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1. Introduction
Tectonic Resources NL propose to place thickened tailings generated from the Phillips
River Gold Project into the mined-out open pit and underground workings of the RAV 8
nickel sulphide mine.

A possible issue with this tailings management strategy is that the liquor associated with
the tailings contains contaminants that may enter groundwater and have the potential to
report to Bandalup Creek (approximately 1.5 km away), thereby impacting on the
environmental values of that surface waterbody. This report describes an assessment by
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Enesar Consulting Pty Ltd of the likelihood of impacts on the water quality and
environmental values of Bandalup Creek and local environs due to seepage from the pit
to groundwater.

2. Approach
Predicting the final water quality of any seepage reporting to surface water is very difficult
to determine empirically (or model) with any certainty.

The final quality of water in the pit will depend on initial concentrations in the tailings
liquor, dilution by rainfall and groundwater inflow and concentration by evaporation.
Attenuating processes will also occur within the pit that will remove cyanide (e.g., through
processes such as volatilisation, biodegradation and photodecomposition) and metals
(e.g., through processes such as oxidation/reduction, precipitation and adsorption) from
solution. The long-term quality of water within the pit will also depend on the acid-forming
potential of the tailings solids and the effectiveness of management measures
implemented to mitigate against acid mine drainage from any problematic materials.

The rate of seepage from the pit to groundwater will be influenced by the permeability of
the tailings and the pit wall. This seepage will then be diluted by regional groundwater
and recharge as it migrates, during which time further attenuation processes may be
expected to occur (e.g., complexation, precipitation and adsorption). Upon expression of
the groundwater to surface waters, further changes in chemical speciation may be
expected, e.g., changes in redox conditions may precipitate iron oxyhydoxides and
coprecipitate other metals. The final quality of water in the surface waterbody will depend
on the relative proportion of the groundwater discharge to the surface water flow at the
time.

Given the uncertainties described above, the assessment has been undertaken following
a weight of evidence approach, based on a review of available project information,
scientific literature and relevant case studies.

3. Information Review

3.1 Characteristics of the Tailings Liquor

Ore processing will utilise a conventional flotation and CIP/CIL circuit. Geochemical
characterisation has been undertaken of three tailings slurry samples generated from
bench-scale metallurgical testwork on composite samples of Kundip Oxide, Trilogy Oxide
and Kundip Sulphide ores (GCA, 2005).

The tailings liquor of the three samples was mildly alkaline (pH 8.4 to 8.8), and saline
(25,000 to 29,000 mg/L), although it should be noted that salinity is dependent on the
source quality of process water. Concentrations of cyanide and metals generally
considered to be of toxicological concern measured in the three samples are shown in
Table 1.
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Table 1  Cyanide and metal concentrations measured in tailings liquor (mg/L)

Parameter Kundip Oxide Trilogy Oxide Kundip Sulphide
Cyanide
Total CN 580 640 210
WAD CN 450 480 200
Metals
As 0.06 0.07 0.19
Cd 0.003 0.006 0.091
Cu 400 410 120
Cr <1 <1 <1
Hg 2.2† 1.4† 0.017
Ni <1 <1 1
Pb 0.15 0.34 0.14
Zn 2 6 8

† The high mercury concentration in the Kundip oxide and Trilogy oxide tailings liquor is an artefact of the
method of sample preparation, due to an amalgam process used in the bench testwork. During operations, it is
expected that there will be very little mercury in the tailings liquor, with results shown for the Kundip Sulphide
tailings being more typical (M. Hill, pers. com., 28 February 2005).  .

Cyanide concentrations in the tailings liquors represent worst-case scenarios since high
dosage rates of sodium cyanide were used in the bench-scale metallurgical testwork
(GCA, 2005), and no cyanide detoxification was undertaken. Consequent detoxification
testwork has shown that weak acid dissociable (WAD) cyanide concentrations can be
reduced to <4 mg/L (M. Hill, pers. com. 28 February 2005).

Concentrations of metals in solution are low (<1 mg/L), except for the cyanide-
complexing metals copper and zinc (to a much lesser extent), which report as WAD
cyanide complexes. Soluble copper concentrations in undetoxified tailings liquor can be
expected to vary depending on the ore feed as shown below (M. Hill, pers. com. 24
March 2005):

• Kundip Oxide: 69% ~50 mg/L and 31% ~400 mg/L.

