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1. Introduction 
1.1 Overview 

The Northern Overburden Emplacement Facility (NOEF) is the main overburden storage 
planned for the remaining life of mine (LOM). Its primary role is to physically and geochemically 
secure potentially reactive overburden materials with limited impact on the receiving 
environment. As it is located on a flood plain of the McArthur River with local surface drainage 
features in close proximity on the southern, northern, and northeastern sides, management of 
surface water and groundwater around the facility will be required.  

MRM (McArthur River Mining, 2016) have identified the overarching environmental objectives 
that are relevant to water management around the NOEF. They include a requirement that the 
NOEF be geochemically as well as geotechnically stable and that downstream environmental 
values are maintained. In this respect, it is critical that seepage containing the weathering 
products from the NOEF does not reach the receiving surface water environment at levels that 
exceed the agreed site-specific guidelines.  

The NOEF design proposed by MRM (ref MRM EIS Project Description and Justification 
Version 00221171-033) features a multi-layer cover system with the objective of limiting net 
percolation (NP) to approximately 5-10% of total precipitation, depending on the magnitude of 
the wet season. This NP is expected to report to both basal seepage that migrates down to 
groundwater, and toe seepage that flows across the natural ground surface, Groundwater and 
seepage predictions across the site were developed for periods throughout the mine operations 
and closure phases (KCB 2017). The hydrogeological conceptual model of the NOEF area is 
that, particularly once the open cut void is filled with water to become a lake, most or all 
groundwater will express to the surface water system somewhere at some time if there are no 
intervention or mitigation measures. Although groundwater is not directly used from the area, 
there is potential for seepage from the NOEF rock to act as a source of contamination (source), 
which can then flow through groundwater (pathway) and discharge to nearby surface water 
bodies (receptors). The NOEF will be constructed and managed in a manner that will limit the 
source loadings of soluble weathering products in the seepage.  Should monitoring and 
predictions indicate that the loadings from the NOEF will be above levels that will be acceptable 
to the receiving environment, there may be a need to interrupt the loadings before arriving at the 
surface water environment.  To achieve MRM’s stated objectives over the assessment period 
(1,000 years), intermittent management of some portion of NOEF seepage, primarily through 
managing the source but also managing pathways, may be required to mitigate potential 
impacts on surface water. 

This options assessment provides the conceptual seepage mitigation design for the NOEF that 
can be integrated into the closure strategy for the NOEF, if required. 

1.2 Purpose 

The aims of this study and report are to provide a catalogue of possible mitigation systems and 
strategies that can be developed in more detail in the future, if updated modelling and/or 
monitoring data indicated a groundwater related issue that required intervention. This catalogue 
of options should contain sufficient detail to demonstrate that the mitigation measures are 
plausible and practicable in a particular application.
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Figure 1-1 Proposed Final NOEF General Arrangement (O’Kane 2016) 
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1.3 Scope of Works 

The scope of works undertaken by GHD to complete this report include the following: 

 Review relevant background information provided by MRM including concepts for the 
basal compacted clay layer (CCL), dump underdrains, and surrounding infrastructure 
(stockpiles, borrow, drains, and dams), and the associated conceptual model. 

 Review available KCB groundwater modelling results, and conceptual model with respect 
to basal seepage flows and spatial distribution. 

 Identify and describe at a conceptual level a range of possible methods for managing 
potential loadings of soluble weathering products released to surface water via 
groundwater in this setting.  

 Divide the NOEF into domains, based on risk of surface water effects via groundwater 
and applicable solutions (dependent on probable depths to seepage). 

 Identify preferred options for each domain that will be applicable both during operations 
and post-closure. 

 Assess likely monitoring requirements. 

 Establish a Bill of Quantities (BoQ) and conceptual capital and operating cost estimate 
(+/- 50%) for the system – this is provided to MRM separately from this report. 
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1.4 Limitations 

This report: has been prepared by GHD for McArthur River Mine and may only be used and 
relied on by McArthur River Mine for the purpose agreed between GHD and the McArthur River 
Mine as set out in Section 1.2 of this report. 

GHD otherwise disclaims responsibility to any person other than McArthur River Mine arising in 
connection with this report. GHD also excludes implied warranties and conditions, to the extent 
legally permissible. 

The services undertaken by GHD in connection with preparing this report were limited to those 
specifically detailed in the report and are subject to the scope limitations set out in the report.  

The opinions, conclusions and any recommendations in this report are based on conditions 
encountered and information reviewed at the date of preparation of the report.  GHD has no 
responsibility or obligation to update this report to account for events or changes occurring 
subsequent to the date that the report was prepared. 

The opinions, conclusions and any recommendations in this report are based on assumptions 
made by GHD described in this report.  GHD disclaims liability arising from any of the 
assumptions being incorrect. 

