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1. SUMMARY 

Mount Gibson Iron Limited (Mount Gibson) owns and operates the iron ore mine on Koolan 
Island in the Kimberley region of Western Australia.  Koolan Island is located approximately 
one kilometre from the mainland and 130 kilometres north of Derby (Figure 1). 

Construction for the mine began in June 2006, with mining commencing in 2007.  The mine 
operates under the conditions of Ministerial Statement 715, issued in February 2006, which 
gives approval subject to a number of conditions, including Condition 10 which stipulates the 
regulatory requirement for subterranean fauna surveys across the site.  Upon initial surveys 
confirming the presence of subterranean fauna (stygofauna) on Koolan Island, Mount Gibson 
was required to develop and maintain a Subterranean Fauna Management Plan to mitigate 
and monitor potential impacts from the mining operation. 

An interim plan was developed in 2006 to comply with Condition 10 (Ecologia, 2006a) and 
following a further four stygofauna sampling rounds (Phases 1 to 4), the plan was updated 
and a draft revision submitted to DEC for review in December 2010.  Due to the paucity of 
information available at the end of Phase 4 it was proposed in the 2010 draft plan that 
additional sampling rounds (Phases 5 and 6) be undertaken up to and including 2013.  The 
2013 finalisation of the plan has updated the results of all stygofauna and hydrogeological 
monitoring, amended out of date details, commentary and management measures contained 
in the earlier 2006 Interim and 2010 Draft versions.  This 2013 plan also addresses, where 
still applicable, comments received from the DEC review of the 2010 draft plan. 

Subterranean Fauna (stygofauna) are obligate, groundwater dwelling invertebrates.  They are 
adapted for the subterranean environment, with a number of morphological, physiological and 
behavioural specialisations.  Examples include a general lack of pigmentation, regression of 
eyes, development of slender body form and elongated appendages.  Many of these fauna 
have primitive features which link them to geological periods when the vast areas of Australia 
were covered by tropical forests.  They are therefore regarded as ‘relict’ fauna which have 
survived in the aquifer over geological timeframes (Humphreys, 1993; Danielopol and 
Stanford, 1994; Humphreys, 2001).  Western Australian stygofauna exhibit high levels of 
endemism with a variety of species having restricted ranges (Strayer, 1994). 

A Stygofauna Sampling Programme was developed following the identification of stygofauna 
during a pre-sampling assessment in January 2006.  Ecologia Environment (Ecologia) 
undertook two sampling rounds in September 2006 (Phase 1) and in February 2007 (Phase 
2) (Ecologia 2006b; 2007).  Subsequent sampling rounds (Phases 3, 4, 5 and 6) were 
conducted by MBS Environmental (MBS) in November 2008, September 2010, April/May 
2012 and May 2013 respectively (MBS 2009; 2011; 2012; 2013). 

An initial three stygofauna species were identified in the preliminary and first four phases of 
sampling with this number increasing to a total of eight species at the completion of the 
Phase 6 sampling round.  These stygofauna are associated with two main aquifers, the 
southern and northern synclines, which are separated by a low permeability central anticline.  
Stygofauna were recovered during the preliminary sampling round from a single bore 
(KL106P) thought to have intersected an impermanent/ephemeral (perched) water table 
located above the southern syncline aquifer.  The stygofauna recorded at Koolan Island are: 
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 Atopobathynella sp. B02 (Syncarida), has been recorded from every sampling round 
and recovered from both the main aquifers including from the perched water table 
located above the southern syncline aquifer . 

 Crenisopus sp. (Isopoda), recorded from KL106P only in January 2006. 

 Mesocyclops sp. [(previously identified as Mesocyclops brooksi (Cyclopoida)], recorded 
from KL106P only in January 2006. 

 Parastenocaris sp. B19 (Copepoda), recovered from the northern syncline aquifer. 

 Three new species considered to be common and widespread, Microcyclops varicans, 
Thermocyclops sp. and Nematoda sp. were recorded from bores intercepting the 
northern syncline aquifer. 

 One species of ostracod recorded in the Northern Syncline aquifer. 

Project activities that have the potential to impact stygofauna and their habitats include:  

 Abstraction of groundwater for potable use resulting in a reduction in stygofaunal 
habitat. 

 Dewatering of aquifers surrounding actively mined pits resulting in a reduction in 
stygofaunal habitat. 

 Dewatering of aquifers surrounding actively mined pits resulting in an increase in 
salinity of groundwater.  Consequently reducing suitability of groundwater for 
stygofaunal habitat at depth. 

 Pollution of groundwater from hydrocarbon spills and chemical contamination reducing 
stygofaunal habitat quality. 

 Clearing of vegetation above aquifers leading to removal of root mats and loss of 
potential habitat and food source for stygofauna. 

 Infilling of aquifer cavities, and recharge routes by fine solids (silt) being deposited 
during dust suppression activities utilising pit dewatering water containing suspended 
solids. 

It is accepted that mining (particularly in the form of pits) will permanently remove some likely 
stygofauna habitat.  In addition, dewatering and extraction of water for potable use or 
processing requirements will have a temporary effect in reducing habitat. 

The objective of this Subterranean Fauna Management Plan is to maintain the abundance, 
diversity, geographic distribution and productivity of subterranean fauna species of Koolan 
Island in the long term, at the species and ecosystem levels.  The objective will be achieved 
through monitoring, the avoidance or management of potential adverse impacts and through 
improvements in knowledge.   

The update and finalisation of the 2013 Subterranean Fauna Management Plan which 
includes a review of the results of all stygofauna and hydrogeological monitoring has 
established that neither the Northern nor Southern Syncline aquifers which are known to 
contain stygofauna are in any way affected by dewatering of the currently approved pits (Main 
and Mullet Pit).  Likewise, current abstraction for production and village water supply 
purposes has not reduced water levels within the Northern and Southern Syncline.  As a 
consequence no specific management actions are required. 
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For future approvals, the proposed impacts of new mining and associated dewatering 
operations on the stygofauna at Koolan Island will be separately determined and where 
deemed necessary monitoring, management and contingency measures adopted as 
contained in this Subterranean Fauna Management Plan. 

 

Figure 1: Location of Koolan Island in Western Australia 

2. INTRODUCTION 

 LOCATION 2.1

Koolan Island is located in the Northern Kimberley Biogeographical region of Western 
Australia, approximately 130 kilometres north of Derby and one kilometre from the Australian 
mainland (Figure 1).  It is one of the largest islands in the Buccaneer Archipelago at 2,580 
hectares. 
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Koolan Island is part of the Northern Kimberley biogeographic region as described in the 
Interim Biogeographic Regionalisation for Australia (IBRA) (Thackway and Cresswell, 1995). 

There are no World Heritage properties, National Heritage places, Ramsar wetlands, 
Commonwealth marine areas, Commonwealth land, or Commonwealth Heritage places, 
conservation reserves/parks on or immediately around Koolan Island. 

 BACKGROUND 2.2

Open cut mining on Koolan Island was undertaken by BHP with a substantial mining 
operation established by 1965.  The mine closed in 1994 after BHP had mined 68 million 
tonnes of high-grade hematite ore averaging 67 percent iron.  Decommissioning of the mine 
occurred during 1993 and involved rehabilitation of cleared areas and removal of 
infrastructure.  A channel was constructed between the main pit and the ocean to allow sea 
water to flood the pit. 

In May 2003 Aztec Resources Limited (Aztec) were granted approval to conduct exploration 
for iron ore on Koolan Island.  After feasibility studies were completed, Aztec referred the 
project to the Environmental Protection Authority (EPA) in August 2005.  The level of 
assessment was set at Assessment on Referral Information (ARI).  In November 2005 the 
EPA issued Bulletin 1203 providing recommendations for conditions and commitments to 
manage environmental impacts from the project.  Ministerial Statement 715 was issued in 
February 2006, granting approval for the project subject to specific conditions.  Condition 10 
relates to surveying of subterranean fauna and, if stygofauna are present, the preparation of a 
Subterranean Fauna Management Plan. 

Operations on Koolan Island recommenced in June 2006 when Aztec started construction.  In 
December 2006 Mount Gibson conducted a successful takeover bid of Aztec.  The mine was 
formally opened in August 2007 and the project operates under the business name of Koolan 
Iron Ore Pty Ltd. 

Mining operations consist of three existing pits, Main Pit, East Pit and Mullet Pit.  The location 
of the pits is shown in Figure 2.  When operations recommenced in 2006 Main Pit was open 
to the sea and as such full of seawater.  In preparation for mining the opening to the sea was 
closed and seawater has since been dewatered. 

Mining to approved depths has required dewatering of the freshwater aquifers surrounding 
Main and Mullet pits.  Extraction is also required to supply potable water for the village.  Dust 
suppression on site roads, and processing requirements, utilises water from pit dewatering, in 
preference to direct groundwater extraction. 

 LEGISLATIVE REQUIREMENTS 2.3

The Koolan Island Iron Ore Project has been through formal Environmental Impact 
Assessment (EIA) at the State Government level under the Environment Protection Act 1986.  
The EPA assigned the level of assessment as “Assessment of Referral Information” (ARI).  
The ARI level of assessment typically applies to proposals that raise one or a small number of 
significant environmental factors, which can be readily managed, but where it is considered 
that environmental conditions under Part IV of the Act are required to ensure the proposal is 
implemented and managed in an environmentally acceptable manner, and this cannot be 
appropriately achieved through conditions set by decision-making authorities. 



 KOOLAN ISLAND IRON ORE MINE AND PORT FACILITY PROJECT 
 SUBTERRANEAN FAUNA MANAGEMENT PLAN 

 

 5 

An Environmental Referral Document (ERD) was prepared in accordance with the 
requirements of Part IV of the Environmental Protection Act 1986 to provide a framework for 
the formal environmental assessment of the project and submitted to the EPA (Ecologia, 
2005).  This document provides details of the proposal, potential environmental impacts and 
appropriate measures to manage those impacts. 
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The conservation of stygofauna and troglofauna (fauna which lives in caves and cavities) is 
required by the Wildlife Conservation Act 1950.  The methods to facilitate adequate survey in 
the consideration of subterranean fauna is specifically addressed in EPA Environmental 
Assessment Guideline 12 (EPA, 2013) (formerly Guidance Statement No. 54 (EPA, 2003)) 
and draft Guidance Statement No. 54a (EPA, 2007).  The EPA’s objective for subterranean 
fauna is to maintain representation, diversity, viability and ecological function at the species, 
population and assemblage level. 

