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1. INTRODUCTION

This purpose of this management plan is to outline the most appropriate method
of remediating the coal dam sediments within the Coal Dam located at the
western end of Helena West.  Years of waste disposal into the dam have
resulted in sediments contaminated with heavy metals and oily dense liquids at
the base of the dam.

The dam is destined to be a water feature and stormwater detention basin.
There is also a possibility that it maybe developed as an irrigation source to
supplement supplies for the Workshops site.  Before the dam can be fully
developed as a stormwater basin, the contaminated sediments must first be
removed.  

This plan provides an overview of the various remediation options that have
been considered and details of pilot trials performed to assess the feasibility of
the proposed remediation approach.  Potential environmental issues related to
the removal and treatment of the sediments and actions for managing these are
outlined.
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2. BACKGROUND

The Coal Dam is located at the far western end of the Midland Workshops site.
It is believed to have initially been a 50,000 kL storage dam for water supplies in
the late 1890’s.  The dam capacity was increased 75% in 1947 for coal storage
purposes.  This involved an extension of the dam wall with concrete and timber
supports.  Around the same time, cinder ash was used to backfill the eastern
section of the reservoir.  Wastewater containing treated electroplating liquor and
washdown water from cleaning activities was discharged into the dam from the
on-site treatment plant built in 1974.  Current dam dimensions are approximately
200m by 50m (Figure 1).

The base of the dam has been the subject of a number of investigations, which
have attempted to assess both the quality of the surface water body and the
contamination status of the underlying sediments.  The base of the coal dam is
some 3m to 4m below the water surface depending on the time of year and is
covered by a layer of unconsolidated oily sediments, underlain by compacted
coal aggregate.  It has not been possible to penetrate into the consolidated base
using conventional sediment coring techniques, therefore the full thickness of the
coal is not known.

The natural ground base of the coal dam is the original floor of the reservoir,
which is believed to be graded to the south and at approximately 2m to 4m AHD.
The dam is in hydraulic connection with a shallow groundwater system that is
believed to discharge into an underlying deeper sand aquifer.  This deeper
aquifer flows in a westerly direction rather than to the Helena River to the south.
Full details of groundwater hydrology are provided in the Groundwater
Management and Contingency Plan.

The unconsolidated sediments at the base of the dam contain elevated levels of
heavy metals and high oil content from the liquor generated from the Wastewater
Treatment Plant.  These sediments are approximately 0.8m thick and are very
fine to almost colloidal in a suspension like state.  Observations during previous
sediment collection exercises show that material is susceptible to disturbance.

Current water quality is suitable for irrigation purposes and criteria set for the
protection of aquatic ecosystems.  Salinity levels are between marginal and
brackish.  There is no direct discharge from the dam to the Helena River except
for an overflow culvert that has not overflown in recent years.

Groundwater quality immediately surrounding the dam has been impacted by the
presence of the contaminated sediments with levels of zinc and copper above
the aquatic protection criteria by up to a factor of 5 times.
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3. ENVIRONMENTAL CONDITION

3.1 ASSESMENT CRITERIA

Acceptance criteria used to assess the Coal Dam are the Department of
Environmental Protection (DEP 2001) Draft Assessment Levels for Soil,
Sediment and Water-Version 2.

3.1.1 Water Quality

Acceptance criteria for the water body are based on the beneficial use to be
protected.  As it is proposed to utilise the dam principally as a water feature (no
direct contact with water) and possibly to supplement irrigation supplies,
assessment levels for irrigation purposes are considered most appropriate.

The dam will also be utilised for stormwater collection and settlement to improve
quality prior to discharge.  Overflow from the dam could occur over the winter
months and will be directed into an extensive open drainage area, which
ultimately discharges to the Helena River only during high stormwater flows.
Water from the Coal Dam that has entered the drainage system would be
expected to comply with the aquatic criteria for the protection of fresh water
ecosystems at the discharge point with the Helena River.