• Kundip Sulphide: 49% ~50 mg/L, 28% ~400 mg/L and 23% ~ 800 mg/L.

• Trilogy Oxide: 50% ~60 mg/L and 50% ~400 mg/L.

• Trilogy Sulphide will not undergo cyanide leaching therefore no soluble copper-
cyanide species will be present in the tailings liquor.

Cyanide destruction testwork has shown that copper concentrations in the liquor can be
reduced to <0.4 mg/L (M. Hill, pers. com. 28 February 2005). Concentrations of cyanide
and copper in the tailings liquor discharged to the pit will therefore be dependent on the
level of cyanide detoxification undertaken during operations.
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Geochemical testwork on the tailings solids indicates that tailings generated from Kundip
Oxide and Trilogy Oxide ores are non-acid forming. The Kundip Sulphide ore tailings is
considered to be potentially-acid forming (with a long lag time), therefore requiring
management measures to mitigate against acid mine drainage (GCA, 2005).

3.2 Preliminary Water Balance

A preliminary water balance has been prepared for the tailings management strategy,
which considers a possible scenario for water quality in the pit (K. Bennett, pers. com.,
17 March 2005). In this scenario, the WAD CN concentration in the liquor discharged to
the pit is 50 mg/L and the copper concentration is 32 mg/L. Taking into consideration
groundwater inflow to the pit, rainfall, evaporation and re-use of decant water in the
plant, WAD CN and copper concentrations in the pit water are predicted to be 12 and
8 mg/L, respectively, at the end of the first year when the volume of decant in the pit is
230,000 m3. This estimation does not consider attenuation due to cyanide degradation or
copper precipitation. Concentrations in the decant water pond are predicted to increase
over the mine life due to the concentrating effect of evaporation and cessation of
groundwater inflow, i.e., concentrations of contaminants increase as the volume of
decant water decreases.

3.3 Pit Filling

The open pit is 129 m deep and has a storage capacity of about 3.5 million cubic metres.
Approximately 70% of the pit volume is below the original groundwater level, which was
about 30 m below the surface prior to mine dewatering (Rockwater, 2005). The
underground workings extending beside and below the pit have a storage capacity of
250,000 cubic metres (SRE, 2004). The underground workings below the pit are
considered to have a high permeability (Rockwater, 2005).

It is proposed to initially fill the void of the underground workings by discharging tailings
directly into the portal (SRE, 2004). Modelling indicates that tailings and groundwater
inflows will fill the underground void within the first three months (Rockwater, 2005). The
water balance modelling, described above, predicts that the WAD CN and copper
concentrations in water during these months will be 8 and 5 mg/L, respectively.

Tailings deposition in the open pit is proposed to be undertaken from the pit rim via a
single discharge point, forming a tailings beach and decant pond within the pit. Water
from this pond will be recycled for use as plant make-up water. Tailings will consolidate
to an increasingly stable land mass upon decommissioning, with an estimated in situ dry
density of 1.5 t/m3 (SRE 2004). It is proposed to stockpile oxide ore for processing after
the Kundip Sulphide ore, which is potentially-acid forming. This is to ensure that the final
tailings surface, which may be above the regional watertable level, consists of material
that is non-acid forming. The surface will be capped with a layer of mine waste (to
minimise water infiltration) and topsoil, and revegetated (SRE 2004).  In the event that
the total material deposited does not fill the open pit to the height of the water table, it is
intended to leave the tailings in a subaqueous state, i.e., have the natural water table sit
above the tailings with no further rehabilitation works undertaken (K. Bennett, pers. com.
24 March 2005).
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3.4 Pit Water

Most of the water in the tailings slurry will flow to the decant pond, from which it will be
pumped back to the process plant for use as makeup water.

Water entrained within the tailings solids will either go upwards (as capillary rise and
evaporation) or downwards (as seepage) as the tailings consolidate. Once consolidation
is complete, the remaining water will be locked up in the interstices of the dried solids
and seepage essentially ceases (MCA, 1996).

