new estimate of the total flux to the sewer system is 
greater than the previous estimate by Golder Associates, the calculated flux is orders of 
magnitude lower than the typical daily flow rate in the sewer. 
 

10.3 Hydrogeochemistry 
Results of the inorganic analysis of groundwater are presented in Tables 11-14.  Several 
inorganic parameters were identified to be in excess of applicable guidelines and are 
discussed further in Section 11.4 ‘Beneficial uses of groundwater’. 
 
Chart 1 and Chart 2 present Schoeller Plots of the shallow Brighton Group groundwater 
chemistry and the deep Brighton Group groundwater chemistry respectively.  Chart 3 is a 
Piper Plot of all the 2011 groundwater data.  Based on the results presented in Tables 11-14 
and Charts 1, 2 and 3, the groundwater across the site can be characterised in terms of 
chemistry and geo-chemical evolution.   
 
In Chart 3, on-site wells are shown in black, offsite wells to the east north-east are shown in 
red, offsite wells to the north and west are shown in orange, and offsite wells to the east of 
Foote Street and Bridport Street are shown in blue.  The three deep OS wells, screened at 
the base of the Brighton Group, are shown as open circles.  Analyses with relatively high 
TDS concentrations are shown with relatively large symbols.  From the interpreted 
groundwater flow directions in Figure 6, the OS wells and the NE wells are considered to 
have the potential to be impacted by contamination originating on site.    
 
The SE and NW wells shown respectively in blue and orange are considered to be outside of 
the local groundwater flow system from the site, due to the sewers acting as hydraulic 
barriers or the wells being upgradient from the site.   

10.3.1 Shallow groundwater wells 
Groundwater pH within shallow wells across the site and surrounds is relatively neutral, with 
an average field pH of 6.8 (April 2011 GME).  The mean field pH of the OS, NW, NE and SE 
wells was 6.6, 7.3, 7.0 and 6.3 respectively in April 2011.    
 
Mean TDS concentrations were approximately 2,000 mg/L in shallow OS wells, 2,500 mg/L 
in NE wells, 3,100 mg/L in NW wells, and 400 mg/L in SE wells.   The individual TDS 
concentrations are shown in Figure 7 and Chart 1.  A qualitative assessment of the relative 
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magnitudes of the TDS concentrations can also be made from Chart 3, in which the data 
points with higher TDS concentrations are shown with relatively large symbols. 
 
Concentration contours for the April 2011 GME have been provided for NH4

+ (Figure 8) and 
SO4

2- (Figure 9),  
 
SE wells (i.e. GW9, GW10, GW11, GW12, GW13, GW14, GW15, GW16 and GW25) are 
characterised by low concentrations of TDS ranging from 156 to 548 mg/L and generally 
dominated by Na-SO4 (HCO3) with Mg–Cl sub-dominant.  Localised proportionally elevated 
concentrations of nitrate (NO3) and fluoride (F) are also consistent with influences from urban 
activities.  These conditions are considered to be background conditions of the local region 
and correspond with the expected groundwater segment and associated beneficial uses 
described in Section 7.   
 
OS groundwater wells (i.e. GW1, GW3, GW4, GW19, GW21, GW22, GW23, GW24, GW31, 
GW39, GW40 and GW41) have a broad range of TDS concentrations from 662 to 4,430 
mg/L .  There are obvious chemical influences from site impacts, with elevated SO4

2- and 
NH4

+ concentrations at GW3, GW19, GW21, GW24, and GW39, shown with square symbols 
in Chart 3.   
 
It should also be noted that based on the reported TDS results higher within those wells 
located adjacent to sewers, this suggest that the seawater from the Bay was potentially 
migrating along the sewers and causing very high TDS values. 
 
Overall, there is a broad range of water types among the OS wells from Na-Cl dominated to 
Ca- SO4 dominated.  This is likely to reflect a range of temporal and spatial impacts at the 
site, as well as different rates of recharge at different locations since the decommissioning of 
the gasworks.  The wells with the lowest TDS (e.g. GW22 and GW40) also have a relatively 
high proportion of HCO3, which is likely to reflect recent recharge.  
 

 
 

Chart 1: Schoeller Plot. Groundwater Chemistry ‘Shallow groundwater wells’ – April 2011 GME. 
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OS wells located in the vicinity of the Pickles Street sewer are generally dominated by Na-Cl 
with Mg-HCO3/SO4 being sub-dominant.  Groundwater wells GW32 and GW33 located on 
the western side of Pickles Street have a different signature, dominated by Ca-HCO3 and 
Mg-SO4 respectively.  A more significant change in the chemical signature is observed 
across the Foote Street/Bridport Street sewer.  These changes in chemistry are consistent 
with the sewers being groundwater sinks that capture all of the groundwater in the Brighton 
group such that groundwater cannot migrate across the sewers. 
 
NE wells (GW7, GW8, GW26, GW27, GW28, GW29, GW30, GW37 and GW38) have TDS 
concentrations ranging from 1,540 to 3,770 mg/L and a considerable range in the dominant 
ions.  However, the NE wells are generally more dominated by Na than the OS wells.  GW8, 
GW37, GW38 (and to a lesser extent GW7 and GW28), close to Richardson Street have 
elevated NH4

+ and SO4
2-.  Although the groundwater flow direction is interpreted in Figure 6 

to be approximately parallel to Richardson Street, it is possible that these wells have been 
impacted by contaminated groundwater migrating from on site  
 
The gradient in the NW wells (i.e. GW32, GW33, GW34,GW36 and GW06) northwest and 
north of the site are relatively flat and therefore the inferred groundwater flow directions could 
potentially be moving in almost all directions and therefore the groundwater impacts within 
the wells could have been sourced from the site or off-site or could be a combination of both.  
However, due to the presence of the Pickles Street Sewer preventing flow across Pickles 
Street, the groundwater impact to monitoring wells GW33 and GW32 could be either 
background concentrations or be coming from an off-site source.  On the other hand, in 
monitoring wells GW06, GW34 and GW36, there is a potential that the groundwater impacts 
within these wells could be from an onsite source or could be an off-site source (Richardson 
Street Sewer). 
 
The NW wells do not have same chemistry as the SE wells.  In general, the major ions 
chemistry of the NW wells shows evidence of impacts but does not indicate that the 
Gasworks site is a source of these impacts with the exception of GW34.  

10.3.2 Deeper OS groundwater wells 
Groundwater within deeper OS Brighton Group wells is slightly acidic to neutral, with an 
average field pH of 6.6.  The TDS concentration within the three deeper groundwater wells 
ranged from 8,860 to 23,400 mg/L, with an average TDS of 17,000 mg/L.  The TDS 
concentrations in the deeper OS wells are all greater than the TDS concentration in any 
shallow well. 
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Chart 2:  Schoeller Plot. Groundwater Chemistry ‘Deeper groundwater wells – April 2011 GME’. 
 
Chart 2 presents the geochemical signatures found within deeper groundwater wells and 
also includes the geochemical signatures of seawater and rainwater for comparison.  The 
Piper Plot prepared for the wells sampled in April 2011 has been included as Appendix J and 
shows that the deeper wells are generally dominated by Na-SO4, although GW43D is 
dominated by Na-Cl.  NH4

+ concentrations are elevated in wells GW42D and GW44D, in 
addition to SO4

2-.  Elevated concentrations of NH4
+ and SO4

2- were observed in shallow wells 
in the same areas.  The geochemistry signature at well GW43D (Na-Cl>Mg-SO4) is similar to 
that of seawater, apart from slightly elevated NH4

+.   

The elevated concentrations of TDS in the deeper wells are considered most likely due to 
gasworks contamination rather than upwelling of relatively high salinity groundwater from the 
Older Volcanics.  GW-42D and GW-44D are located towards the down-gradient ends of the 
local on-site groundwater flow system and in the vicinity of or down-gradient from, areas of 
purifiers.  Gas purifiers in the north east corner of the site were above ground and those in 
the south east corner of the site were below ground (Environmental Earth Sciences, 2010).  
It is also possible that recharge over the site since gasworks operations ceased in the 1970s, 
and the site was first grassed in the 1980s, has displaced more heavily impacted 
groundwater towards the site boundaries, i.e. towards the down-gradient ends of the local 
groundwater flow system. 

 
Note that it may be possible for relatively high salinity water and alkalinity to migrate laterally 
to some extent via preferential pathways along sewer lines that are below sea level, 
especially those well located within the vicinity of these sewers.  However, this is not 
considered to be a possible reason for elevated TDS in bores installed in the natural ground 
at this site.  This is because the hydraulic gradient would be consistently towards the sewers 
such that any groundwater migrating laterally along the outside of a sewer would not move 
away from the sewer but would ultimately be captured by the sewer. 
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10.4 Consideration of contaminants of concern 
As indicated from previous and current groundwater investigations, groundwater at the site is 
contaminated with common gasworks contaminants including heavy metals (primarily, As, 
Co, Cu, Pb and Zn), NH4

+, CN, SO4
2-, PAHs, TPHs and MAHs.  

 
Samples analysed for metals concentrations were collected without filtering in the field and 
without preservative.  These samples were filtered by the laboratory before preservation with 
acid and subsequent analysis.  Where dissolved Al is subsequently detected in samples with 
a pH >5.5 and <8.5, this result can be termed a potential ‘false positive’ as Al is only soluble 
in water at pH values <5.5 and >8.5.  Thus, dissolved Al (and potentially other associated 
metals and metalloids) detected in groundwater with a pH >5.5 (e.g. GW42D and GW16) 
may indicate an overestimate of the dissolved metals concentrations at these locations.    

10.4.1 Dissolved heavy metals 
Dissolved heavy metals concentrations vary over the site and offsite which indicates both 
localised sources across the site (i.e. buried waste) and the potential for sources of 
groundwater contamination in the vicinity of the Gasworks site other than the site itself.  SE 
(background) wells reported concentrations of As, Co and Pb (0.008 mg/L), Cu (0.007 mg/L) 
and Zn (0.045 mg/L) above adopted criteria.  It is considered likely that these concentrations 
represent background conditions.   
 
Similar concentrations of dissolved Co, Cu and Zn were also detected in the NW wells and 
the NE wells and most of the OS wells.  Dissolved Pb concentrations were generally similar 
in the OS wells (and in the NW and SE wells) to the SE (background) wells.  However, Co, 
Cu and Zn were detected at greater concentrations in some OS wells, with the greatest 
concentrations of 9.66, 0.051, 2.2 mg/L respectively detected in deep well GW42D.  As 
discussed in Section 4.2 above, these results may be false positives due to the detection of 
dissolved Al (3.91 mg/L) at a groundwater pH of 6.3. 
 
Concentrations of As were approximately an order of magnitude greater in the NE wells than 
in the SE (background) wells, and up to approximately two orders of magnitude greater than 
background in the NW wells.  Concentrations of As in OS wells were generally above 
background (SE wells) but below the concentrations in the NW wells, with the exception of 
OS well GW19 in which the highest concentration of As was detected of all the wells, at 
0.799 mg/L. Since these bores are higher than those we consider to be background 
concentrations, the As detected in these bores could be attributed to contamination sourced 
from the site.  
 
Detectable concentrations of dissolved aluminium were identified within the following wells: 
 OS - GW19, GW21, GW42D and GW31; 
 NE – GW30;  
 SE – GW10, GW11 and GW16. 

 
Suspended solids present in the samples may have contributed to the detected 
concentrations of Al, Pb, Cu, Pb, Zn in some wells, particularly where groundwater pH is in 
the range 6-9 and dissolved Al has been detected (Al is not soluble at pH greater than 5.5). 
 
In particular, OS well GW42D reported concentrations so significantly elevated above all 
other samples as to be classified as outliers for aluminium (3.91 mg/L), cobalt, manganese, 
nickel and zinc.  In addition, GW42D reported selenium at a concentration which exceeded 
all adopted criteria.  Thus, the generally high metals concentrations in this well may be due to 



 

210074- South_Melbourne_Gasworks-GW Report_V3 32 

the effects of sediment in the sample (very likely given a field and laboratory measured pH of 
6.3) or of a high proportion of micro-colloids <0.45 μm in diameter in the sample. 
 
For example, Hem and Lind (1974) and Hem (1992) state that metals such as Fe and Al in 
particular are adsorbed to organic complexes and micro-colloids of minerals such as gibbsite 
and kaolinite in groundwater that have a particle diameter <0.45 μm.  Hem and Lind (1974) 
determined that Fe “macroions or microsilicate forms approaching the composition Fe(OH)3 
may often be present in natural water”, while Al “polymers continued growing until they 
became crystalline gibbsite [Al(OH)3] particles a few hundredths to a few tenths of a 
micrometer in diameter.”  Thus the concentrations recorded in GW42D are likely to be a 
reflection of colloidal or suspended sediment concentrations, rather than dissolved. 
 
However, the observation of relatively high concentrations of Co, Cu and Zn in some OS 
wells is unlikely to be due to the effects of suspended solids in unfiltered samples, as several 
wells showed elevated concentrations of these metals and the pH in these wells is generally 
relatively low.  

10.4.2 Miscellaneous inorganics 
There are significant impacts of ammonia (NH4

+) on site as well as in an area off site beneath 
residential properties to the northeast of Richardson Street (Figure 8).  Sulfate (SO4

2-) 
concentrations are elevated in the same areas (Figure 9).  This is consistent with previous 
groundwater monitoring undertaken in 2006 and 2007 (Golder Associates 2006a and 2007a).  
In the eastern corner of the site and off-site to the northeast of Richardson Street, the area of 
NH4

+ and SO4
2- contamination is quite extensive.  The concentrations of NH4

+ and SO4
2- are 

generally greatest in the NE wells that are closest to the site, which is evidence that the 
contamination originated from on site. 
 
Among the shallow OS wells, elevated concentrations of NH4

+ and SO4
2- at GW3 and GW39 

are likely to be due to an on-site source, and, although the interpreted groundwater flow 
direction beneath Richardson Street is parallel to, rather than across, the street (Figure 6), 
there is sufficient uncertainty in the groundwater flow direction and how this may have varied 
with time that elevated concentrations of the same analytes to the north east of Richardson 
Street may have originated from the same source.    
 
As previously reported, potential on-site sources of NH4

+ and SO4
2- contamination are the 

former gas purifiers that were located in the north-eastern (above-ground) and south-eastern 
(below-ground) portions of the site.  The gas purifiers were used for removal of sulphur from 
the gas and were typically filled with iron oxide or lime.   
 
Total cyanide concentrations also show a large range on- and offsite.  Total cyanide 
concentrations in the SE (background) wells are less than or equal to 0.014 mg/L and no free 
cyanide was detected in this area.  In the NW wells, total cyanide concentrations were 
approximately an order of magnitude greater than in the SE wells.  The highest concentration 
of total cyanide detected in the NW wells was 0.24 mg/L in well GW34, which also has a 
relatively high sulfate concentration (Section 10.2.1).  Free cyanide concentrations were less 
than 0.006 mg/L in all NW wells.   
 
In the OS wells, total cyanide concentrations were generally an order of magnitude greater 
than in the SE (background) wells.  However, the highest concentrations of cyanide in any 
wells were in deep wells GW42D and GW44D, at 0.434 and 3.98 mg/L respectively.  These 
wells also had the highest concentrations of free cyanide of any wells, at 0.013 and 0.186 
mg/L, and the highest concentrations of TDS, NH4

+ and SO4
2-.   
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In the NE wells, total cyanide concentrations were generally similar to the SE (background) 
wells, except in GW07, GW08, GW37 and GW38 along Richardson Road, which had 
concentrations between 0.014 (in GW08) and 0.39 mg/L (in GW37).   
 
CN in the groundwater is likely to be a result of a number of sources and/or buried waste 
across the site.  From the proportionally large amounts of complex cyanide compared to free 
cyanide, it could be interpreted that factors other than contamination from gasworks (such as 
upwelling of high salinity groundwater from greater depth) may be contributing to the 
elevated total cyanide concentrations.  However, another possibility is that the free cyanide 
sourced from the gasworks has been complexed as part of natural aquifer hydrochemical 
processes.  .  When cyanide is complexed it is less bio-available hence less toxic than in its 
free or even WAD form.   
 
Concentrations of weak-acid dissociable (WAD) and free cyanide were either below or 
slightly above the laboratory LOR.  Where the concentrations were greater than the LOR, 
they were a very small proportion of the total CN concentration, further indicating that much 
of the CN is complex and has very low bioavailability. 
 
The relatively high concentrations of cyanide in the shallow NE wells which are off site but 
close to Richardson Road, combined with the high concentrations in deep wells GW42D and 
GW44D, and associated with high concentrations of NH4

+ as well as SO4
2-, suggest an on-

site source or sources of the CN contamination both on site and in the off-site area near the 
corner of Richardson Street and Foote Street.  The ferrocyanide plant at the gasworks was 
located on the north-eastern boundary of the site on Richardson Street (EES, 2010). 
 
All CN, NH4

+ and SO4
2- contamination in groundwater in the eastern part of the site and off 

site to the east of Richardson Street is captured by the South Yarra main sewer which is 
aligned along Bridport Street and Foote Street.  On its way to the sewer, the NH4

+ and SO4
2- 

plume to the east of the Richardson Street passes beneath a number of residential 
properties before discharging to the sewer.  These properties are: 

 17, 19, 21, 23, 25, 27, 29, 31, 33 and 35 Richardson Street; 

 43, 45,49, 51, 53, 55 Greig Street; and 

 270 and 268 Bridport Street. 

10.4.3 Organics 
Significant elevated concentrations of organic compounds PAHs, MAHs and TPHs are found 
within the south-eastern corner (i.e. shallow well GW24 and deeper well GW42D) and north-
eastern corner of the Site (i.e. deeper well GW44D).  During the drilling of wells GW42D and 
GW44D, organics odours were detected.  These odours noted are reflected in the elevated 
concentrations of naphthalene toluene and ethylbenzene in GW44D and benzene and total 
TPH in both wells.  Elevated PAHs were also detected within the east central part of the site 
(wells GW3, GW4 and GW 39). The organic contamination is likely to be from a variety of on-
site sources, including buried waste and historic infrastructure such as liquor wells and tar 
tanks. 
 
Elevated concentrations of dissolved PAHs (primarily BaP) were also detected within wells 
GW40 and GW41 situated on the groundwater flow divide (Figure 6) in the northern part of 
the site between Gasworks Park and the Alinta Site. These wells are located in an area of 
very low hydraulic gradient such that the rate of groundwater movement and transportation of 
PAHs is interpreted to be limited in this area.  There is no identifiable source of these PAHs 
within this area, with the exception of buried waste.  Elevated concentrations of PAHs were 
not detected in monitoring wells GW1, GW 31 or GW21 located to the west, south west and 
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south east of GW40 and GW41.  Based on the low hydraulic gradient, the likely source of 
PAH impacts (which is limited in its capacity to impact groundwater) and the insolubility of 
PAHs, it is considered unlikely that contaminated groundwater at Gasworks Park would 
migrate to the north west beneath the Alinta Site and pose a risk to off-site users.   
 
PAHs were detected in wells GW7, GW8, GW37 and GW38, which are located along the 
north side of Richardson Road in the NE group of wells (Table 17).  PAHs were not detected 
in any other offsite NE, NW, or SE wells.  
 

10.5 Beneficial uses of groundwater 
The watertable beneath the site is within the Brighton Group sediments.  Groundwater onsite 
within the Brighton Group aquifer has been classified according to the State Environment 
Protection Policy (SEPP) 1997, Groundwaters of Victoria (GoV) publication (SEPP GoV), 
using the laboratory TDS levels reported for the April 2011 GME.  Groundwater encountered 
beneath the site ranges between Segment A and Segment D.  As displayed in Table 2, most 
TDS results classified groundwater as Segment B. However in reference to the SEPP, 
groundwater should be assessed in comparison with the most sensitive beneficial uses (i.e. 
Segment A2), i.e.:  

 maintenance of ecosystems;  

 potable water supply (acceptable); 

 potable mineral water; 

 agriculture, parks and gardens (irrigation); 

 stock watering; 

 industrial water use;  

 primary contact recreation; and  

 buildings and structures. 
 