3.1.2 Sediments

Sediment criteria exist for the protection of marine and wetland/lake environments.
As the dam contains contaminated sediments, this has reduced its potential to be
a fauna habitat, however there is some use of the dam by bird life.  Therefore
use of this criterion is not applicable for assessing the sediments.

The most relevant criteria to assess the sediments are the soil guidelines in terms
of potential human exposure in the form of direct dermal contact with sediments.
The DEP guidelines include Environmental Investigation Levels (EILs) for
environmental values and Health Investigation Levels (HILs) for human health.
This however does not consider possible ingestion of suspended sediments.
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3.2 ENVIRONMENTAL QUALITY OF DAM SEDIMENTS AND WATER

Several studies have been completed to determine the physical and chemical
characteristics of both the water, suspended and settled sediments.

3.2.1 Coal Dam Suspended Sediments

A 0.5m to 1m thick layer of suspended and settled material was encountered at
the base of the coal dam on top of coal aggregate.  The suspended material is
comprised of fine coal and oil material.  

In 1996, CMPS&F collected two samples from the unconsolidated dam
sediments.  Levels of metals exceeded the EIL, with respective nickel and
chromium levels of 30 to 50 times the EIL.  High levels of heavy end
hydrocarbons (TPH) up to 21,000 mg/kg were also detected.

Ten sediment samples were collected using a grab sampler (Egis, 1999).  The
sediment contained elevated levels of cadmium, chromium and nickel above the
EIL but below HIL values.  These results were reported on a wet as received
basis rather than dried then analysed.

Four sediment samples were collected by a diver using push tubes in March
2002 by ENV and were tested for a wide suite of heavy metals and total
petroleum hydrocarbons (TPH).  Concentrations exceeded EILs for 10 of the 11
metals, with high levels of chromium, copper, nickel and zinc being observed on
a dry weight basis.  TPH levels as high as 124,000 mg/kg was reported.  The
hydrocarbon fraction was predominantly C10 to C36.  

It is important to note that the sediments contain mostly water so the dry weight
analysis is a concentrated level representative when the material is dry.  The
sludges contain around 80% to 90% water.

The sediments were also subject to particle size and settling rate analysis.  The
particle size ranged from approximately 1µm to 1mm, with a median size of
between 30µm and 100µm.  According to CSIRO, the settling rates for particles
of this size range considerably from 3cm/day up to 30cm/second.  

The 50 percentile particle size ranges from 32 µm to 102 µm.  This represents an
average value of 70 µm which correlates to a settling rate of some 0.2cm/second.
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3.2.2 Coal Dam Water

The coal dam water quality is suitable for irrigation purposes.  ENV collected two
water samples in March 2002, one was collected from near the base of the dam
and one from near the surface.  Both were tested for petroleum hydrocarbons
(TPH & BTEX) and a suite of heavy metals.  TPH and BTEX were not detected
and all metal levels were below the aquatic criteria.

One composite water sample was also collected from two locations in the dam in
1995 (CMPS&F,1995)  Levels of cadmium, copper, lead and zinc did exceed the
aquatic criteria, however all heavy metal concentrations were below the irrigation
criteria.  TPH, Phenols and PAH’s were not detected.

3.2.3 Coal Dam Periphery

Investigations have shown that the sediments along the edge or shore of the
dam contain elevated heavy metal levels (CMPS&F, 1995).  Three composite
sediment samples (CD1 to CD4) were collected at the periphery of the dam to a
maximum depth of 0.7m.  Two of the samples contained cadmium, chromium and
nickel levels above the EIL.  Concentrations of TPH, BTEX, PAH, Phenol and
OC pesticides did not exceed the EILs.  

Ten samples (Dames & Moore, 1997) were collected from the perimeter of the
coal dam to a depth of 0.6m into sediments and natural clay.  One of the six
samples analysed for metals contained nickel levels above the EIL.  Two
samples were analysed for TPH and one for PAH.  Analysis detected low levels
of TPH and no PAHs above the laboratory detection limit.  