The EPA assessed the ERD (documented in Bulletin 1203) and determined that “the proposal 
can be managed in an acceptable manner, subject to the proponent’s commitments and the 
EPA’s recommended conditions being made legally binding” (EPA, 2005).  The Koolan Island 
Iron Ore Mine and Port Facility Project received Ministerial Approval on 22 February 2006 
(Statement No. 000715). 

This report meets the conditions set down in Ministerial Statement 715 (22/02/2006).  The 
conditions of Ministerial Statement 715 Condition 10: Subterranean Fauna which are referred 
to throughout this Subterranean Fauna Management Plan are presented in Table 1.  The 
relevant sections of this report that relate to a Ministerial Condition are referenced in Table 1. 
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Table 1:  Ministerial Conditions for Stygofauna Management 

Condition Description Reference  

10.1 

Within six months following the formal authority issued to the decision-
making authorities under section 45(7) of the Environmental Protection 
Act 1986, the proponent shall commence surveys for subterranean fauna 
in accordance with a Subterranean Fauna Survey Programme to the 
requirements of the Minister for the Environment on the advice of the 
Environmental Protection Authority and the Department of Conservation 
and Land Management. 

The Programme shall set out procedures to: 

1. Survey areas affected by project operations for subterranean 
fauna. 

2. Survey areas with similar habitats outside the areas to be affected 
by project operations to establish the conservation significance of 
subterranean fauna within the areas to be affected. 

Section 7 

10.2 

In the event that subterranean fauna have been identified, in meeting the 
requirements of condition 10.1, the proponent shall prepare a 
Subterranean Fauna Management Plan, prior to any dewatering or 
groundwater abstraction, to the requirements of the Minister for the 
Environment on advice of the Environmental Protection Authority and 
Department of Conservation and Land Management. 

The objective of this Plan is to maintain the abundance, diversity, 
geographic distribution and productivity of subterranean fauna at the 
species and ecosystem levels through the avoidance or management of 
adverse impacts and through improvements in knowledge. 

This 
document  

This Plan shall set out procedures to: 

1. Avoid and/or manage impacts on subterranean fauna species 
and/or communities and their habitats where the long-term survival of 
those species and/or communities may be at risk as a result of project 
operations. 

Section 6 

2. Monitor the distribution and abundance of subterranean species 
and communities particularly those identified by the surveys required by 
condition 10.1 as being at risk of loss as a result of project operations. 

Section 7 

3. Monitor the groundwater levels, groundwater quality and other 
relevant aspects of subterranean fauna habitat. 

Section 7 

4. Take timely remedial action in the event that monitoring indicates 
that project operations may compromise the long-term survival of 
subterranean fauna species and/or communities. 

Section 8 

5. Report on the survey results and management actions. Section 12 

10.3 
The proponent shall review and revise the Subterranean Fauna 
Management Plan required by condition 10.2 at intervals not exceeding 
four years 

Section 11 

10.4 
The proponent shall implement the Subterranean Fauna Management 
Plan required by condition 10.2 and subsequent revisions required by 
condition 10.3. 

Section 11, 
12  

10.5 
The proponent shall make the Subterranean Fauna Management Plan 
required by condition 10.2 and subsequent revisions required by 10.3 
publicly available.   

n/a 
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 HISTORY OF MANAGEMENT PLAN 2.4

A preliminary stygofauna survey in January 2006 confirmed the presence of stygofauna on 
Koolan Island.  An Interim Subterranean Fauna Management Plan (Ecologia 2006a) was 
prepared to mitigate and monitor potential impacts from the mining operation.  It was 
recommended that a three phase sampling programme be conducted to provide a basis for 
revision of the Subterranean Fauna Management Plan and establish the frequency of future 
stygofauna monitoring (if any). 

Following the completion of these sampling rounds in September 2006 (Phase 1), February 
2007 (Phase 2) (Ecologia 2006b; 2007) and November 2008 (Phase 3) (MBS, 2009) a 
revision of the Subterranean Fauna Management Plan was prepared and a draft submitted to 
DEC for review in December 2010.  This revision also included results of the September 2010 
(Phase 4) stygofauna monitoring. 

Due to the paucity of information available at the end of Phase 4 it was proposed in the 2010 
draft Subterranean Fauna Management Plan that additional rounds of sampling be 
undertaken up to and including 2013 to establish the diversity and distribution of stygofauna 
and set performance indicators if required.  This additional sampling was undertaken in 
April/May 2012 (Phase 5) and May 2013 (Phase 6) respectively (MBS, 2012; 2013). 

In July 2012 Mount Gibson received comments from the former DEC on the 2010 draft 
Subterranean Fauna Management Plan.  At that time the Phase 6 sampling was yet to be 
completed and it was decided to incorporate these results prior to addressing the DEC 
comments and finalising the Subterranean Fauna Management Plan. 

The data obtained from Phases 5 and 6 indicates current approved mining practices are not 
impacting stygofauna habitat.  These stygofauna monitoring results (MBS 2013) combined 
with a review of hydrogeological studies (GHD, 2011; 2012) have demonstrated that: 

 Current approved mining, dewatering (Main Pit and until recently Mullet Pit) and 
abstraction activities have not altered the groundwater characteristics of the main 
aquifers of Koolan Island as indicated by stable water levels and water quality since 
monitoring commenced in 2006. 

 Ongoing dewatering of Main Pit to its approved mine depth will not intersect the nearby 
aquifer (Southern Syncline) as previously identified as a potential impact. 

 The water levels associated with a single bore (K8), which is suspected of encountering 
an impermanent/ephemeral (perched) water table located above the Southern Syncline 
Aquifer, have remained stable since monitoring commenced in 2006.  As a 
consequence, the habitat for stygofauna (Crenisopus sp. and Mesocyclops sp.) 
suspected of residing within this perched water table is therefore likely to remain 
unaffected by current approved mining activities associated with Main Pit. 

 Dewatering of Mullet Pit ceased in December 2012 and did not impact the main 
aquifers. 

 Additional monitoring has contributed to an increased knowledge of the diversity and 
distribution of stygofauna on Koolan Island.  An initial three species were identified in 
the preliminary and first four phases of sampling with this number increasing to a total of 
eight species at the completion of Phase 6 sampling. 
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 One species (Syncarida Atopobathynella sp. B02) has been recorded in all seven 
sampling events and recovered from both the main aquifers and the suspected perched 
water table. 

 Stygofauna occur in groundwater of varying quality typically ranging between 3.5 – 8.2 
pH, total dissolved solids (TDS) 167 – 961 mg/L and dissolved oxygen (DO) 2.12 – 94 
%sat. 

This review has established that the main aquifers known to contain stygofauna are not 
affected by dewatering of the currently approved pits (Main and Mullet Pit).  Stygofauna 
monitoring is therefore not considered necessary until such time as: 

 Ongoing water quality monitoring which will continue to be conducted as per the Water 
Management Plan indicates a significant change to water levels and/or water quality. 

 It is established that proposed future mining and associated dewatering activities are 
likely to have an impact on stygofauna habitats (i.e. pit depths increase such that they 
encounter the main aquifers and require dewatering of these aquifers which may predict 
changes in water levels or water quality). 

The 2013 finalisation of the Subterranean Fauna Management Plan has updated the results 
of all stygofauna and hydrogeological monitoring, amended out of date details, commentary 
and management measures contained in the earlier 2006 Interim and 2010 Draft versions.  
The DEC comments have then been addressed in this updated and amended version. 

The monitoring strategies and procedures detailed in this amended 2013 Subterranean 
Fauna Management Plan will be implemented where it is established that future mining and 
associated dewatering activities are likely to have an impact on stygofauna habitats. 

 OBJECTIVE 2.5

The environmental objective of this Subterranean Fauna Management Plan is to maintain the 
abundance, species richness, geographical distribution and productivity of stygofauna by 
ensuring mining operations, do not adversely impact aquifers or the dependant stygofauna 
communities of Koolan Island in the long term.  This is to be achieved through avoidance or 
management of adverse impacts and improvement in knowledge through monitoring of 
dewatering activities, stygofauna populations and water quality. 

This SFMP and associated stygofauna monitoring will only be applicable where it has been 
established that approved mining and associated dewatering is likely to have an impact on 
stygofauna habitats.  Where it is envisaged changes to the current approved mining 
operations may impact aquifers at Koolan these operations will be reviewed within the context 
of this plan. 

3. EXISTING ENVIRONMENT 

 CLIMATE 3.1

Koolan Island is situated in a tropical, sub-humid climate with annual rainfall of approximately 
850 millimetres.  Most rainfall events occur between January and March with little or no 
rainfall between May and November (Bureau of Meteorology (BOM) 2008).  Weather records 
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presented in Table 2 are taken from Derby Aero, the closest recording station to Koolan 
Island, as only rainfall measurements are taken on the island (BOM 2008).  Evaporation rates 
are low at a daily average of 7.5 millimetres per year with high humidity especially during the 
summer months.  The annual mean daily maximum and minimum temperatures are 31.1 
degrees Celsius and 13.4 degrees Celsius respectively. 

Table 2: Derby Aero Climate Averages 

Month 
Mean 

Rainfall 
(mm) 

Mean Daily 
Evaporation 

Rates 
(mm) 

Mean 
Relative 
Humidity  

(%) 

Mean Daily 
Maximum 

Temperatures 
(˚C) 

Mean Daily 
Minimum 

Temperatures 
(˚C) 

January 267.5 7.5 73.5 32.0 25.4 

February 230.0 6.7 74.0 32.0 25.5 

March 153.2 6.6 71.5 32.4 25.9 

April 44.6 7.2 62.0 32.2 25.7 

May 39.6 7.6 54.5 30.9 24.4 

June 23.4 7.3 52.5 28.5 22.3 

July 5.4 7.5 49.0 27.9 20.8 

August 2.0 8.0 49.0 29.1 21.5 

September 1.4 8.4 56.0 31.1 22.9 

October 4.4 7.8 62.0 32.1 24.2 

November 9.7 8.0 67.0 32.8 25.7 

December 69.2 8.0 71.0 32.8 26.0 

Annual 850.3 7.5 62.0 31.2 24.2 

 TOPOGRAPHY AND LANDFORMS 3.2

Koolan Island covers an area of 2580 hectares and is located one kilometre from the 
mainland.  It has a Proterozoic sandstone lithology that is expressed in rugged slopes, ridges 
and uplands mantled with rock scree and shallow skeletal soils.  The coast is steep with 
narrow gullies and frequent embayments, but few beaches (Ecologia, 2005). 