As Gasworks Park and Southport are owned by the CoPP and the State of Victoria, 
abstraction of groundwater onsite can be effectively controlled through management, should 
any of these beneficial uses be precluded.  By preventing the use of groundwater on the site, 
the risks associated with this exposure pathway will be reduced to an acceptable level.  The 
abstraction of groundwater at both of these sites is currently being controlled by an Interim 
Site Contamination Management Plan.  

10.5.1 Maintenance of ecosystems 
The following water quality indicators exceeded ecological based criteria: 
 CN; 
 NH4

+; 
 heavy metals: As, Co, Cu, Pb, Ni, Se and Zn; 
 PAHs, specifically naphthalene, phenanthrene, anthracene, fluoroanthene and BaP; 
 benzene, toluene and ethyl benzene; and  
 TPH (C6-C9 and C10-C38). 
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The protection and maintenance of ecosystems was a potential beneficial use of all 
groundwater in the Brighton Group sediments beneath the site prior the construction of the 
sewers.  The nearest significant ecological receptors are the waters and sediments of Port 
Philip Bay, 350 m south-west of the site.   Due to the fact that all groundwater from Gasworks 
Park Precinct discharges to the Melbourne Water Sewer System (Section 4.2.1 and Section 
10.1), the groundwater from the site does not support any ecosystem and this beneficial use 
does not require consideration.  Therefore, this beneficial use is considered to be precluded, 
however, although not relevant at this time may require protection in the future should 
hydrogeological conditions change.   

10.5.2 Potable water supply (acceptable) 
All values presented in red for inorganic and organic chemicals in Tables 11-18 indicate 
concentrations in excess of the NHMRC (2004/2011) Australian Drinking Water Guidelines.  
These include: 
 pH (aesthetics only); 
 TDS (aesthetics only); 
 SO4

2-; 
 Cl (aesthetics only); 
 CN; 
 fluoride; 
 nitrate; 
 heavy metals: Al, As, Bo, Cd, Mn, Ni and Se; and 

 BaP, styrene, benzene, xylenes and TPH (C6-C9 and C10-C38). 
 
As the Albert Park area and the Brighton Group aquifer are not sources of potable water 
supply and the abstraction of groundwater is being prevented by an ICMP, this beneficial use 
does not require further consideration.  Therefore, this beneficial use is considered to be 
precluded but not relevant and does not require protection in the future.   

10.5.3 Potable mineral water supply  
To the north and west of the site, in areas considered to be outside of the potential impact 
area of the site, the TDS is above 2,500 mg/L in most of the monitoring wells.  Therefore, the 
quality of much of the non-impacted groundwater in the vicinity of the site would not support 
this beneficial use. 
 

As the Albert Park area and the Brighton Group aquifer are not sources of mineral water 
supply and the abstraction of groundwater on site is being prevented by an Interim Site 
Contamination Management Plan, this beneficial use does not require consideration.  
Therefore, this beneficial use is not relevant and does not require protection in the future.   

10.5.4 Water supply: Irrigation 
Irrigation is a potential beneficial use based on the TDS and major ions concentrations in the 
SE (background) wells.  However, to the north and west of the site, in areas considered to be 
outside of the potential impact area of the site, the TDS is above 2,500 mg/L in most of the 
monitoring wells and is above 3,500 mg/L in several of the wells. 
The likelihood of abstraction of groundwater from the Brighton Group for irrigation purposes 
is considered to be extremely low due to: 

 the residential urban setting surrounding the site; 
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 the low yield of the Brighton Group aquifer; and 

 the availability of reticulated water in the area (for domestic irrigation use). 
 
However, in the residential area to the north east of the site, despite the low likelihood of the 
use of the groundwater for irrigation purposes, this potential beneficial use cannot be 
completely discounted in this area. 

10.5.5 Water supply: domestic and stock use 
The search of the groundwater database (Section 5.2.3) indicated that 9 wells located within 
1 km; 13 wells located with 1-2 km; and 8 wells located with 2-3 km radius of the site are 
registered for stock and/or domestic usage.  Groundwater wells installed for this purpose 
were between 3 – 32 metres in depth within sand, Older Volcanics basalt (>17 m BGL), and 
sand/marl geological units.   
 
Naturally occurring TDS concentrations exceeded the livestock watering guideline (3,000 
mg/L) in five onsite, and nine off site wells (Section 9.2).  Concentrations of certain metals, 
major ions and boron exceeded stock water criteria at some locations.   
 
Given the urban setting of the site, the fact that all groundwater discharging from the site is 
captured via the surrounding sewer network, the availability of reticulated mains water, the 
low yield and controls over groundwater extraction, it s considered highly unlikely that 
groundwater will be extracted for this use.   
 
However, in the residential area to the north east of the site, despite the low likelihood of use 
of the groundwater for stock/domestic purposes, this potential beneficial use cannot be 
discounted in this area. 

10.5.6 Industrial use 
All groundwater beneath the site needs to consider industrial application as a potential 
beneficial use.  As water quality indicators for industrial use are very specific, complete 
assessment of all potential uses is beyond the scope of this study.  However, it can be 
generally stated that natural TDS (as specified in the SEPP GoV (1997)) and CoPC 
concentrations exceed acceptable thresholds for industrial applications of this water.   
 
The Brighton Group aquifer is not a current source of industrial water supply, and this aquifer 
is unlikely to be used for this purpose in the near future.  The yield of the aquifer is unlikely to 
be sufficient for such purposes as industrial processes usually require reasonably large 
volumes of water.  No groundwater wells exist for this use or are registered within 3 km of the 
surrounding area and given the low yield and elevated salinity in areas of local groundwater it 
is unlikely that such use exists. 
 
Based on this data, industrial water use is considered to be a precluded beneficial use.  
However, as the site setting is not industrial use and since well yield is low, industrial water 
use is considered to be a very unlikely use.  Therefore, although this beneficial use is likely to 
be precluded, it is not relevant on- or offsite and does not require protection in the future.   

10.5.7 Primary contact recreation 
Primary contact recreation is a potential beneficial use for all groundwater beneath the site.  
However, as the site is located within a highly urbanised area serviced by reticulated water, 
the yield of the Brighton Group is low, and discharge of all groundwater from Gasworks Park 
Precinct is to the Melbourne Water Sewer System, the likelihood of the use of groundwater 
migrating from Gasworks Park for recreational use is considered to be low.   
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Notwithstanding the low likelihood, Environmental Earth Sciences VIC investigated the 
number of residential swimming pools within 600 metres of the site from aerial photographs.  
A total of 27 outdoor swimming pools were identified (refer to Figure 12).  All pools are 
considered to be outside the area of groundwater contamination associated with the 
Gasworks Park precinct (i.e. beyond sewers), with the exception of the following two 
locations: 

 7 Richardson Street, Port Melbourne – 50 m north; and 

 266 Bridport Street, Port Melbourne – 80 m north-east. 
 
The property located at 7 Richardson Street is up-gradient from the site, however, 266 
Bridport Street is down-gradient from the site and in an area of elevated NH4

+ and SO4
2- 

concentrations in the groundwater.  Review of the DSE ‘Groundwater Database’ indicated no 
groundwater wells within a 3 km radius of the site are registered for extraction and no wells 
are registered for any uses at the above location.  Therefore, it can be concluded that the 
swimming pools at the above addresses are filled from other sources than local groundwater. 
 
Considering the availability of reticulated mains water and the low yield of the Brighton 
Group, it is unlikely that an abstraction well would be drilled for the purpose of filling a 
swimming pool, however, is still a possibility and must be assessed. 
 
As indicated in NHMRC 2008 (Table 9.3 on page 155), consumption of water during 
recreational events (i.e. in creeks or swimming pools using groundwater) has been 
considered, with criteria being set at 20 times the health criteria based on the assumption 
that recreational swimmers consume 100 mL of water per session, while NHMRC 
(2004/2011) drinking criteria assumes 2 L/day potable water consumption (also reported in 
ANZECC 1992, p3-7). 
 
The closest groundwater well to 266 Bridport Street, Port Melbourne is GW30, which is 
therefore most representative of groundwater that potentially may be extracted to fill the 
swimming pool at this property.  All ions, including sulfate and ammonia, heavy metals and 
organic CoPC are below primary contact recreation criteria and therefore do not preclude this 
beneficial use at this location.   
 
Elevated concentrations of As in some wells (onsite, offsite and background) are likely to be 
associated with naturally occurring As within the Brighton Group sediments.  Also, elevated 
concentrations of Al, identified at groundwater wells GW19, GW21 and GW31 and As and Ni 
concentrations in well GW42D are likely to reflect the presence of suspended solids in the 
samples rather than to be representative of dissolved concentrations. 
 
Concentrations of CN, NH4

+, BaP, styrene, benzene, xylenes and TPH fraction C6-C9 and 
fraction C10-C36 within some wells represent a potential risk for groundwater extraction (i.e. 
filling a swimming pool).  However those wells closest to the two at risk swimming pools 
indicate groundwater in the immediate vicinity of the pools does not preclude this beneficial 
use as they are located up-gradient or to the side of impacted groundwater plume areas.   
 
As the groundwater is effectively captured by the surrounding sewer system and transported 
elsewhere, there is minimal risk of groundwater and CoPC discharging into Port Phillip Bay.  
This eliminates the exposure risk of for recreational users of Port Phillip Bay.   
 
Notwithstanding the low likelihood of use of the groundwater for primary contact recreation in 
the residential area to the north east of the site, this potential beneficial use cannot be 
discounted in this area. 
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10.5.8 Buildings and structures 
Buildings and structures is a potential beneficial use for all groundwater beneath the site.  
The depth to groundwater across the site is between 6 and 10 mbgl (Table 9) and 
groundwater levels are permanently drawn down by the sewers.  Therefore, footings and 
foundations are unlikely to come into contact with the groundwater unless they extend to 
more than 6 mbgl.   
 
Based on the average Ryzner Index (RI) value >1 (average 18.16) and Langelier Saturation 
Index (LSI) value <-3 (average -5.7), relatively neutral pH (average 6.80), and average 
sulfate concentration of 1,075.8 mg/L, groundwater beneath the site is considered to be 
slightly corrosive.  This information should be considered and it is recommended that the 
structural/design engineer for any future development proposed at the site should make an 
independent assessment of the sub-surface conditions in order to develop an appropriate 
specification for the materials for sub-surface structures including footings and foundations. 
 
Buildings and structures is not considered to be a precluded beneficial use. 
 

10.6 Trade waste agreement 
As part of the specific obligations, Melbourne Water noted that it accept would groundwater 
provided that it “maintain the right acting reasonably, not to accept the groundwater if it is 
found to interfere with the operation or maintenance of its assets or does not comply with 
trade waste requirements or safety requirements imposed by the Victorian Government from 
time to time”. 
 
In reference to Melbourne Water specific obligations, groundwater concentrations at the site 
have been compared with South East Water ‘Standards for trade waste discharge to the 
sewerage system’, presented in Appendix G.    
 
Concentrations that exceeded the maximum allowable value for discharge to the sewerage 
system include: 
 pH in two OS wells (GW19 and GW21) and two SE wells (GW10 and GW11); 
 SO4

2- in all OS wells with exception to GW40, all NW wells with exception to GW6, all 
NE wells and all SE wells with exception to GW9, GW11 and GW16; 

 NH4
+ in six OS wells (GW3, GW23, GW24, GW39, GW42D and GW44D) and three NE 

wells (GW8, GW37 and GW38); 
 Mn in three OS wells (GW19, GW42D and GW44D); 
 Fe in one OS well (GW19);  
 benzene and TPH fraction C6-C9 in two OS wells (GW24 and GW44D); and 
 xylenes in one OS well (GW24). 

 
Please note these standards are discharge of waste from land to the sewer and were not 
intended to address groundwater discharging directly to sewers.   
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11 CONCLUSIONS AND RECOMMENDATIONS 
 
As part of the former South Melbourne Gasworks 53V audit (undertaken by Dr. Peter 
Nadebaum of GHD), Environmental Earth Sciences VIC has undertaken (on behalf of CoPP) 
a further groundwater investigation.  The objectives of this groundwater investigation were to 
advance understanding of hydrogeological and hydro-geochemical data related to the site 
and investigate potential sources for all CoPC detected in the groundwater.   
 

11.1 Groundwater flow system 
The hydrostratigraphy on site and in the vicinity of the site consists of Brighton Group 
sediments overlying the Older Volcanics.  Groundwater flow through the full saturated 
thickness of the Brighton Group sediments is mostly controlled by deep sewers which border 
the site on three sides, i.e. Foote Street/Bridport Street to the south east, Graham Street to 
the south west and Pickles Street to the north west. The water table on site is drawn down 
several metres below its natural level by the sewers such that it is several metres below sea 
level throughout the area of the site and the surrounding vicinity, and the upper 7-8 m of the 
Brighton Group and overlying fill are generally unsaturated.  The majority of the groundwater 
on site ultimately flows to the sewers beneath Foote Street/Bridport Street and Graham 
Street as they are deeper than the sewer beneath Pickles Street.  
 
The groundwater flow system through the Brighton Group on site is interpreted to have the 
following additional characteristics: 
 nearly all of the groundwater flow in the Brighton Group beneath the site has been 

recharged by infiltration from the ground surface on site; 
 there is an upward gradient from the underlying Older Volcanics to the Brighton Group 

such that contaminated groundwater cannot migrate below the Brighton Group.  Due to 
this gradient, there may also be some minor upward leakage into the Brighton Group 
flow system from the underlying Older Volcanics; however, this flux is considered to be 
small in comparison to the flux derived from on-site recharge; 

 most of the groundwater discharging from the site is captured by the sewers with 
exception to the northern portion of the site (via Richardson Street Sewer); 

 lateral groundwater flow towards the sewers takes place through the full saturated 
thickness of the Brighton Group.  However, the greatest lateral flux takes place through 
the layers of greatest K.  Over most of the site, the saturated thickness of the Brighton 
Group is approximately 10 m; 

 the oldest groundwater within the Brighton Group on site is likely to be closest to the 
sewers towards the downgradient end of the longest flow paths, within the relatively 
low K zones of the Brighton Group, and/or in areas of relatively low hydraulic gradient; 

 the median K of the Brighton Group at the site was evaluated from slug tests to be 
approximately 0.3 m/day.  K was observed to decrease with depth in the Brighton 
Group; and 

 the average linear velocity of the groundwater flowing laterally through the Brighton 
Group over most of the site is estimated to be approximately 5 m/yr. 
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Based on the interpreted aquifer properties and hydraulic gradients, the total flux of 
groundwater from the site to the surrounding sewers from Gasworks Park and Southport 
Community Nursing Home is estimated to be approximately 11 m3/day, (4 ML/yr).  From this 
estimate of the discharge rate, the average recharge rate across the site was estimated to be 
approximately 0.1 m/yr.  
 
Within the Brighton Group, there are slight upward hydraulic gradients at some locations and 
downward gradients at other locations.  These could be caused by different rates of recharge 
at the water table in both location and time (due to short-term variations in climate).  
Localised vertical gradients could also be due to heterogeneities within the Brighton Group. 
 

11.2 Groundwater contamination 
Groundwater at the site is impacted with common gasworks contaminants, including heavy 
metals (primarily, As, Co, Cu, Pb and Zn), NH4

+, CN, SO4, PAHs, TPHs and MAHs.  
However, there is no evidence of either DNAPL or LNAPL existing onsite.   
 
The distribution of the groundwater contamination is consistent with the former gasworks 
infrastructure and the physical groundwater flow system described above, in which it would 
be expected that the full saturated thickness of the Brighton Group would have been 
impacted, particularly in the vicinity of the sewers.  The greatest concentrations of TDS, SO4

2-

, NH4
+, CN and many organics in 2011 were detected in monitoring wells screened at the 

base of the Brighton Group near the perimeter of the site in the vicinity of former gas purifiers 
towards the downgradient end of the flow system.  This contamination is interpreted to have 
originated on site.  The groundwater in the Brighton Group is not interpreted to have been 
significantly impacted by the upwelling of higher salinity groundwater via the underlying Older 
Volcanics in comparison to the impacts from the Gasworks site. 
 
The relatively low contaminant concentrations towards the centre of the site in comparison to 
the site perimeter could be due to less contamination originating from the central part of the 
site but may also reflect some flushing of the on-site flow system with less contaminated 
recharge since the site ceased to operate as a gasworks in 1971. 
 
As all the groundwater migrating from the site is captured by the sewers, all the contaminants 
dissolved in the groundwater are also captured by the sewers.  Due to the proximity of the 
sewers to the site boundaries, for the most part, the contaminated groundwater from the site 
migrates directly to the sewers without passing beneath neighbouring properties.  However, 
there is an area to the northeast of Richardson Street where there is a plume of the NH4

+ and 
SO4

2- contamination that migrates beneath up to 18 properties en route to the South Yarra 
Sewer Main beneath Bridport Street.  Relatively high concentrations of CN have also been 
detected in groundwater samples from this area.  Therefore, although the current 
groundwater flow direction is interpreted to be not across, but parallel, to Richardson Street, 
the Gasworks site is considered likely to be the original source of this area of groundwater 
contamination. 
 
Elevated concentrations of PAHs (primarily BaP) were detected within newly installed 
groundwater wells in an area of very low hydraulic gradient in the northern part of the site, 
close to the Alinta Site.  There is no identifiable source of these PAHs within this area, with 
the exception of buried waste.  Based on the low hydraulic gradient, the likely source of PAH 
impacts (which is limited in its capacity to impact groundwater) and the insolubility of PAHs, it 
is considered unlikely that contaminated groundwater at Gasworks Park would migrate to the 
north west beneath the Alinta Site and pose a risk to off-site users.   
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11.3 Potential beneficial uses 
Based on the TDS values considered to be background in the general area of the SMG, the 
groundwater has been classified as ‘Segment A2’, with a TDS range of 501-1,000 mg/L.  The 
wells considered to be representative of background conditions (i.e. represented by the south 
east [SE] wells) in the vicinity of the site confirm this classification based on TDS.  However, 
it should be noted that there are wells with TDS greater than 3,500 mg/L to the north and 
west of the site that are considered to be outside of the potential impact area of the site, due 
to sewers acting as hydraulic barriers or the wells being up-gradient from the site.  Therefore, 
the quality of some of the non-impacted groundwater in the vicinity of the site does not 
support some of the protected beneficial uses. 
 
The Department of Sustainability and Environment (DSE) ‘Groundwater Database’ indicates 
that the primary purpose of groundwater wells installed within the watertable aquifer in the 
vicinity of the site is for investigative purposes.  However, this database indicates that some 
of the wells were installed for stock/domestic (12%) and irrigation (3%) purposes.  None of 
the listed wells were installed for water supply or mineral water purposes and the Brighton 
Group in general, is not known to be used for these purposes.  In this urban environment 
with a municipal reticulated water supply, the potential beneficial uses of potable water and 
mineral water supply are not considered to be realistic potential beneficial uses. 
Recent monitoring confirms that all groundwater from the site ultimately flows to the 
surrounding sewer system (Section 11.1).  Therefore, all contaminants being transported in 
groundwater from the site are captured by the sewer system, and ultimately discharge to the 
Werribee Treatment Plant.  As such, there is negligible risk of impacted groundwater from 
Gasworks Park discharging to receiving waters (i.e. ecosystems) in the vicinity of the site. 
 
The remaining potential groundwater beneficial uses to be considered are: 
 agriculture, parks and gardens (irrigation); 
 stock watering; 
 industrial water use;  
 primary contact recreation; and  
 buildings and structures. 

 
As the site is owned by the City and the State of Victoria, the abstraction of groundwater 
onsite for any purpose can be prevented. The abstraction of groundwater is currently being 
controlled by an ICMP, because of the groundwater impacts beneath the site.  Therefore, on 
site, the above potential beneficial uses, with the exception of buildings and structures, are 
considered to be precluded.   
 
