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1. INTRODUCTION

The purpose of the Groundwater Management and Contingency Plan (GMCP) is to
monitor the effectiveness of the remedial works in the long term and to put in place a
strategy to manage any future unforseen deterioration in groundwater quality that
could potentially harm human health and the aquatic environment of the Helena
River.  

The GMCP specifically addresses:

• Monitoring of groundwater quality to assess the performance of remedial works
and attenuation of contaminants from groundwater into natural soils;

• Monitoring of trends in groundwater levels; and

•  Contingency measures to prevent elevated contaminant levels from reaching
the aquatic environment of the Helena River.
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2. PROJECT DESCRIPTION AND SETTING

2.1 ENVIRONMENTAL SETTING

2.1.1 Topography

The topography is flat with an elevation of 12m to 15m AHD.  A steep embankment
of some 6m to 8m exists along the southern flank of the site marking the boundary of
the Helena River floodplain.  The general layout of the Helena Precinct is relatively
flat with the exception of the land west of the Coal Dam, which consists of a raised
embankment giving way to an area of lower relief at the western boundary.

2.1.2 Geology

The workshop site is located on the Guildford Clay, a geological formation
characterised by silts, clays and quartz sand lenses of alluvial origin.  According to
geophysical data from a bore log installed to the immediate east of the Helena
Precinct, the Guildford Clay extends to a depth of approximately 29m (–16m AHD).
The Guildford Clay is then in turn underlain by the Osborne Formation, which in turn
overlies the Leederville Formation.

The lithology at the northern part of the site typically consists of 4m of sandy clays
and clays overlying coarse-grained sands to depths of at least 8m (6m AHD).  The
sand lens at the northern part of the site intercepts the eastern side of the Coal Dam
and is believed to be responsible for recharging the water feature.  Low
permeability clays were encountered immediately to the south and west of the coal
dam to depths of approximately 0m AHD.

A deep bore installed downgradient of the waste fill encountered sands and clayey
sands of the Guildford Formation between 4 and 24m depth, which overlies the
Henley Sandstone of the Osborne Formation.

2.1.3 Hydrogeology

Groundwater at Helena West has been subject to a detailed hydrogeological study
(ENV, 2003).  Groundwater is encountered in two distinct aquifer systems referred to
as the Shallow Groundwater and Deep Superficial Aquifer.  

The Shallow Groundwater is encountered within the superficial clays at a depth of
3m to 5m below ground surface depending upon the time of year.  This groundwater
is not present across the site and does not have a uniform flow direction.  It is
expected that the groundwater discharge into the deeper aquifer and the Coal Dam,
which is in hydraulic connection with the shallow system.

At a depth of 10m plus is the Deep Superficial Aquifer that is comprised of extensive
sand deposits some 30m thick that overlie the Henley Sandstone member of the
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Leederville Formation.  Groundwater flow in the deeper formation is in a westerly
direction.  The base of the Helena River is not in contact with the deeper aquifer or
the shallow system.  Groundwater flow into the Helena River is considered to be
minor and localised to perched groundwater in the floodplain area during winter.

2.2 ENVIRONMENTAL IMPACT OF CONTAMINATED MATERIAL

A description of the contamination status of the ground is provided in the Validation
Plan (ENV, 2003) and in more detail in the relevant referenced assessment reports.

Groundwater beneath Helena West has been monitored beneath the contaminated
soil, deeper waste fill and along the floodplain at a total of 14 locations (Monitor wells
B1, B2, HP2 to HP8, HP12 and HW1 to HW4).  Groundwater has mostly been
sampled in the top 3m part of the aquifer.  

Long term leaching of the waste material has not resulted in contaminated
groundwater except for one location immediately east of the Coal Dam, where waste
is in permanent contact with the groundwater (monitor well HP4).  This has resulted
in zinc levels marginally above the aquatic protection criteria.  

The cola dam is in hydraulic connection with the shallow aquifer.  Contaminated
sediments within the dam have impacted the groundwater immediately surrounding
the dam with low levels of copper and zinc up to five times the aquatic protection
criteria.

Low levels of heavy fraction hydrocarbons have been detected at point sources of
contamination – the Engine Test Facility and Wastewater Treatment Plant (monitor
wells HW1 and HW2 respectively).  The contamination appears localised and has
not been detected further downgradient.  There are no aquatic protection criteria for
the heavy fraction hydrocarbons.  Volatile compounds were not detected.

Groundwater quality along the floodplain with the southern embankment of the
waste fill has not been impacted.  Heavy metal and hydrocarbon concentrations are
below the aquatic protection criteria.