 GEOLOGY 3.3

Koolan Island consists of a series of Lower-Proterozoic sediments of the Kimberley Group.  
The sediments are characterised by tight, asymmetrical folds, striking northwest-southeast, 
broadly along the long-axis of the island.  Sandstones, quartzite with lesser phyllites and 
schists are the dominant geology.  The folding on Koolan Island results in three major 
structural elements: Southern Syncline, Central Anticline and Northern Syncline.  These 
geological formations and structural features are an extension of the mainland geology which 
is approximately one kilometre southwest of Koolan Island. 

Pentecost Sandstone forms the majority of the outcrop on the island.  This formation is a 
thinly bedded, intercalated sequence of sandstone and siltstone with minor phyllite.  The 
Pentecost Sandstone is underlain by Elgee Siltstone, a sequence of predominantly 
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mudstones and shales.  The Elgee Siltstone is underlain by Warton Sandstone, a unit of 
interbedded quartzite and siltstone. 

The iron ore resource at Koolan Island has some of the lowest levels of impurities in the 
world, containing up to 69 percent iron, with low levels of silica, phosphorus, alumina and 
sulphur.  The Koolan iron ore horizon outcrops for over 17 kilometres. 

 HYDROGEOLOGY 3.4

3.4.1 Aquifer Description 

There are three broad hydrogeological provinces, which correspond to the three main 
structural geological elements.  The central anticline separates the two fresh groundwater 
regions on the island: the Southern Syncline and the Northern Syncline as shown in the 
conceptual hydrogeological map and cross section, Figure 3 (Aquaterra, 2006).  These 
aquifers experience a recharge of approximately 100,000 kL/year (Northern Syncline) and 
700,000 kL/year (Southern Syncline) (Aquaterra, 2006). 

The Southern Syncline aquifer can be subdivided into two zones: the interland zone (or water 
supply area) and the orebody zone.  The orebody aquifer is on the southern limb of the 
Southern Syncline and has been exposed in the Main Pit.  This aquifer was originally only in 
hydraulic connection with the sea along the strike to the west, however, excavation and push-
back of the hanging wall has resulted in hydraulic connection with the sea through the wall.  
The orebody aquifer remains hydraulically isolated from the water supply aquifer by a low 
permeability Pentecost Formation and an indurated zone at the base of the orebody 
(Aquaterra, 2006). 

The completion of new bores for stygofauna and groundwater monitoring on the island has 
increased the understanding of the hydrology of groundwater reserves on the island.  It is 
now believed that an impermanent/ephemeral (perched) water table may reside above the 
Southern Syncline Aquifer at approximately 30 – 60 metres below ground level (mbgl), 
Aquaterra (2006).  Bore construction details are provided in Appendix 1. 
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Figure 3: The Conceptual Hydrogeology of Koolan Island 
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3.4.2 Groundwater Quality 

Water quality monitoring has been undertaken by Aquaterra (2006), Ecologia (2006b; 2007) 
and MBS (2009; 2011; 2012; 2013).  Results of this monitoring indicate pH ranges between 
3.6 and 6.5.  Total dissolved solids from the same sampling ranged between 176 and 1,370 
milligrams per litre across the aquifers.  Results of water quality analysis for each sampling 
round are attached in (Appendix 2). 

3.4.3 Groundwater Levels 

Water level monitoring during Phase 1 to Phase 6 of the Stygofauna Sampling Programme 
indicates a high variability with static water levels in sampling bores ranging between 7 and 
82 metres AHD. 

The static water level of the Southern Syncline ranged between 13 and 82 metres AHD with a 
mean of 39 metres AHD.  The static water level of the Central Anticline ranged between 7 
and 24 metres AHD with a mean of 14 metres AHD.  The static water level of the Northern 
Syncline ranged between 17 and 44 metres AHD with a mean of 28 metres AHD. 

Standing water levels of the perceived impermanent/ephemeral water table above the 
Southern Syncline aquifer were not able to be quantified as no levels were reported from 
KL106P in the preliminary sampling round and in subsequent rounds K6 could not sampled 
due to a suspected blockage.  K16 was installed to replace K6 and monitored on one 
occasion (Phase 4) after which it too became blocked and could no longer be monitored. 

Depth to groundwater was not observed to vary significantly between seasons as presented 
in Table 3. 
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Table 3: Depth to Groundwater in Each Phase of Stygofauna Sampling 

Bore ID 
Easting 
(MGA) 

Northing 
(MGA) 

Height  
(mAHD) 

Aquifer 
Current Bore Status 

 (May 2013) 

Hole  
Depth  
Drilled 

(mAHD) 

Standing Water 
Level (mAHD) 

Water Depth (mAHD) 

Min Max 
Sept 06 
(SR 1) 

Jan 07 
(SR 2) 

Nov 08 
(SR 3) 

Oct 10 
(SR 4) 

May 12 
(SR5) 

May 
13 

(SR6) 

K1 579148 8217612 97.57 Central Available. -62.43 9.63 15.32 15.32 14.57 14.7 - 10.97 9.63 

K2 579676 8217331 107.45 Central Available. -55.55 19.45 24.25 20.75 19.45 19.67 - 24.25 23.2 

K3 580563 8216860 38.69 Northern 
Available, production 
bore, pumping method. 

6.69 23.18 23.18 - - 23.18 - N/A N/A 

K4 582456 8216368 146.21 Northern 
Unable to be sampled 
since Cyclone (16 Dec 
2009). 

-12.79 17.31 18.21 18.21 17.31 17.6 - - - 

KL106P 579201 8216744 132.01 Southern 
Unavailable (covered by 
waste dump).   

-55.99 - - - - - - - - 

K6 579432 8216516 136.7 Southern 
Unable to be sampled, 
possibly blocked or dry. 

66.7 - - - - - - - -- 

K7 577305 8217577 85.41 Southern 
Unavailable (covered by 
waste dump). 

-89.59 10.41 10.41  10.41 - - - - 

K8 578608 8216906 136.08 Southern 
Available. 

28.08 51.08 81.62 - 51.08 76.21 77.67 80.71 81.62 

K9 583047 8216263 145.81 Northern 
Available. 

-84.19 27.87 43.75 30.81 30.01 27.87 30.71 39.65 43.75 

K10 580515 8216155 161.51 Southern 
Unavailable (covered by 
waste dump). -28.49 16.82 19.61 19.61 19.01 16.82 - - - 

K11 578373 8216981 134.90 Southern 
Available. 

-98.1 41.9 46.98 42.21 41.9 44.17 44.53 - 46.98 

K12 578947 8217213 119.70 Southern 
Unable to be sampled 
(couldn’t get bailer to 
move down the bore). 

-16.3 13.14 14.7 - - - 13.14 14.7 - 
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Bore ID 
Easting 
(MGA) 

Northing 
(MGA) 

Height  
(mAHD) 

Aquifer 
Current Bore Status 

 (May 2013) 

Hole  
Depth  
Drilled 

(mAHD) 

Standing Water 
Level (mAHD) 

Water Depth (mAHD) 

Min Max 
Sept 06 
(SR 1) 

Jan 07 
(SR 2) 

Nov 08 
(SR 3) 

Oct 10 
(SR 4) 

May 12 
(SR5) 

May 
13 

(SR6) 

K13 579123 8217911 124.86 Central Available. -1.14 6.96 10.1 - - - 6.96 9.22 10.1 

K15 579040 8217663 105.48 Central Available. -32.52 9.4 13.65 - - - 13.65 9.4 8.03 

K16 579432 8216516 136.70 Southern 
Unavailable, collapsed 
after Phase 4 sampling 
round. 

-43.3 22.77 22.77 - - - 22.77 - - 

I0 579433 8216509 136.50 Southern 
Available, production 
bore, pumping method. 

-63.5 N/A N/A N/A N/A N/A N/A N/A N/A 

V01 583445 8216185 137.09 Northern 
Available, production 
bore, pumping method. 

-105.91 N/A N/A N/A N/A N/A N/A N/A N/A 

V02 583306 8216211 136.00 Northern Available. -110 22.52 34.2 - - - 22.52 32.2 34.2 

- No level recorded or destroyed 

N/A Not applicable pumping bore 
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4. CHARACTERISTICS OF STYGOFAUNA 

 OCCURRENCE AND DISTRIBUTION 4.1

Seven stygofauna sampling events have occurred on Koolan Island since 2006, comprising a 
preliminary sampling assessment and six subsequent stygofauna sampling rounds (phases).  
A total of 18 bores have been used to sample stygofauna of which six are no longer able to 
be sampled (K4, KL106P, K6, K7, K10 and K16).  The twelve remaining bores and the six 
that cannot be sampled are listed in (Table 3), with locations shown on (Figure 2). 

The findings of all sampling events are summarised as follows: 

 Preliminary sampling assessment was completed in January 2006.  A single bore was 
sampled from which three taxa were identified as occurring within either the main 
Southern Syncline Aquifer or a suspected impermanent/ephemeral water table which 
may reside above the Southern Syncline Aquifer: 

 Syncarida Atopobathynella sp. B02 (bore KL106P). 

 Isopoda Crenisopus sp. (bore KL106P). 

 Cyclopoida Mesocyclops brooksi (bore KL106P). 

 These findings confirmed the need for further stygofauna sampling to quantify the 
species diversity, abundance and seasonality at Koolan Island.  A detailed sampling 
programme comprising six sampling rounds (phases) was undertaken.  Bore KL106P, 
from which all the stygofauna had been recorded during preliminary sampling, was 
destroyed during early mining and was no longer available for the sampling programme. 