However, in the area of gasworks-related groundwater contamination beneath private 
residences to the northeast of Richardson Street and northwest of Bridport Street, the 
abstraction of groundwater is not currently prevented.  In this area, the saturated thickness of 
the Brighton Group is limited to less than 10 m by the drawdown caused by the South Yarra 
Sewer Main.  This, combined with its relatively low hydraulic conductivity, means that the 
potential yield of water wells in the Brighton Group in this area would be no more than a few 
litres/minute.  This physically limits the usefulness of the resource.  However, 
notwithstanding this limitation, the potential beneficial uses of primary contact recreation, 
irrigation and stock/domestic cannot be discounted in this area.  
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11.4 Trade waste agreement 
A ‘Deed of Agreement Groundwater and Gasworks Arts Park, Albert Park’ exists between 
CoPP, Melbourne Water and South East Water.  This ‘Deed of Agreement’ states that 
Melbourne Water and South East Water acknowledge that groundwater from the Gasworks 
Site enters the South Yarra Main and Hobsons Bay Main and the Pickles Street Branch 
Sewer respectively, and that these mains and sewer act as a control for groundwater.  Both 
have agreed to accept groundwater that enters the Gasworks Site into the mains and sewer, 
provided that they maintain the right, acting reasonably, not to accept the groundwater if it is 
found to interfere with the operation or maintenance of its assets.   
 
Assessment of groundwater samples collected during the August 2011 GME compared 
against South East Water ‘Standards for trade waste discharge to the sewerage system 
indicated a number of dissolved chemicals exceed maximum allowable concentrations 
and/or values for discharge to the sewerage system. 
 

11.5 Risks associated with the groundwater contamination 
As all the groundwater flowing from the site is captured by the sewer system, it is ultimately 
pumped to the Werribee Treatment Plant.  The flux of groundwater from the site is several 
orders of magnitude less the total flow rate of sewage through the sewers to the Werribee 
Treatment Plant.  Therefore, although several dissolved chemicals exceed the criteria for 
discharge to a sewerage system, contaminant concentrations are diluted by several orders of 
magnitude.  Therefore, associated risks to workers at the treatment plant would be very low.  
Furthermore, the personal protective equipment routinely used by workers working on the 
sewers themselves would protect them from any additional contaminants introduced into the 
sewers from the site. 
 
As stated above, the capture of the groundwater by the sewers also means that there is 
negligible risk to ecosystems.  Even if all the sewers in South Melbourne were sealed such 
that the natural groundwater flow system to Port Phillip Bay were restored, the hydraulic 
gradient towards the Bay would be so low that the groundwater would move towards the Bay 
at a rate that is at least an order of magnitude less than the current rate of groundwater flow 
towards the sewers and the travel time would likely be thousands of years.  The volumetric 
rate of discharge to the Bay would, therefore, be very low when the contaminants ultimately 
reached the Bay.  
 
In the impacted area to the north east of the site, the risks associated with it are considered 
to be negligible in-situ.  Any potential risks related to the contamination would be associated 
with the extraction of the groundwater.  Although it is considered unlikely that the local 
residents would extract groundwater in this area, it is currently feasible for groundwater 
extraction to take place.   
 
GQRUZs are areas of aquifers identified by EPA Victoria where one or more beneficial uses 
are precluded by pollution.  Implementation of a GQRUZ would significantly reduce the risks 
associated with groundwater extraction in this area.   
 
As Gasworks Park and Southport are owned by the City and the State of Victoria, the 
abstraction of groundwater onsite can be effectively controlled through management to 
prevent the use of groundwater on the site to reduce the risks associated with this pathway 
to an acceptable level. The abstraction of groundwater at both of these sites is currently 
being controlled by an ICMP. 
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11.6  Recommendations 
We understand that CoPPs obligations under the ‘Deed of Agreement’ include the following: 
 prepare a Monitoring Plan and submit it to Melbourne Water and South East Water for 

approval; 
 continue to monitor groundwater contamination at, and in the vicinity of, the South 

Yana Main, Hobsons Bay Main and Pickles Street Branch Sewers in 'accordance with 
the Monitoring Plan; 

 supply data relating to groundwater recorded or obtained in the course of implementing 
the Monitoring Plan to Melbourne Water and South East Water; 

 notify Melbourne Water and South East Water of any groundwater changes in 
accordance with the Monitoring Plan; and 

 have and implement a contingency plan to manage the contamination risks posed by 
groundwater to meet EPA requirements should Melbourne Water or South East Water 
undertake work to its sewer which increases risks associated with groundwater 
contamination from the site to an unacceptable level. 

 
Groundwater from the site has not been sampled and analysed since April 2011.  It is 
possible that, in some parts of the site, contaminant concentrations in groundwater are 
reducing with time as the site has not operated as a gasworks since the early 1970s.  
Therefore, we recommend a GME takes place during the next several weeks to months.  We 
do not consider it necessary to sample all the wells.  The sampling plan should prioritise 
select OS and NE wells.  We also recommend a rationalisation of the suite of analytes to 
further optimise the cost effectiveness of the GME.  
 
We recommend that the mass flux of contaminants discharging to the sewers is revisited and 
the associated lack of unacceptable risk to the sewer system and the treatment plant is 
confirmed.   
 
We recommend a review of possible management/remediation strategies for the area of 
groundwater contamination to the north east of the site.  This review would include 
consideration of the potential cost, benefit, duration, practicality, environmental footprint and 
risks of approaches to remediation in this area, in comparison to the current situation in 
which all this groundwater is captured by the sewer system.   
 
We also recommend that a GQRUZ be considered that would cover the area of interpreted 
gasworks-related groundwater contamination to the north east of the site.  This would cover 
an area of approximately 20-30 private properties. 
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13 GLOSSARY OF TERMS 
 
Anisotropy condition in which one or more properties vary according to direction. 
 
Aquifer rock or sediment in a formation, group of formations, or part of a formation which is 
saturated and sufficiently permeable to transmit economic quantities of water to wells and 
springs. 
 
Aquifer, confined aquifer that is overlain by a confining bed with significantly lower hydraulic 
conductivity than the aquifer. 
 
Aquifer, perched region in the unsaturated zone where the soil is locally saturated because 
it overlies soil or rock of low permeability. 
 
Aquitard a unit of low-permeability that can store groundwater and also transmit it slowly. 
 
Borehole an uncased drill hole. 
 
Bore.  A hydraulic structure that facilitates the monitoring of groundwater level, collection of 
groundwater samples, or the extraction (or injection) of groundwater.  Also known as a Well. 
 
Confined Aquifer.  An aquifer that is confined between two low-permeability aquitards.  The 
groundwater in these aquifers is usually under hydraulic pressure, i.e. its hydraulic head is 
above the top of the aquifer. 
 
Confining layer.  A layer with low vertical hydraulic conductivity that is stratigraphically 
adjacent to one or more aquifers.  A confining layer is an aquitard.  It may lie above or below 
the aquifer. 
 
Drawdown.  Lowering of hydraulic head. 
 
Electrical Conductivity (EC).  The EC of water is a measure of its ability to conduct an 
electric current.  This property is related to the ionic content of the sample, which is in turn a 
function of the total dissolved (ionisable) solids (TDS) concentration.  An estimate of TDS in 
fresh water can be obtained by multiplying EC by 0.65. 
 
Effective Transmissivity.   The transmissivity of a bounded aquifer, incorporating the effect 
of the no-flow boundaries.  The effective transmissivity is less than the actual transmissivity 
in an aquifer of limited extent. 
 
Ephemeral stream a stream that flows only during periods of precipitation and briefly 
thereafter, or during periods of elevated water-table levels when the stream is in direct 
hydraulic connection with the underlying unconfined aquifer (i.e. receives base-flow). 
 
Fracture break in the geological formation, e.g. a shear or a fault. 
 
Gradient rate of inclination of a slope.  The degree of deviation from the horizontal; also 
refers to pressure. 
 
Groundwater.  The water held in the pores in the ground below the water table. 
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Hydraulic Head.  The sum of the elevation head and the pressure head at a point in an 
aquifer.  This is typically reported as an elevation above a fixed datum, such as sea level. 
Hydraulic conductivity.  A coefficient describing the rate at which water can move through 
a permeable medium.  It has units of length per time. 
 
Permeability.  Property of porous medium relating to its ability to transmit or conduct liquid 
(usually water) under the influence of a driving force.  Where water is the fluid, this is 
effectively the hydraulic conductivity. 
 
Piezometer a cased borehole with a short slotted screen for measuring standing water level 
(SWL), which represents a potentiometric surface or elevation of the water table; also used 
to obtain sample of groundwater for quality assessment. 
 
Piezometric or Potentiometric Surface.  A surface that represents the level to which water 
will rise in cased bores.  The water table is the potentiometric surface in an unconfined 
aquifer. 
 
Purge (wells) pumping out well water to remove drilling debris or impurities; also conducted 
to bring fresh groundwater into the casing for sample collection.  The later ensures that a 
more representative sample of an aquifer is taken. 
 
Recharge Area location of the replenishment of an aquifer by a natural process such as 
addition of water at the ground surface, or by an artificial system such as addition through a 
well 
 
Recovery rate at which a water level in a well rises after pumping ceases. 
 
Saturated Zone zone in which the rock or soil pores are filled (saturated) with water. 
 
Specific yield volume of water released from storage by an unconfined aquifer per unit 
surface area (of porous medium) per unit decline in the water table.  Specific yield is unitless 
and typically has a value in the range 0.005 to 0.30. 
 
Storativity volume of water released from storage by a confined aquifer per unit surface 
area (of porous medium) per unit decline in hydraulic head.  Storativity is unitless and 
typically has a value in the range 1E-4 to 0.005. 
 
Stratigraphy vertical sequence of geological units. 
Suspended Solids (SS) matter which is suspended in water which will not pass through a 
0.45 μm filter membrane.   
 
Total Dissolved Solids or Total Dissolved Salts (TDS) total dissolved salts comprise 
dissociated compounds and undissociated compounds, but not suspended material, colloids 
or dissolved gases.   
 
Transmissivity rate at which water is transmitted through a unit width aquifer under a unit 
hydraulic gradient. 
 
Unconfined aquifer.  An aquifer in which the water table forms the upper boundary. 
 
Unsaturated zone.  The zone between the land surface and the water table, in which the 
rock or soil pores contain both air and water. 
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Water table interface between the saturated zone and unsaturated zones.  The surface in an 
aquifer at which pore water pressure is equal to atmospheric pressure. 
 
Well.  A hydraulic structure that facilitates the monitoring of groundwater level, collection of 
groundwater samples, or the extraction (or injection) of groundwater.  Also known as a Bore. 
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ENVIRONMENTAL EARTH SCIENCES GENERAL 
LIMITATIONS 
 
Scope of services 
The work presented in this report is Environmental Earth Sciences response to the specific scope of works 
requested by, planned with and approved by the client.  It cannot be relied on by any other third party for any 
purpose except with our prior written consent.  Client may distribute this report to other parties and in doing so 
warrants that the report is suitable for the purpose it was intended for.  However, any party wishing to rely on this 
report should contact us to determine the suitability of this report for their specific purpose. 
 
Data should not be separated from the report 
A report is provided inclusive of all documentation sections, limitations, tables, figures and appendices and should 
not be provided or copied in part without all supporting documentation for any reason, because misinterpretation 
may occur. 
 
Subsurface conditions change 
Understanding an environmental study will reduce exposure to the risk of the presence of contaminated soil and 
or groundwater.  However, contaminants may be present in areas that were not investigated, or may migrate to 
other areas.  Analysis cannot cover every type of contaminant that could possibly be present.  When combined 
with field observations, field measurements and professional judgement, this approach increases the probability 
of identifying contaminated soil and or groundwater.  Under no circumstances can it be considered that these 
findings represent the actual condition of the site at all points. 
 
Environmental studies identify actual sub-surface conditions only at those points where samples are taken, when 
they are taken.  Actual conditions between sampling locations differ from those inferred because no professional, 
no matter how qualified, and no sub-surface exploration program, no matter how comprehensive, can reveal what 
is hidden below the ground surface.  The actual interface between materials may be far more gradual or abrupt 
than an assessment indicates.  Actual conditions in areas not sampled may differ from that predicted.  Nothing 
can be done to prevent the unanticipated.  However, steps can be taken to help minimize the impact.  For this 
reason, site owners should retain our services. 
 
Problems with interpretation by others 
Advice and interpretation is provided on the basis that subsequent work will be undertaken by Environmental 
Earth Sciences VIC.  This will identify variances, maintain consistency in how data is interpreted, conduct 
additional tests that may be necessary and recommend solutions to problems encountered onsite.  Other parties 
may misinterpret our work and we cannot be responsible for how the information in this report is used.  If further 
data is collected or comes to light we reserve the right to alter their conclusions. 
 
Obtain regulatory approval 
The investigation and remediation of contaminated sites is a field in which legislation and interpretation of 
legislation is changing rapidly.  Our interpretation of the investigation findings should not be taken to be that of 
any other party.  When approval from a statutory authority is required for a project, that approval should be 
directly sought by the client. 
 
Limit of liability 
This study has been carried out to a particular scope of works at a specified site and should not be used for any 
other purpose.  This report is provided on the condition that Environmental Earth Sciences VIC disclaims all 
liability to any person or entity other than the client in respect of anything done or omitted to be done and of the 
consequence of anything done or omitted to be done by any such person in reliance, whether in whole or in part, 
on the contents of this report.  Furthermore, Environmental Earth Sciences VIC disclaims all liability in respect of 
anything done or omitted to be done and of the consequence of anything done or omitted to be done by the client, 
or any such person in reliance, whether in whole or any part of the contents of this report of all matters not stated 
in the brief outlined in Environmental Earth Sciences VIC’s proposal number and according to Environmental 
Earth Sciences general terms and conditions and special terms and conditions for contaminated sites. 
 
To the maximum extent permitted by law, we exclude all liability of whatever nature, whether in contract, tort or 
otherwise, for the acts, omissions or default, whether negligent or otherwise for any loss or damage whatsoever 
that may arise in any way in connection with the supply of services.  Under circumstances where liability cannot 
be excluded, such liability is limited to the value of the purchased service. 
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TABLE 1 SEPP GOV GROUNDWATER BENEFICIAL USES  
 

Beneficial Uses 
Segments (mg/L TDS) 

A1 
(0-500) 

A2 
(501-1000) 

B 
(1001-3500) 

C 
(3501-13000) 

D 
(>13000) 

1. Maintenance of 
ecosystems      

2. Potable Water supply: 

Desirable      

Acceptable      

3. Potable mineral water 
supply      

4. Agriculture, parks & 
gardens      

5. Stock watering      

6. Industrial water use      

7. Primary contact recreation 
(e.g. bathing, swimming)      

8. Buildings and structures      

 
 
TABLE 2 GROUNDWATER WELL CLASSIFICATION (SEPP GOV)  
 

SEPP Segment Groundwater wells 

Segment A1 (TDS 0 - 500 mg/L) GW11, GW13, GW14, GW15, GW16 and GW25 

Segment A2 (TDS 501 - 1,000 mg/L) GW9 GW12, GW10, and GW22 

Segment B (TDS 1,001 – 3,500 mg/L) 
GW1, GW3, GW4, GW6, GW7, GW8, GW19, GW21, 
GW26, GW28, GW29, GW30, GW31, GW32, GW33, 

GW34, GW36, GW37, GW39, GW40 and GW41 

Segment C (TDS 3,501 – 13,000 mg/L) GW35, GW24, GW38 and GW44 

Segment D (TDS > 13,000 mg/L) GW43 and GW42 
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TABLE 4 SUMMARY OF EXISTING GROUNDWATER MONITORING WELLS 
 

Location Groundwater Monitoring Wells (GW)  

OS Wells 1, 2*, 3, 4, 5*, 18*, 19, 20*, 21, 22, 23, 24, 31, 35, 39, 40, 41, 42D, 43D and 44D 

NW Wells 6, 32, 33, 34 and 36 

NE Wells 7, 8, 26, 27, 28, 29, 30, 37 and 38 

SE Wells 9, 10, 11, 12, 13, 14, 15, 16 and 25 
 
Notes:  

1. *not included in the April 2011 sampling. 
2. D indicates wells are “deep” and installed at the base of the aquifer hydrogeological unit (Brighton Group Sediments). 

 

 
 
TABLE 5 NEW GROUNDWATER WELL LOCATIONS AND RATIONALE 
 

Groundwater 
well ID  

Approx well 
depth (m 

BGL) 
Screen depth 

(m BGL) Rationale 

GW37 10 7 - 10 Assess potential offsite impact to residential areas 
east of Southport Community Nursing Home. 

GW38 10 7 - 10 Assess potential offsite impact to residential areas 
east of Southport Community Nursing Home. 

GW39 10 7 - 10 Potential source of groundwater pollution (i.e. liquor 
tank, purifiers and tar tank). 

GW40 10 7 - 10 Potential source of groundwater pollution from 
Gasworks Park offsite to the Alinta site (i.e. north). 

GW41 10 7 - 10 Potential source of groundwater pollution from 
Gasworks Park offsite to the Alinta site (i.e. north). 

GW42D 18 15 - 18 
Assess potential for DNAPL in the vicinity of the 

former tar tank and further investigate the MAH and 
PAH concentrations identified in GW24. 

GW43D 18 15 - 18 
Up-gradient investigation of deep groundwater quality.  

This deeper well was intended to investigate 
background conditions. 

GW44D 18 15 - 18 Deeper groundwater investigation (potential NAPL) 
offsite. 

 
Note:  Refer to Figure 3 for groundwater well locations. 
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APPENDIX A GEOLOGICAL LOGS AND WELL 
CONSTRUCTION DETAILS
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APPENDIX B SLUG TEST ANALYSES
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WELL TEST ANALYSIS

Data Set:  N:\...\210074 - GW40 BR 'rising'.aqt
Date:  10/30/12 Time:  17:29:58

PROJECT INFORMATION

Project:  210074
Test Well:  GW40

AQUIFER DATA

Saturated Thickness:  2.82 m Anisotropy Ratio (Kz/Kr):  1.

WELL DATA (GW40)

Initial Displacement:  0.442 m Static Water Column Height:  2.82 m
Total Well Penetration Depth:  2.82 m Screen Length:  2.82 m
Casing Radius:  0.025 m Well Radius:  0.025 m

SOLUTION

Aquifer Model:  Unconfined Solution Method:  Bouwer-Rice

K  = 0.2847 m/day y0 = 0.1579 m
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WELL TEST ANALYSIS

Data Set:  N:\...\210074 gw30 BouwerRice 'Rising' AW.aqt
Date:  10/30/12 Time:  17:28:06

PROJECT INFORMATION

Project:  210074
Test Well:  GW30

AQUIFER DATA

Saturated Thickness:  1.5 m Anisotropy Ratio (Kz/Kr):  1.

WELL DATA (GW30)

Initial Displacement:  1.5 m Static Water Column Height:  1.5 m
Total Well Penetration Depth:  1.5 m Screen Length:  1.5 m
Casing Radius:  0.025 m Well Radius:  0.025 m

SOLUTION

Aquifer Model:  Unconfined Solution Method:  Bouwer-Rice

K  = 1.658 m/day y0 = 0.06071 m
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WELL TEST ANALYSIS

Data Set:  N:\...\210074 gw37 BouwerRice 'Rising' AW.aqt
Date:  10/30/12 Time:  17:29:26

PROJECT INFORMATION

Project:  210074
Test Well:  GW37

AQUIFER DATA

Saturated Thickness:  2.81 m Anisotropy Ratio (Kz/Kr):  1.