GHD has prepared this report on the basis of information provided by McArthur River Mine and 
others who provided information to GHD (including Government authorities), which GHD has 
not independently verified or checked beyond the agreed scope of work. GHD does not accept 
liability in connection with such unverified information, including errors and omissions in the 
report which were caused by errors or omissions in that information. 
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2. NOEF Hydrogeological Model 
2.1 Conceptual Model 

A conceptual hydrogeological model for the region, including the NOEF area, is presented in the 
draft Groundwater Impact Assessment Report (KCB 2017). The NOEF hydrogeology is 
summarised below.  

Natural recharge occurs primarily in the wet season, resulting in groundwater head variations in 
the order of 1 to 5 m, although KCB (2017) considered recharge in the NOEF areas underlain 
by weathered bedrock to be at the lower end of the range for the region. Long-term recharge 
through the NOEF cover is expected to be in the order of 5 to 7% of total rainfall (Section 1.1). 
Groundwater level contours (Figure 2-3), derived from KCB’s (2017) modelling, indicate current 
groundwater flow near the NOEF is broadly to the east-south-east with localised influence from 
discharge to Surprise, Barney and Emu creeks and the open cut mine, as well as some 
mounding associated with historical leakage from the SPROD. Future seepage from SPROD 
will be reduced following the construction of a liner in 2017. The McArthur River either gains or 
loses water depending on the relative levels in the river and groundwater, with the greatest 
losses occurring within the cone of depression around the dewatered open cut mine. 

The geology of the NOEF area comprises, from the top down: 

 a thin layer of alluvium and colluvium containing localised permeable zones in sandy and 
gravely material. Combined alluvium and colluvium thickness of greater than 20 m occur 
in the eastern area of the NOEF and along Surprise Creek and the original Barney Creek 
alignment; 

 weathered bedrock, generally thin over most of the NOEF area but greater than 10 m 
thick in a strip running northeast in the eastern part of the NOEF; 

 slightly weathered to fresh fractured bedrock comprising: 

– Reward Dolomite underlain by Barney Creek Formation, or 

– The more permeable Cooley Dolomite, including an upper karstic layer; 

 decreasingly fractured bedrock with depth, with much lower permeability at depths of 
greater than 100 m. 

Generally, the permeability of the materials associated with stress relief fracturing decreases 
with depth, other than clay infilled weathered bedrock. 

To the east of the NOEF, the underlying aquifers are cut off by the fault contact with the 
Masterton Sandstone, which forms a prominent ridge to the east of the NOEF and has little 
primary porosity and is less fractured than the bedrock beneath the NOEF. Regional faults can 
be both open and clay-filled, generally acting as flow barriers across the faults and promoting 
flow along the fault strike. Consequently, the fault to east of the NOEF is considered to limit 
transmission of groundwater across the fault. During mining operations, the open cut is 
expected to act as a groundwater sink and consequently groundwater flow will be directed 
toward the open cut dewatering system. Once the open cut refills post closure, this preferential 
sink will no longer be present, allowing discharge of shallow groundwater into the creek 
systems. 

Groundwater flow below and in the vicinity of the NOEF is considered to be dominantly lateral 
with little vertical hydraulic gradient, other than a weak downward gradient in recharge areas 
and a weak upwards gradient near local discharge areas such as creeks. 
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Overlying the baseline hydrogeology noted above, the NOEF presents the following 
hydrogeological aspects: 

 The barrier layer in the cover system combined with drainage and vegetation will remove 
most incident rainfall as runoff or evapotranspiration. 

 Seepage through the NOEF is predominantly in the vertical direction, with only minor 
deflections from internal lower permeability layers until it reaches the natural foundation 
materials. 

 The eastern half of the NOEF is underlain by thick, natural, fine-grained and lower-
permeability alluvial deposits with in higher gradients of original creek channels. Higher 
proportions of seepage are expected to report as seepage to the toe in the eastern area. 

 The western half of the NOEF is underlain by thin discontinuous alluvium, which is 
expected to result in higher proportions of basal seepage in that area.  

 Beneath areas of the NOEF constructed since 2014, there is a basal compacted clay 
layer (CCL) containing preferential drainage lines. The OMP EIS drainage lines will also 
have geomembrane and drainage layers to enhance drainage to the outer embankment 
toe. Consequently, the periphery of the post 2014 NOEF areas are likely to have higher 
proportions of seepage reporting to the toe seepage collection system, whereas the 
interior portions may have higher proportions of basal seepage.  

 During operations, some mounding of groundwater above the CCL in the centre and 
eastern part of the NOEF is expected as it will be uncovered for the longest period during 
construction. 

 Basal NOEF seepage migrates into underlying alluvial and weathered rock groundwater 
and then moves with the prevailing hydraulic gradient. 

 Seepage under unlined PRODs may lead to mounding and hence local flow may be 
radial initially, before migrating with the regional groundwater flow. 