The presence of contaminated material including sediments in the Coal Dam appears
not to have impacted the underlying groundwater except where it has been in direct
contact.  The observed groundwater impact is within the shallow aquifer that
appears to be separated from the deeper superficial aquifer that represents the
most significant groundwater resource.  Groundwater studies show that the Helena
River is not in direct contact with either the shallow or deeper aquifer, as such the
risk posed to the river by the observed contamination is considered low.
Nevertheless there exists the potential that impacted groundwater may reach the
river through preferential pathways.
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3. GROUNDWATER MONITORING PLAN

3.1 GROUNDWATER MONITORING PROGRAM

This section describes the groundwater monitoring program.  The objective of
groundwater monitoring is to record groundwater levels and monitor groundwater
quality to ensure that residual waste fill at either the Helena Wast or else where is
not impacting upon the underlying groundwater.

Implementation of the monitoring program for the first five years after development
will be the responsibility of the proponent (MRA).  Based on the current
groundwater quality and leachate potential of the fill, on-going monitoring is not
expected to be required beyond the initial five year period.

Monitoring of the quality of the Coal Dam water body is outlined in the Coal Dam
Remediation Plan.

3.2 LOCATION OF MONITORING WELLS

The locations of the proposed monitoring well locations will be those existing wells
downgradient of the waste fill embankment (five wells - B1, B2, HP6 to HP8) and
the three currently located within the waste fill or close to the Coal Dam (HP4, HP5
and HP12).  Two additional wells are to be installed around the perimeter of the Coal
Dam, because other than HP4 and HP5 the current wells are not specifically
constructed for this purpose – but rather for groundwater levels.  There is no need to
monitor other locations, as the contaminated soil will be removed and the level of
hydrocarbon impact is not significant.  Therefore a total of 10 wells will be sampled.

These wells will be protected in the long term and during the remediation phase
through the use of steel standpipes.  Proposed monitoring wells are shown on
Figure 1.

The well locations are in Australian Map Grid (AMG) coordinates to an accuracy of
1cm.  Top of casing elevations have been surveyed to AHD (Australian Height
Datum) to an accuracy of 1mm.
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3.3 GROUNDWATER SAMPLING PLAN

Groundwater monitoring will initially be performed twice yearly for the first two years
in September and April to coincide with maximum and minimum groundwater
elevations.  The wells are to be tested for a comprehensive suite of analytes
including – pH, hardness & heavy metals (As, Cd, CrVI, Cu, Hg, Mn, Ni, Pb and
Zn), BTEX (benzene, toluene, ethylbenzene and xylenes) and total petroleum
hydrocarbons (TPH).  Details of the analytical procedures are provided in Section
3.7.

Sampling for the last three years will be on an annual basis at the time of year when
contaminant levels will be at their highest based on the results of the preceding two
years.

The monitoring program will then be reassessed after five years in consultation with
the DOE (Department of Environment), and the future site owners who are likely to
be the City of Swan and the Department of Planning and Infrastructure (floodplain
area of Helena River Park).

All monitoring will be performed by a suitably qualified environmental consulting firm.

3.4 MONITORING OF GROUNDWATER LEVELS

A long term potential issue related to groundwater management at the site is
increases in the water table thus potentially accelerating the rate of leaching from the
fill resulting in a reduction in groundwater quality.

The potential for groundwater levels to rise is considered low, as it is expected that
an increase in the amount of hardstand across the site will reduce the current
recharge rate and thus levels.  Groundwater levels will however, be monitored in
conjunction with the groundwater sampling program.  

3.5 GROUNDWATER SAMPLING PROCEDURE

Groundwater samples will be collected in accordance with Section 5 of the
Australian/ New Zealand Standard. Water Quality-Sampling.  Part 11 (AS/NZS
5667.11.1998).  The procedure for collecting a groundwater sample will be as
follows:

1. Measure the depth to water from the top of casing using a water level probe
accurate to 1mm.

2. Record important information such as odour, colour, well condition.
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3. Calculate the volume of water in the well.  The volume of water to be purged is
at least 3 times the volume of water in the well.  One well volume is sufficient for
wells in low permeability strata (USEPA 1986b).

4. Purging will be undertaken using an electric submersible pump or a bailer in low
yielding wells.  The pump will be moved through the entire length of the well to
ensure all stagnant water in the well is purged.

5. Groundwater quality parameters including pH, temperature and conductivity will
be monitored during purging of the monitoring wells to ensure samples are
representative of groundwater conditions.  Sampling will not be undertaken until
water quality parameters are within 10% of the previous volume purged.