Thirteen soil samples were collected from the natural clay outside the dam as part
of the Dames & Moore program which was designed to determine groundwater
flow direction.  One of the 13 soil samples contained copper levels above the
EIL.  The low levels of contamination in the soil outside the coal dam imply the
coal dam is not significantly leaching contaminants into the soil profile.

3.3 GROUNDWATER SURROUNDING COAL DAM

To determine whether the lining of the dam is effectively preventing contaminated
sediments impacting the groundwater, a number of existing groundwater monitor
wells surrounding the dam have been recently sampled.  These monitor wells
were installed previously as part of investigation work some time ago, but had
not been sampled as they were narrow and specifically designed to monitor
groundwater levels rather then obtain samples.
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Groundwater levels were measured and samples collected on 20/5/03 from five
of the 14 wells.  The other wells were damaged, dry or clogged with silt.  All
samples were tested for a suite of heavy metals and hydrocarbons, with three
also tested for PAHs.  

Low-level copper and zinc contamination above the aquatic protection criteria
was identified at three and one location/s respectively.  

The presence of this contamination suggests that the sediment may be impacting
the groundwater that flows through the dam.
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4. SEDIMENT REMOVAL AND TREATMENT

4.1 PHYSICAL PROPERTIES OF COAL DAM SEDIMENTS

The sediments at the base of the dam contain elevated levels of heavy metals in
the solid component and oily waste.  It is estimated that there is 8,000kL of
waste sediments that are, on average, 0.8m thick in a very fine to colloidal state.
Observations during previous sediment collection exercises suggest that the
sediments have settled to the base in a suspension like state in a water body
that is usually very still.

These sediments are considered to be sensitive to disturbance so they are
required to be removed if the dam is to be used as a stormwater retention basin
and irrigation source.  Agitation due to large water flows could lead to re-
suspension and hence contamination of any stormwater and irrigation water that
is then discharged from the dam.  In order to ensure the quality of the water
discharging from the dam, the contaminated sediments will need to be removed.

Results of the physical properties testing of the coal dam sediments indicates
that the removal approach will need to limit the amount of agitation of the water
body due to potential re-suspension of the sediments throughout the dam water
column.  The following outlines the various options trailed for removing the
contaminated sediments and the recommended removal option.

4.2 REMEDIATION OPTIONS

The following remediation options have been considered for remediating the dam,
a number have been subject to more detailed evaluation.  Methods of removal
are considered in Section 4.3 and treatment of sediments in Section 4.4.  The
recommended remediation approach is described in Section 5.

4.2.1 Do Nothing

The sediments at the base of the dam could be left as is and the dam secured to
prevent unauthorised access.  Use of the dam as a stormwater retention basin
represents a potential risk of agitating the sediments and contaminating any
stormwater that is discharged.

This option is not considered feasible as the sediments represent a potential on-
going source of groundwater contamination and should be removed.
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4.2.2 Placement of Sand Blanket

A sand blanket of reasonable thickness could be placed over the sediments.
This would not remove the contamination but rather contain it.  This approach
has a high potential to re-suspend all of the sediments throughout the dam and
thus eventually contaminate the sand blanket.  

In addition, the contaminated sediments will not be removed from the system and
thus have the potential to contaminate the water through on-going dissolution.

This option is not considered feasible.

4.2.3 Dewatering of the Dam and Excavation of Sediments

Anecdotal evidence from a former Workshops employee (pers. comm. Peter
Carty) indicates it is possible to dewater the dam and safely use heavy
machinery at the base.  Several decades ago the dam was apparently
dewatered in order to remove coal deposits from the base.  This was performed
using a bulldozer.  The method of dewatering is not known but is likely to have
involved use of the pump station at the base of the dam wall.  Groundwater
recharge rates into the dam would therefore have been relatively low for such an
exercise to be able to be performed.