2.2 Modelled NOEF Potential Impacts 

Predicted groundwater flow pathways or streamlines are shown in Figure 2-1 and Figure 2-2, 
with the green lines indicating the flow pathway for seepage from the NOEF or TSF and blue 
lines indicating streamlines from naturally mineralised areas. The streamlines and watertable 
elevation contours, presented as Figure 2-3 to Figure 2-6, indicate groundwater flows to the 
ESE. Where water tables intersect creeks, discharge of groundwater, to the creeks occurs. 
Where watertable elevations are beneath the creek beds, typically closer to the mine, 
groundwater flow bypasses the creeks. Watertable elevations around the perimeter of the 
NOEF do not change much seasonally over the modelled period (out to 3018). All seepage and 
shallow groundwater beneath the NOEF will report to the Creeks and or the McArthur River that 
represents the groundwater discharge boundary in the region. 

The streamlines and contours indicate the following potential groundwater flow pathways from 
beneath the NOEF: 

 flow in overburden to the south discharging to Surprise Creek, with flow decreasing post-
closure due to lining of the SPROD, capping and drainage of the NOEF and reducing 
leachate recharge rates; 

 broad weathered and fractured bedrock flow paths from beneath the southern and 
eastern edges of the NOEF discharging to Surprise Creek and the Barney Creek Channel 
and tributaries continuing in to the post-closure period; and 
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 localised shallow flow around the SPROD and EPROD which decrease following removal 
post-closure.  

The modelling indicates the bulk of the seepage from the NOEF and associated water storages 
will flow in groundwater close to the water table, in the alluvium, and weathered and upper 
fractured bedrock.   

 

Figure 2-1 Modelled groundwater streamlines at 2037 (KCB 2017) 

 

Figure 2-2 Modelled groundwater streamlines at 21677 (KCB 2017) 
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Figure 2-3 Modelled (KCB 2017) Groundwater Head December 2016 
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Figure 2-4 Modelled (KCB 2017) Groundwater Head 2037 
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Figure 2-5 Modelled (KCB 2017) Groundwater Head December 2087 
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Figure 2-6 Modelled (KCB 2017) Groundwater Head December 3048 
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3. Possible Seepage Mitigation Options 
There are numerous seepage mitigation options available for constructing in-situ hydraulic 
barriers and/or in-situ structures that can control the flow and flow direction of groundwater. 
Other potential mitigation options can include in-situ geochemical treatment of sulfate and 
metals within groundwater, either down-gradient of, or at the source. Options that are 
applicable to the type of shallow aquifer system present beneath the NOEF and the PRODs are 
outlined in this Section. Some potential options were presented by KCB (2017) and additional 
options include horizontal drilling and in-situ geochemical approaches. The options considered 
here have been guided by the KCB (2017) groundwater modelling results to address potential 
unacceptable loadings to surface water surrounding the NOEF including Surprise Creek, 
Barney Creek and Emu Creek as well as their tributaries. The mitigation measures considered 
are applicable to operations and post-closure.  

It is important to note that the seepage mitigation options described in this report are potential 
secondary options that can be used, if required, to supplement the proposed primary source 
controls that involve: 

 the improved construction/management/containment of waste during the operational 
phase 

 HDPE lining of SPROD and 

 installation of the final store and release/barrier cover system upon completion of each 
NOEF stage. 

Section 3.1 describes possible seepage mitigation options involving groundwater interception 
for recovery, onsite treatment and subsequent release under the applicable licence conditions.  

Sections 3.1 to 3.3 describe possible cut-off options for seepage mitigation that could be used 
in combination with groundwater interception depending on the situation and domain being 
considered.  

Sections 3.5 to 3.7 describe possible options for in-situ treatment with the aim of avoiding the 
need for collection and treatment of groundwater in aboveground facilities.  

In most cases, a combination of mitigation options are used to optimise the system according 
to local hydrogeological conditions and other site constraints, such as available space, power 
supply and existing treatment systems.  

3.1 Groundwater Interception Trenches 

Interception trenches are typically continuous, long, narrow excavations cut below the water 
table across the groundwater flow direction, down-gradient of the source. They are designed to 
collect groundwater migrating from a potential source of dissolved constituents for 
aboveground management, preventing further down-gradient interaction. 

The trench base is typically constructed with a uniform grade sloping down to recovery sumps 
located at regular intervals along the length of the trench. In the case of the NOEF, a trench 
would need to intersect the flow path of groundwater receiving seepage from the facility that is 
expected to flow through the shallow, permeable alluvium and upper fractured rock. Trenches 
are typically backfilled above the collection layers, capped and profiled to reduce erosion and 
infiltration of surface water. More sophisticated construction methods can include the use of 
perforated drainage pipes in the base of the trench (such as that proposed for the MRM TSF 
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Surprise Creek Groundwater Interception Trench) as well as geotextiles or granular soil filter to 
reduce the risk of blockage of the drainage layer in the trench. 