6. Groundwater samples will be collected using a stainless steel bailer and they
will be placed into the appropriate container for the contaminant to be tested for.
The sampling order should be from most volatile to least volatile parameter
(USEPA, 1986b).

7. The samples will be placed on ice and sent to a National Association of Testing
Authorities (NATA) registered analytical laboratory for testing, with chain of
custody documentation.

3.6 FIELD QUALITY CONTROL PROCEDURES

To ensure groundwater is collected without the potential presence of cross
contamination, all sampling equipment will be decontaminated in accordance with the
procedure and methods described in Australian/ New Zealand Standard. Water
Quality-Sampling.  Part 1 (AS/NZS 5667.1:1998).  In addition, all samples will be
handled by field staff using disposable latex gloves which will be replaced between
each sampling event.

Groundwater bailers will be decontaminated as follows:

1. scrubbed internally with a bottlebrush;

2. washed and scrubbed in tap water to remove excess soil;

3. washed and scrubbed in phosphate free detergent; and

4. rinsed with water.  
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To monitor the integrity of the groundwater sampling procedures, a number of quality
control measures will be applied.  One sample in every 20 will be a blind replicate
or duplicate sample analysed at the primary laboratory for all of the contaminants.  In
addition, the same sample will be a split or triplicate where it will be submitted to
another laboratory to confirm the primary laboratory results.  Both the primary and
secondary laboratories will be NATA registered.

Rinsate blanks will be taken from the sampling bailer at the end of daily sampling
events and tested for all the contaminants of concern.  Deionised high quality water
(as defined in ISO 3696) will be used as the rinsate.

3.7 GROUNDWATER ANALYTICAL PROGRAM

Copper, zinc and heavy fraction TPH are the contaminants of concern.  However,
the analytical suite will be expanded to include a larger suite of heavy metals known
to occur in the waste fill.  Hydrocarbons will also include BTEX.  The methods and
detection limits are shown on Table 1.  

Table 1 - Analytical Testing For Groundwater Samples

ANALYTE METHOD DETECTION LIMIT

As APHA 3114/3500, AAS. 5ug/l
Hg APHA 3114/3500, CVG 0.5ug/l

Cr(VI) USEPA 3060A, CS 1ug/L
Cd, Cu, Mn, Ni, Pb, Zn APHA 3111/3500, AAS 5ug/l

TPH USEPA 8000, GC/FID 40-200 ug/l

BTEX USEPA 8260, GC purge&trap with PID/FID or
MS

1 ug/l

NOTES

APHA American Public Health Association

AAS Atomic Absorption Spectroscopy

CVG Cold Vapour Generation

CS Colormetric Spectrophotometer

GC Gas Chromatography

FID Flame Ionisation Detector

MS Mass Spectroscopy

PID Photo Ionisation Detector
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The laboratories will be NATA registered and as such, undertake a number of quality
control measures.  These include reagent blanks, replicate analysis, recovery
checks, internal standards and surrogate spikes.  The results from these quality
checks will be reported along with the sample analytical results in the test certificate.

3.8 INSTALLATION OF GROUNDWATER MONITOR WELLS

If additional groundwater monitor wells or existing wells are destroyed during the
remediation/site redevelopment they will need to be reinstalled.  

Groundwater wells are to be installed 3m below the lowest annual groundwater
level to avoid dilution effects.

Groundwater monitor wells will be constructed of 50mm Class 9 or 12 PVC with
0.5mm machine slots over the proposed sampling interval. The PVC bore casing will
be surrounded with a graded and washed coarse silica sand pack.  The top collar of
the bore casing will be sealed with at least a 0.5m thickness of bentonite with a
concrete collar at the ground surface.  No glues or solvents will be used in the well
construction.  All jointing will be with stainless steel screws.

All newly installed monitor wells are to be surveyed to MGA and AHD co-ordinates
to enable accurate determination of groundwater flow direction.

As the wells are to be installed through waste fill, the drilling spoil will need to be
disposed to landfill.  Occupational health and safety measures will need to be
followed during the well installation.
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4. REPORTING REQUIREMENTS

4.1 FREQUENCY OF REPORTING

The results of each monitoring event are to be reported within three months of
completion, with a full comprehensive report prepared after the initial five year
program.  Results will be provided to the DOE.

This monitoring report will be assessed in consultation with the DOE.  The need for
any future monitoring will be determined at this stage.

4.2 REPORTING FORMAT

The results of the monitoring are to be presented in accordance with the DEP
Contaminated Sites Management Series: Reporting of Site Assessments (2001).