 Phase 1 was undertaken in September 2006.  Eight bores were sampled from which 
one taxa was recorded from one bore within the Southern Syncline aquifer: 

 Syncarida Atopobathynella sp. B02 (bore K7). 

 Phase 2 was undertaken in January/February 2007.  Eight bores were sampled from 
which one taxa was recorded from two bores within the Southern and Northern Syncline 
aquifers: 

 Syncarida Atopobathynella sp. B02 (bore K7, K9). 

 Phase 3 was undertaken in November 2008.  Eight bores were sampled from which one 
taxa was recorded from two bores within the Northern Syncline aquifer: 

 Syncarida Atopobathynella sp. B02 (bore K3, K9). 

 Phase 4 was completed in September 2010.  Nine bores were sampled from which one 
taxa was recorded from two bores within the Southern and Northern Syncline aquifers: 

 Syncarida Atopobathynella sp. B02 (bore K8, K9). 

 Phase 5 was completed in April/May 2012.  Eleven bores were sampled from which six 
taxa were recorded from seven bores within the Southern, Central and Northern 
Syncline aquifers: 

 Syncarida Atopobathynella sp. B02 (bore V01, V02, K9, K3 in the Northern 
Syncline aquifer). 
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 One species of ostracod (bore V02 in the Northern Syncline aquifer). 

 Copepoda Parastenocaris sp. B19 (bore V01, K3 in the Northern Syncline 
aquifer). 

 Copepoda Thermocyclops sp. (bore V01 in the Northern Syncline aquifer). 

 Copepoda Microcyclops varicans (bore V01, K3 in the Northern Syncline aquifer). 

 Nematoda species (bore K1, K3, K12, K13 in the Central Anticline and Northern 
Syncline aquifers). 

 Phase 6 was completed in May 2013.  Eleven bores were sampled from which four taxa 
were recorded from four bores within the Central Anticline and Northern Syncline 
aquifer: 

 Atopobathynella sp. B02 was recorded in four bores (V01, V02, K9, K3) 
intercepting the Northern Syncline aquifer.  Atopobathynella sp. B02 is well 
represented at Koolan Island having been recovered from the Northern and 
Southern Syncline aquifers during previous surveys. 

 Copepod, Parastenocaris sp. B19, was recorded from bore K3, V01 and V02 in 
the Northern Syncline aquifer. 

 Two common and widespread species Microcyclops varicans and Nematoda sp. 
were recorded in one bore (K3) intercepting the Northern Syncline aquifer. 

In December 2010, Bennelongia Pty Ltd (Bennelongia) was requested to review specimens 
preserved from the preliminary sampling round and the Phase 2 and Phase 3 sampling 
rounds.  The findings are summarised as follows: 

 All syncarids found during sampling Phases 2 and 3 were confirmed to be Syncarida 
Atopobathynella sp. B02 as were identified from the Phase 4 samples.  Although the 
specimens from the preliminary round were not recovered Bennelongia confirmed these 
likely to be Atopobathynella sp. B02 based on subsequent sample results. 

 No isopod was recovered from the collection vials. 

 Although Mesocyclops were identified from the collection vials it was not believed to be 
Mesocyclops brooksi (Dr Stuart Halse, Bennelongia pers. com.). 

A summary of the results of the preliminary sampling assessment (Pre) and the six phases 
(P1, P2, P3, P4, P5 and P6) is provided in (Table 4).  A breakdown of the sample for these 
periods, for each aquifer is shown in Table 5 to Table 7.  The locations of where stygofauna 
have been recorded are shown in Figure 4.  This provides an indication of the temporal and 
spatial variability of stygofauna communities on Koolan Island.  The 2013 Annual Stygofauna 
Monitoring Phase 6 report, which provides the complete results of all phases of stygofauna 
sampling, is provided as Appendix 3. 
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Table 4:  Summary of Stygofauna Recorded at Koolan Island 

Bore 

(Aquifer) 

Sampling Round 

Stygofauna 
Found 

Order Genus species 

Pre P1 P2 P3 P4 
P5 P6 

Syncarida  Isopoda  Copepoda  
Ostracoda Nematod

a* 

Jan-06 Sep-06 Feb-07 Nov-08 
Sept-

10 
May-

12 
May-

13 

A
to

p
o
b
a
th

y
n
e
lla

 

s
p
. 
B

0
2
 

C
re

n
is

o
p
u
s
 s

p
.1

 

M
e

s
o
c
y
c
lo

p
s
 s

p
. 

2
 

M
ic

ro
c
y
c
lo

p
s
 

v
a
ri
c
a
n
s
 

P
a
ra

s
te

n
o
c
a
ri
s
 s

p
. 

B
1
9
 

T
h

e
rm

o
c
y
c
lo

p
s
 s

p
. 

O
s
tr

a
c
o
d
a
 

(u
n
id

e
n
t)

 s
p
. 

N
e
m

a
to

d
a
 s

p
. 

K1 (C) -    -   Yes        P5 

K2 (C) -    -   No         

K3 (N) - - -  
-   

Yes P3, P5, P6     
P5, 
P6 

P5, 
P6 

  P6 

K4 (N) -    N/A N/A N/A No         

KL106P 
(S) 

 N/A N/A N/A N/A 
N/A N/A 

Yes Pre
3
 Pre Pre

4
 

   Pre
5
  

K6 (S) - Dry Dry Dry N/A Dry Dry No         

K7 (S) -   N/A N/A N/A N/A Yes P1, P2        

K8 (S) -       Yes P4        

K9 (N) -     
  

Yes 
P2, P3, P4, 

P5, P6 
  

     

K10 (S) -    N/A N/A N/A No         

K11 (S) -     N/A  No         

K12 (C) - - - -   N/A Yes        P5 

K13 (C) - - - -    Yes        P5 

K15 (C) - - - -    No         

K16 (S) - - - -  N/A N/A No         
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Bore 

(Aquifer) 

Sampling Round 

Stygofauna 
Found 

Order Genus species 

Pre P1 P2 P3 P4 
P5 P6 

Syncarida  Isopoda  Copepoda  
Ostracoda Nematod

a* 

Jan-06 Sep-06 Feb-07 Nov-08 
Sept-

10 
May-

12 
May-

13 

A
to

p
o
b
a
th

y
n
e
lla

 

s
p
. 
B

0
2
 

C
re

n
is

o
p
u
s
 s

p
.1

 

M
e

s
o
c
y
c
lo

p
s
 s

p
. 

2
 

M
ic

ro
c
y
c
lo

p
s
 

v
a
ri
c
a
n
s
 

P
a
ra

s
te

n
o
c
a
ri
s
 s

p
. 

B
1
9
 

T
h

e
rm

o
c
y
c
lo

p
s
 s

p
. 

O
s
tr

a
c
o
d
a
 

(u
n
id

e
n
t)

 s
p
. 

N
e
m

a
to

d
a
 s

p
. 

I01 (S) - - - -    No         

V01 (N) - - - - - 
  

Yes P5, P6   
P5 P5, 

P6 
P5   

V02 (N) - - - -    Yes P5, P6    P6
6
  P5  

Total  1 8 8 8 9 11 11 10 7 1 1 2 2 1 2 2 

Pre = Preliminary Sampling        

P = Sampling Phase 

= Bore sampled     

 N/A = Not accessible 
1
 = See Section 0 

2
 = See Section 0 

3
 = See Section 0 

4
 = Bennelongia identified 500 individual Mesocyclops sp. from the January 2006 collection vial.  They did not think it was Mesocyclops brooksi. 

5 
= Bennelongia identified one species of ostracod from a January 2006 collection vial.  It is likely this is the same species of ostracod recorded in April/May 

2012 but cannot be definitively determined. 
6
 = Females only recovered inferred based on previous records that this Parastenocaris sp. is Parastenocaris sp. B19. 

- = Not surveyed. 

* = Nematoda is the class not order. 
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Table 5:  Summary of Stygofauna Recorded from the Northern Syncline 

Bore 

(Aquifer) 

Sampling Round 

Stygofauna 
Found 

Order Genus species 

Pre P1 P2 P3 P4 P5 P6 Syncarida  Isopoda  Copepoda  Ostracoda Nematoda* 

Feb-06 Sep-06 May-07 Oct-08 
Sept-

10 
May-

12 
May-

13 

A
to

p
o
b
a
th

y
n
e
lla

 

s
p
. 
B

0
2
 

C
re

n
is

o
p
u
s
 s

p
.1

 

M
e

s
o
c
y
c
lo

p
s
 s

p
2
 

M
ic

ro
c
y
c
lo

p
s
 

v
a
ri
c
a
n
s
 

P
a
ra

s
te

n
o
c
a
ri
s
 s

p
. 

B
1
9
 

T
h

e
rm

o
c
y
c
lo

p
s
 s

p
. 

O
s
tr

a
c
o
d
a
 

(u
n
id

e
n
t)

 s
p
. 

N
e
m

a
to

d
a
 s

p
. 

K3 (N) - - -  -   Yes P3, P5, P6     P5, P6 P5, P6   P6 

K4 -    N/A N/A N/A No         

K9 -     
  

Yes 
P2, P3, 

P4, P5, P6 
  

     

V01 - - - - -   Yes P5, P6   P5 P5, P6 P5   

V02 - - - -    Yes P5, P6    P6  P5  

Pre = Preliminary Sampling         SR= Sampling Round        = Bore sampled       N/A= Not Accessible 
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Table 6:  Summary of Stygofauna Recorded from the Southern Syncline 

Bore 

(Aquifer) 

Sampling Round 

Stygofauna 
Found 

Order Genus species 

Pre P1 P2 P3 P4 P5 P6 Syncarida  Isopoda  Copepoda  Ostracoda Nematoda* 

Feb-06 Sep-06 May-07 Oct-08 
Sept-

10 
May-

12 
May-

13 

A
to

p
o
b
a
th

y
n
e
lla

 

s
p
. 
B

0
2
 

C
re

n
is

o
p
u
s
 s

p
.1

 

M
e

s
o
c
y
c
lo

p
s
 s

p
.2

 

M
ic

ro
c
y
c
lo

p
s
 

v
a
ri
c
a
n
s
 

P
a
ra

s
te

n
o
c
a
ri
s
 s

p
. 