Sumps would typically be fitted with power and submersible pumps operated on level control. 
Trench drawdown level can be adjusted seasonally as required based on adjacent monitored 
groundwater levels to ensure a positive gradient towards the trench (i.e. drawdown from both 
sides of trench).  

While the effectiveness of any given system is related to the nature of the site, interception 
trenches are robust and have several advantages over other control techniques. 

Advantages 

 Robust/reliable design effective in shallow to moderately deep permeable strata. 

 Provides continuous interception along length of trench. 

 Bulk earthworks can be completed using mining equipment. 

 Ground surface can be reinstated to near original condition. 

 In some areas, trenches can be constructed within the toe of OEFs.  

 Construction allows detailed mapping of geology.  

Disadvantages 

 The excavation footprint can be significant. 

 A trench may not intercept all seepage if the aquifer is semi-confined or deep and 
complementary boreholes may be required to capture deeper water and/or connect with 
any confined layer. 

 Water that enters the trench needs to be recovered and managed. 

 Risk of blockage of the drain layer or piping needs to be managed or planned for. 

3.2 Vertical Interception Bores 

As with interception trenches, vertical interception bores are designed to collect NOEF source 
material seepage waters for aboveground management and to prevent down-gradient migration. 
They are drilled holes that are fitted with casing and bore screens and, typically, submersible 
pumps to allow for active pumping in desired hydrogeological units. To be effective, bores must 
be spaced close enough that the cones of depression, or the lateral area in which groundwater 
levels are drawn down by pumping, overlap enough to capture most of the groundwater that 
would normally pass through the line of bores if pumping was not occurring.  Bores are more 
effective in permeable aquifers such as medium- and coarse-grained sand and gravel or highly 
fractured rock, where the overlapping drawdown from fewer widely spaced bores can capture 
groundwater containing elevated concentrations of constituents. Interception bores are less 
effective in lower permeability materials like fine-grained sand and silt or relatively unfractured 
rock, due to the small zones of influence and the correspondingly large number of bores 
required to maintain overlapping cones of depression. Generally, wider spaced holes would 
need to be deeper and intercept greater volumes of unaffected water than closer spaced holes, 
hence optimisation of bore spacing is required to suite the local conditions.  

Advantages 

 Can be installed at specific locations to intersect preferential flow paths. 
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 Can manage relatively large groundwater level fluctuations. 

 Flexible in terms of target depths and pumped intervals. 

 Spacing can be adjusted in the design to suit foundation conditions. 

 Supplementary holes can easily be provided. 

Disadvantages 

 The discharge water from bores needs to be actively managed. 

 In lower permeability environments, bores do not have a large capture zone and therefore 
the numbers of bores required increases significantly. 

 Capital costs to install, and operating costs to maintain multiple bores, pumps and 
reticulation infrastructure may be high. 

 Bores can miss localised high flow features such as fault zones or palaeochannels that 
can represent preferential pathways for affected groundwater. 

3.3 Horizontal Interception Bores 

Directionally drilled horizontal interception bores can be used to collect groundwater, in much 
the same manner as an interception trench, where relatively thin layers of affected groundwater 
require interception. Horizontal wells generally require a greater level of skill to drill and install 
and more specialised equipment than conventional vertical bores. 

They are either drilled beneath the source to capture contaminated seepage before it migrates, 
or down-gradient at near right angles to the groundwater flow direction to collect affected 
groundwater. Horizontal bores are practically restricted to relatively competent material given 
the need for the hole to remain open permanently, or long enough to push in or drag back a 
screen (if required). They are most effective in thin, wide zones of aquifers and, as with vertical 
bores, they are more effective in uniformly permeable aquifers such as cemented medium- and 
coarse-grained sand and gravel and highly fractured rock, and less effective in lower 
permeability materials like fine-grained sand and silt or unfractured rock. They need to be 
positioned to intercept groundwater during periods of high and low groundwater levels. This may 
result in the need for deeper bores that result in the need for high flow rates during periods of 
high groundwater levels. 

The drilling costs can be greater than those for an equivalent series of vertical holes, although 
that can vary depending on the required vertical bore spacing. The major advantage, however, 
is that depending on the topography, the bores can be drilled up-slope to allow pump-free 
drainage to surface in some circumstances, or more commonly, can discharge to a sump 
connected to the horizontal holes. Typically, sumps are formed by drilling large diameter holes 
down to intersect the horizontal bores. The use of horizontal bores and widely spaced sumps 
require only one pump for several hundred metres of interception line. This has significant long-
term cost saving potential. 

The main constraints with horizontal bore installation are that the zone of affected groundwater 
must be relatively planar and at a relatively stable depth long-term.  

Advantages 

 Can be installed at specific locations to intersect preferential flow paths. 

 Flexible in terms of target depths. 