WELL DATA (GW37)

Initial Displacement:  0.5 m Static Water Column Height:  2.81 m
Total Well Penetration Depth:  2.81 m Screen Length:  2.81 m
Casing Radius:  0.025 m Well Radius:  0.025 m

SOLUTION

Aquifer Model:  Unconfined Solution Method:  Bouwer-Rice

K  = 0.6684 m/day y0 = 0.4302 m
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WELL TEST ANALYSIS

Data Set:  N:\...\210074 GW42 BR 'falling' AW.aqt
Date:  10/30/12 Time:  17:30:23

PROJECT INFORMATION

Project:  210074
Test Well:  GW42D

AQUIFER DATA

Saturated Thickness:  3. m Anisotropy Ratio (Kz/Kr):  1.

WELL DATA (New Well)

Initial Displacement:  0.62 m Static Water Column Height:  7.62 m
Total Well Penetration Depth:  16.8 m Screen Length:  3. m
Casing Radius:  0.025 m Well Radius:  0.025 m

SOLUTION

Aquifer Model:  Confined Solution Method:  Bouwer-Rice

K  = 0.003962 m/day y0 = 0.5556 m



1. 10. 100. 1000. 1.0E�4 1.0E�5
0.

0.18

0.36

0.54

0.72

0.9

Time (sec)

D
is

pl
ac

em
en

t (
m

)

WELL TEST ANALYSIS

Data Set:  N:\...\210074 GW42 CBP 'falling' AW.aqt
Date:  10/30/12 Time:  17:30:47

PROJECT INFORMATION

Project:  210074
Test Well:  GW42D

AQUIFER DATA

Saturated Thickness:  3. m Anisotropy Ratio (Kz/Kr):  1.

WELL DATA (New Well)

Initial Displacement:  0.62 m Static Water Column Height:  7.62 m
Total Well Penetration Depth:  16.8 m Screen Length:  3. m
Casing Radius:  0.025 m Well Radius:  0.025 m

SOLUTION

Aquifer Model:  Confined Solution Method:  Cooper-Bredehoeft-Papadopulos

T = 0.01464 m2/day S = 0.0001
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WELL TEST ANALYSIS

Data Set:  N:\...\210074 GW44 BR falling AW.aqt
Date:  10/30/12 Time:  17:31:29

PROJECT INFORMATION

Project:  210074
Test Well:  GW44

AQUIFER DATA

Saturated Thickness:  4.2 m Anisotropy Ratio (Kz/Kr):  1.

WELL DATA (New Well)

Initial Displacement:  0.57 m Static Water Column Height:  8.98 m
Total Well Penetration Depth:  10.18 m Screen Length:  4.2 m
Casing Radius:  0.025 m Well Radius:  0.025 m

SOLUTION

Aquifer Model:  Confined Solution Method:  Bouwer-Rice

K  = 0.09297 m/day y0 = 0.4109 m
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WELL TEST ANALYSIS

Data Set:  N:\...\210074 GW44 BR rising AW.aqt
Date:  10/30/12 Time:  17:31:49

PROJECT INFORMATION

Project:  210074
Test Well:  GW44

AQUIFER DATA

Saturated Thickness:  4.2 m Anisotropy Ratio (Kz/Kr):  1.

WELL DATA (New Well)

Initial Displacement:  0.52 m Static Water Column Height:  8.98 m
Total Well Penetration Depth:  10.18 m Screen Length:  4.2 m
Casing Radius:  0.025 m Well Radius:  0.025 m

SOLUTION

Aquifer Model:  Confined Solution Method:  Bouwer-Rice

K  = 0.1023 m/day y0 = 0.4234 m
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WELL TEST ANALYSIS

Data Set:  N:\...\210074 GW44 CBP falling AW.aqt
Date:  10/30/12 Time:  17:32:07

PROJECT INFORMATION

Project:  210074
Test Well:  GW44

AQUIFER DATA

Saturated Thickness:  4.2 m Anisotropy Ratio (Kz/Kr):  1.

WELL DATA (New Well)

Initial Displacement:  0.555 m Static Water Column Height:  8.98 m
Total Well Penetration Depth:  10.18 m Screen Length:  4.2 m
Casing Radius:  0.025 m Well Radius:  0.025 m

SOLUTION

Aquifer Model:  Confined Solution Method:  Cooper-Bredehoeft-Papadopulos

T = 0.5659 m2/day S = 0.0004058
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WELL TEST ANALYSIS

Data Set:  N:\...\210074 GW44 CBP rising AW.aqt
Date:  10/30/12 Time:  17:32:25

PROJECT INFORMATION

Project:  210074
Test Well:  GW44

AQUIFER DATA

Saturated Thickness:  4.2 m Anisotropy Ratio (Kz/Kr):  1.

WELL DATA (New Well)

Initial Displacement:  0.535 m Static Water Column Height:  8.98 m
Total Well Penetration Depth:  10.18 m Screen Length:  4.2 m
Casing Radius:  0.025 m Well Radius:  0.025 m

SOLUTION

Aquifer Model:  Confined Solution Method:  Cooper-Bredehoeft-Papadopulos

T = 0.6013 m2/day S = 0.0002188
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WELL TEST ANALYSIS

Data Set:  N:\...\210074 gw7 BouwerRice 'Rising' AW.aqt
Date:  10/30/12 Time:  17:27:23

PROJECT INFORMATION

Project:  210074
Test Well:  GW7

AQUIFER DATA

Saturated Thickness:  2.5 m Anisotropy Ratio (Kz/Kr):  1.

WELL DATA (GW7)

Initial Displacement:  0.09 m Static Water Column Height:  2.5 m
Total Well Penetration Depth:  2.5 m Screen Length:  2.5 m
Casing Radius:  0.025 m Well Radius:  0.025 m

SOLUTION

Aquifer Model:  Unconfined Solution Method:  Bouwer-Rice

K  = 0.1393 m/day y0 = 0.05986 m
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APPENDIX C LABORATORY TRANSCRIPTS AND 
CHAIN OF CUSTODY FORMS





























































































































































































































































































































































































































































































































































ANALYTICAL REPORTANALYTICAL REPORT

10 May 201110 May 2011

Environmental Earth SciencesEnvironmental Earth Sciences
Level 1Level 1
98 Maribyrnong St98 Maribyrnong St
FOOTSCRAYFOOTSCRAY
VICVIC 30113011

Attention:Attention: David JamesDavid James

Your Reference:Your Reference: 210074 Albert Park Gas Works210074 Albert Park Gas Works
Report Number:Report Number: ME106119ME106119

SAMPLE TYPE:SAMPLE TYPE: 1 water1 water
SAMPLES RECEIVED:SAMPLES RECEIVED: 21/04/201121/04/2011
PRELIMINARY REPORT EMAILED:PRELIMINARY REPORT EMAILED: Not IssuedNot Issued

These samples were analysed in accordance with your written instructions.These samples were analysed in accordance with your written instructions.
A copy of the instructions is attached with the analytical report.A copy of the instructions is attached with the analytical report.

  
For and on behalf of:For and on behalf of:
SGS AUSTRALIA PTY LTDSGS AUSTRALIA PTY LTD

Business Manager:Business Manager: Sue DurukanSue Durukan Sue.Durukan@sgs.comSue.Durukan@sgs.com
Laboratory Manager:Laboratory Manager: Dr Aaron D. StottDr Aaron D. Stott Aaron.Stott@sgs.comAaron.Stott@sgs.com

This report has been authorised by the undersigned:This report has been authorised by the undersigned:
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PROJECT:PROJECT: 210074 Albert Park Gas Works210074 Albert Park Gas Works REPORT NO:REPORT NO: ME106119ME106119

VOC's in water - National list 
Our Reference: LOR UNITS ME106119-1
Your Reference --------- --------- Split 2

Date Sampled --------- --------- 19/04/2011
Sample Type

Container Type
Water

1 Lt p, 500ml 
A,4p, 125ml a, 

2 vials

Date Extracted 29/04/2011

Date Analysed 29/04/2011

Dichlorodifluoromethane
(CFC-12)

5 μg/L <5.0

Chloromethane 5 μg/L <5.0

Vinyl chloride 5 μg/L <5.0

Bromomethane 10 μg/L <10

Trichlorofluoromethane* 10 μg/L <10

Chloroethane 5 μg/L <5.0

1,1-Dichloroethene 0.5 μg/L <0.50

Carbon disulphide 0.5 μg/L <0.50

1,1,2-Trichlorotrifluoroethane
(CFC-113)

0.5 μg/L <0.50

Iodomethane 2 μg/L <2.0

Allyl chloride 0.5 μg/L <0.50

Methylene chloride (DCM) 5 μg/L <5.0

Acetone 10 μg/L <10

trans-1,2-Dichloroethene 0.5 μg/L <0.50

Methyl-tert-butyl ether 1 μg/L <1.0

1,1-Dichloroethane 0.5 μg/L <0.50

Acrylonitrile 2 μg/L <2.0

Vinyl acetate 10 μg/L <10

cis-1,2-Dichloroethene 0.5 μg/L <0.50

1,2-Dichloroethane 0.5 μg/L <0.50

2,2-Dichloropropane 0.5 μg/L <0.50

Bromochloromethane 0.5 μg/L <0.50

Chloroform 0.5 μg/L <0.50

Carbon tetrachloride 0.5 μg/L <0.50

1,1,1-Trichloroethane 0.5 μg/L <0.50

1,1-Dichloropropene 0.5 μg/L <0.50

2-Butanone (MEK) 10 μg/L <10

Benzene 0.5 μg/L <0.5

Trichloroethene 0.5 μg/L <0.50

Dibromomethane 0.5 μg/L <0.50

1,2-Dichloropropane 0.5 μg/L <0.50

Bromodichloromethane 0.5 μg/L <0.50
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PROJECT:PROJECT: 210074 Albert Park Gas Works210074 Albert Park Gas Works REPORT NO:REPORT NO: ME106119ME106119

VOC's in water - National list 
Our Reference: LOR UNITS ME106119-1
Your Reference --------- --------- Split 2

Date Sampled --------- --------- 19/04/2011
Sample Type

Container Type
Water

1 Lt p, 500ml 
A,4p, 125ml a, 

2 vials

cis-1,3-Dichloropropene 0.5 μg/L <0.50

Toluene 0.5 μg/L <0.5

Tetrachloroethene 0.5 μg/L 2.1

trans-1,3-Dichloropropene 0.5 μg/L <0.50

4-Methyl-2-pentanone (MIBK) 5 μg/L <5.0

1,1,2-Trichloroethane 0.5 μg/L <0.50

Dibromochloromethane 0.5 μg/L <0.50

1,3-Dichloropropane 0.5 μg/L <0.50

1,2-Dibromoethane (EDB) 0.5 μg/L <0.50

2-Hexanone (MBK) 5 μg/L <5.0

Chlorobenzene 0.5 μg/L <0.50

Ethylbenzene 0.5 μg/L <0.5

1,1,1,2-Tetrachloroethane 0.5 μg/L <0.50

meta- & para-Xylene 1 μg/L <1

ortho-Xylene 0.5 μg/L <0.5

Styrene 0.5 μg/L <0.50

Bromoform 0.5 μg/L <0.50

Isopropylbenzene 0.5 μg/L <0.50

cis-1,4-Dichloro-2-butene 0.5 μg/L <0.50

Bromobenzene 0.5 μg/L <0.50

Propylbenzene 0.5 μg/L <0.50

1,1,2,2-Tetrachloroethane 0.5 μg/L <0.50

2-Chlorotoluene 0.5 μg/L <0.50

1,3,5-Trimethylbenzene 0.5 μg/L <0.50

1,2,3-trichloropropane 0.5 μg/L <0.50

trans-1,4-Dichloro-2-butene 0.5 μg/L <0.50

4-Chlorotoluene 0.5 μg/L <0.50

tert-Butylbenzene 0.5 μg/L <0.50

1,2,4-Trimethylbenzene 0.5 μg/L <0.50

sec-Butylbenzene 0.5 μg/L <0.50

4-Isopropyltoluene 0.5 μg/L <0.50

1,3-Dichlorobenzene 0.5 μg/L <0.50

1,4-Dichlorobenzene 0.5 μg/L <0.50

n-Butylbenzene 0.5 μg/L <0.50

1,2-Dichlorobenzene 0.5 μg/L <0.50

1,2-Dibromo-3-chloropropane
(DBCP)

0.5 μg/L <0.50
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PROJECT:PROJECT: 210074 Albert Park Gas Works210074 Albert Park Gas Works REPORT NO:REPORT NO: ME106119ME106119

VOC's in water - National list 
Our Reference: LOR UNITS ME106119-1
Your Reference --------- --------- Split 2

Date Sampled --------- --------- 19/04/2011
Sample Type

Container Type
Water

1 Lt p, 500ml 
A,4p, 125ml a, 

2 vials

Hexachlorobutadiene 1 μg/L <1.0

1,2,4-Trichlorobenzene 0.5 μg/L <0.50

Naphthalene 0.5 μg/L <0.50

1,2,3-Trichlorobenzene 0.5 μg/L <0.50

Dibromofluoromethane
(Surrogate)

0 %
Recovery

113

1,2-Dichloroethane-d4
(Surrogate)

 0 %
recovery

110

Toluene-d8 (Surrogate)  0 %
recovery

111

4-Bromofluorobenzene
(Surrogate)

 0 %
recovery

96
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AN403 - TRH C6 - C9

Our Reference: LOR UNITS ME106119-1
Your Reference --------- --------- Split 2

Date Sampled --------- --------- 19/04/2011
Sample Type

Container Type
Water

1 Lt p, 500ml 
A,4p, 125ml a, 

2 vials

Date Extracted (C6 - C9) 29/04/2011

Date Analysed (C6 - C9) 29/04/2011

TRH C6 - C9 20 μg/L <20
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AN403 - TRH C10 - C36

Our Reference: LOR UNITS ME106119-1
Your Reference --------- --------- Split 2

Date Sampled --------- --------- 19/04/2011
Sample Type

Container Type
Water

1 Lt p, 500ml 
A,4p, 125ml a, 

2 vials

Date Extracted (C10 - 
C36)

28/04/2011

Date Analysed (C10 - 
C36)

28/04/2011

TRH C10 - C14 50 μg/L <50

TRH C15 - C28 100 μg/L 260

TRH C29 - C36 50 μg/L <50
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AN420 - PAHs in waters 
Our Reference: LOR UNITS ME106119-1
Your Reference --------- --------- Split 2

Date Sampled --------- --------- 19/04/2011
Sample Type

Container Type
Water

1 Lt p, 500ml 
A,4p, 125ml a, 

2 vials

Date Extracted 27/04/2011

Date Analysed 28/04/2011

Naphthalene 0.2 μg/L <0.20

Acenaphthylene 0.2 μg/L <0.20

Acenaphthene 0.2 μg/L <0.20

Fluorene 0.2 μg/L <0.20

Phenanthrene 0.2 μg/L <0.20

Anthracene 0.2 μg/L <0.20

Fluoranthene 0.2 μg/L <0.20

Pyrene 0.2 μg/L <0.20

Benz(a)anthracene 0.2 μg/L <0.20

Chrysene 0.2 μg/L <0.20

Benzo(b)fluoranthene 0.2 μg/L <0.20

Benzo(k)fluoranthene 0.2 μg/L <0.20

Benzo(a)pyrene 0.2 μg/L <0.20

Indeno(1,2,3-cd)pyrene 0.2 μg/L <0.20

Dibenz(a,h)anthracene 0.2 μg/L <0.20

Benzo(g,h,i)perylene 0.2 μg/L <0.2

Total PAHs 2 μg/L <2.00

2-Fluorobiphenyl (Surrogate) 0.1 %
Recovery

63

Anthracene-d10 (Surrogate) 0.1 %
Recovery

74

4-Terphenyl-d14 (Surrogate) 0.1 %
Recovery

76
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Inorganics
Our Reference: LOR UNITS ME106119-1
Your Reference --------- --------- Split 2

Date Sampled --------- --------- 19/04/2011
Sample Type

Container Type
Water

1 Lt p, 500ml 
A,4p, 125ml a, 

2 vials

Date Extracted 29/04/2011

Date Analysed 29/04/2011

Total Dissolved Solids 10 mg/L 920

Sulphide 0.1 mg/L 0.5

O-PO4 as P, Filtered 0.005 mg/L <0.005
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Hexavalent Chromium in Water 
Our Reference: LOR UNITS ME106119-1
Your Reference --------- --------- Split 2

Date Sampled --------- --------- 19/04/2011
Sample Type

Container Type
Water

1 Lt p, 500ml 
A,4p, 125ml a, 

2 vials

Date Extracted 29/03/2011

Date Analysed 29/03/2011

Hexavalent Chromium, Cr6+ 0.005 mg/L <0.005
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Cyanide in Water 
Our Reference: LOR UNITS ME106119-1
Your Reference --------- --------- Split 2

Date Sampled --------- --------- 19/04/2011
Sample Type

Container Type
Water

1 Lt p, 500ml 
A,4p, 125ml a, 

2 vials

Date Extracted 2/05/2011

Date Analysed 2/05/2011

Total Cyanide 0.005 mg/L 0.029

Free Cyanide 0.004 mg/L 0.016

Cyanide (WAD) 0.004 mg/L 0.009
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Cations / Anions 
Our Reference: LOR UNITS ME106119-1
Your Reference --------- --------- Split 2

Date Sampled --------- --------- 19/04/2011
Sample Type

Container Type
Water

1 Lt p, 500ml 
A,4p, 125ml a, 

2 vials

Date Extracted 28/04/2011

Date Analysed 28/04/2011

pH pH units 7.8

Alkalinity Bicarb CaCO3 2 mg/L 390

Alkalinity Carbonate  CaCO3 2 mg/L <2

Total Alkalinity  as CaCO3 2 mg/L 390

Sulphate as SO4 2 mg/L 200

Chloride 2 mg/L 300

Nitrate as N 0.010 mg/L <0.010

Nitrite as N 0.003 mg/L 0.005

Fluoride 0.1 mg/L 1.1

Calcium 0.1 mg/L 32

Magnesium 0.1 mg/L 24

Sodium 0.1 mg/L 240

Potassium 0.2 mg/L 6.8
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 Trace HM (ICP-MS)-Dissolved 
Our Reference: LOR UNITS ME106119-1
Your Reference --------- --------- Split 2

Date Sampled --------- --------- 19/04/2011
Sample Type

Container Type
Water

1 Lt p, 500ml 
A,4p, 125ml a, 

2 vials

Date Extracted (Metals-ICPMS) 29/04/2011

Date Analysed (Metals-ICPMS) 29/04/2011

Aluminium 1 μg/L 41

Arsenic 1 μg/L 190

Cadmium 0.1 μg/L <0.1

Copper 1 μg/L <1

Iron 5 μg/L 590

Lead 1 μg/L <1

Nickel 1 μg/L 9

Zinc 1 μg/L 3

Cobalt 1 μg/L <1

Selenium 2 μg/L <2

Boron 1 μg/L 700

Manganese 1 μg/L 190
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Mercury Cold Vapor/Hg 
Analyser

Our Reference: LOR UNITS ME106119-1
Your Reference --------- --------- Split 2

Date Sampled --------- --------- 19/04/2011
Sample Type

Container Type
Water

1 Lt p, 500ml 
A,4p, 125ml a, 

2 vials

Date Extracted (Mercury) 29/04/2011

Date Analysed (Mercury) 29/04/2011

Mercury (Dissolved) 0.0005 mg/L <0.0005
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Method ID Methodology Summary

  AN434  The analysis of VOC compounds in soils, sediments, sludges and waters by gas chromatography with mass 
spectrometric (GCMS) detection based on USEPA SW-846 method 8260B.

  AN403 The analysis of C6 - C9  TRH compounds in soils, sediments, sludges and waters by gas 
chromatography with mass spectrometric (GC/MS) detection based on USEPA SW-846 method 8260B.
The analysis of C10 - C40 TRH compounds in soils, sediments, sludges and waters by gas 
chromatography with flame ionisation (GC/FID) detection based on USEPA SW-846 method 8015C.

  AN420 The analysis of SVOC including OC, OP, PCB, Herbicides, PAH, Phthalates and Speciated Phenols  by GC/MS 
based on USEPA Method 8270C.