B
1
9
 

T
h

e
rm

o
c
y
c
lo

p
s
 s

p
. 

O
s
tr

a
c
o
d
a
 

(u
n
id

e
n
t)

 s
p
. 

N
e
m

a
to

d
a
 s

p
. 

KL106P (S)  N/A N/A N/A N/A N/A N/A Yes Pre Pre Pre    Pre  

K6 (S) - Dry Dry Dry N/A Dry Dry No         

K7 (S) -   N/A N/A N/A N/A Yes P1, P2        

K8 (S) -       Yes P4        

K10 (S) -    N/A N/A N/A No         

K11 (S) -     N/A  No         

K16 (S) - - - -  N/A N/A No         

I01 (S) - - - -    No         

Pre = Preliminary Sampling         SR= Sampling Round        = Bore sampled       N/A= Not Accessible 
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Table 7:  Summary of Stygofauna Recorded from the Central Anticline 

Bore 

(Aquifer) 

Sampling Round 

Stygofauna 
Found 

Order Genus species 

Pre SR1 SR2 SR3 SR4 SR5 SR6 Syncarida  Isopoda  Copepoda  Ostracoda Nematoda* 

Feb-06 Sep-06 May-07 Oct-08 
Sept-

10 
May-

12 
May-

13 

A
to

p
o
b
a
th

y
n
e
lla

 
s
p
. 
B

0
2
 

C
re

n
is

o
p
u
s
 s

p
.1

 

M
e

s
o
c
y
c
lo

p
s
 s

p
.2

 

M
ic

ro
c
y
c
lo

p
s
 

v
a
ri
c
a
n
s
 

P
a
ra

s
te

n
o
c
a
ri
s
 s

p
. 

B
1
9
 

T
h

e
rm

o
c
y
c
lo

p
s
 s

p
. 

O
s
tr

a
c
o
d
a
 

(u
n
id

e
n
t)

 s
p
. 

N
e
m

a
to

d
a
 s

p
. 

K1 (C) -    -   Yes        P5 

K2 (C) -    -   No         

K12 (C) - - - -   N/A Yes        P5 

K13 (C) - - - -    Yes        P5 

K15 (C) - - - -    No         

Pre = Preliminary Sampling         SR= Sampling Round        = Bore sampled       N/A= Not Accessible 
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4.1.1 Crenisopus sp. 

The Crenisopus Isopod species (Plate 1), recorded from bore KL106P, is known only from 
Koolan Island.  Dr Knott (UWA) previously noted its similarity to another Crenisopus species 
recorded from El Questro Station in the North Eastern Kimberley, south of Wyndham, with 
differences observed in the size of the peropods (female grasping organs found in mature 
males).  The Crenisopus species recorded on Koolan Island has slightly larger female 
grasping organs in mature males than those recorded at El Questro Station.  As a result, the 
conservation status of the species found on Koolan Island remains unclear. 

This species was only sampled in the preliminary sampling round in bore KL106P, prior to the 
decommissioning of the bore to make way for a waste dump. 

Although this species was not confirmed by Bennelongia during the 2010 review of previous 
specimen collections, a photograph taken from the 2006 collection is evidence enough that 
the species has occurred on Koolan Island.  It is uncertain whether this species occurs within 
either the main Southern Syncline Aquifer or within a suspected impermanent/ephemeral 
water table. 

Prior to this preliminary sampling in 2006 the main pit had been dewatered to -80 mAHD up 
until 1993 when operations by BHP ceased.  It has therefore been established that 
dewatering operations and subsequent recovery of water levels has not impacted on the 
habitat of this particular species.  The proposed mining of main pit to -186 mAHD is predicted 
to have no impact on the Southern Syncline aquifer (Ecologia 2005) and this is supported by 
current water level monitoring. 

 

Plate 1:  New Species of Phreaticoidea Isopod Crenisopus sp. Recorded From 
KL106P in January 2006 (Ecologia 2006b) 

4.1.2 Mesocyclops sp. 

Mesocyclops sp. (previously referred to as Mesocyclops brooksi) was recorded once only 
from bore KL106P during the preliminary sampling round.  In December 2010 Dr Stuart Halse 
of Bennelongia reviewed the specimens recovered during the preliminary sampling round 
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along with others from previous sampling phases.  He advised that he does not consider this 
Mesocyclops to be Mesocyclops brooksi and has instead identified it as Mesocyclops sp. 
((Photo Courtesy D. Tang) (Ecologia 2006b) 

Plate 2).  The conservation significance of Mesocyclops sp. is currently not known (S. Halse 
pers. comm.). 

 

(Photo Courtesy D. Tang) (Ecologia 2006b) 

Plate 2:  Copepod Mesocyclops sp. 

4.1.3 Atopobathynella sp. B02 

A new undescribed Syncarid species recovered from bore KL106P in 2006 (Plate 3) was 
initially considered by Dr Knott from the University of Western Australia (UWA) to be 
conspecific with a Syncarid species recorded from Balla Balla, near Karratha (Ecologia 2007).  
This assumption was queried by DEC, and a formal description requested. 

Syncarid specimens were subsequently sampled in Phases 1, 2 and 3.  The additional 
species were identified by Dr Knott as a new species; Syncarida genus nov. species nov.  
One specimen from these sampling phases was described as either an aberrant specimen of 
the genus nov. species nov., or potentially a second similar species.  These syncarids were 
later recorded in Phase 4, and along with specimens from previous sampling rounds, were 
identified and named Atopobathynella sp. B02 by Bennelongia. 

The recent findings of the genus in the arid (Barrow Island) and monsoonal tropics of Western 
Australia (Ord River Irrigation Area) suggests that syncarids of the genus Atopobathynella 
may be expected throughout Australia, at least in areas not inundated by the sea during the 
Cretaceous (Wesfarmers and Maubeni 1998). 

The Syncarid Atopobathynella sp. B02, has been recovered from bores KL106P, K3, K7, K8, 
K9, V01 and V02 during Phases 1, 2, 3, 4, 5 and 6, representing the two main aquifers at 
Koolan Island (Northern and Southern Syncline aquifers). 
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(MBS, 2011) 

Plate 3:  Syncarid Atopobathynella sp. B02 

 HABITAT 4.2

Stygofauna have been recorded from 10 of the 18 monitoring bores on Koolan Island (K1, K3, 
KL106P, K7, K8, K9, K12, K13, V01 and V02).  These bores are believed to be representative 
of the Northern, Central and Southern Syncline aquifers.  The Central Anticline is thought to 
contain only a minimal water resource which may explain why only Nematoda species have 
been recovered here. 

The following subsections provide a comparison of groundwater level and water quality data 
collected during stygofauna monitoring and groundwater monitoring since 2006 to assess 
habitat characteristics of each of the aquifers. 

4.2.1 Northern Syncline 

The Northern Syncline forms a groundwater basin, occurring in fractured quartzite with the 
base of the syncline in excess of 170 mbgl (Appendix 3).  Water levels of the aquifer are deep 
and connected to the sea at the western end (Ecologia, 2005). 

Four bores in this aquifer have yielded stygofauna, K3, K9, V01 and V02. 

K3 was sampled during Phase 3 prior to being utilised as a production bore.  K3 was sampled 
again during Phase 5 and 6 using the pumping method. 

K9 was the most easterly bore on the island, before V01 and V02 were installed in August 
2006 and is one of the few bores in the Northern Syncline which has been sampled in all 6 
phases.  K9 was drilled to 230 mbgl. 

V01 is an operating production bore and was sampled using the pumping method during 
Phase 5 and 6 only. 

V02 was installed as a village supply bore but was unsuccessful and has been used primarily 
as a monitoring bore. 

A summary of groundwater characteristics since 2006 is presented in Table 8. 
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Table 8:  Summary of Groundwater Characteristics for the Northern Syncline 

Bore Stygofauna 
Sampling 

Phase 

Water 
Level 
(mAH

D) 

Groundwater Quality Since 2006 Species Recorded 

Temp 
(˚C) 

pH TDS 
(mg/L) 

DO 
(%sat) 

K3 3, 5, 6 23 
(P3) 

24.4 – 
37.5 

3.6 – 
7.2 

167 - 
667 

32.3 – 
94 

Atopobathynella sp. B02, 
Parastenocaris sp. B19, 
Microcyclops varicans, 
Nematoda sp. 

K9 1 - 6 27 - 
43 

20.7 – 
36.4 

4.6 – 
8.2 

218 - 
860 

27.4 – 
79.1 

Atopobathynella sp. B02 
(P2-6) 

V01 5, 6 NA 20.6 -
40.1 

3.8 – 
6.6 

190 – 
875 

74.2 - 
92 

Thermocyclops sp., 
Atopobathynella sp. B02, 
Parastenocaris sp. B19, 
Microcyclops varicans 

V02 4 - 6 22.52 
– 34.2 

29.7 – 
35.6 

4.6 – 
6.8 

253 - 
610 

13.7 – 
54.7 

Ostracoda (unident) sp., 
Atopobathynella sp. B02, 
Parastenocaris sp. B19 

4.2.2 Central Anticline 

The Central Anticline is characterised by low permeability Elgee Siltstone which outcrops at 
the mid-point of the Central Anticline and separates water resources of the Northern and 
Southern Synclines.  The Central Anticline water resources occur within the Mullet Pit 
orebody aquifer (GHD, 2012).  Water levels of the aquifer appear to have declined particularly 
at K1, K12 and K15 bores, which are located along or close to the strike of the orebody along 
which groundwater flow is expected to be highest, and is likely to be as a result of dewatering 
operations at Mullet Pit (which has subsequently ceased in December 2012). 

Three bores in this aquifer yielded stygofauna (Nematoda sp.) during the Phase 5 sampling 
round (K1, K12 and K13) when Mullet Pit was being dewatered.  Water quality at these three 
bores during Phase 5 ranged from 34.6 to 37˚C, with a pH of 4.22 to 6.23, TDS between 176 
and 720 mg/L and dissolved oxygen between 9.5 and 72.6%sat. 