 

GHD | Report for McArthur River Mine - Northern Overburden Emplacement Facility, 32/17428 | 15 

 Limited active pumping required. 

Disadvantages 

 The discharge water from bores needs to be managed. 

 In lower permeability environments, horizontal bores do not have a thick capture zone and 
therefore multiple bores may be required. 

 Deep bores and resultant high inflow rates, or bores at multiple levels may be required in 
areas with significant watertable fluctuations. 

 Require specialist equipment and competent material. 

 Horizontal bores in non-competent material would need to be lined with perforated casing. 

 Limited diameters for these bores. 

3.4 Cut-off Walls 

A cut-off wall is a low permeability barrier that is constructed down-gradient of the source, to 
reduce the permeability of an aquifer, physically blocking groundwater flow. 

Typically, the construction method consists of excavating a narrow trench keyed through the 
permeable material into an underlying low permeability zone or aquitard, simultaneously 
backfilling the trench with bentonite slurry of low permeability (Powers et al, 2007). Where an 
underlying aquitard cannot be intercepted, it may be possible to install a deep enough barrier to 
increase the groundwater flow path and reduce overall flow rates or drive the plume deep 
enough to avoid nearby surface discharge.  It can be expected that some seepage will be 
diverted around the ends of the cut-off wall and in areas of shallow groundwater, seepage may 
exit to ground surface at the up-gradient side of the wall. Emerging water will need to be 
managed. As full encapsulation of the contaminant source is required to prevent groundwater 
from building up and flowing around, over or beneath the wall, they work best in areas of low 
recharge, where the entire source can be encircled. Alternatively, cut-off walls can be used in 
conjunction with, and to enhance performance of, other active options such as interception 
trenches or horizontal or vertical bores.  

Advantages 

 Effective in shallow, permeable strata. 

 Keys into underlying aquitard. 

 Good construction control on wall thickness, depth and lateral continuity. 

 No operating costs if full encapsulation can be achieved. 

Disadvantages 

 Needs to be continuous, without breaks to be effective. 

 Capital expenditure can be high.  A guideline is that with favourable ground excavation 
conditions, cut-off walls can be installed to 23 m depth with a long reach excavator. 
Beyond that depth, clamshell equipment is required and unit construction costs increase 
significantly. 

 Requires detailed understanding of long-term groundwater behaviour in order to predict 
how groundwater movement will be affected by a barrier. 
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 This system may need to be supplemented with an additional system to manage flow 
diverted around the ends of the wall; flow exiting at ground surface upstream of the cut-off 
wall; and/or to manage the differential head created across the wall within the design 
criteria for wall strength. 

 The low permeability materials installed in the wall must be chemically compatible with the 
groundwater. 

3.5 Funnel and Gate System 

The Funnel and Gate system is a variation of the cut-off wall, where a cut-off is used to direct 
and concentrate groundwater flow (the funnel) through an in-ground treatment system (the 
gate). Treatment can be by direct chemical reaction to neutralise, break down or precipitate and 
stabilise the chemical constituent of interest. In some cases, an interception trench may be 
installed on the up-gradient side of the cut-off wall to collect the groundwater and discharge it to 
the treatment gate, although this is less common. 

Treatment options typically used are similar to those outlined for permeable reactive barriers 
(PRBs – see below) or in-situ reactions noted below. 

Advantages 

 Treats the contaminants of concern (CoC) in-situ, potentially avoiding use of an 
aboveground water treatment plant. 

 The design of the funnel and gate is flexible and can be customised to the local 
groundwater system. 

 Requires smaller amounts of more concentrated reagent than PRBs or in-situ reactions. 

 Successfully used at other sites to treat sulphate and metals (zinc, cadmium, lead etc). 

Disadvantages 

 Requires trials/testing to validate the concept. 

 Groundwater can build up on the up-gradient side of the barrier and flow can be 
redirected around or under the barrier. 

 High capital cost to excavate and install the barrier and gate. 

 Operating costs associated with (potentially) replacing the gate reagent periodically, as 
necessary. 

 Remobilisation of metals may occur after reactive capacity of gate material is exhausted, 
therefore it may require frequent replacement and appropriate disposal. 

3.6 Permeable Reactive Barriers 

Similar to a funnel and gate system, a permeable reactive barrier (PRB) uses a constructed 
reaction zone to contain the migration of CoCs. In this case, a broad reaction zone is 
constructed to target the full extent of the flow path of affected groundwater, rather than a small 
area of concentrated flow. Typically, a PRB uses a trench filled with solid reagent and may 
include additional sand or gravel backfill to prevent clogging and maintain permeable conditions 
to ensure groundwater flows through the barrier rather than around it. The most common 
treatment processes for sulfate and metal-rich groundwaters are chemical reduction reactions 
which precipitate dissolved sulfate as metal sulfides, driven by reaction products from the 
corrosion of zero-valent (metallic) iron or organic carbon (such as wood chips or compost). Lime 
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and BauxsolTM are also commonly used to neutralise acidic groundwater and to reduce pH-
sensitive metal concentrations, and zeolites can be used to adsorb dissolved metals or 
exchange them with less toxic metals. 