  AN113 Determination of total solids (TS), total dissolved solids (TDS) and volatile solids (VS) by gravimetic analysis, 
based on APHA Methods 2540B, 2540C, 2540E & 2540G.

  AN149 Sulphide - determined titrimetrically using an iodometric titration following a zinc acetate treatment to overcome 
interferences. Based on APHA 20th ED, 4500-S2-F.

  AN278

  AN201 Hexavalent Chromium (Cr6+) - water sample is filtered and determined by colourimetric technique. Soil 
sample is extracted by hot alkali leach, the resulting leachate is then neutralised and analysed by colourimetric 
technique, based on USEPA 3060A.

  AN154 Cyanide is analysed by discrete analyser. Reference APHA 4500-CN-C/E.

  AN101 pH - Measured using  pH meter and electrode in accordance with APHA 20th ED, 4500-H+. 

  AN135 The determination of  Total, Bicarbonate, Carbonate & Hydroxide Alkalinity in potable & ground waterr, 
sewage, trade waste & saline water, in accordance with APHA 21th ED, Section 4500-H+ B & Section 2320 
B.

  AN245 Determination of Chloride, Sulphate, Nitrate & Nitrite by Ion Chromatography, based on APHA method 4110C & 
4110Cl A

  AN277 Nitrite as N- determined by colourimetric technique using discrete analyser. Based in APHA 21st Edition, 
4500-Norg D/USEPA 351.2.

  ANA-014 Fluoride - Determined potentiometrically by ion-selective electrode.

  AN320 Determination of elements by ICP-OES following appropriate sample preparation & digestion. 

  AN318 Determination of elements at trace levels in waters by ICP-MS. Method based on USEPA 6020A

  SEM-005 Determination of Mercury by Cold Vapour AAS following appropriate sample preparation & digestion. Based 
on APHA 21st Edition, 3112B. 
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PROJECT:PROJECT: 210074 Albert Park Gas Works210074 Albert Park Gas Works REPORT NO:REPORT NO: ME106119ME106119
QUALITY CONTROL UNITS LOR METHOD Blank Duplicate

Sm#
Duplicate Spike Sm# Matrix Spike % 

Recovery
VOC's in water - 

National list 
%RPD %RPD

Date Extracted 29/04/20
11

[NT] [NT] LCS 29/04/2011

Date Analysed 29/04/20
11

[NT] [NT] LCS 29/04/2011

Dichlorodifluoromethane
(CFC-12)

μg/L 5 AN434 <5.0 [NT] [NT] LCS 105%

Chloromethane μg/L 5 AN434 <5.0 [NT] [NT] LCS 123%

Vinyl chloride μg/L 5 AN434 <5.0 [NT] [NT] LCS 100%

Bromomethane μg/L 10 AN434 <10 [NT] [NT] LCS 107%

Trichlorofluoromethane* μg/L 10 AN434 <10 [NT] [NT] LCS 132%

Chloroethane μg/L 5 AN434 <5.0 [NT] [NT] LCS 127%

1,1-Dichloroethene μg/L 0.5 AN434 <0.50 [NT] [NT] LCS 107%

Carbon disulphide μg/L 0.5 AN434 <0.50 [NT] [NT] LCS 121%

1,1,2-Trichlorotrifluoroet
hane (CFC-113)

μg/L 0.5 AN434 <0.50 [NT] [NT] LCS 117%

Iodomethane μg/L 2 AN434 <2.0 [NT] [NT] LCS 61%

Allyl chloride μg/L 0.5 AN434 <0.50 [NT] [NT] LCS 118%

Methylene chloride 
(DCM)

μg/L 5 AN434 <5.0 [NT] [NT] LCS 115%

Acetone μg/L 10 AN434 <10 [NT] [NT] LCS 108%

trans-1,2-Dichloroethene μg/L 0.5 AN434 <0.50 [NT] [NT] LCS 124%

Methyl-tert-butyl ether μg/L 1 AN434 <1.0 [NT] [NT] LCS 106%

1,1-Dichloroethane μg/L 0.5 AN434 <0.50 [NT] [NT] LCS 115%

Acrylonitrile μg/L 2 AN434 <2.0 [NT] [NT] LCS 127%

Vinyl acetate μg/L 10 AN434 <10 [NT] [NT] LCS 117%

cis-1,2-Dichloroethene μg/L 0.5 AN434 <0.50 [NT] [NT] LCS 102%

1,2-Dichloroethane μg/L 0.5 AN434 <0.50 [NT] [NT] LCS 105%

2,2-Dichloropropane μg/L 0.5 AN434 <0.50 [NT] [NT] LCS 115%

Bromochloromethane μg/L 0.5 AN434 <0.50 [NT] [NT] LCS 104%

Chloroform μg/L 0.5 AN434 <0.50 [NT] [NT] LCS 118%

Carbon tetrachloride μg/L 0.5 AN434 <0.50 [NT] [NT] LCS 120%

1,1,1-Trichloroethane μg/L 0.5 AN434 <0.50 [NT] [NT] LCS 118%

1,1-Dichloropropene μg/L 0.5 AN434 <0.50 [NT] [NT] LCS 117%

2-Butanone (MEK) μg/L 10 AN434 <10 [NT] [NT] LCS 101%

Benzene μg/L 0.5 AN434 <0.5 [NT] [NT] LCS 107%

Trichloroethene μg/L 0.5 AN434 <0.50 [NT] [NT] LCS 107%

Dibromomethane μg/L 0.5 AN434 <0.50 [NT] [NT] LCS 100%

1,2-Dichloropropane μg/L 0.5 AN434 <0.50 [NT] [NT] LCS 104%

Bromodichloromethane μg/L 0.5 AN434 <0.50 [NT] [NT] LCS 93%

cis-1,3-Dichloropropene μg/L 0.5 AN434 <0.50 [NT] [NT] LCS 84%

Toluene μg/L 0.5 AN434 <0.5 [NT] [NT] LCS 108%

Tetrachloroethene μg/L 0.5 AN434 <0.50 [NT] [NT] LCS 102%
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PROJECT:PROJECT: 210074 Albert Park Gas Works210074 Albert Park Gas Works REPORT NO:REPORT NO: ME106119ME106119
QUALITY CONTROL UNITS LOR METHOD Blank Duplicate

Sm#
Duplicate Spike Sm# Matrix Spike % 

Recovery
VOC's in water - 

National list 
%RPD %RPD

trans-1,3-Dichloropropen
e

μg/L 0.5 AN434 <0.50 [NT] [NT] LCS 91%

4-Methyl-2-pentanone
(MIBK)

μg/L 5 AN434 <5.0 [NT] [NT] LCS 96%

1,1,2-Trichloroethane μg/L 0.5 AN434 <0.50 [NT] [NT] LCS 104%

Dibromochloromethane μg/L 0.5 AN434 <0.50 [NT] [NT] LCS 85%

1,3-Dichloropropane μg/L 0.5 AN434 <0.50 [NT] [NT] LCS 99%

1,2-Dibromoethane
(EDB)

μg/L 0.5 AN434 <0.50 [NT] [NT] LCS 93%

2-Hexanone (MBK) μg/L 5 AN434 <5.0 [NT] [NT] LCS 91%

Chlorobenzene μg/L 0.5 AN434 <0.50 [NT] [NT] LCS 112%

Ethylbenzene μg/L 0.5 AN434 <0.5 [NT] [NT] LCS 112%

1,1,1,2-Tetrachloroethan
e

μg/L 0.5 AN434 <0.50 [NT] [NT] LCS 98%

meta- & para-Xylene μg/L 1 AN434 <1 [NT] [NT] LCS 110%

ortho-Xylene μg/L 0.5 AN434 <0.5 [NT] [NT] LCS 97%

Styrene μg/L 0.5 AN434 <0.50 [NT] [NT] LCS 100%

Bromoform μg/L 0.5 AN434 <0.50 [NT] [NT] LCS 117%

Isopropylbenzene μg/L 0.5 AN434 <0.50 [NT] [NT] LCS 108%

cis-1,4-Dichloro-2-buten
e

μg/L 0.5 AN434 <0.50 [NT] [NT] LCS 78%

Bromobenzene μg/L 0.5 AN434 <0.50 [NT] [NT] LCS 104%

Propylbenzene μg/L 0.5 AN434 <0.50 [NT] [NT] LCS 117%

1,1,2,2-Tetrachloroethan
e

μg/L 0.5 AN434 <0.50 [NT] [NT] LCS 112%

2-Chlorotoluene μg/L 0.5 AN434 <0.50 [NT] [NT] LCS 105%

1,3,5-Trimethylbenzene μg/L 0.5 AN434 <0.50 [NT] [NT] LCS 109%

1,2,3-trichloropropane μg/L 0.5 AN434 <0.50 [NT] [NT] LCS 107%

trans-1,4-Dichloro-2-but
ene

μg/L 0.5 AN434 <0.50 [NT] [NT] LCS 93%

4-Chlorotoluene μg/L 0.5 AN434 <0.50 [NT] [NT] LCS 106%

tert-Butylbenzene μg/L 0.5 AN434 <0.50 [NT] [NT] LCS 109%

1,2,4-Trimethylbenzene μg/L 0.5 AN434 <0.50 [NT] [NT] LCS 107%

sec-Butylbenzene μg/L 0.5 AN434 <0.50 [NT] [NT] LCS 117%

4-Isopropyltoluene μg/L 0.5 AN434 <0.50 [NT] [NT] LCS 107%

1,3-Dichlorobenzene μg/L 0.5 AN434 <0.50 [NT] [NT] LCS 109%

1,4-Dichlorobenzene μg/L 0.5 AN434 <0.50 [NT] [NT] LCS 108%

n-Butylbenzene μg/L 0.5 AN434 <0.50 [NT] [NT] LCS 116%

1,2-Dichlorobenzene μg/L 0.5 AN434 <0.50 [NT] [NT] LCS 104%

1,2-Dibromo-3-chloropro
pane (DBCP)

μg/L 0.5 AN434 <0.50 [NT] [NT] LCS 85%

Hexachlorobutadiene μg/L 1 AN434 <1.0 [NT] [NT] LCS 115%

1,2,4-Trichlorobenzene μg/L 0.5 AN434 <0.50 [NT] [NT] LCS 87%
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PROJECT:PROJECT: 210074 Albert Park Gas Works210074 Albert Park Gas Works REPORT NO:REPORT NO: ME106119ME106119
QUALITY CONTROL UNITS LOR METHOD Blank Duplicate

Sm#
Duplicate Spike Sm# Matrix Spike % 

Recovery
VOC's in water - 

National list 
%RPD %RPD

Naphthalene μg/L 0.5 AN434 <0.50 [NT] [NT] LCS 76%

1,2,3-Trichlorobenzene μg/L 0.5 AN434 <0.50 [NT] [NT] LCS 91%

Dibromofluoromethane
(Surrogate)

%
Recover

y

0 AN434 115 [NT] [NT] LCS 105%

1,2-Dichloroethane-d4
(Surrogate)

%
recover

y

 0 AN434 113 [NT] [NT] LCS 108%

Toluene-d8 (Surrogate) %
recover

y

 0 AN434 119 [NT] [NT] LCS 113%

4-Bromofluorobenzene
(Surrogate)

%
recover

y

 0 AN434 110 [NT] [NT] LCS 110%

QUALITY CONTROL UNITS LOR METHOD Blank Duplicate
Sm#

Duplicate Spike Sm# Matrix Spike % 
Recovery

AN403 - TRH C6 - 
C9

%RPD %RPD

Date Extracted (C6 - 
C9)

29/04/20
11

[NT] [NT] LCS 29/04/2011

Date Analysed (C6 - 
C9)

29/04/20
11

[NT] [NT] LCS 29/04/2011

TRH C6 - C9 μg/L 20 AN403 <20 [NT] [NT] LCS 97%

QUALITY CONTROL UNITS LOR METHOD Blank Duplicate
Sm#

Duplicate Spike Sm# Matrix Spike % 
Recovery

AN403 - TRH C10 - 
C36

%RPD %RPD

Date Extracted (C10 - 
C36)

28/04/20
11

[NT] [NT] LCS 28/04/2011

Date Analysed (C10 - 
C36)

28/04/20
11

[NT] [NT] LCS 28/04/2011

TRH C10 - C14 μg/L 50 AN403 <50 [NT] [NT] LCS 82%

TRH C15 - C28 μg/L 100 AN403 <100 [NT] [NT] LCS 87%

TRH C29 - C36 μg/L 50 AN403 <50 [NT] [NT] LCS 82%
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PROJECT:PROJECT: 210074 Albert Park Gas Works210074 Albert Park Gas Works REPORT NO:REPORT NO: ME106119ME106119
QUALITY CONTROL UNITS LOR METHOD Blank Duplicate

Sm#
Duplicate Spike Sm# Matrix Spike % 

Recovery
AN420 - PAHs in waters %RPD %RPD

Date Extracted 27/04/20
11

[NT] [NT] LCS 27/04/2011

Date Analysed 28/04/20
11

[NT] [NT] LCS 28/04/2011

Naphthalene μg/L 0.2 AN420 <0.20 [NT] [NT] LCS 82%

Acenaphthylene μg/L 0.2 AN420 <0.20 [NT] [NT] LCS 81%

Acenaphthene μg/L 0.2 AN420 <0.20 [NT] [NT] LCS 81%

Fluorene μg/L 0.2 AN420 <0.20 [NT] [NT] LCS 81%

Phenanthrene μg/L 0.2 AN420 <0.20 [NT] [NT] LCS 81%

Anthracene μg/L 0.2 AN420 <0.20 [NT] [NT] LCS 82%

Fluoranthene μg/L 0.2 AN420 <0.20 [NT] [NT] LCS 82%

Pyrene μg/L 0.2 AN420 <0.20 [NT] [NT] LCS 82%

Benz(a)anthracene μg/L 0.2 AN420 <0.20 [NT] [NT] LCS 80%

Chrysene μg/L 0.2 AN420 <0.20 [NT] [NT] LCS 110%

Benzo(b)fluoranthene μg/L 0.2 AN420 <0.20 [NT] [NT] LCS 84%

Benzo(k)fluoranthene μg/L 0.2 AN420 <0.20 [NT] [NT] LCS 88%

Benzo(a)pyrene μg/L 0.2 AN420 <0.20 [NT] [NT] LCS 85%

Indeno(1,2,3-cd)pyrene μg/L 0.2 AN420 <0.20 [NT] [NT] LCS 107%

Dibenz(a,h)anthracene μg/L 0.2 AN420 <0.20 [NT] [NT] LCS 110%

Benzo(g,h,i)perylene μg/L 0.2 AN420 <0.2 [NT] [NT] LCS 109%

Total PAHs μg/L 2 AN420 <2.00 [NT] [NT] [NR] [NR]

2-Fluorobiphenyl
(Surrogate)

%
Recover

y

0.1 AN420 62 [NT] [NT] LCS 76%

Anthracene-d10
(Surrogate)

%
Recover

y

0.1 AN420 69 [NT] [NT] LCS 80%

4-Terphenyl-d14
(Surrogate)

%
Recover

y

0.1 AN420 75 [NT] [NT] LCS 81%
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PROJECT:PROJECT: 210074 Albert Park Gas Works210074 Albert Park Gas Works REPORT NO:REPORT NO: ME106119ME106119
QUALITY CONTROL UNITS LOR METHOD Blank Duplicate

Sm#
Duplicate Spike Sm# Matrix Spike % 

Recovery
Inorganics %RPD %RPD

Date Extracted 29/4/201
1

[NT] [NT] LCS 29/4/2011

Date Analysed 29/4/201
1

[NT] [NT] LCS 29/4/2011

Total Dissolved Solids mg/L 10 AN113 <10 [NT] [NT] LCS 110%

Sulphide mg/L 0.1 AN149 <0.5 [NT] [NT] LCS 90%

O-PO4 as P, Filtered mg/L 0.005 AN278 <0.005 [NT] [NT] LCS 89%

QUALITY CONTROL UNITS LOR METHOD Blank Duplicate
Sm#

Duplicate Spike Sm# Matrix Spike % 
Recovery

Hexavalent Chromium in 
Water

%RPD %RPD

Date Extracted 29/04/20
11

[NT] [NT] LCS 29/04/2011

Date Analysed 29/04/20
11

[NT] [NT] LCS 29/04/2011

Hexavalent Chromium, 
Cr6+

mg/L 0.005 AN201 <0.005 [NT] [NT] LCS 97%

QUALITY CONTROL UNITS LOR METHOD Blank Duplicate
Sm#

Duplicate Spike Sm# Matrix Spike % 
Recovery

Cyanide in Water %RPD %RPD

Date Extracted 02/05/20
11

[NT] [NT] LCS 02/05/2011

Date Analysed 02/05/20
11

[NT] [NT] LCS 02/05/2011

Total Cyanide mg/L 0.005 <0.005 [NT] [NT] LCS 88%

Free Cyanide mg/L 0.004 AN154 <0.004 [NT] [NT] LCS 88%

Cyanide (WAD) mg/L 0.004 AN154 <0.004 [NT] [NT] LCS 88%

QUALITY CONTROL UNITS LOR METHOD Blank Duplicate
Sm#

Duplicate Spike Sm# Matrix Spike % 
Recovery

Cations / Anions %RPD %RPD

Date Extracted 28/04/20
11

[NT] [NT] LCS 22/4/11

Date Analysed 28/04/20
11

[NT] [NT] LCS 22/4/11

pH pH units AN101 [NT] [NT] [NT] [NR] [NR]

Alkalinity Bicarb 
CaCO3

mg/L 2 AN135 <2 [NT] [NT] LCS 93%

Alkalinity Carbonate
CaCO3

mg/L 2 AN135 <2 [NT] [NT] LCS 93%

Total Alkalinity  as 
CaCO3

mg/L 2 AN135 <2 [NT] [NT] LCS 93%

Sulphate as SO4 mg/L 2 AN245 <2 [NT] [NT] LCS 100%

Chloride mg/L 2 AN245 <2 [NT] [NT] LCS 101%

Page 19 of  22Page 19 of  22



PROJECT:PROJECT: 210074 Albert Park Gas Works210074 Albert Park Gas Works REPORT NO:REPORT NO: ME106119ME106119
QUALITY CONTROL UNITS LOR METHOD Blank Duplicate

Sm#
Duplicate Spike Sm# Matrix Spike % 

Recovery
Cations / Anions %RPD %RPD

Nitrate as N mg/L 0.010 AN245 <0.010 [NT] [NT] LCS 88%

Nitrite as N mg/L 0.003 AN277 <0.003 [NT] [NT] LCS 92%

Fluoride mg/L 0.1 ANA-014 <0.1 [NT] [NT] LCS 103%

Calcium mg/L 0.1 AN320 <0.1 [NT] [NT] LCS 102%

Magnesium mg/L 0.1 AN320 <0.1 [NT] [NT] LCS 100%

Sodium mg/L 0.1 AN320 <0.1 [NT] [NT] LCS 110%

Potassium mg/L 0.2 AN320 <0.2 [NT] [NT] LCS 107%

QUALITY CONTROL UNITS LOR METHOD Blank Duplicate
Sm#

Duplicate Spike Sm# Matrix Spike % 
Recovery

 Trace HM 
(ICP-MS)-Dissolved

%RPD %RPD

Date Extracted 
(Metals-ICPMS)

29/04/20
11

[NT] [NT] LCS 29/04/2011

Date Analysed 
(Metals-ICPMS)

29/04/20
11

[NT] [NT] LCS 29/04/2011

Aluminium μg/L 1 AN318 <1 [NT] [NT] LCS 101%

Arsenic μg/L 1 AN318 <1 [NT] [NT] LCS 100%

Cadmium μg/L 0.1 AN318 <0.1 [NT] [NT] LCS 106%

Copper μg/L 1 AN318 <1 [NT] [NT] LCS 100%

Iron μg/L 5 AN318 <5 [NT] [NT] LCS 105%

Lead μg/L 1 AN318 <1 [NT] [NT] LCS 108%

Nickel μg/L 1 AN318 <1 [NT] [NT] LCS 103%

Zinc μg/L 1 AN318 <1 [NT] [NT] LCS 97%

Cobalt μg/L 1 AN318 <1 [NT] [NT] LCS 103%

Selenium μg/L 2 AN318 <2 [NT] [NT] LCS 99%

Boron μg/L 1 AN318 <1 [NT] [NT] LCS 104%

Manganese μg/L 1 AN318 <1 [NT] [NT] LCS 105%
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QUALITY CONTROL UNITS LOR METHOD Blank Duplicate

Sm#
Duplicate Spike Sm# Matrix Spike % 

Recovery
Mercury Cold Vapor/Hg 

Analyser
%RPD %RPD

Date Extracted 
(Mercury)

29/04/20
11

[NT] [NT] LCS 29/04/2011

Date Analysed 
(Mercury)

29/04/20
11

[NT] [NT] LCS 29/04/2011

Mercury (Dissolved) mg/L 0.0005 SEM-005 <0.0005 [NT] [NT] LCS 104%
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Result CodesResult Codes
[INS][INS] :: Insufficient Sample for this testInsufficient Sample for this test [RPD]   :   Relative Percentage Difference[RPD]   :   Relative Percentage Difference
[NR][NR] :: Not RequestedNot Requested *           :*           : Not part of NATA AccreditationNot part of NATA Accreditation
[NT][NT] :: Not testedNot tested [N/A]    :   Not Applicable[N/A]    :   Not Applicable

Report CommentsReport Comments
Hexavalent Cr, Cyanide and metals were all analysed in SGS Sydney, report no: SE87258Hexavalent Cr, Cyanide and metals were all analysed in SGS Sydney, report no: SE87258
NATA Corporate Accreditation No. 2562, Site No 2076NATA Corporate Accreditation No. 2562, Site No 2076

Note: Test results are not corrected for recovery (excluding Dioxins/Furans* and PAH in XAD and PUF).Note: Test results are not corrected for recovery (excluding Dioxins/Furans* and PAH in XAD and PUF).
This document is issued by the Company subject to its General Conditions of Service (www.sgs.com/terms_and_conditions.htm). Attention is drawn This document is issued by the Company subject to its General Conditions of Service (www.sgs.com/terms_and_conditions.htm). Attention is drawn 
to the limitations of liability, indemnification and jurisdictional issues established therein. to the limitations of liability, indemnification and jurisdictional issues established therein. 