The results of the monitoring are to be assessed in accordance with the 2001 DEP
Contaminated Sites Management Series and the Australian and New Zealand
(ANZECC) 2000 Australian Water Quality Guidelines (AWQG) for Fresh and
Marine Waters –Aquatic Ecosystems.  In addition to reporting of the data, any trends
will be discussed and assessed.

At the end of the five year monitoring period, a detailed Monitoring Summary Report
will be prepared that will contain the following:

1. background to the monitoring program;

2. scope of work;

3. investigation methodology;

4. analytical and water level results;

5. assessment of results;

6. conclusions; and

7. any further recommendations.

The report will be prepared by a suitably qualified environmental consulting firm.
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5. GROUNDWATER CONTINGENCY PLAN

5.1 OBJECTIVES

The objective of the Groundwater Contingency Plan (GCP) is to prevent elevated
levels of contaminants reaching and potentially harming the aquatic environment of
the Helena River.  This is considered highly unlikely given the observed
hydrogeology of the area.  The GCP is only concerned with the quality of the
groundwater rather than potential increases in groundwater levels.  Although it is
possible that groundwater levels may rise and come into direct contact with the fill,
the issue of concern will be the potential decrease in groundwater quality as a result
of rising water levels and not the increase in groundwater levels themselves.  

Should future monitoring show that the groundwater quality migrating towards the
Helena River is likely to exceed the water quality assessment criteria, the corrective
action outlined in this plan will be implemented.  Corrective action will be undertaken
following advice from the relevant regulatory authorities at the time.

Current observations strongly indicate that groundwater quality will not degrade to
levels that could compromise the river.

5.2 IMPLEMENTATION OF CONTINGENCY PLAN

The contingency plan would be implemented if groundwater quality in the monitor
wells along the Helena River floodplain (B1, B2, HP6 to HP8) exceeds the water
quality assessment criteria (refer Section 4.2) for the analytes tested for.  The owner
of the land containing the residual waste fill at the time will be responsible for
implementing the contingency plan.

Should unacceptable groundwater quality be detected the following actions will be
undertaken:

1. resample the particular well/wells to confirm initial result;

2. resample the well in 3 months time to confirm initial round of sampling;

3. should retesting confirm initial results, implement Phase 1 of the Contingency
Plan.
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5.2.1 Phase 1 Risk Assessment

Phase 1 of the Contingency Plan will involve additional groundwater monitoring and
completion of an Ecological Risk Assessment (ERA) in accordance with Schedule
B(5) of the National Environmental Protection Measure (NEPM -1999).  

Groundwater monitoring will be extended to define the dimensions of the
contaminant plume.  This includes additional wells laterally and downgradient.  All
wells are to be installed in accordance with the details provided in Section 3.8.

A Level 2 ERA will be initially performed that will comprise:

• A desktop study with some field investigations of the Helena River;

•  Derive modified criteria based on the site specific ecological values of the
Helena River; and

• Compare contaminant levels with the modified criteria.

Should the Level 2 ERA still indicate adverse effects, a more detailed Level 3 ERA
will be performed to quantify the actual risk.  This will comprise:

•  Field studies of the aquatic environment and ecological values of the Helena
River;

• Detailed receptor identification, exposure assessment and toxicity assessment;

• Derive modified criteria based on ecological values of the site; and

• Compare contaminant levels with the modified site specific criteria.

Should the Level 3 ERA indicate possible adverse effects, remediation of the
groundwater will need to be considered in consultation with the regulatory
authorities.

5.2.2  Phase 2 Remediation Program

Phase 2 of the Contingency Plan will involve implementation of a groundwater
remediation program.  

There are several measures that could be potentially employed to prevent adverse
groundwater quality from entering the Helena River.  Due to the volume of the waste
fill material, any remedial option will be very expensive.  The most suitable option
will be a compromise between effectiveness, cost and implications to the
development.  The following sections assess some of the various potential
remediation options.
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5.3 POTENTIAL GROUNDWATER REMEDIATION OPTIONS

5.3.1 Impermeable Cover

An impermeable cover could be constructed to prevent the ingress of rainfall and
drainage into the waste fill, thus significantly reducing leaching of the contaminants.
To retrofit an impermeable cover on top of the residual waste fill would be possible,
as the land will be mostly used for public open space.  This would be expensive as
infrastructure and the soil cover would need to be removed and then replaced.  

An alternative option would be to minimise the infiltration of water into the waste fill
by reducing irrigation and increasing the vegetation cover.  The land could be
densely planted with native vegetation, which would further reduce the infiltration
rate.