Water that seeps through tailings is typically much changed by hydrogeochemical
processes by the time it reaches ground surrounding the tailings. Studies of porewater in
cores taken from tailings storage facility at Boddington Gold Mine in Western Australia
show a reduction in WAD CN and copper by several orders of magnitude between
freshly deposited tailings and other tailings at depth (Miller et al., 1991). This
investigation showed that cyanide behaviour was characterised by rapid volatilisation of
free CN from the decant water and tailings surface and transformation of copper cyanide
complexes to stable non-toxic iron cyanide complexes and compounds in the settled
tailings. Soluble cyanide and copper concentrations decreased sharply with depth within
the surface of the storage and were negligible at a depth greater than 8 m.

This process of attenuation requires time and may not occur if leakage is able to occur
through any high permeability zones in the walls of the storage area. However, the
tailings will have a low permeability, with an estimated hydraulic conductivity of 10-7 to
10-9 m/s (SRE, 2004), which will significantly reduce seepage once a reasonable layer
thickness is deposited. Seepage quantities are also influenced by the area and depth of
water ponded over the tailings. This pond will be kept to a minimum size in order to
minimise evaporation from the surface of the pond and optimise water recovery for use in
the process plant (SRE, 2004).

3.5 Seepage to Groundwater and Land Surface

Assessment of seepage rates and paths, and dilution of seepage by groundwater, has
considerable uncertainty. Because of these uncertainties, the minerals industry has
adopted the ‘observational approach’ to manage seepage to groundwater (MCA, 1996).
This consists of monitoring and observation of conditions around a storage facility, and
the implementation of remedial measures in the event of unfavourable outcomes being
observed.

Results from exploratory drilling and pumping tests for the mine supply water indicate
that substantial volumes of groundwater are available from the ultramafic host rock and
the quartz in the vicinity of the pit (Rockwater, 2005). The groundwater is near neutral
and saline, having a total dissolved solids content ranging between 20,000 to
40,000 mg/L TDS. This is a similar salinity to that measured in the tailings liquor samples
(see Section 3.1). Seepage from the pit will be diluted upon mixing with the regional
groundwater.

Groundwater levels indicate that groundwater flow is generally from the west to the east,
and discharge occurs to Bandalup Creek (Rockwater, 2005). Modelling described in
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Rockwater (2005) indicates that seepage from the tailings will flow slowly to discharge
zones along Bandalup Creek, taking 50 years to travel the 1,400 m distance.

Attenuation of any cyanide or metals in the seepage will occur as the groundwater
migrates. In saturated groundwater regimes (non-aerobic environments), attenuation of
free cyanide and metal cyanide complexes occurs due to adsorption by clays (McLeod
and Thom, 1991). Copper would be expected to occur as carbonate or hydroxycarbonate
species under aerobic conditions at pH greater than 6, and as insoluble sulfidic species
under anaerobic conditions (Allard, 1995). Sorption would also be an important
mechanism for removal of copper from solution, with complete absorption of
hydrolysable cations occurring on oxide/hydroxide and silicate surfaces when pH is
greater than 7 (Allard, 1995). In soils, copper is specifically adsorbed or ‘fixed’ making it
one of the trace metals which moves the least (Baker, 1990).

Precipitation of iron oxyhydroxides can also be expected when anoxic groundwater with
high iron concentrations expresses to surface water. This precipitate will act as a
coprecipitation agent and scavenge for hydrolysable trace metals (Allard, 1995).

Bandalup Creek is an ephemeral stream. Surface water pools sampled between 2002
and 2004 indicate the water to be saline, having a conductivity of generally about
50,000 µS/cm but increasing at times to 200,000 µS/cm due to evapoconcentration
(Outback Ecology, 2004).  Dilution of groundwater discharge to the creek would occur
during wetter months of the year. As the creek dries into a series of pools during the drier
months, deterioration of water quality due to the effects of evapoconcentration would be
expected to have deleterious effects on aquatic biota. It should be noted that aquatic
fauna living in temporary systems adapt to dry conditions by taking refuge in remnant
water bodies or changing to aerial life stages, or remaining dormant (or active) in the
sediment (Batley et al., 2003). The environmental value to be protected in Bandalup
Creek is therefore assumed to be protection of aquatic ecosystems, which generally
requires better water quality than other environmental values, such as use for drinking
water or recreational purposes. Groundwater inflows may contribute most of the water
present in the creek during dry months, and it is possible that it may be of better water
quality than that contained in remnant surface water pools.