4.2.3 Southern Syncline 

The Southern Syncline forms a groundwater basin which can be divided into two zones, the 
In-land Zone (water supply area) and the Orebody Zone (Appendix 3).  The Orebody Zone 
occurs in fractured quartzite to the base of the syncline and water levels are very deep (170 
mbgl).  The aquifer is in the Pentecost Sandstone Formation which is strongly fractured along 
regional bedding resulting in moderate to high secondary permeability.  This aquifer contains 
freshwater over most of the island.  The Southern Syncline is underlain by Elgee Siltstone 
which is effectively impermeable and limits hydraulic connectivity of the Southern Syncline 
with the Northern Syncline and the sea (Ecologia, 2005). 

Earlier interpretations of hydrogeology at Koolan Island suggested that excavation from 
previous mining operations may have resulted in the Southern Syncline aquifer being in 
hydraulic connection to the sea, and it was suggested that this aquifer may now contain 
seawater (Ecologia, 2005).  The Southern Syncline is now described by GHD (2009) as being 
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isolated from the sea to the north, south and east by low permeability siltstone (Appendix 4).  
Three bores in the Southern Syncline aquifer yielded stygofauna, KL106P, K7 and K8. 

Bore KL106P was located adjacent and northeast of the central portion of Main Pit and 
situated in the geological unit referred to as the Yampi Member, which consists of hematite 
bearing sandstone.  This bore was only sampled during preliminary sampling prior to the 
decommissioning of the bore to make way for a waste dump.  It has been suggested that this 
bore may have intersected an impermanent/ephemeral water table at 60 m, which may 
recharge the underlying Southern Syncline aquifer during periods of high rainfall. 

Bore K7 was the most westerly bore on the island situated within the western end of the 
Southern Syncline (Aquaterra, 2006).  This bore was also located within the Yampi Member 
geological unit. 

Bore K8 is located adjacent to Main Pit and northwest of KL106P and K11 situated in the 
Yampi Member geological unit, which consists of hematite bearing sandstone.  K8 is 108 m 
deep and was abandoned at this depth due to drilling difficulties hence the base of the bore is 
above the regional water table, encountering a perched aquifer (Appendix 4).  Depth to water 
(mbgl) has varied from 54.56 – 85 m in Phase 6 and Phase 1 respectively which equates to 
51.1 – 82 mAHD.  Monitoring results presented in the Water Management Plan and latest 
Annual Aquifer Review (Appendix 4; GHD, 2012) indicate water levels have ranged between 
75 - 82 mAHD which is consistent with water levels recorded during the stygofauna 
monitoring. 

A summary of groundwater characteristics since 2006 is presented in Table 9. 

Table 9:  Summary of Groundwater Characteristics for the Southern Syncline 

Bore Stygofauna 
Sampling 

Phase 

Water 
Level 
(mAH

D) 

Groundwater Quality Since 2006 Species Recorded 

Temp 
(˚C) 

pH TDS 
(mg/L) 

DO 
(%sat) 

KL106P PRE NA NA NA NA NA Atopobathynella sp. 
B02, Crenisopus sp., 
Mesocyclops sp. 

K7 1 & 2 10.41 33.3 – 
34.2 

3.6 – 
5.6 

232 - 
800 

46.2 – 
67.6 

Atopobathynella sp. 
B02 

K8 2 - 6 51.1 - 
82 

25.4 – 
33.7 

3.5 – 
7.2 

435 - 
961 

2.12 - 
7.2 

Atopobathynella sp. 
B02 (P4)  

 DIET 4.3

There is currently limited knowledge of the dietary requirements of the majority of stygofauna 
species found in WA and this is certainly the case for the new isopod species (Crenisopus 
sp.), the Atopobathynella sp. B02 and Mesocyclops sp..  In the absence of sunlight and 
therefore photosynthetic vegetation, stygofauna must attain energy using alternate pathways 
such as microbial food web. 

Recent research in New Zealand on a member of the Phreatoicid order, Phreatoicus typicus, 
indicated that bacteria (coliform) may form a substantial part of its food supply, where 
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available.  The abundance of this species was far higher where coliform bacteria 
concentrations were highest (Wilson and Fenwick, 1999).  The authors also noted that the 
species was a poor swimmer and thus unlikely to be a predatory species.  Ecologia 
researchers also noted the poor swimming ability of the Koolan Island Crenisopus species 
upon washing it from the stygofauna nets into a 1L measuring container.  Further, a more 
recent paper suggested that deep aquifer animals could be living on methane-based 
microbial chemautotrophic pathways (Opsahl and Chanton, 2006). 

 BREEDING 4.4

Specific information regarding the breeding biology of stygofauna species identified from 
Koolan Island is currently unknown. 

 THREATENING PROCESSES 4.5

Stygofauna are highly adapted to live in niche underground environments, and are often 
highly localised in their particular underground water habitats.  Threatening processes are 
those which pose a risk of significantly altering their habitats, and as such threaten the 
ongoing survival of a species (DEC, 2009). 

Potential impacts from mining operations on stygofauna and their habitats on Koolan Island 
include (Ecologia, 2006a): 

 Secondary salinisation of the aquifer via breaching of the impermeable layer that 
currently prevents wholesale saline intrusion into the freshwater aquifer; 

 Nutrient enrichment of groundwater, which may lead to invasion by surface dwelling 
forms; 

 Pollution (e.g. chemical pollutants from fuel farms, accidental spills, sewage, unlined 
landfills, and direct discharge of wastes into streams and aquifers); 

 Reduction in quantity of the groundwater resource from aquifer extraction for water 
supply. 

 Reduction in quantity of the groundwater resource from aquifer dewatering for mining 
operations below the water table; 

 Reduction of recharge into aquifers due to fine sediment blocking access routes. 

 Reduction in habitat through ‘silting-up’ of habitat spaces. 

 Extinction of fauna with significant conservation value. 

5. PROPOSED MONITORING 

 ANNUAL MONITORING 5.1

It is proposed that where it is established that proposed future mining and associated 
dewatering activities are likely to have an impact on stygofauna habitats (for example, where 
dewatering is required in a new mine pit) annual monitoring will be implemented at all 
stygofauna sampling bores until the operations cease, water levels return to acceptable levels 
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or no impact to stygofauna habitat is established. This will be discussed and agreed to in 
consultation with the OEPA.  

Should monitoring conducted as per the Water Management Plan indicate a declining trend in 
water levels or quality that may be detrimental to stygofauna, annual stygofauna monitoring 
will commence.  Monitoring will continue until operations cease, water levels/quality return to 
acceptable levels or no impact to stygofauna habitat is established. 

The proposed monitoring schedule for stygofauna and groundwater quality, quantity and 
levels is provided in (Table 10). 

Table 10:  Stygofauna, Water Quality, Quantity and Level Monitoring Schedule 

Parameter Monitoring/Sampling Site Frequency 

Water quantity As per the Water Management 
Plan (WMP) (GHD 2009) 

As per the WMP 

Water levels As per the WMP  As per the WMP  

Water quality As per the WMP  As per the WMP  

Stygofauna 
abundance and 
species richness 

Monitoring for Stygofauna at all 
monitoring and production bores 
bores  

Annually - following the wet 
season (Approximately 
May/June) from the year prior 
to proposed dewatering or if  
monitoring conducted as per 
the Water Management Plan 
indicates a declining trend in 
water levels or quality that may 
be detrimental to stygofauna 
until operations cease, water 
levels return or no impact to 
habitat is established. In either 
of these cases an appropriate 
monitoring regime will be 
determined in consultation with 
the OEPA.  

 INDICATOR SPECIES 5.2

Syncarida Atopobathynella sp. B02 is the only species to be collected in all seven sampling 
events and has been recovered from the Northern and Southern Syncline aquifers.  
Atopobathynella is a genus widely distributed in Western Australia and appears to have a 
Gondwanan distribution (Cho et al, 2006). 

Syncarida Atopobathynella sp. B02 is the only species to be collected in all seven sampling 
events.  It has been sampled from the Northern and Southern syncline aquifers. 

The cryptic nature of stygofauna, regularly results in ‘hit-and-miss’ recovery of specimens 
from bores in which stygofauna is known to previously occur.  Conversely, specimens may be 
found in a bore after many sampling rounds without result.  As such, use of an ‘indicator 
species’ as a measure to determine effects on populations from mining activities can be 



 KOOLAN ISLAND IRON ORE MINE AND PORT FACILITY PROJECT 
 SUBTERRANEAN FAUNA MANAGEMENT PLAN 

 

 32 

misleading.  The absence of a particular species from samples in one or more sampling 
events can be a false negative. 

The site wide presence and density of Syncarida Atopobathynella sp. B02 and its consistent 
recovery during monitoring makes it an appropriate indicator species for the purposes of 
monitoring impacts from mining and dewatering on Koolan Island. 

6. POTENTIAL IMPACTS AND MANAGEMENT 

 RISK ASSESSMENT AND MANAGEMENT STRATEGY 6.1

The management of impacts associated with the project activities is based on a risk 
management framework.  This involves the identification of activities that can result in impacts 
to subterranean fauna species and their ecosystems, implementing controls to reduce the 
risk, and monitoring the effectiveness of controls.  In addition the Koolan Island 
Environmental Management Plan (Ecologia, 2005), will enable the project to systematically 
comply with legal and other requirements, identify and control environmental risks, provide 
adequate and appropriately competent resources for environmental management, monitor 
performance and correct non-conforming situations.  This process is also designed to 
promote continual improvement in performance.  

A risk assessment of project activities and potential impacts on the Koolan Island 
subterranean fauna species and their ecosystems has been conducted within the risk 
management framework (Table 11).  The key project activities that could interfere with 
stygofauna assemblages and their habitat were identified.  From these, the pathways and 
potential events that may impact on the species richness, abundance, geographic distribution 
and productivity of the Islands’ subterranean fauna were determined. 

The level of risk of the impacts occurring was analysed by determining the consequence 
severity, likelihood or frequency/probability of consequences being realised and the 
probability of the pathway resulting in the impact.  The severity of the consequences was 
determined using a Consequence Severity Table, and the likelihood of an impact resulting 
from a pathway was determined with a Likelihood Ranking Table (Appendix 5 – Risk 
Management).  The probability of the pathway resulting in the impact, or the level of risk, was 
determined using a Risk Matrix (Appendix 5 – Risk Management), which determines the level 
of risk by the point at which the consequence severity and likelihood / probability rankings 
intercept in the Risk Matrix. 