5.3.2 Groundwater Barrier

Should regional groundwater levels rise, the base of the fill could come into
permanent contact with groundwater that could potentially accelerate the rate of
leaching and the degradation of groundwater quality.  

To isolate the groundwater from rising under the fill, an impermeable cover would
need to be installed in conjunction with a groundwater barrier linked into the
underlying impermeable formation.  This would be in the form of an impermeable wall
constructed of bentonite slurry and cement.  

Installation of an impermeable cover would be highly disruptive and not practical
once the site has been developed.

5.3.3 Groundwater Interception Trench

A groundwater interception trench could be constructed immediately upgradient of
the waste fill that would intercept the groundwater.  This would remove the
groundwater gradient thus preventing groundwater flow beneath the fill area.  The
groundwater would be drained away from the fill and discharged into dedicated
disposal sites downgradient of the fill.

Any upgradient groundwater interception trench would require extensive engineering
considerations and would significantly interfere with established site infrastructure.

Alternatively a groundwater interception trench could be constructed downgradient of
the waste fill to capture contaminated groundwater for treatment.  Once treated the
water would then be recharged downgradient of the trench.

Such a system would require extensive earthworks and expensive
pumping/treatment infrastructure with on-going maintenance.  Installing a
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groundwater interception trench downgradient would be less disruptive to
development compared to an upgradient system.

5.3.4 Pump and Treat

An effective remediation option in sandier soils is to recover the groundwater and
treat prior to recharge back into the aquifer, such a system is commonly referred to
as pump and treat.  An impermeable barrier is sometimes installed downgradient of
the bores to “trap” the groundwater to enhance recovery rates.

The aquifer along the floodplain does contain a significant proportion of sand; as
such groundwater recovery would be possible.  Treatment would most likely
involve dosing with alkali compounds to precipitate out the metals.  The treated
groundwater would then be discharged into the stormwater system or reused as
irrigation.  

The treated groundwater would need to be tested periodically before being
discharged into the environment.  Where metal and hydrocarbon concentrations in
the treated water are below relevant aquatic protection guidelines, the water will be
discharged into the stormwater system.  Where concentrations are below the
applicable criteria, the water will be used to irrigate public open space.

Pump and treat is viable but would be costly in terms of infrastructure and running
costs.

5.3.5 Reactive Barriers

A reactive barrier is a trench filled with a treatment medium installed downgradient of
a plume.  The barrier operates as a passive remediation system, in other words
once installed it works with minimal maintenance.  The barrier can be filled with
reactive materials or organisms to enhance sorption, precipitation or degradation of
contaminants.  In essence, contaminated groundwater enters the barrier and after
treatment, better quality groundwater exits the barrier.

The dissolved metals could potentially be removed from the groundwater via a
chemical reactive barrier.  Metals in general will precipitate at high-pH alkaline
conditions, and for this reason the addition of lime into a trench could result in the
formation of insoluble metal hydroxides.  Addition of other chemicals into the barrier
can also precipitate the metals forming compounds of low solubility.  Alternatively
material in the trench can be mixed with 5-10% of a reactive clay such as sodium
montmorillonite (bentonite) to sorb dissolved metals (LaGrega, Buckingham and
Evans, 1994).
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5.3.6 Probable Remediation Option

Should future groundwater quality decline to levels that could potentially compromise
the aquatic environment of the Helena River, the most likely action will firstly be a
reduction in the infiltration rate of water into the waste fill by either dense vegetation
plantings of an impermeable cover.

Any contingency measure would be developed in consultation with the regulatory
authorities with the intention of minimising environmental impacts given the limitations
and development constraints of the site.
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6. GROUNDWATER RESTRICTIONS

Groundwater quality within the superficial aquifer is suitable for irrigation purposes
beneath all of Helena West including the waste fill deposits.  There is the possibility
that groundwater quality could decline in the future, however this is considered
unlikely based on the leachate potential of the fill (refer Detailed Site Investigations,
Helena Precinct Waste Fill, ENV-2002).

The installation of private abstraction bores at the site is unlikely given that the
development would be of high density and the aquifer is generally low yielding.
Bores may however be installed into the deeper superficial aquifer for irrigation of
open spaces.  From a long-term management perspective it is better to have one
user rather than numerous small scale users.

Groundwater quality is currently suitable for irrigation purposes.  Monitoring will need
to be part of the irrigation program to ensure that the quality is suitable for this use.
Details are outlined in the Irrigation Management Plan.

Proposed abstraction from the deeper confined aquifers (eg Leederville Aquifer)
within the project area will need to be referred to the DOE for assessment and a
licence.  
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