Water levels in the groundwater in the vicinity of the pit will recover to new equilibrium
levels influenced by seepage paths and rates from the pit (Rockwater, 2005). A possible
consequence of an elevation in the watertable around the pit is seepage to low points,
causing waterlogging of vegetation roots and salt damage to soil and vegetation. The
effects of tailings storage facilities (TSFs) on groundwater and vegetation at mines
representing 54% of Australian gold production was reviewed in MCA (1996). This
analysis showed that significant contamination of groundwater and salt impact from
raised water tables near TSFs rarely occurs. Where salt impact does occur, it is localised
and of negligible significance beyond the immediate environs of the operation. Land
clearing and irrigation practices associated with agriculture are considered much greater
causes of salinisation.
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4. Assessment
Geochemical characterisation of tailings samples from the Phillips River Gold Project
indicates that cyanide and associated copper complexes may be elevated and require
consideration of their possible impact on receiving water quality. Concentrations of these
contaminants can be reduced to low levels by implementation of a cyanide destruction
process. At this stage of project design, it is not known what the final concentration of
these contaminants will be in the tailings discharged to the RAV 8 underground workings
and open pit.

Assuming that the WAD cyanide concentration in the tailings liquor discharge is 50 mg/L,
water balance modelling indicates that the concentration of WAD cyanide and copper
within filling the highly permeable underground workings would be 8 and 5 mg/L,
respectively. The underground working represent only about 7% of the total void and
would be filled within the first few months of tailings deposition.

Tailings beaches and a decant pond will be formed as the open pit is filled. The decant
water will be reclaimed for use as process water in the plant. The tailings is of low
permeability and will restrict seepage rates to groundwater allowing attenuating
processes to occur. Elsewhere, such processes have been demonstrated to significantly
reduce soluble cyanide and copper concentrations within tailings storages such that
concentrations are negligible at depths greater than 8 m. Once consolidation is complete
upon filling of the pit, remaining water will be locked up in the interstices of the dried
solids and seepage essentially ceases. The pit will be rehabilitated using measures that
mitigate against formation of acid mine drainage.

Concentrations of contaminants can be expected to be further attenuated as seepage is
diluted by regional groundwater as it slowly migrates toward Bandalup Creek. Modelling
indicates that this will take 50 years, during which time further geochemical process such
as precipitation and adsorption can be expected to further reduce contaminant
concentrations.

The factors of main concern can be summarised as:

• Elevated concentrations of CN and copper in seepage reporting to Bandalup Creek.
• Elevation in water table causing waterlogging and salt damage to vegetation.

Assuming that the scenarios described above are representative of the situation that will
occur for tailings discharged to the RAV 8 pit, it is reasonable to conclude that seepage
water quality presents a low risk to the environmental values of Bandalup Creek, and
surrounding environment. However, if conditions and behaviour are different than
envisaged, there is a possibility that seepage may be of poorer quality and consequently
impact on the environmental values of Bandalup Creek. It is therefore recommended that
the ‘observational approach’ be used to manage seepage to groundwater, whereby
groundwater quality and levels are monitored in the vicinity of the pit and remedial
measures are implemented in the event of unfavourable outcomes being observed.

Perhaps the greater risk is that filling of the pit will locally raise groundwater levels,
causing waterlogging and salt damage in low-lying areas. This is more likely to be an
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issue towards the end of pit filling and to lessen after decommissioning when
groundwater levels equilibrate to natural levels. The monitoring program described
above would allow such risks to be detected and appropriate mitigation measures
implemented, i.e., undertake dewatering from recovery bores to maintain groundwater
levels at or below natural levels.

It is important to note that that the hydraulic influence of the water storage dam on
regional groundwater levels is expected to cease after about 15 months of ore
processing for the Phillips River Gold Project, since the water will have been utilised at
the process plant.
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