To prevent or minimise the impacts, controls are placed on the pathways in order of priority: 

 Elimination of the risk; 

 Substitution with a lower risk; 

 Engineering solutions to reduce the impact of the risk; 

 Administrative procedures; and 

 Clean up or remediation measures to mitigate impacts. 

Controls that will be utilised to prevent or minimise the impact from the identified pathways 
are described in the management strategy table (Table 13) in Section 6.2.  Indicators will be 
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monitored to determine the effectiveness of controls and impacts to the subterranean fauna 
species and their supportive ecosystems. 

The Subterranean Fauna Management Plan considers pit dewatering to be the greatest 
threat to stygofaunal populations, as it may promote some contamination of fresh water 
aquifers with saline conditions due to the hydraulic pressure differences between the 
systems.  The extraction has the potential, depending on the depth of the pit in relation to 
aquifers, to directly affect the volume of aquifers and therefore available stygofauna habitat.  
Mining dewatering operations may have some short-term impact on the subterranean fauna 
populations under these circumstances.  Due to the concave nature and extensive depth of 
the main Northern and Southern synclinal aquifers, it is expected that re-colonisation of 
stygofauna will occur at the cessation of dewatering activities as the aquifers naturally 
recharge. 
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Table 11: Risk Assessment of Project Activities’ Impacts on Stygofauna with Associated Management and Mitigation Measures 

Project Activity Pathway to Impact Impact 
Inherent 

Risk 
Management and Mitigation 

Residual 
Risk 

Abstraction of 
ground-water for 
potable use.   

Abstraction of 
groundwater for potable 
usage leading to a 
reduction in habitat 
quantity and quality. 

Reduction in 
geographical 
distribution and 
abundance of all 
stygofauna species.   

17 

Monthly monitoring of standing water level at all 
monitoring bores, as per the Koolan Island Water 
Management Plan (GHD, 2009). 

Quarterly monitoring of physico-chemical parameters 
in all stygofauna bores, as per the Koolan Island 
Water Management Plan (GHD, 2009). 

Should monitoring conducted as per the Water 
Management Plan indicate a declining trend in water 
levels or quality that may be detrimental to stygofauna 
annual stygofauna monitoring will commence.  
Monitoring will continue until operations cease, water 
levels/quality return to acceptable levels or no impact 
to stygofauna habitat is established. 

21 

Abstraction of 
groundwater for potable 
usage leading to a 
complete removal of 
subterranean fauna 
habitat. 

Permanent loss of 
stygofauna species. 

11 11 

Ongoing dust 
suppression 
using saline 
water.   

Haul road construction 
and associated dust 
suppression activities 
leading to secondary 
salinisation of the 
seasonally inundated 
perched water table 
above southern syncline 
aquifer. 

Decline in abundance, 
diversity and 
geographical 
distribution of all 
stygofauna species.   

11 

Monthly monitoring of standing water level at all 
monitoring bores, as per the Koolan Island Water 
Management Plan (GHD, 2009). 

Quarterly monitoring of physico-chemical parameters 
in all stygofauna bores, as per the Koolan Island 
Water Management Plan (GHD 2009). 

50% rise in salinity of the seasonally inundated 
perched water table will trigger a cessation of the use 

11 
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Project Activity Pathway to Impact Impact 
Inherent 

Risk 
Management and Mitigation 

Residual 
Risk 

Contamination or 
pollution of subterranean 
fauna habitat. 

Permanent loss of 
stygofauna species. 

21 

of saline water for dust suppression in the vicinity of 
this aquifer until typical groundwater salinity 
conditions are maintained. 

Should monitoring conducted as per the Water 
Management Plan indicate a declining trend in water 
levels or quality that may be detrimental to stygofauna 
annual stygofauna monitoring will commence.  
Monitoring will continue until operations cease, water 
levels/quality return to acceptable levels or no impact 
to stygofauna habitat is established. 

21 

Native vegetation 
clearing.   

Loss of root mats that 
provide habitat and food 
source.   

Reduction of species 
Richness, abundance 
and geographic 
distribution of all 
stygofauna species. 

25 

Minimise the area of vegetation requiring clearing by 
staying within approved footprint. 

Planning processes for clearing native vegetation to 
avoid monitoring bores where possible.   

25 

Clearing leads to bores 
becoming destroyed or 
inaccessible, monitoring 
is unable to be 
completed.   

Impacts to species 
remain unknown.   

22 25 

Loss of root mats that 
provide habitat and food 
source.   

Permanent loss of 
stygofauna species. 

11 11 

Contamination 
and pollution of 
aquatic 
environment and 

Contamination or 
pollution of subterranean 
fauna habitat  

Reduced species 
richness, abundance or 
geographic distribution  

13 

Hydrocarbons and chemicals will be stored, used, 
transported and disposed of in accordance with 
dangerous goods legislation, Australian Standards 
and DoCEP guidelines. 

21 
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Project Activity Pathway to Impact Impact 
Inherent 

Risk 
Management and Mitigation 

Residual 
Risk 

stygofauna 
habitat from 
spills.   

Contamination or 
pollution of subterranean 
fauna habitat  

Permanent loss of 
stygofauna species.   

12 

Spills of hydrocarbons and chemicals will be 
immediately cleaned up, contaminated material 
appropriately disposed of and reported in a register. 

Quarterly monitoring of physico-chemical parameters 
in all stygofauna bores, as per the Koolan Island 
Water Management Plan (GHD, 2009). 

If changes in physico-chemical parameters indicate 
pollution of the aquifer, investigation into the 
underlying cause will be initiated and corrective 
measures implemented. 

Should monitoring conducted as per the Water 
Management Plan indicate a declining trend in water 
levels or quality that may be detrimental to stygofauna 
annual stygofauna monitoring will commence.  
Monitoring will continue until operations cease, water 
levels/quality return to acceptable levels or no impact 
to stygofauna habitat is established. 

11 

Dewatering of 
Main Pit Aquifer 
and Water Supply 
Aquifer 
surrounding Main 
Pit 

Further sea water 
intrusion into Southern 
Syncline Aquifer and 
subsequent alteration to 
ionic composition of 
stygofauna habitat. 

Reduced species 
richness, abundance or 
geographic distribution.   

17 

Monthly monitoring of standing water level at all 
monitoring bores, as per the Koolan Island Water 
Management Plan (GHD, 2009). 

Quarterly monitoring of physico-chemical parameters 
in all stygofauna bores, as per the Koolan Island 
Water Management Plan (GHD, 2009). 

Should monitoring conducted as per the Water 
Management Plan indicate a declining trend in water 
levels or quality that may be detrimental to stygofauna 
annual stygofauna monitoring will commence.  
Monitoring will continue until operations cease, water 
levels/quality return to acceptable levels or no impact 
to stygofauna habitat is established. 

21 

Reduction in quantity of 
habitat  

Reduced species 
richness, abundance or 
geographic distribution.   

13 21 

Permanent loss of 
stygofauna species. 

7 11 
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Project Activity Pathway to Impact Impact 
Inherent 

Risk 
Management and Mitigation 

Residual 
Risk 

Dewatering of 
aquifers for the 
purpose of mining 

Dewatering of aquifers for 
the purpose of mining. 

Decline in abundance, 
diversity and 
geographical 
distribution of known 
species and 
subterranean fauna yet 
to be recorded.   

11 

Monthly monitoring of standing water level at all 
monitoring bores, as per the Koolan Island Water 
Management Plan (GHD, 2009). 

Quarterly monitoring of physico-chemical parameters 
in all stygofauna bores, as per the Koolan Island 
Water Management Plan (GHD, 2009). 

Should monitoring conducted as per the Water 
Management Plan indicate a declining trend in water 
levels or quality that may be detrimental to stygofauna 
annual stygofauna monitoring will commence.  
Monitoring will continue until operations cease, water 
levels/quality return to acceptable levels or no impact 
to stygofauna habitat is established. 

21 

 

Reduction in habitat 
quantity resulting in 
permanent loss of 
stygofauna 
populations.   

7 11 
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The following points should be considered in the development of ‘trigger values’ and ongoing 
management strategies for stygofauna on Koolan Island; 

 The knowledge base in relation to stygofauna, both on Koolan Island and in general is a 
developing science.  The seven stygofauna sampling events have established an 
appropriate knowledge base to allow monitoring and management of impacts on 
stygofauna at Koolan Island. 

 The often cryptic nature of stygofauna, regularly results in ‘hit-and-miss’ recovery of 
specimens from bores in which stygofauna is previously known to occur.  Conversely, 
specimens may be found in bores after many sampling rounds without a result.  As 
such, use of an ‘indicator species’, in aquifers where recoveries are ‘low’ to determine 
effects on populations from mining activities can be misleading.  The absence of a 
particular species from samples in one or more sampling events can be a false 
negative.  The seven stygofauna sampling events have established that Syncarida 
Atopobathynella sp. B02 is an appropriate indicator species for monitoring of 
stygofauna at Koolan Island. 

 Biological tolerances and responses (to physico-chemical parameters) of the 
stygofauna species present are unknown (Bennelongia, 2008).  A potential solution is to 
“use other data sources such as ANZECC guidelines to identify thresholds likely to 
affect stygofauna.  However, error rates may be high (e.g. Hose, 2005).” (Bennelongia, 
2008).  Many physico-chemical groundwater factors can be quite variable due to 
seasonal conditions in Western Australia such as depth to water, temperature, 
conductivity/TDS.  Whereas others may tend to be more ‘stable’, including pH and 
dissolved oxygen (Bennelongia, 2009).  The seven stygofauna sampling events and 
ongoing water monitoring has established a range physico-chemical groundwater 
factors which support stygofaunal populations at Koolan Island. 

 Dewatering activities (typically) may have a temporary effect on stygofauna.  Where 
aquifers supporting stygofaunal habitats have not been fully dewatered, it may be 
expected that re-colonisation of stygofauna in these aquifers occurs following the 
cessation of dewatering when the aquifer is recharged by the surrounding system and 
rainfall events, provided no physical or chemical barriers exist (MBS, 2008). 