This document is to be treated as an original within the meaning of UCP 600. Any holder of this document is advised that information contained This document is to be treated as an original within the meaning of UCP 600. Any holder of this document is advised that information contained 
hereon reflects the Company's findings at the time of its intervention only and within the limits of client's instructions, if any. hereon reflects the Company's findings at the time of its intervention only and within the limits of client's instructions, if any. 
The Company's sole responsibility is to its Client and this document does not exonerate parties to a transaction from exercising all their rights and The Company's sole responsibility is to its Client and this document does not exonerate parties to a transaction from exercising all their rights and 
obligations under the transaction documents. Any unauthorized alteration, forgery or falsification of the content or appearance of this document is obligations under the transaction documents. Any unauthorized alteration, forgery or falsification of the content or appearance of this document is 
unlawful and offenders may be prosecuted to the fullest extent of the law. unlawful and offenders may be prosecuted to the fullest extent of the law. 

Quality Control ProtocolQuality Control Protocol
Method Blank:  An analyte free matrix to which all reagents are added in the same volume or proportions as used in sample processing. 
The method blank should be carried through the complete sample preparation and analytical procedure. A method blank is prepared every The method blank should be carried through the complete sample preparation and analytical procedure. A method blank is prepared every 
20 samples.20 samples.
Duplicate: A separate portion of a sample being analysed that is treated the same as the other samples in the batch. One duplicate is 
processed at least every 10 samples.processed at least every 10 samples.
Surrogate Spike: An organic compound which is similar to the target analyte(s) in chemical composition and behavior in the analytical 
process, but which is not normally found in environmental samples. Surrogates are added to samples before extraction to monitor extraction process, but which is not normally found in environmental samples. Surrogates are added to samples before extraction to monitor extraction 
efficiency and percent recovery in each sample.efficiency and percent recovery in each sample.
Internal Standard: Added to all samples requiring analysis for organics (where relevant) or metals by ICP after the extraction/digestion 
process; the compounds/elements serve to give a standard of retention time and/or response, which is invariant from run-to-run with process; the compounds/elements serve to give a standard of retention time and/or response, which is invariant from run-to-run with 
the instruments.the instruments.
Laboratory Control Sample: A known matrix spiked with compound(s) representative of the target analytes. It is used to document 
laboratory performance. When the results of the matrix spike analysis indicates a potential problem due to the sample matrix itself, the LCS laboratory performance. When the results of the matrix spike analysis indicates a potential problem due to the sample matrix itself, the LCS 
results are used to verify that the laboratory can perform the analysis in a clean matrix.results are used to verify that the laboratory can perform the analysis in a clean matrix.
Matrix Spike: An aliquot of sample spiked with a known concentration of target analyte(s). The spiking occurs prior to sample preparation 
and analysis. A matrix spike is used to document the bias of a method in a given sample matrix.and analysis. A matrix spike is used to document the bias of a method in a given sample matrix.

Quality Acceptance CriteriaQuality Acceptance Criteria
Unless otherwise specified in the test method, the following general acceptance criteria apply:Unless otherwise specified in the test method, the following general acceptance criteria apply:

Method Blanks:            <LORMethod Blanks:            <LOR
Duplicates:                   <5 x LOR: No RPD criteria applied.Duplicates:                   <5 x LOR: No RPD criteria applied.
                                     >5 x LOR: 0-30% RPD is accepted.                                     >5 x LOR: 0-30% RPD is accepted.
LCS’s:                           Determined by Control Charts. LCS’s:                           Determined by Control Charts. 
                                     Where control charts have not been developed, the Matrix Spikes criteria apply.                                     Where control charts have not been developed, the Matrix Spikes criteria apply.
Matrix Spikes:             70-130% recovery is accepted for metals / inorganics.Matrix Spikes:             70-130% recovery is accepted for metals / inorganics.
                                   60-140% is accepted for organics.                                   60-140% is accepted for organics.
Surrogates:                60-130% recovery is accepted for BTEX.Surrogates:                60-130% recovery is accepted for BTEX.
                                  70-130% recovery is accepted for other organics.                                  70-130% recovery is accepted for other organics.
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1 INTRODUCTION AND BACKGROUND 
 

1.1 Introduction 
The aim of a quality control and quality assurance (QA/QC) is to deliver data that is: 

 representative of what is sampled; 

 precise; 

 accurate; and 

 reproducible. 
 
As investigations involve both field and laboratory QA/QC, these are similarly divided.  The 
objective of this document is to evaluate and identify the data quality objectives (DQOs) and 
the data quality indicators (DQIs), which are used to assess whether the DQOs have been 
met. 
 
All surface water, groundwater and soil sampling procedures to be followed are described in 
full in the Soil, gas and groundwater sampling manual (Environmental Earth Sciences Pty Ltd 
2009).  This document should be referred to for field procedures, sampling and conveyance.  
Copies are available for inspection if required. 
 
The Victorian guideline documents used in the evaluation of the data set for this investigation 
are: 

Australian and New Zealand Environment and Conservation Council 1992, Australian and 
New Zealand Guidelines for the assessment and management of contaminated sites, 
Australia and New Zealand Environment Council, National Health and Medical 
Research Council, Melbourne, VIC; 

EPA Victoria 2009, Industrial Waste Resource Guidelines (IWRG) Publication IWRG701, 
sampling and analysis of waters, wastewaters, soils and wastes; 

EPA Victoria 2000, Publication 669, Groundwater sampling guidelines, EPA VIC, Southbank, 
VIC; 

National Environment Protection Council (NEPC) 1999, National environment protection 
(assessment of site contamination) measure, National Environment Protection Council, 
Adelaide, SA; 

Standards Australia 2005, Guide to the sampling and investigation of potentially 
contaminated soil, Part 1: Non-volatile and semi-volatile compounds, (AS 4482.1), 
Standards Australia, Homebush, NSW; and 

Standards Australia 1999, Guide to the sampling and investigation of potentially 
contaminated soil, Part 2: Volatile substances, (AS 4482.2), Standards Australia, 
Homebush, NSW. 

 
Data quality is typically discussed in terms of precision, accuracy, representativeness, 
comparability and completeness.  These are referred to as the PARCC parameters.  The 
PARCC (and additional QA) parameters are discussed within this report. 
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The following items form part of the QA/QC appendix: 

 repeatability; 

 precision; 

 accuracy; 

 representativeness; 

 completeness; 

 comparability; 

 sensitivity; 

 holding times; 

 blanks; and 

 procedures for anomalous samples and confirmation checking. 
 

1.2 Background
The terms “quality assurance” and “quality control” are often confused.  In any program, 
quality control is required before assurance can be put in place.  With respect to laboratory 
analysis activities, these terms are defined as follows: 
 
Quality Assurance: “All the planned and systematic activities implemented within the quality 
system and demonstrated as needed to provide adequate confidence that an entity will fulfil 
requirements for quality”. (ISO 8402-1995) 
 
This encompasses all actions, procedures, checks and decisions undertaken to ensure the 
accuracy and reliability of analysis results.  It includes routine procedures which ensure 
proper sample control, data transfer, instrument calibration, the decisions required to select 
and properly train staff, select equipment and analytical methods, and the day to day 
judgements resulting from regular scrutiny and maintenance of the laboratory system. 
 
Quality Control: “The operational techniques and activities that are used to fulfil the 
requirements for quality”. (ISO 8402-1995) 
 
These are the components of QA which serve to monitor and measure the effectiveness of 
other QA procedures by comparison with previously decided objectives.  They include 
measurement of the quality of reagents, cleanliness of apparatus, accuracy and precision of 
methods and instrumentation, and reliability of all of these factors as implemented in a given 
laboratory from day to day. 
 
A complete discussion of either of these terms or the steps for implementing them is beyond 
the scope of this document.  It is widely recognised, however, that adoption of sound 
laboratory QA and QC procedures is essential and readers are referred to documentation 
available from the National Association of Testing Authorities (NATA), if further information is 
required. 
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2 DATA QUALITY OBJECTIVES
 
Development of data quality objectives (DQOs) for each project is a requirement of the 
NEPC 1999.  This is based on a DQO process formulated by the USEPA for contaminated 
land assessment and remediation.  This has not been formally adopted by the EPA Victoria, 
or the contaminated land industry, however, it provides sound guidance for a consistent 
approach in understanding site assessment and remediation.  Many environmental 
practitioners are now following this process. 
 
The DQO process is defined by seven steps.  Each of these steps has been given due 
consideration in the undertaking of this project.  In brief, these steps are: 
Step 1: State the problem and establish the DQO team. 
Step 2:  Determine the possible and probable actions that will resolve the problems. 
Step 3:  Identify the informational inputs to assist in the problem resolution. 
Step 4:  Define the boundaries of the study (geographical, temporal, etc). 
Step 5:  Develop and define decision rules. 
Step 6:  Specify tolerable limits to reduce probability of incorrect decisions. 
Step 7:  Ensure the quality of the information obtained. 
 
Step 1  State the problem 
The problem is that the site has been used for industrial land-use and the potential exists for 
soil and groundwater contamination to have occurred during this time.  The objectives of this 
groundwater investigation were to gain a further understanding of hydrogeological and hydro 
geochemical data related to the site.  The data and observations noted during this 
groundwater investigation will assist to address the higher risk issues identified at the site. 
 
Step 2  Identify the decision 
These works have been commissioned to to address the higher risk issues identified at the 
site.  A decision is required on what management action is necessary (if any) to ensure the 
site becomes or remains suitable for its intended use.  If the site is deemed not to be suitable 
for its intended use, direction will be given to determine what is considered by Environmental 
Earth Sciences VIC to be the most suitable path for making the site suitable. 
 
Step 3  Identify the inputs to the decision 
The study inputs included a, review of environmental investigations undertaken at the site, 
data from groundwater investigation undertaken at the site, and reference to published 
criteria to assist the decision-making process. 
 
Step 4  Define the study boundaries 
The physical boundary of the study area is defined in Section 3 of the report and Figure 2 
and 3. 
 
Step 5  Develop and define decision rules 
All analytical data will be compared and evaluated against appropriate published criteria.  
The State Environment Protection Policy Groundwaters of Victoria (SEPP (1997) GoV) 
provides the framework for the protection of groundwater and associated beneficial uses 
throughout Victoria.  The policy allows for a consistent approach to the prevention of 
contamination of groundwater and clean-up of pollution of groundwater throughout Victoria 
and sets environmental quality indicators and objectives for each beneficial use.   
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The SEPP (1997) GoV defines certain aquifer categories based on salinity reported as total 
dissolved salts (TDS) and associated beneficial uses to be protected.  In addition, where the 
SEPP GoV does not specify contaminant limits, the ANZECC/ ARMCANZ (2000) Australian
and New Zealand guidelines for fresh and marine water quality and NEPM (1999) 
Groundwater investigation levels (GILs) are consulted.  In Victoria, the NEPM levels are 
generally used in preference to ANZECC/ ARMCANZ criteria for all beneficial uses other 
than ecological receptors.  The NEPM HIL’s presented within Schedule B(1) Table 5-B are 
essentially based on the ANZECC 1992 Australian water quality guidelines for fresh and 
marine waters. 
 
Step 6  Specify tolerable limits on decision errors 
Acceptable limits for field data analysis (relative percent differences for primary and duplicate 
results) are between 50 and 150 percent (depending on the origin of the sample and volatility 
of the chemicals present).  These are summarised in Table 2 as the measurement data 
quality indicators (MDQIs), which will be used to establish whether the DQOs have been met. 
 
Acceptable limits for field data analysis (relative percent differences for primary and duplicate 
results) are between 50 and 150 percent (depending on the origin of the sample and volatility 
of the chemicals present).  Acceptable limits for laboratory duplicate analysis may be 
affected by the volatility of the chemicals present and will be set based on site specific 
information such as background concentrations.  These are summarised in Table 2 as the 
measurement data quality indicators (MDQIs), which will be used to establish whether the 
DQOs have been met. 
 
Most of the procedures in the NEPM (1999) have risk probabilities associated with allowable 
error margins incorporated into them.  It is therefore proposed that no further "tolerable limits" 
be investigated at this stage of the project. 
 
Step 7  Optimise the design 
The sample design is based on assessment of possible migration of contaminants of concern 
(CoC) from the site.  Environmental Earth Sciences VIC believes that the sampling design is 
optimal considering temporal limitations and access constraints.  The density of the sampling 
locations and the quality of the data set are suitable for determination of the suitability of the 
site for its proposed current and future use. 
 



 

TABLE 1  MEASUREMENT DATA QUALITY INDICATORS (MDQIS) 
 

Parameter Procedure Minimum Frequency 
Criteria

(5 to 10x LOR4) >10x LOR 

Precision  
Field Duplicates 

1 in 20 - metals <150 RPD <50 RPD 

1 in 20 - semi-volatiles <100 RPD <80 RPD 

1 in 20 - volatiles <150 RPD <130 RPD 

Lab Replicate* 1 in 20 <50 RPD <30 RPD 

Accuracy* 

Reference Material 

1 in 10 60% to 140%R 80% to 120%R Matrix spikes 

Surrogate spikes 

Representativeness* 
Reagent Blanks 1 per batch No detection 

Holding Times* Every sample - 

Blanks** 
Trip Blank 

1 per batch No detection 
Rinsate Blanks 

Sensitivity Limit of Reporting Every sample LOR < ½ site criteria 

Note(s): 
1. RPD – relative percentage difference 
2. %R – percent recovery 
3. LOR – limit of reporting 
4. 4 no limit at <5x LOR 
5. * the MDQI is usually specified in the standard method.  If not, use the default values set out in this table 
6. ** only necessary when measuring dissolved metals and volatile organic compounds in water samples 

 

 
 

3 QUALITY CONTROL AND QUALITY 
ASSURANCE

3.1 Measurement data quality objectives 
Step 7 of the DQO process (Section 2.0) is a focus on the quality of the information by 
measurement, that is, measurement data quality objectives (MDQOs).  The aim of QA/QC is 
to deliver data that is representative of what is sampled, precise, accurate and reproducible.  
As investigations involve both field and laboratory QA/QC, these are similarly divided.  The 
objective of this section is to provide the MDQOs and the measurement data quality 
indicators (MDQIs), which will be used to establish whether the DQOs have been met. 
 
All groundwater and soil sampling procedures need to be undertaken according to a 
standard procedure, for example those procedures set out in: 

 EPA Victoria 2009, Industrial Waste Resource Guidelines (IWRG) Publication 
IWRG701, sampling and analysis of waters, wastewaters, soils and wastes; 
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 EPA Victoria (2000) Groundwater sampling guidelines. Publication 669. EPA 
Information Bulletin 

 National Environment Protection Council (NEPC) 1999 National environment protection 
(assessment of site contamination) measure 

 Standards Australia 1997 Guide to the sampling and investigation of potentially 
contaminated soil (Part 1: Non-volatile and semi-volatile compounds. AS 4482.1) 

 Standards Australia 1999 Guide to the sampling and investigation of potentially 
contaminated soil (Part 2: Volatile substances). AS 4482.1 

 
Measurement data quality is typically discussed in terms of precision, accuracy, 
representativeness, comparability and completeness.  Although not necessarily considered 
in list order, the following items should form part of the QA/QC data evaluation: 

 measured Parameters: precision, accuracy, repeatability (comparability) and blanks; 
and 

 assessed Parameters: completeness, representative of site conditions, sensitivity and 
holding times. 

 
The laboratories used should be NATA accredited for the analytical methods performed.  
Containers, sample preservation (if necessary) and holding times should be consistent with 
industry practices as set out in NEPM and as defined by ASTM. 
 
The QA parameters selected and the criteria used to evaluate the analytical data are defined 
below and presented in Table 1 of this report. 

3.1.1 Repeatability (Field collected intra-laboratory duplicates) 
These samples provide a check on the analytical performance of the laboratory.  At least 5 
percent of groundwater samples (1 in 20) from a site are collected in duplicate.  For 
comparability of data, it is important that there is little delay in the sample submission.  For 
split samples, because of error associated with field splitting, an RPD of between 80 and 
150% (depending on the substance) will be allowed as the MDQI.  
 
Any value >50% RPD will be noted and discussed, as per Standards Australia requirements, 
with respect to its acceptability for inclusion in the data-set. 

3.1.2 Precision
Precision is a measure of the reproducibility of results, and is assessed on the basis of 
agreement between a set of replicate results obtained from duplicate analyses.  The 
precision of a duplicate determination can be measured as relative percentage difference 
(RPD), and is calculated from the following equation: 
 

100  

2
X2X1
X2 - X1 = RPD  

 
where:  X1 is the first duplicate value 
  X2 is the second duplicate value 
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The groundwater intra- and inter-laboratory duplicates and calculated RPDs are presented in 
Table 2 and Table 3. 

3.1.3 Accuracy 
Accuracy is a measure of the agreement between an experimental determination and the 
true value of the parameter being measured.  The determination of accuracy can be 
achieved through the analysis of known reference materials or assessed by the analysis of 
matrix spikes.  Accuracy is measured in terms of percentage recovery as defined by the 
following equation: 
 

  100
SA

SRSSRR%  

 
where:  %R = percentage recovery of the spike 
  SSR = spiked sample result  
  SR = sample result (native)  
  SA = spike added  
 
Laboratory personnel calculate percentage recoveries of spiked compounds, which are 
evaluated against control or acceptance limits taken from the appropriate method or the 
Contract Laboratory Program Statement of Work.  If the spike recovery for a sample does not 
fall within the prescribed control limits, laboratory based corrective action is required. 
 