Advantages 

 Treats the CoC before discharge to the surface, potentially avoiding use of a water 
treatment plant. 

 The design of the PRB is flexible and can be customised to the local groundwater system. 

 Successfully used at other sites to treat sulphate and metals (zinc, cadmium, lead etc). 

Disadvantages 

 Requires site-specific trials/testing to validate the concept. 

 High capital cost to excavate and install the backfilled trench as well as the reagent. 

 Operating costs associated with periodically replacing PRB reagents and disposing of the 
spent reagent and accumulated CoCs, as necessary. 

 If the treatment capacity of the material is exhausted, the CoC will no longer be removed 
and in some cases, such as acidic groundwater, captured CoCs may be remobilised. 
Therefore, sufficient reagent and flow capacity for the entire life of the contaminant 
discharge is required or regular excavation, disposal and replacement of the reagent is 
required. 

3.7 In-situ Reaction 

In contrast to interception or PRB-based options, it may be feasible to immobilise sulfate, zinc 
and other sulfide-derived metals in-situ, by creating reducing conditions within the saturated 
groundwater zone. Rather than reacting directly with the dissolved sulfate and metal, this 
process involves injection or infiltration of oxygen-consuming solutions to scavenge any 
dissolved oxygen within the groundwater and induce anaerobic, reducing conditions, which 
promotes the growth of sulfate-reducing bacteria and the re-precipitation of metal sulfides. This 
approach has the advantage that the sulfide remains stable below the water table once 
precipitated as solids.  This reaction works best where groundwater is circumneutral and hence 
does not require significant neutralisation prior to reduction. To be effective in removing sulfate 
there must be an excess of metals to precipitate the bulk of the sulfate as sulphide - but to 
ensure adequate metal reduction, there needs to be an excess of sulfate. Consequently, it can 
be difficult to remove both sulfate and metals, although acceptable sulfate levels are typically 
much higher than the corresponding metal concentrations. As the precipitation reactions can be 
relatively slow, in-situ reduction works best in areas with slow groundwater flow rates. 

This approach has been used for the reductive destruction of chlorinated hydrocarbon 
contaminants and trials have been carried out in metal and sulfate contaminated mine water. 
The process uses relatively common and benign reagents such as molasses and to a lesser 
extent ethanol, lactate, acetate and vegetable oil. Sometimes additional nitrogen and 
phosphorus are required where ambient concentrations are low. 

Advantages 

 Treats the CoC before discharge to surface, potentially avoiding use of a water treatment 
plant. 

 The injection options are flexible and can be customised to the local groundwater system. 
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 Potential reduced ongoing long-term costs for treatment if anaerobic conditions remain 
stable once established beneath the NOEF (after the addition of oxygen consuming 
compounds). 

Disadvantages 

 Requires trials/testing to validate concept. 

 Injected reagents must intersect the entire zone of contaminated groundwater. 

 May require long-term reagent injection to reach stable anaerobic conditions. 

 Potential for unintended chemical changes such as mobilisation of iron, manganese and 
co-precipitated metals and the discharge of unreacted reagent to surface water bodies. 
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4. Proposed Mitigation Options 
PRB, funnel and gate, and in-situ reduction systems would require significant further 
assessment before being considered. Comprehensive chemical analysis of most possible 
groundwater chemistries would be required. 

Cut-off walls substantially impede groundwater flow if they have no imperfections, extend the full 
depth and length of the permeable zone of interest and have little or no inflows up-gradient of 
the barriers. However, the potential length and depth of cut-off walls required to block the NOEF 
groundwater zones would be significant. 

In comparison, interception trenches need not fully penetrate the permeable zones of concern 
and need not be absolutely continuous in the lineal dimension to achieve effective capture of 
affected groundwater. In addition, trenches remove groundwater, allowing the recovery of the 
CoCs.  

Vertical bores, with continuous pumping, can be nearly as effective as an interception trench 
and can be installed to greater depths. The large number of pumping locations, however, 
increases installation and maintenance costs. Also, a trench provides a positive cut-off of 
groundwater, while CoC migration may still occur between groundwater bores depending on the 
ground variability and characteristics.  

Interception trenches, vertical borefields and horizontal bores have been demonstrated to work 
in similar geological and geochemical environments to those expected at the NOEF. 
Consequently, the current preferred options for the NOEF are interception systems; either 
trenches, horizontal bores or vertical bores, or a combination of these. 

The site-specific preferred options depend on the required interception depth and rock strength. 
Excavated trenches are limited to approximately 12 m below ground surface, and are expensive 
in hard rock – though this is not likely to be an issue within 12 m from surface. Horizontal 
directionally drilled bores are restricted to competent material. The options are summarised in 
Table 1. 