Dewatering of the dam is the ideal scenario because it would enable direct
excavation of the suspended coal dam sediments using heavy earthmoving
machinery.  However discharge and the rate at which the dam could be lowered
would be problematic.  At least 50,000 kL of water would need to be removed
from the dam over a short period of time.  There is also the potential that the
contaminated sediments could become entrained in the dewatering process.

The permeability of the natural soil in the adjoining land is generally low, thus
inhibiting rapid infiltration of any water discharged from the dam.  Temporary
storage ponds could be created to hold the dam water.  This would be impractical
due to the large volume of water to be removed from the dam and corresponding
size of earthworks (5ha for a 1 m water level).

An alternative would be to discharge the water into the drainage system on the
floodplain that is adjacent to the Helena River.  This direct discharge would be of
concern due to the risk of contaminated sediments entering the drainage system.
The rapid pumping of the dam water is likely to remove a portion of the fine
suspended sediment that contains very high levels of contaminants as the level
drops.  

This option is considered a last resort.
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4.2.4 Direct Filtration and Treatment

In this process the suspended sediment would be removed and passed through
a filter bed, cyclone or other separation process, or chemically treated using
flocculants to physically remove the contaminants.  The major advantage of this
approach is it would be less intrusive than other methods.  This may be
advantageous as remediation and development of Helena West could proceed
without being potentially delayed by the coal dam remediation.  

This process would involve significant infrastructure costs and thus be relatively
expensive.  Full-scale trials would need to be undertaken to determine whether
the system is effective and reliable.  

4.2.5 Settlement and Evaporation of Sediments

In this process the sediments would be removed from the base of the dam into a
series of temporary settlement ponds.  The fluid removed from the coal dam
would be allowed to settle and evaporate, thus separating the solid component
from the liquid.  The liquid component would then be returned to the coal dam
following any necessary treatment such as pH adjustment.  The sediment
fraction would then be allowed to further dry before disposal to an appropriate
landfill facility.  Ash material maybe added to the sediment to reduce the moisture
content to an acceptable level for landfill disposal.

The volume of contaminated suspended material in the coal dam is approximately
8,000kL.  The amount of fluid that would be removed to capture the sediment will
bulk the treatment volume by a factor of two to four times.  It is estimated that
some 20,000kL of fluid may need to be removed and treated through the
settlement ponds.  

This process would need to be performed over summer to aid in the evaporation
of removed water and drying of the sediments.  Potential issues relate to the
efficiency at which the sediments can be removed from the treatment process.

This option is considered feasible.

4.2.6 Settlement and Filtration

A variation of the above option would involve the placement of a sand layer at
the base of the temporary storage pond as a filter.  The sand layer would be
underlain by a drainage system where the filtered fluid would be collected and
returned back into the coal dam.
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This option will cause an increase in the volume of contaminated soil to be
removed to landfill as the filter sand would itself become contaminated.  

Potential issues primarily relate to sealing of the pores of the sand layer from the
settled sediments resulting in a decrease in filtration capacity.  This is expected to
be significant and likely to be problematic.  

This option is not considered feasible.

4.3 REMOVAL OPTIONS

The following options have been subject to more detailed evaluation.

4.3.1 Option A: Pumping through slotted/perforated pipes

Preliminary testwork indicated that the sediments could be removed using
slotted/perforated PVC pipes placed at the base of the dam connected to a low
flow pump.  A trial was performed to test the viability of this removal method.

The design for the pilot trial was made in consultation with Mobile Dewatering, a
local pumping company.  A single line of 50mm perforated PVC pipe was laid at
the base of the coal dam and connected to a trailer mounted pump.  The
sludge/water was then discharged into the existing Wastewater Treatment Plant
tanks located approximately 200m away.

The PVC pipes had 1cm diameter holes drilled at regular intervals over the length
the pipe.  Earlier trials had indicated that smaller perforations or slotting would
become clogged by the sludge and sediment debris.  The principal behind the
use of perforated pipe was that the perforations would result in a low flow rate
that would allow the sludge to slowly move laterally across the dam floor and
enter the pipe.