Surrogate spikes consist of spiking non-target compounds into the sample prior to analysis.  
The spiked compounds are expected to behave during analysis in the same way as the 
target compounds.  Every sample is spiked prior to extraction or analysis with surrogate 
compounds that are representative of the analysis.  If surrogate spike recovery does not 
meet the prescribed control limits, samples should be reanalysed. 
 
For inorganic analyses, certified reference materials are analysed (for SAL this is BCSS-1). 

3.1.4 Representativeness 
Data Point Evaluation 
Representativeness expresses the degree to which sample data accurately and precisely 
represents a characteristic of a population, parameter variations at a sampling point, or an 
environmental condition. 
 
Representativeness is primarily dependent on the design and implementation of the 
sampling program.  Representativeness of the data is partially ensured by the avoidance of 
contamination, adherence to sample handling and analysis protocols, and use of proper 
chain-of-custody and documentation procedures.  Blanks, holding times and field duplicates 
(intra- and inter-laboratory) are all QA parameters that can assist in the analysis of 
representativeness for data point evaluation and will need to be analysed as part of the 
measurement data quality assessment. 
 
Data Set Evaluation 
Whether the data is representative of the site is checked in part by undertaking an evaluation 
of the whole data set to establish the data is compatible.  Data compatibility is authenticated 
by confirming that the laws of chemistry are upheld (i.e. nitrate is not present when Eh is -
250 mV), that intra-laboratory analysis relationships are consistent (i.e. BTEX is a subset of 
the TPH C6-C9 fraction), that observations and field measurements are in agreement with 
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other field data and the laboratory data and that results are consistent with the geology, 
history and logic. 

3.1.5 Completeness 
The following information is required to check for completeness of data sets: 

 chain-of-custody forms (completed by Environmental Earth Sciences VIC and the 
laboratory); 

 sample receipt forms; 

 all requested sample results reported; 

 all blank data reported; 

 all laboratory duplicates reported and RPDs calculated; 

 all surrogate spike data reported; 

 all matrix spike data reported; and 

 NATA stamp on reports. 

3.1.6 Comparability 
Comparability is the evaluation of the similarity of conditions (e.g. sample location, 
tempreture, sampling procedures) under which separate sets of data are produced to ensure 
minimal common error.  Data comparability should be demonstrated by the use of 
standardised sampling and analysis procedures.  Data comparability was maintained by 
undertaking the investigations as follows: 

 the groundwater samples collected during the investigation were conducted by trained 
Environmental Earth Sciences VIC field team using Environmental Earth Sciences’ 
standard operating procedures;  

 all samples were collected using push tube sampling methods; and 

 the same laboratories (ALS and LabMark) were used for organic and inorganic analysis 
for all relevant samples and using the same NATA approved analytical methods. 

3.1.7 Sensitivity 
When interferences are present in the sample, a loss of sensitivity can occur resulting in an 
increase in the method detection limit.  In some instances (e.g. where one or more 
compounds have particularly high concentrations), the sample must be diluted for analysis.  
This increases the method detection limit by the dilution factor. 
 
The detection limits achieved by the laboratory, when adjusted for dry weight and 
interferences from the presence of other chemicals within the sampled matrix, must be less 
than half the site criteria for all analytes tested (i.e. 2 x LOR <site criteria). 

3.1.8 Blanks
To meet the QC acceptance criteria, laboratory blanks should have no detectable 
concentrations of the target compounds.  Trip blanks (taken to and returned from the field) 
and rinsate blanks (taken in the field) will only be necessary for analysing dissolved metals 
and volatile organic compounds in water samples where the threshold value is near the 
detection limit for an individual compound or element. 
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3.1.9 Holding times 
Where standard holding times are exceeded, a discussion, using professional judgement, as 
to the integrity of the data will be required, taking into account such factors as field storage, 
laboratory storage and even sample bottle characteristics. 

3.1.10 Procedures for anomalous samples and confirmation checking 
All results should be checked for discrepancies by the project manager, against the 
anticipated results and all other results, within 8 hours of receipt of the results from the 
laboratory. 
 
Any result that is considered by the supervising scientist to be unusually high or at variance 
with other results is automatically reanalysed.  A significantly different result requires 
immediate remedial action on the whole sample batch (retesting or using an alternative 
analytical method) at the laboratory’s expense. 
 
After appropriate checking by laboratories, all sample analysis results work-sheets, including 
those of duplicates and replicate analyses, should be checked by the consultant.  Once 
confirmation checking is completed the final laboratory report is issued. 
 
For intra-laboratory duplicates, if one sample has more than two analytes exceeding the data 
quality objectives, the sample is carefully checked.  If the error is not apparent, the sample is 
rejected.  If more than three samples are rejected all the samples collected at that time are 
rejected.  These samples are then re-sampled and reanalysed. 
 

3.2 Field QA/QC 

3.2.1 Details of sampling team 
Fieldwork was conducted using the following personnel: 

 Groundwater well integrity inspection: David James and Jarrod Irving;  

 Groundwater well construction and installation: David James, Simon Meich, Shane 
Furlong and Alan Wade; 

 Groundwater well development: Jarrod Irving and Laura Boland; 

 Groundwater sampling for chemical analysis: David James, Katy Kijek, Laura Boland 
and Jarrod Irving; and 

 Groundwater physical analysis: David James, Jordan Fraser and Alan Wade.  

3.2.2 Groundwater sampling methodology 
Groundwater sampling at each existing and newly installed groundwater well was undertaken 
between 18 and 21 April 2011.  Prior to purging, a multi-phase dipper was used to measure 
the SWL in each well and to assess the presence of LNAPL or DNAPL if any. 
 
Sampling was undertaken via low flow (Micro-purge) sampling techniques, with the pump 
inlet placed at depths within the screen interval.  Purging was continued until field 
parameters [pH, electrolytic conductivity (EC), oxidation/reduction potential (ORP or pe), 
dissolved oxygen (DO), temperature and flow rate (yield)] had stabilised (refer to Table 5) 
and a sustainable sampling flow rate (i.e. minimal draw down) had been established to 
confirm that a representative sample of the aquifer was collected.   
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Groundwater well GW4 displayed insufficient yield to sustain an adequate flow rate with 
minimal drawdown.  As such, purging and collection of field parameters was continued using 
a hand bailer until the well was purged dry and was sampled following adequate recharge. 
 
Groundwater samples were collected in amber glass bottles, volatile vials or plastic bottles 
depending on the individual analytes and required preservatives, labelled with the 
groundwater well number, site reference and date before being placed in a cooler with ice.  
All sampling procedures were undertaken in accordance with Environmental Earth Sciences, 
2009, Soil, gas & groundwater sampling manual and EPA Publication 669, 2000, 
Groundwater sampling guidelines.  Decontamination practices included the following: 

 use of individual pump bladders and tubing at each groundwater well; and 

 washing of all re-used sampling equipment (i.e. pump and steel cable) with detergent 
(Decon 90) water, double rinsing with clean water prior to collection of each sample. 

3.2.3 Sampling controls 
Decontamination procedures carried out between sampling events 
All sampling equipment to be re-used which came into contact with groundwater or soil 
samples, were thoroughly washed with detergent (Decon 90 or similar) water, then rinsed 
with clean water and dried before the collection of each sample.  Any items accidentally 
contaminated were similarly washed before re-use.  New nitrile gloves were used at each 
sampling location.   
 
Individual pump bladders and tubing were used for each groundwater well, reducing the risk 
of cross contamination.  Between each location, the flow cell and water quality metres were 
rinsed using a mixture of orange based surfactant and distilled water, followed by a rinse with 
distilled water.  Groundwater samples were collected directly from the pump tubing and did 
not pass through the flow cell.  Sampling for groundwater was conducted in the order of least 
to potentially most chemically impacted. 
 
Sample notation details 
The chemical analyses to be performed on each sample are presented on the chain of 
custody documentation (Appendix C) which also identify for each sample – the sampler, 
nature of the sample, collection date, analyses to be performed, sample preservation method 
(if any), departure time from the site and dispatch courier. 
 
Rinsate and trip blanks 
The rinsate blank Rinsate-1 (18/04/11), Rinsate-2 (19/04/2011), Rinsate-3 (20/04/2011) and 
Rinsate-4 (21/04/2011) were collected after washing and triple rinsing the sampling 
equipment from the final sampling location at the end of each sampling day (i.e. April 2011 
GME).  No rinstate blank was collected following the sampling of GW07 on 2/5/2011.  
 
Rinsate blanks was analysed for TPH and VOC with all concentrations recorded below 
laboratory detection limits. 
 
Groundwater trip blank samples Trip-1 (18/04/2011), Trip-2 (19/04/2011), Trip-3 (20/04/2011) 
and Trip-4 (21/04/2011) were collected from laboratory prepared trips blanks (one trip blank 
per esky containing volatiles) taken to and returned from the field during each sampling day 
(i.e. April 2011 GME).  No trip blank was taken to and returned from the field during the 
sampling of GW07 on 2/5/2011. 
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The trip blanks were analysed for TPH and VOC with all concentrations also recorded below 
laboratory detection limits. 

3.2.3 Field instrument calibration 
The following field instruments were calibrated for the groundwater bore development and 
sampling program.  Field calibration was undertaken twice daily are recorded within field 
note.  Field calibration records are presented in Appendix F 
 
TABLE 8 INSTRUMENT CALIBRATION 
 
Meter Parameter Calibration 

Groundwater Monitoring Event - 18 April – 21 April 2011 

Hanna HI 92000 pH, temperature 2-point (pH 4.01 & 7.01) 

Hanna HI 92000 Eh (redox) Standard Solution (250 mV) 

Hanna HI 92000 EC (electrolytic conductivity) 2-point (2.76 & 12.88 mS/cm) 

Hanna HI 92000 Dissolved Oxygen (DO) 2-point (0 & 100% DO) 

Groundwater Monitoring Event - 2 May 2011 

Hanna HI 92000 pH, temperature 2-point (pH 4.01 & 7.01) 

Hanna HI 92000 Eh (redox) Standard Solution (250 mV) 

Hanna HI 92000 EC (electrolytic conductivity) 2-point (2.76 & 12.88 mS/cm) 

Hanna HI 92000 Dissolved Oxygen (DO) 2-point (0 & 100% DO) 

 
 
Field equipment used for the groundwater investigation was appropriate for the required 
works and was used in the appropriate manner.  The instruments were calibrated in 
accordance with the manufacturer specifications and Environmental Earth Sciences VIC 
QA/QC documentation.  Refer to Appendix J of the report for calibration records 
 

3.3 Laboratory QA/QC 
Organic and inorganic analysis for this project was completed Australian Laboratory Services 
(ALS), with the inter-laboratory duplicate sample being analysed by SGS Australia 
Laboratories.  Both laboratories are accredited by NATA for the methods used, details of this 
accreditation can be viewed at http://www.nata.asn.au/, while details of the samples sent to 
each laboratory and the analysis requested are contained in the chain of custody 
documentation held in Appendix C.   
 
Samples were analysed within the appropriate holding times, with the exception to the 
following: 

 ALS EM1104286 – the analysis for pH exceeded the holding time by 6 days for 
GW42D and SPLIT 4, 7 days for GW03, GW04, GW10, GW11, GW13, GW14, GW15, 
GW16, GW19, GW21, GW22, GW23, GW24, GW25, GW27, GW36, GW39, GW40, 
GW41, GW43D, GW44D, DUP 1, SPLIT 1, DUP 3, SPLIT 3 and DUP 4, and 8 days for 
GW9 and GW12; and 
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 ALS EM1104286 – the analysis of sulfide exceeded the holding time by 1 day for GW9 
and GW12. 

 
Although sulfide exceeded the holding time by 1 day respectively, discussions with ALS 
conclude that such a breach in holding time is unlikely to adversely affect the analytical 
results reported.   
 
Similarly, even though the holding times for pH in all samples exceed the allowable holding 
times, the analysis of CoPC were within the holding times, therefore the exceedence listed 
above is not considered to affect the quality or integrity of the data presented.  Furthermore, 
pH values correlated with field measurements, demonstrating that the water chemistry had 
not altered significantly between sampling and analysis. 
 
The detailed internal laboratory QA/QC reports are presented in the laboratory transcripts of 
Appendix C.  The results of the laboratory QC program are summarized below: 

 laboratory duplicate tests reported RPDs within acceptable range; 

 method blank concentrations were reported below laboratory limit of reporting; 

 laboratory control spike reported recoveries within the acceptable range, with exception 
to vinyl chloride (ALS EM1104104 Amendment 1) which recorded a recovery of 59.6% 
(less than the lower recovery limit of 61%); 

 matrix spike reported recoveries within the acceptable range, with exception to the 
following: 

o 1.1-dichloroethene (ALS EM1104104 Amendment 1) which recorded a recovery 
of 107% (more than the upper recovery limit of 104%);  

o sulfate (ALS EM1104104 Amendment 1, ALS EM1104161 Amendment 1, ALS 
EM1104286 Amendment 1 and ALS EM1104593 Amendment 1) spike recovery 
was not determined; 

o nitrate and nitrite (ALS EM1104104 Amendment 1, ALS EM1104161 Amendment 
1 and ALS EM1104286 Amendment 1) spike recovery was not determined; 

o chloride (ALS EM1104286 Amendment 1) spike recovery was not determined; 
and 

o 1.1-dichloroethene (ALS EM1104286 Amendment 1) which recorded a recovery 
of 119% (more than the upper recovery limit of 104%). 

 surrogates reported recoveries within the acceptable range. 
 
Overall, SGS and ALS internal laboratory QA/QC results demonstrate that the laboratory 
QA/QC program was satisfactory for the groundwater investigation.  Although it is noted that 
the one parameter of the laboratory control spike and ten parameters of the matrix spike did 
not meet the acceptable range, this is considered insignificant compared to the number of 
parameters, reported in multiple laboratory transcripts, which did meet the acceptable range. 
 
The overall rate of internal laboratory QA/QC performed is considered acceptable to achieve 
reliability on the results used to reach the conclusions. 
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3.3.1 Duplicate sampling 
Duplicate samples were collected at a rate of one duplicate per twenty samples collected 
(5%) during the groundwater investigation.  Intra- and inter-laboratory duplicate analysis 
results are presented in Table 2 and Table 3.   
 
For this project, 39 primary groundwater samples were analysed with four groundwater intra- 
and four inter-laboratory duplicates were collected during fieldwork, however confusion 
during sample laboratory sorting resulted in seven intra-laboratory and one inter-laboratory 
samples being analysed.  Intra- and inter-laboratory duplicates were analysed for: 

 pH, TDS, free CN, Na+, Ca2+, Mg2+, K+, NH4+,Cl-, SO4
2-, HCO3

-, NO3
-, NO2

-, PO4
3-, F- ; 

 heavy metals (Al, As, Cd, Cu, CrVI, Fe, Pb, Ni, Zn, Co, Se, Bo, Mn and Hg); 

 total petroleum hydrocarbons (TPH fractions C6-C36); 

 polycyclic aromatic hydrocarbons (PAH); and  

 volatile organic compounds (VOC) including naphthalene by VOC. 
 
 
Although, the number of inter-laboratory duplicates is not considered acceptable for the 
project, Environmental Earth Sciences did initially intend to analyse an acceptable number of 
inter- duplicates.  The analysis of seven intra-laboratory duplicates and one inter-laboratory 
duplicate was a result of a laboratory error.  Nevertheless, a review of the data presented in 
Table 4 and 5 suggests that the data obtained from SGS is reliable compared to the primary 
laboratory (ALS) with only two parameters reported with a RPD > 50%, however when 
compared against Table 1 MDQI criteria, all results are acceptable.  Environmental Earth 
Sciences will ensure the correct number of intra- and inter-laboratory duplicates are collected 
and analysed during future GMEs (if any).
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TABLE 4 GROUNDWATER INORGANIC INTER – LABORATORY DUPLICATE 
QA/QC RESULTS 

Analyte LOR 
GW28 SPLIT 2 

RPD%
19/04/11 19/04/11 

pH Value 0.01 7.65 7.8 1.9 

TDS 5 1540 920 50.4

Bicarbonate 1 447 475 6.0 

Sulfate  1 167 200 18.0 

Sulfide 0.1 <0.1 0.5 133

Chloride 1 332 300 10.1 

Calcium 1 30 32 6.5 

Magnesium 1 26 24 8.0 

Sodium 1 351 240 37.6 

Potassium 1 6 6.8 12.5 

Free Cyanide 0.004 <0.004 0.016 nd 

Total Cyanide 0.004 0.033 0.029 12.9 

WAD Cyanide 0.004 <0.004 0.009 nd 

Fluoride 0.1 1.4 1.1 24.0 

Ammonia as N 0.01 76.3 - nd 

Nitrite as N 0.01 0.01 0.005 66.7

Nitrate 0.01 <0.04 <0.04 nd 

Phosphate 0.01 <0.03 <0.005 nd 

Aluminium 0.01 <0.01 0.041 nd 

Arsenic 0.001 0.189 0.19 0.5 

Cadmium 0.0001 <0.0001 <0.0001 nd 

Cobalt 0.001 <0.001 <0.001 nd 

Copper 0.001 0.002 <0.001 nd 

Lead 0.001 0.003 <0.001 nd 

Manganese 0.001 0.17 0.19 11.1 

Nickel 0.001 0.014 0.009 43.5 

Selenium 0.01 <0.01 <0.002 nd 

Zinc 0.005 <0.005 0.003 nd 

Boron 0.05 0.74 0.70 5.6 

Iron 0.05 <0.05 0.59 nd 

Mercury 0.0001 <0.0001 <0.0005 nd 

Chromium VI 0.01 <0.01 <0.005 nd 
Note(s): 

1. MDL = method detection limit 
2. - = not analysed 
3. RPD = relative percentage difference 
4. nd = RPD not calculable 
5. all units in mg/L 
6. some laboratory results have been converted to allow for the comparison against guidelines: Nitrate as N to Nitrate 

NO3= (x 4.43), Total Alkalinity as CaCO3 to Bicarbonate HCO3 (x 1.219) 
7. Acceptance Criteria (see Table 1) 

 no limit applies to <5x MDL; 
 80-150% for low level (5x – 10 x MDL); and 
    50-130% for medium to high level (>10x MDL). 
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TABLE 5 GROUNDWATER ORGANIC INTER – LABORATORY DUPLICATE 
QA/QC RESULTS 

 

Analyte LOR 
GW28 SPLIT 2 

RPD%
19/04/11 19/04/11 

Oxygenated Compounds 

2-Butanone (MEK) 50 <50 <50 nd 

Chlorinated Hydrocarbons  

Tetrachloroethene 0.5 <5 2.1 nd 

Polynuclear Aromatic Hydrocarbons (PAH) 

Naphthalene 1/0.2* <1.0 <0.2 nd 

Acenaphthylene 1/0.2* <1.0 <0.2 nd 

Acenaphthene 1/0.2* <1.0 <0.2 nd 

Fluorene 1/0.2* <1.0 <0.2 nd 

Phenanthrene 1/0.2* <1.0 <0.2 nd 

Anthracene 1/0.2* <1.0 <0.2 nd 

Fluoranthene 1/0.2* <1.0 <0.2 nd 

Pyrene 1/0.2* <1.0 <0.2 nd 

Benz(a)anthracene 1/0.2* <1.0 <0.2 nd 

Chrysene 1/0.2* <1.0 <0.2 nd 

Benzo(b)fluoranthene 1/0.2* <1.0 <0.2 nd 

Benzo(k)fluoranthene 1/0.2* <1.0 <0.2 nd 

Benzo(a)pyrene 0.5/0.2* <0.5 <0.2 nd 

Indeno(1.2.3.cd)pyrene 1/0.2* <1.0 <0.2 nd 

Dibenz(a.h)anthracene 1/0.2* <1.0 <0.2 nd 

Benzo(g.h.i)perylene 1/0.2* <1.0 <0.2 nd 

Monocyclic Aromatic Hydrocarbons 

Styrene 5 <5 <5 nd 

1.2.4-Trimethylbenzene 5 <5 <5 nd 

BTEX 

Benzene 1 <1 <1 nd 

Toluene 2 <2 <2 nd 

Ethylbenzene 2 <2 <2 nd 

meta- & para-Xylene 2 <2 <2 nd 

ortho-Xylene 2 <2 <2 nd 

Total Petroleum Hydrocarbons (TPH) 

TPH C6 - C9 Fraction 20 <20 <20 nd 

TPH C10 - C14 Fraction 50 <50 <50 nd 

TPH C15 - C28 Fraction 100 <100 260 nd 

TPH C29 - C36 Fraction 50 <50 <50 nd 

TPH C10 - C36 Fraction (sum) 50 <50 <50 nd 

Note(s): 
1. MDL = method detection limit 
2. - = not analysed 
3. RPD = relative percentage difference 
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4. nd = RPD not calculable 
5. * = SGS LORs for PAHs 
6. all units in ug/L 
7. Acceptance Criteria (see Table 1) 

 no limit applies to <5x MDL 
 80-150% for low level (5x – 10 x MDL) 
 50-130% for medium to high level (>10x MDL) 

 

 
 



 

3.3.2 Groundwater relative percentage difference values 
Table 2 and 3 indicated that all RPD’s calculated for intra-laboratory duplicates were all 
within an acceptable range ( 50%), with the exception to the following: 

 acenaphthylene – GW24/DUP3 recorded RPD of 83.4%; 

 meta & para xylene – GW3/DUP1 recorded RPD of 66.7%; 

 TRP C6-C10 fraction minus BTEX – GW42D/SPLIT 4 recorded RPD of 66.6%; and 

 meta & para xylene – GW3/SPLIT 1 recorded RPD of 66.7%. 
 