Table 1 Remediation Options Matrix 

Material 
Strength 

Depth Preferred Option Secondary Option 

Competent Shallow (less 
than 12 m 
depth 

Interception trench 
preferred due to 
robustness and reliability, 
modest capital and low 
operating costs. 

Horizontal directional drilling 
with reduced footprint 
compared to trench but at 
potentially higher capital cost 
and possibly less effective. 

Non-
competent 

Mostly 
shallow but 
some deep 

Combination of 
interception trench with 
interception bores in 
deeper areas. 

Interception bores at 
necessary intervals. Require 
less surface area and lower 
capital cost than trench or 
horizontal bore but higher 
ongoing costs due to multiple 
pumps. 
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Non-
competent 

Deep 
(greater than 
12 m deep) 

Interception bores, as 
beyond practicable 
trench depth and not 
suitable for directional 
drilling 

Interception trench with high 
construction costs but lower 
ongoing costs 

Competent Deep Horizontal directional 
drilling with sump 
discharge and pumping. 
Preferred over vertical 
boreholes to limit ongoing 
pumping costs. 

Interception bores at 
necessary intervals. Lower 
capital cost than trench or 
horizontal bore but higher 
ongoing costs due to multiple 
pumps. 

Competent Medium 
(12—15 m 
deep) 

Horizontal directional 
drilling with surface or 
sump discharge preferred 
over trenches where 
capital costs are lower 
due to depth. 

Interception trench with 
moderate capital and low 
operating costs, but significant 
footprint. Alternatively vertical 
boreholes at necessary 
intervals. 

 

Modelled groundwater levels around the NOEF are typically shallow in the most likely flow areas 
(5 m – 12 m on south side of the NOEF for example) but would need to be deeper to intercept 
deeper groundwater (>12 m depth) in some areas (such as to the NE of the NOEF or under 
elevated structures such as haul roads). To avoid interaction with surface run-off and 
floodwaters as well as to limit the use of available space, backfilled trenches are proposed.  

The area surrounding the NOEF has been divided in to 11 domains, indicated in Figure 4-1 and 
summarised in Table 2.  These domains are based on the groundwater flow indicated by particle 
tracking shown in KCB (2017) and predicted depths to water table (Figure 4-2 to Figure 4-5) for 
the current and post-closure period and the locations of potential groundwater discharge areas. 

A risk ranking was developed for each of the 11 domains. The “Risk” is based on the proximity 
to zones of preferential flow from beneath the NOEF and associated water storages and the dry 
season depth to water table based on the range of predicted depths in potential remediation 
areas.  In this context, ‘High’ means the models indicate zones of high groundwater flow rates, 
‘Medium’ indicates the models do not indicate high flow concentrations but they are adjacent to 
High areas or down gradient of potential sources, and ‘Low’ indicates no indication of a risk from 
groundwater flow directions.  A preferred primary remediation option for each domain has been 
presented, along with a secondary but lower preference option. These options should be 
developed in more detail in the next stage of design, initially including modelling/confirmation of 
their effectiveness in the groundwater model.  
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Table 2 Groundwater Management Domains 

Domain Description Risk Depth to 
water 
table (m) 

Primary 
Remediation 
Option 

Secondary 
Remediation 
Option 

SPRODW Surprise 
Creek 
upstream 
from SPROD 

Medium 4-5 Interception 
trench 

Horizontal 
directional drilling 

SPRODS Surprise 
Creek south 
of SPROD 

High 5-6 Interception 
trench 

Horizontal 
directional drilling 

SPRODE Surprise 
Barney Creek 
Junction 

High 7-8 Interception 
trench 

Horizontal 
directional drilling 

SEPRODW Lower Barney 
Ck Channel 
SW of 
SEPROD 

Medium 12-14 Horizontal 
directional 
drilling 

Vertical 
interception bores 

SEPRODS Lower Barney 
Ck Channel 
SE of 
SEPROD 

High 8-15 Interception 
trench with 
vertical bores in 
elevated areas 

Horizontal 
directional drilling 

SEPRODE Lower Barney 
Ck Channel E 
of SEPROD 

High 7-9 Interception 
trench adjacent 
to gully to east 

Horizontal 
directional drilling 

EPRODN Emu Creek 
tributary N of 
EPROD 

Medium 7-9 Interception 
trench 

Horizontal 
directional drilling 

EPROD Creek line 
occupied by 
current 
EPROD 

Low 9-11 Interception 
trench 

Horizontal 
directional drilling 

EPRODS Area east of 
EPROD 

Medium 5-10 
(except for 
northern 
end which 
is >12) 