The pilot study was conducted on 7 March 2003.  A total of 24m of perforated
50mm PVC pipes were placed on the bottom of the coal dam connected through
plain 50mm PVC pipe to a pump.

At the start of the pumping, sludge and water flowed into the tank, however as
the pumping continued a greater proportion of water flowed into the tank until
eventually only clean water was being recovered.  This process took only a few
minutes.  In response to this, the pumping rate was reduced to around
300L/minute, however this had no effect with the same result occurring each time.

It is believed that the lateral movement of the sediments is not fast enough due to
the viscosity.  This allows water to circulate directly around the pipes and
therefore prevent movement and recovery of the sediments.  
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When not pumping, sediments and oil would be expected to displace the water
after some time thus allowing recovery of a very small portion of the waste that
has collected within the pipe.  This is considered a significant limitation making the
pipe arrangement impractical and ineffective for recovering the full volume of
sludge.

In addition movement of the pipework would be problematic due to the gantry
structures and possible presence of scrap items on the dam floor.

4.3.2 Option B: Dredging

Whilst dredging is similar to the pumping option, the significantly higher pumping
rate and the ability to draw from just above the base should ensure a more
thorough removal of sediments.  In addition, a dredge has the added advantage
of being able to move over the dam and dredge from all areas of the dam.  To
test this a small trial was undertaken with Aquatic Solutions.  

A 7 tonne self propelled dredge was placed in the coal dam and connected to a
series of 150mm pipes to convey the sediments to a temporary storage tank.
The dredge has a 3.4m hydraulic cutting arm that pushes material into a suction
pump located behind the cutters and is able to remove solids up to 60mm in size.

The trial was conducted over a day, with actual dredging occurring for several
minutes only at a rate of 100L/s.  This dredging period was considered to be
sufficient to provide an indication of the effectiveness of the dredge in removing
the coal dam sediments without creating too much liquid waste.

Initially, the material removed by the dredge was a relatively dense sludge like
material with a low water and high oil content.  This material was too dense to be
pumped the long distance through the pipe network.  To shift the sediments to
the tank, pumping was alternated between the sludge and overlying water, to
create an oily mixture of lower density that could be pumped.  The dredging
contractor indicated that the more dense material could be pumped if the pipe
outlet was closer to the coal dam, rather then the 200m to the tank.

No extensive dilution of the sediments with clean water was observed during
dredging indicating that the sediments can be removed with minimal volumes
generated.

There was some dispersion of sediments surrounding the dredge however it was
minimal and not obvious on the water surface.  It is expected that this sediment
would quickly settle out of the water profile.
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Results of the trial indicate that dredging is an effective method for removing
contaminated sediments and oily wastes from the base of the coal dam.  The trial
has demonstrated that the contaminated sediments can be removed efficiently
using dredging with minimal impact on the water quality of the coal dam.

4.4 TREATMENT OPTIONS

Once the sludges have been recovered they will need to be disposed of the
high oil content makes it unsuitable to be retained on-site.  Various treatment
options have been considered such as on-site incineration however this will be
expensive to install and there are combustion gases to consider in terms of air
quality.  Disposal of the sludges to an appropriate facility is considered the most
appropriate option.

The sludge in its spoil form is not suitable for direct disposal to a landfill, it could
be removed by a liquid waste contractor but as it is mostly water, this would be
at substantial cost for material that is contaminated but not particularly hazardous.
The sludge needs to be dried to reduce the moisture content and thus the amount
that needs to be disposed.

The use of drying beds will aid in the reduction of moisture content and minimise
the volume of sludge that is carted and disposed off-site.  On-site cinder ash
destined to be relocated can be added to the sludge to improve the handling
characteristics to get the waste into landfill.