When compared against Table 1 MDQI criteria, all results are acceptable. 

Table 4 and 5 indicated that all RPD’s calculated for the inter-laboratory duplicate was within 
an acceptable range ( 50%), with the exception to the following: 

 TDS – GW28/SPLIT2 recorded RPD of 50.4%; and 

 nitrite – GW28/DUP2 recorded RPD of 66.67%. 
 
When compared against Table 1 MDQI criteria, all results are acceptable.
 

3.4 QA/QC data evaluation 
Based on information presented in Sections 3.1, 3.2, 3.3 and 3.4 it can be confidently stated 
that the MDQO’s for this project have been met and the data set is considered to be reliable. 
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STANDARDS FOR TRADE WASTE DISCHARGED TO 
THE SEWERAGE SYSTEM 

The nature an� levels of the characteristics of trade waste �ischar�e� must at all times 
comply with the stan�ar�s set out in this sche�ule.

1 PHYSICAL CHARACTERISTICS

�.� Tem�erature

The �ustomer must not �ischar�e trade waste with a temperature �reater than 380 C.

�.2 Solids 
The �ustomer must not �ischar�e trade waste containin� �ross Soli�s, Suspen�e� Soli�s
or Total Dissolve� Soli�s except as provi�e� in para�raphs (a) to (�).

(a) �ross Solids contained in tra�e waste must�

(i) be able to pass throu�h a bar screen with 13mm spaces between bars� an� 

(ii) have a �uiescent settlin� velocity of not more than 3m�hour.

(b) � here the total mass loa� of Suspen�e� Soli�s excee�s 1,000 ����ay, the 
concentration of Suspen�e� Soli�s must not excee� 10,000 m���itre. 

(c) Except as provi�e� in para�raph (�), the total mass loa� of Total Dissolve� Soli�s
must not excee� 200 ����ay.

(�) The �ustomer must not �ischar�e waste containin�fibrous material, which, in the 
opinion of South East Water is li�ely to cause obstructions in a �rain or sewer.

�.� �ils� �ats and grease 

(a) The �ustomer must not �ischar�e trade waste containin� any free or floatin� layer
of oil, fat or �rease. 

(b) The �ustomer may �ischar�e trade waste containin� emulsifie� oil, fat or �rease 
which, in the opinion of South East Water, is bio�e�ra�able, if the emulsion is stable�

(i) at a temperature of 150 C� an� 

(ii) when it is in contact with raw sewa�e an� the resultin� mixture has a p� no less
than 4.5 an� no �reater than 10.0. 

(c) The �ustomer must not �ischar�e trade waste containin� emulsifie� oil, fat or 
�rease which, in the opinion of South East Water is not bio�e�ra�able, it contains
more than 1,000 m���itre of material recovere� by a solvent prescribe� South East 
Water as extractable matter when the emulsion � 

(i) is stable at a temperature of 150 C� an�

(ii) is in contact with raw sewa�e an� the resultin� mixture has a p� no less than 4.5
an� no �reater than 10.0.

(�) The �ustomer must not �ischar�e tra�e waste containin� emulsifie� oil, fat or �rease 
if it contains more than 200 m���itre of material recoverable by a solvent prescribe� 
by South East Water as extractable matter when the emulsion is� 

(i) unstable at a temperature of 15 C� an�
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(ii) in contact with raw sewa�e an� the resultin� mixture has a p� no less than 4.5 
an� no �reater than 10.0.

�.4 �rganic Li�uids

(a) The �ustomer must not �ischar�e trade waste containin� any free or floatin� layer
of or�anic li�ui�.

(b) The �ustomer must not �ischar�e any trade waste, which, in the opinion South
East Water, may be flammable. 

�.� Late�Emulsions

(a) In this clause �

��iodegrada�le� in relation to trade waste means that, in the opinion South East 
Water, the total or�anic carbon content of the trade waste woul� �ecrease by at 
least 90�  when submitte� to the sewa�e treatment process employe� by the 
Company for that waste� 

�late� emulsion�inclu�es an emulsion containin� paint, a�hesive, rubber, plastic or 
similar materials.

�sta�le late� emulsion� means a latex emulsion in which the soli�s �eposite�in a 
filter �o not increase by more than 200 m���itre when the emulsion � 

(i) is at 150 C� an�

(ii) is in contact with raw sewa�e an� the resultin� mixture has p� no less than 4.5 
an� no �reater than 10.0.

(b) The �ustomer may �ischar�e trade waste containin� a bio�e�ra�able stable latex
emulsion.

(c) The �ustomer must not �ischar�e trade waste containin� a stable latex emulsion,
which is not bio�e�ra�able at a concentration �reater than 1,000 m���itre of total 
soli�s.

(�) The �ustomer must not �ischar�e trade waste containin� an unstable latex 
emulsion.

�.� �adioacti�e waste

The �ustomer must only �ischar�e trade waste which complies in all respects with the 
�ealth (�a�iation Safety) �e�ulations 1984, as amen�e� from time to time. 

�.� �olour 

The �ustomer must not �ischar�e trade waste containin�Colour �reater than 9 A�ams�
Nic�erson (42) units, �etermine� from the most pronounce� Colour obtaine� from a sample
a��uste� to a p� of not less than 7.0 an� no �reater an� than 8.0 followin� biolo�ical
treatment by an activate� slu��e process.
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2 CHEMICAL CHARACTERISTICS

2.� �� �alue

The �ustomer must not �ischar�e trade waste with a p� value less than 6.0 or �reater than 
10.0, except as provi�e� by clause 2.3 (b) (ii). 

2.2 �rganic �oncentration

The �ustomer must not �ischar�e trade waste with a total mass loa� of 5��ay biochemical
oxy�en �eman� in excess of 1,000 ����ay, unless its concentration is no �reater than 4,000 
m���itre.

2.� �itrogen

The �ustomer must not �ischar�e trade waste with a concentration of�

(a) Total ��el�ahl Nitro�en �reater than 500 m���itre� or 

(b) Ammonia, plus ammoniacal ion (expresse� as N) �reater than:

(i) 50 m���itre, except as provi�e� by this para�raph.
(ii) 200m��litre, where � 
 (A) the trade waste �ischar�e� can only be receive� by Melbourne

� ater�s � estern Treatment Plant� 
(B) a ris� assessment has been con�ucte��
(C) the customer can comply with a restricte�p� ran�e of 6.0 to 8.0� an�
(D) the customer has �emonstrate� to South East Water, that 

commonly available waste minimi�ation technolo�y has been applie�
to the best extent practicable.

2.4 Sul�ur Su�stances

(a) ��idised Sul�ur

(i) For the purpose of this para�raph, ���idised Sul�ur� means the chemical
substances expresse� as S an� �nown as Sulfates, Sulfites an� Thiosulfates.

(ii) The �ustomer must not �ischar�e trade waste containin� Oxi�ise� Sulfur with
a concentration of 100 m���itre or more, except as provi�e� in this para�raph.

(iii) The �ustomer must treat any trade waste with a concentration of Oxi�ise� 
Sulfur �reater than 600 m���itre, before it is �ischar�e�.

(iv) � here trade waste prior to �ischar�e woul� have a total concentration of 
Oxi�ise� Sulfur of not less than 100 m���itre an� not more than 600 m���itre, the 
�ustomer must treat any stream of waste contributin� to the �ischar�e which
has a concentration of Oxi�ise� Sulfur �reater than 600 m���itre. 

(v) The �ustomer must use the best available technolo�y, as �etermine� by South
East Water, to treat any trade waste un�er sub�para�raph (iii) or (iv). 

(b) The �ustomer must not �ischar�e trade waste containin� Sulfi�e in a concentration
�reater than 1 m���itre. 

2.� Metals 

(a) The �ustomer must not �ischar�e any element liste�in Column 1 of Table A, except 
in accor�ance with this sub�clause 2.5.

4 of 9 



(b) � here the �aily mass loa� of any element �ischar�e� is between the lower limit 
specifie� in Column 2 an� the upper limit specifie� in Column 3 for that element, 
trade waste must not excee� the concentration specifie� in Column 4. 

(c) � here the �aily mass loa�s of any element �ischar�e� is either lower than the limit
specifie� in Column 2 or �reater than the limit specifie� in Column 3, South East 
Water must �etermine the maximum concentration of that element which the 
�ustomer may �ischar�e.

(�) � here no entry is ma�e in Column 2 an� 3 for any element, trade waste must not 
excee� the concentration for that element specifie� in Column 4. 

(e) � here the �ustomer has �emonstrate� to South East Water, that it is unable to limit 
the concentration of Boron (as B) to the concentration specifie� in Table A, Column 4 
usin� commonly available waste minimi�ation technolo�y to the best extent 
practicable, the �ustomer may �ischar�e trade waste containin� Boron in a 
concentration no �reater than 100 m���itre.

(f) � here the �ustomer has �emonstrate� to South East Water, that it is unable to limit 
the concentration of Man�anese (as Mn) to the concentration specifie� in Table A,
Column 4 usin� commonly available waste minimi�ation technolo�y to the best extent 
practicable, the �ustomer may �ischar�e trade waste containin� Man�anese in a 
concentration no �reater than 100 m���itre.

Table A 
�olumn � 
Element �olumn 2 

grams�day

�olumn � 

grams�day

�olumn 4 

mg�L
Arsenic 1
Boron as B 25
Barium 150
Beryllium 30
Ca�mium 0.4 20 2
Chromium 100 5000 10
Cobalt 10
Copper 100 5000 10
Iron 2000 100000 100
�ea� 100 5000 10
Man�anese 10
Mercury 0.2 10 1
Molyb�enum 10
Nic�el 10 500 10
Selenium 10
Silver1 0.2 50 5
Thallium 20
Tin 10
�ranium (238) 30
�inc 200 15000 10
1 base� on analysis usin� �i�estion with a�ua re�ia. 

2.� �alogens and �alides 

The �ustomer must not �ischar�e trade waste containin� a substance liste� in Table B with 
a concentration �reater than is liste� for that substance.
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Table B 

Substances
Ma�imum Allowa�le

�oncentration
Milligrams �er Litre 

Bromine (expresse� as Br 2) 5
Chlorine (expresse�as Cl 2 5
Fluori�e 30
Io�ine (expresse� I 2) in 5

2.� �yanide

The �ustomer must not �ischar�e trade waste containin� a cyani�e concentration �reater
than 10 m���itre.

2.� Inhi�itory �hemicals

(a) The �ustomer must not �ischar�e any trade waste which, when �ilute� to a 5 �  
solution with sewa�e, woul� inhibit the microbiolo�ical sewa�e treatment process
applicable to that trade waste by more than 20� . 

(b) South East Water must �etermine the microbiolo�ical sewa�e treatment process
referre� to in sub�para�raph (a). 

2.� �rganic Acids

The �ustomer must not �ischar�e trade waste containin� total phenoxyacetic aci�s an�
chemical �erivatives (expresse� as phenoxyacetic aci�) at a concentration �reater than 1,000
m���itre.

2.�0 �henolic Su�stances

The �ustomer must not �ischar�e trade waste containin� a substance liste� in Table C with 
a concentration �reater than is liste� for that substance.

Table C 
Substances Ma�imum Allowa�le

�oncentration
Milligrams �er Litre 

Sum of phenol, monochlorophenol, �ichlorophenol an� their 
isomers

300

Trichlorophenol 50
Tetrachlorophenols 5
Pentachlorophenol 5

2.�� Aldehydes and �etones

The �ustomer must not �ischar�e trade waste containin� a substance liste� in Table D with 
a concentration �reater than is liste� for that substance.

Table D 

Su�stance Ma�imum Allowa�le
�oncentration

Milligrams �er Litre 
Acetone 50
Acrolein 0.1
Formal�ehy�e (expresse� as �C�O) 200
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2.�2 �itriles 

The �ustomer must not �ischar�e trade waste containin� acrylonitrile at a concentration
�reater than 1.0 m���itre. 

2.�� Mononuclear Aromatic �ydrocar�ons

The �ustomer must not �ischar�e trade waste containin� a mononuclear aromatic
hy�rocarbon liste� in Table E in a concentration �reater than is liste� for the substance.

Table E 

Su�stance Ma�imum Allowa�le
�oncentration

Milligrams �er Litre 
Ben�ene 1.0
Cumene 3.0
2,4 Dinitrotoluene 10.0
2, 6 Dinitrotoluene 10.0
Ethylben�ene 2.0
Nitrotoluene 5.0
Styrene 2.0
Toluene 2.0
Total Xylenes 2.0

2.�4 �alogenated Ali�hatic �ydrocar�ons

The �ustomer must not �ischar�e trade waste containin� a halo�enate� aliphatic
hy�rocarbon liste� in Table F in a concentration �reater than is liste� for that substance.

Table F 

Su�stance Ma�imum Allowa�le
�oncentration

Milligrams �er Litre 
1,2 Dichloroethane 5.0
1,1,1 Trichloroethane 3.0
1,1,2 Trichloroethane 3.0
1,1,2,2 Tetrachloroethane 2.0
�exachloroethane 1.0
Chloromethane (Vinyl Chlori�e Monomer) 0.5
1,2 Dichloroethylene 5.0
Trichloroethylene 1.0
Tetrachloroethylene 1.0
Carbon Tetrachlori�e 1.0
Methylene Chlori�e 5.0
Methyl Chlori�e 1.0 ���� 
Methyl Bromi�e 1.0 ���� 
Trichloromethane (Chloroform) 1.0
Bromo�ichloromethane 1.0
Trichlorofluoromethane 1.0
Dichloro�ifluoromethane 1.0
Chloro�ibromomethane 5.0
1,1 Dichloropropane 5.0
1,2 Dichloropropane 5.0
1,3 Dicloropropane 1.0 ���� 
�exachlorobuta�iene 1.0 ����
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2.�� Ali�hatic �ydrocar�ons

The �ustomer must not �ischar�e trade waste containin� aliphatic hy�rocarbons C6 to C9 
at a concentration �reater than 1.0 m���itre. ��ote: ��� � ��� shown in section 2.�� o� 
Schedule 4 o� the Water and Sewerage Licence is an error�.

2.�� Esters 

The �ustomer must not �ischar�e trade waste containin� a substance liste� in Table � in a 
concentration �reater than is liste� for that substance.

Table G 

Su�stance Ma�imum Allowa�le
�oncentration

Milligrams �er Litre 
Ethyl Acrylate 1.5
Methyl Methacrylate 30.0

2.�� Ethers 

The �ustomer must not �ischar�e trade waste containin� �iethylene �lycol monobutyl ether 
(butyl carbitol) in a concentration �reater than 2,000 m���itre.

2.�� �ther �rganics

The �ustomer must not �ischar�e trade waste containin� a substance liste� in Table � with 
a concentration �reater than is liste� for that substance.

Table H 

Su�stance Ma�imum Allowa�le
�oncentration

Milligrams �er Litre 
�lyphosate 10
Trifluralin 10
Epichlorohy�rin 0.3

2.�� �ersistent �rganochlorine �esticides

(a) The �ustomer must not �ischar�e trade waste containin� persistent or�anochlorine
pestici�es, except in accor�ance with this para�raph.

(b) The �ustomer must not �ischar�e trade waste containin� pestici�es liste� in Table I 
in a concentration �reater than is liste� for that pestici�e.

Table I 

�esticide Ma�imum Allowa�le
�oncentration

Milligrams �er Litre 
Al�rin 0.001
Chlor�ane 0.006
DDT 0.003
Diel�rin 0.001
�eptachlor 0.003
�in�ane 0.100
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2.20 �alogenated Aromatic �ydrocar�ons

(a) The �ustomer must not �ischar�e trade waste containin� halo�enate� aromatic
hy�rocarbons, except in accor�ance with this para�raph.

(b) The �ustomer must not �ischar�e trade waste containin� a substance liste� in
Table � in a concentration �reater than is liste� for that substance.

Table J 

Su�stance Ma�imum Allowa�le
�oncentration

Milligrams �er Litre 
Polychlorinate� Biphenyls (PCB�s) 0.002
Polybrominate� Biphenyls (PBB�s) 0.002

2.2� �hlorodi�en�o���dio�ins and �hlorodi�en�o��urans

(a) The �ustomer must not �ischar�e any trade waste containin� any of the full ran�e 
of chloro�iben�o�p��ioxin an� chloro�iben�o�furan co�eners, except in accor�ance
with this para�raph.

(b) Sub�ect to sub�para�raphs (c), (�) an� (e), the �ustomer must not �ischar�e trade
waste containin� any of the full ran�e of chloro�iben�o�p��ioxin an� chloro�iben�o�
furan con�eners in a concentration �reater than the NATO total toxic e�uivalent of 
40.0 n���. 

(c) Notwithstan�in�sub�para�raph (b), South East Water may at any time in writin�
re�uire the �ustomer not to �ischar�e any trade waste containin� any of the full 
ran�e of chloro�iben�o�p��ioxin an� chloro�iben�o�furan con�eners in a 
concentration �reater than the NATO total toxic e�uivalent of 20.0 n���. 

(�) Sub�ect to sub�para�raph (e), the �ustomer must not �ischar�e trade waste
containin� any 2,3,7 or 8 tetrachloro�iben�o�p��ioxin con�eners in a concentration
�reater than the NATO toxic e�uivalent of 20.0 n���. 

(e) Notwithstan�in�sub�para�raph (�), South East Water may at any time re�uire the
�ustomer not to �ischar�e any 2,3,7,8 tetrachloro�iben�o�p��ioxin con�eners in a 
concentration �reater than the NATO total toxic e�uivalent of 5.0 n���. 

2.22 �eads�ace Air

The �ustomer must not �ischar�e trade waste to a sewer, which at the nearest point of the 
sewer accessible by humans from the point of �ischar�e, in any respect fails to comply with 
every relevant � or� Safe Australia Exposure Stan�ar� relatin� to short�term exposure levels.

2.2� �ther Su�stances

A �ustomer must not �ischar�e trade waste containin� any substance not otherwise
mentione� in this Sche�ule:

(a) in a concentration no �reater than 1 ����� an� 

(b) where the �ischar�e or release of which to any element of the environment is 
restricte� or prohibite� by any le�islation applyin� in Victoria� an�

(c) in �uantities or of a �uality that in the opinion of South East Water woul� or is 
reasonably li�ely to en�an�er human life, compromise the safety of a person or of the 
wor�s, or si�nificantly a�versely affect the operation of a sewa�e treatment plant or 
any part of the environment.�
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