Interception 
trench with 
vertical bores in 
elevated areas 

Horizontal 
directional drilling 

WPRODN Emu Creek 
Trib N of 
WPROD 

Low 2-3 Interception 
trench  

Horizontal 
directional drilling 

WPROD Emu Creek 
Trib occupied 
by WPROD 

Low 0-1 Interception 
trench  

Horizontal 
directional drilling 
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Figure 4-1 Groundwater Remediation Domains   
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Figure 4-2 Modelled Depth to Groundwater December 2016 (Dry Season) 
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Figure 4-3 Modelled Depth to Groundwater December 2037 
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Figure 4-4 Modelled Depth to Groundwater December 2087 
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Figure 4-5 Modelled Depth to Groundwater December 3048 
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4.1 NOEF Basal Flow - Toe Seepage Interception 

In areas where there is either a natural or engineered low permeability clay layers in the NOEF, 
there is potential for lateral seepage on top of those layers, resulting in toe seepage. Toe 
seepage will require interception. The natural topography below the NOEF may also be affected 
by the potential construction of clay borrow areas within the NOEF footprint (see indicative 
locations Figure 4-6). These deepened areas may attract basal flow and hence preliminary 
designs have been completed for a network of underdrains in these areas that would direct 
seepage to collection pits outside the toe of the NOEF. Preliminary drawings for these have 
been completed by KCB (see Figure 4-7).  

In the event of toe seepage developing, interception typically comprises shallow collection 
trenches, either open or backfilled and capped to exclude surface water, constructed where 
seepage expresses at the surface at the toe of the batter.  Seepage is usually collected in 
sumps and pumped or drained under gravity to the required management area. Given the 
minimal cost involved and readily identifiable nature of toe seepage, interception at the toes of 
the batters of the NOEF has not been discussed in detail within this report. 

 

Figure 4-6 Indicative locations of “North NOEF” and “MRM4” clay borrow pits 
in NOEF footprint (KCB Clay Borrow Pit Design Subsoil Drainage 
Locality Plan Figure 001) 
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Figure 4-7 Preliminary detail for typical seepage collection pit at toe (KCB 
Clay Borrow Pit Design Subsoil Drainage Typical Details Figure 
007) 
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5. Concept Design 
Conceptual design drawings for the most likely mitigation options including a typical interception 
trench, vertical or horizontal boreholes are presented in Appendix A. The concept design has 
focused on the “high” risk area south and south east of the NOEF associated with potential 
effects on surface water in Surprise Creek and Barney Creek Channel, however, these designs 
may also be applied to other domains around the dump according to Table 2 if considered 
necessary in the future. 

Along the toe of the NOEF in these south and south-east domains, groundwater ranges from 
between 5 m – 15 m below surface level. Therefore, a combination of interception trenching and 
boreholes are considered feasible. Depending on the competency of the ground, vertical 
boreholes may be required in lieu of horizontal directional drilling. The majority of the area is, 
however, considered suitable for the construction of an interception trench.  

The top of the interception trench is likely to be in weathered residual and overburden soils (6 m 
assumed for quantity estimation) however at greater depths, more competent rock and/or 
weathered materials should allow the use of a deep vertical slot for construction of deeper 
trench sections. Geotechnical investigations are required to verify conditions and allow 
geotechnical design. The deep vertical slot could be economically backfilled with clean rock to 
provide drainage whereas the top of the trench would be reinstated with excavated soils 
compacted in layers using conventional earthworks machinery. Mining equipment could be used 
depending on the space available. A geotextile separation layer or graded soil filter would be 
required to separate erodible soils from the coarse drainage material to prevent blockage of the 
drain by fines. The drawings indicate collection sumps and pumps at nominal 500 m spacings.   

If required to the full extent shown on the Drawings, the earthworks quantities for the 
interception trench would involve excavation and reinstatement of approximately 500,000 m3 of 
soil/earthfill and approximately 50,000 m3 of clean, coarse rock backfill into the vertical slot. 
Sumps/pump-stations are shown at nominal locations which would be connected to a common 
recovery pipeline.  

Where boreholes are necessary, the spacings would need to be determined in the next stage of 
groundwater modelling. Figure 5 in Appendix A provides conceptual bore details. Individual 
bores would be connected to a common collection pipeline to transfer water for storage and 
subsequent management.   

If horizontal boring is used, the invert of the borehole will essentially follow the base of the 
illustrated trench and is drilled at 150 mm diameter, uncased unless topography allows for 
installation of casing and it is required by ground conditions. The collection sump can either be 
identical to that for the interception trench, if it can be practicably excavated and constructed, or 
if not, similar to the illustrated vertical bore but with the horizontal borehole coming in from the 
sides and typically drilled to take 200 mm casing or larger. 

Comparative cost estimates and a Bill of Quantities have been completed and supplied to MRM 
separate to this report. 
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Appendix A – Concept Design Drawings 
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Appendix B – Figures 2.1 – 2.4, Figures 3.1 – 3.5  
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