Testing of the oily sludge indicates it is 80% moisture and thus will significantly
reduce in volume in response to drying.  Mixing trials performed on wet sludges
indicate that a 1 to 1 mix of sludge to ash waste absorbs the moisture to a
sufficient level to enable landfill disposal.  

4.4.1 Ash Mixing Trial

The ash trial consisted of obtaining a sample of the sludge dredged from the coal
dam and mixing it with different ratios of contaminated soil containing high
amounts of cinder ash.  The mixing compositions were 50%, 30%, 25%, 20%
and 17% sludge to contaminated soil.  Notes were made regarding the structure
of each of the different mixes during the trial and they were subsequently
analysed for a range of contaminants, including heavy metals and various
hydrocarbon based compounds according to landfill criteria.
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The trial found that a mix of 50% sludge and 50% contaminated soil was
sufficient to make the sludge stable enough for disposal to landfill.  Preliminary
analytical results indicate that all mixes are suitable for disposal to a Class 3
landfill.  Based on these results a 50% mix of sludge and contaminated soil would
have acceptable structure and contaminant concentrations to enable disposal to
a Class 3 landfill.  

In terms of waste volume minimisation, a combination of drying first followed b y
mixing would result in the most efficient and cost effective disposal of the coal
dam sediments.
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5. REMEDIATION PROGRAM

5.1 PROPOSED REMEDIATION APPROACH

Trials of various remedial options has shown dredging of the sediments is the
most viable removal option and therefore this has been selected as the preferred
remedial approach.

The dredge spoil will be separated by means of on-site settlementation ponds
with sludges allowed to dry prior to disposal off-site to landfill.  Sludges will need
to be mixed with contaminated soil to absorb excess water and make the material
acceptable to landfill operators.

Clear water from the separation process will be returned to the coal dam via a
sand filter.

Validation of the remedial works is described in Section 5.2 with management of
air emissions including odour in Section 5.3.

5.1.1 Removal Method

Dredging would be conducted on a grid basis with a number of “passes over”
each portion of the coal dam.  This will ensure that any disturbed material that is
not collected has time to settle to the base for the next pass over.  It is expected
that dredging will remove the vast majority of contaminated sediment, a small
amount will most likely remain around structures that simply cannot be removed.

Dredging was undertaken at a rate of 100L/s and assuming a 3 to 1 ratio of water
to sludge it is estimated that some 700m3 of sludge will be removed each day.
Allowing for a reduction in removal efficiency as the sludge volume reduces it will
take 3 to 4 weeks to clean the entire dam.

It is proposed to pump the dredge spoil from the coal dam into a series of
settlement ponds built on the ground to the immediate east of the dam.  The
settlement ponds will be the first step in the separation process and will be
designed to maximise the retention rate and physical separation of the dredge
spoil.  

Dredge spoil will be discharged into a 2,000m2 to 4,000m2 settlementation pond
that will be divided into a number of cells to allow the staged separation of
solids/sludges from liquid so the first cell will capture the heavier particles and the
last, the finer material.  Polished effluent or the clean water fraction would then be
returned to the dam after passing through a sand filter bed.  
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Sludges will be removed and placed into drying beds located on top of
contaminated soil that is destined to be removed.  Once the sludge has dried as
best as practical, underlying cinder ash waste will be mixed with the sludge to
make it dry enough for disposal to an off-site landfill.  

It is anticipated that 8,000m3 of sludge will be removed and dried by a factor of at
least 25% resulting in an estimated 6,000m2 of material that will be mixed with an
equivalent volume of ash.  Thus up to 12,000m3 of waste material will be
disposed off-site to landfill.  Transport of this material is outlined in the Waste
Management Plan.

5.2 VALIDATION OF REMEDIAL WORKS

The proposed remediation will recover as much of the sludge that is practically
possible.  It is anticipated the compacted coal and ash base and any oily waste
sediments within the coal spaces will remain.  

Validation of the success of the coal dam remediation will be determined by on
going monitoring of the water quality of the dam rather than validation sampling of
the base of the dam as it is acknowledged that sediments will be removed as
best as practical and that some minor residual contamination could be expected.
The proposed coal dam water quality monitoring program is outlined in Section 6.

5.3 AIR EMISSION MONITORING

Samples of the sediment waste have been subject to air emission testing b y
headspace analysis to determine if harmful gases would be released during
exposure of the wastes to air by drying.  The testing showed that no harmful
gases would be generated and emitted from the waste material.  Results are
provided as an attachment.

Gases were monitored during the first pipework pumping trial with a PID monitor
that detects volatile hydrocarbon emissions and a sulphur monitor designed to
measure hydrogen sulphide and sulphur dioxide.  No such gases were detected.

No specific air emission control is required, however there will be some odour
associated with drying of the sludge.  The odour is characteristic of car engine oil.
Given the isolated location of the dam and that Yelverton Road is the nearest
receptor and contains no residential or commercial premises, odour is not
expected to be a significant issue.  Some odour maybe experienced at the
nearby WAGR and MRA offices.
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6. COAL DAM MONITORING

6.1 MONITORING

In order to ensure that the remediation of the coal dam has been effective, the
water quality of dam will be regularly monitored.  This will include the main water
body; and stormwater inflow and outflow from the dam.  Groundwater quality
surrounding the dam is to be monitored in accordance with the Groundwater
Management and Contingency Plan.

6.2 SAMPLING PLAN

Three sites will be used for monitoring, at the stormwater inflow to the dam, in the
middle of the dam at two levels and at the outfall into the low-lying area.
Samples would be collected from beneath the surface and at 3m – just above the
base within the dam.

It is proposed that samples be collected on two occasions during the year, at the
first flush event in May/June and in August when flows are steady.  

The monitoring program will then be reassessed after five years in consultation
with the DOE (Department of Environment) to determine the need for it to
continue.  If water quality within the dam is consistent with inflow stormwater
quality, further monitoring is not expected.

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

6.3 WATER SAMPLING PROCEDURE

Stormwater samples will be collected in accordance with the Australian/ New
Zealand Standard. Water Quality-Sampling Part 10 Guidance on Sampling of
Waste Waters (AS/NZS 5667.10.1998).  

6.4 FIELD QUALITY CONTROL PROCEDURES

To ensure stormwater and dam water 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.
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To monitor the integrity of the sampling procedures, a number of quality control
measures will be applied.  One sample in every sampling event 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.

6.5 WATER ANALYTICAL PROGRAM

Heavy metals and hydrocarbons have been detected in the sediment and so
could potentially be found in the dam water.  Latest testing of the dam water
shows no contaminants above the aquatic protection criteria.  However previous
testing did detect elevated levels of cadmium, copper, lead and zinc.
Hydrocarbon fractions and compounds such as PAH’s and phenols have not
been detected.  

The methods and detection limits for the proposed sampling suite are shown on
Table 1.  This includes primary metals and petroleum hydrocarbons.

Table 1 - Analytical Testing For All Stormwater and Coal Dam Samples

ANALYTE METHOD DETECTION

LIMIT

pH APHA 455-H, measured electrometrically 0.1 unit
Cd, Cu, Ni, Pb,

Zn
APHA 3111/3500, AAS 5-50 ug/l

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

NOTES
APHA American Public Health Association
AAS Atomic Absorption Spectroscopy
GC Gas Chromotography

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.
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6.6 REPORTING REQUIREMENTS

6.6.1 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
and extent of any future monitoring will be determined at this stage along with
any changes to the frequency of the monitoring program.

6.6.2 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 DEP
Contaminated Sites Management Series: Assessment Levels for Soil, Sediment
and Water (2001).

This is based on the Australian and New Zealand (ANZECC) 1992 Australian
Water Quality Guidelines (AWQG) for Fresh and Marine Waters – Protection of
Fresh Water 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 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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