 A review of hydrogeological studies (GHD, 2011; 2012) and stygofauna monitoring 
(MBS, 2013) to date have demonstrated that: 

 The Southern Syncline aquifer is not directly impacted by dewatering of Main Pit 
or abstraction from production bores.  This is confirmed by water level monitoring 
adjacent to the pit where levels have remained stable since mining recommenced. 

 The Northern Syncline aquifer is utilised for potable water supply and is not 
impacted by abstraction.  This is confirmed by water level monitoring adjacent to 
the bores where levels have remained stable since abstraction commenced. 

 The Central Anticline is a low permeability aquifer that has been partially impacted 
by very localised dewatering drawdown of Mullet Pit which ceased in December 
2012.  Monitoring since 2006 has not found evidence of significant stygofauna 
while water level monitoring adjacent to the pit has experienced some localised 
drawdown. 

This has established that neither the Southern nor Northern Syncline aquifers which are 
known to contain stygofauna are in any way affected by dewatering of the currently approved 
pits (Main and Mullet Pit).  As a consequence the delineation of a minimum proportion of 
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aquifer remaining is not applicable and water chemistry, food resources and habitat have 
remained stable.  In essence there is no potential risk that the approved dewatering of pits 
and extraction of water could permanently remove stygofauna habitat or reduce the diversity 
of the affected stygofauna community. 

In determining monitoring trigger values for annual stygofauna monitoring, this Management Plan 
has taken into consideration the following specific site parameters: 

 Syncarida Atopobathynella sp. B02 is the only species to have been recovered in all 
sampling rounds, and occur at more than one monitoring location.  As such this is the 
only species to potentially gauge impacts and develop management strategies. 

 Although determined to be deep, the aquifer depths across the island are not accurately 
known, and it is considered they may vary greatly.  Consequently, a pre-determined 
figure of drop in standing water level is not seen as a suitable method of determining 
loss of aquifer volume.  An alternative method of a net balance between annual 
dewatering/extraction and aquifer recharge has been used in this instance. 

 Analysis to date (Aquaterra, 2007) indicates connectivity between the aquifers on 
Koolan Island.  Therefore it is not deemed necessary to monitor stygofauna populations 
specific to each aquifer. 

 Syncarida Atopobathynella sp. B02 on Koolan Island have presented in bores outside 
the ‘typical’ pH ranges for stygofauna.  In 60% of the occasions where specimens have 
been recovered the pH has been less than 5.5, with a mean pH of all bores where 
stygofauna have been sampled of 5.1 (Table 12). 
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Table 12: Groundwater Quality where Syncarida Atopobathynella sp. B02 have been recovered 

Bores 
within 
impact 
areas 

P1 P2 P3 P4 P5 P6 

pH TDS 
DO 
%  

pH TDS DO % pH TDS 
DO 
% 

pH TDS 
DO 
% 

pH TDS 
DO 
% 

pH TDS 
DO 
% 

KL106P n/a n/a n/a n/a n/a n/a n/a n/a n/a n/a n/a n/a n/a n/a n/a n/a n/a n/a 

K3 - - - - - - 4.2 401 2.5 - - - 5.13 300 53.6 4.38 667 94.0 

K7 3.6 720 46.2 4.7 232 67.6 n/a n/a n/a n/a n/a n/a n/a n/a n/a n/a n/a n/a 

K8 - - - - - - - - - 3.9 961 88.2 - - - - - - 

V01 - - - - - - - - - - - - 5.59 279 92 6.08 264 74.2 

Bores 
outside of 

impact 
areas 

                  

K9 - - - 5.1 792 59.6 6.2 860 27.4 5.57 336 70.9 5.45 243 79.1 6.27 265 32.7 

V02 - - - - - - - - - - - - 5.24 309 39.1 5.53 253 54.7 

n/a Not accessible 

- Not sampled or no syncarids recorded 
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 SUBTERRANEAN FAUNA MANAGEMENT STRATEGIES & 6.2
COMMITMENTS 

To ensure the conservation values of the stygofauna populations and their habitat are 
maintained, the ‘Subterranean Fauna Management Plan’ seeks to address potential triggers 
and physico-chemical parameters to be met during monitoring (Table 13), in order to manage 
and mitigate the risks addressed in (Table 11). 

It is generally accepted that mining operations may have some short-term impact on the 
subterranean fauna populations.  The objective of the ‘Koolan Island Subterranean Fauna 
Management Plan’ (as stated in 2.5), is “to maintain the abundance, species richness, 
geographical distribution and productivity of stygofauna by ensuring mining operations, do not 
adversely impact aquifers or the dependant stygofauna communities of Koolan Island in the 
long term”.  In the case of Koolan Island where the main aquifers are not being dewatered or 
only partially dewatered, it is expected that re-colonisation of stygofauna will occur in these 
aquifers, at the cessation of dewatering activities as the aquifers naturally recharge as evident 
at other mine sites (MBS, 2008). 

Table 13: Subterranean Fauna Management Strategies and Commitments 

Stygofauna 
Management 

Issue 
Management Strategy Frequency 

Monitoring ‘Trigger 
Value’ 

Species data / 
knowledge base 

Undertake Stygofauna 
monitoring where mining and 
dewatering is predicted to 
impact the main aquifers. 

Annually 

 

Table 14 

Absence of Syncarids 
from more than three 
bores either inside or 
outside impact areas will 
indicate if there has been 
an impact to species 
richness and abundance. 

Review of MP to incorporate 
updated monitoring data. 

4 Yearly Nil 

Ensure any new/additional 
bores are constructed to suit 
stygofauna monitoring. Bore 
casings to include variable slots 
of 2-10 mm. 

As required Nil 

Groundwater / 
aquifer protection 
(physical) 

Undertake groundwater SWL 
monitoring to ensure no 
significant loss of aquifer. 

Monthly (per 
Water 
Management 
Plan)  

Table 14 

Nil 

Record extraction volumes. Monthly (per 
Water 
Management 
Plan)  

Table 14 

Annual extraction to be 
monitored in relation to 
annual recharge of 
relevant aquifer. 
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Stygofauna 
Management 

Issue 
Management Strategy Frequency 

Monitoring ‘Trigger 
Value’ 

Groundwater / 
aquifer protection 
(chemical) 

Undertake WQ monitoring to 
ensure no significant changes 
to groundwater chemistry. 

Monthly (per 
Water 
Management 
Plan)  

Table 14 

Where water quality 
monitoring as per water 
management plan 
exceeds TDS >2000ppm 
(mg/L), implement annual 
stygofauna monitoring 
across all bores 
Stygofauna monitoring as 
per table 14 is 
implemented.  

Comprehensive groundwater 
analysis. 

Quarterly (per 
Water 
Management 
Plan)  

Table 14 

Where water quality 
monitoring as per water 
management plan 
exceeds pH – > one pH 
point ‘outside’ known 
baseline range of 3.5-6.5, 
Stygofauna monitoring as 
per Table 14 is 
implemented. 

Investigate causes & implement 
remedial actions if ‘triggers’ are 
met or exceeded. 

As required Remedial actions will be 
investigated and 
implemented where there 
are occurrences of 
significantly elevated 
levels of nutrients, heavy 
metals or pollution 
contaminants using the 
‘WA Water Quality 
Guidelines for Fresh 
Waters’ - EPA 1993 

(Appendix 6) as a guide. 

Habitat reduction 
(from clearing / 
mining activities) 

Minimise the area of vegetation 
clearing. 

As required As per approved mining 
areas. 

Planning for clearing and 
mining to avoid monitoring 
bores where possible. 

As required. Nil 

Ensure fine silt from dewatering 
is treated in settlement ponds 
before discharge or use in dust 
control. 

As required.  

7. MONITORING PROGRAM 

All known available and accessible bores should be sampled for water quality and stygofauna 
as per the Water and Stygofauna Management plans.  These include bores identified in this 
management plan and any additional new bores following their construction and 
commissioning. 
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Where it is established that proposed future mining and associated dewatering activities are 
likely to have an impact on stygofauna habitats the following annual monitoring schedule will 
be implemented until the operations cease, water levels return to acceptable levels or no 
impact to stygofauna habitat is established. 

It is proposed annual monitoring will commence at the end of the wet season (April / May) in 
the year of anticipated impact to habitat or immediately following a suspected detrimental 
impact to groundwater quality.  The proposed monitoring schedule for stygofauna and 
groundwater quality, quantity and levels is provided in ( 

Table 14). 

Table 14:  Stygofauna, Water Quality, Quantity and Level Monitoring Schedule 

Parameter Monitoring/Sampling Site Frequency 

Water quantity As per the Water Management 
Plan (WMP) (GHD 2009) 

As per the WMP 

Water levels As per the WMP  As per the WMP  

Water quality As per the WMP  As per the WMP  

Stygofauna 
abundance and 
species richness 

Monitoring for Stygofauna at all 
monitoring and production bores 
bores  

Annually - following the wet 
season (Approximately 
May/June) from the year prior 
to proposed dewatering or if  
monitoring conducted as per 
the Water Management Plan 
indicates a declining trend in 
water levels or quality that may 
be detrimental to stygofauna 
until operations cease, water 
levels return or no impact to 
habitat is established. In either 
of these cases an appropriate 
monitoring regime will be 
determined in consultation with 
the OEPA.  

8. CONTINGENCIES 

A review of the most recent Phase 6 monitoring has established that neither the Northern nor 
Southern Syncline aquifers which are known to contain stygofauna are in any way affected by 
dewatering of the currently approved pits (Main Pit and until recently Mullet Pit).  As a 
consequence no specific triggers or contingencies are required for the current approved 
operations.  This review further established a widespread distribution of Atopobathynella sp. 
B02 within both aquifers which may be indicative of hydraulic connection at greater depth or 
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lateral distance.  The distribution of this species may therefore be used as an indicator 
species for determining dewatering impacts of future mining on Koolan Island, if future 
monitoring is required. 

For future approvals, the proposed impacts of new mining and associated dewatering 
operations on the stygofauna at Koolan Island will be separately determined and where 
deemed necessary contingency measures developed. 

Where monitoring is required for future operations, the DPaW and the Western Australian 
Museum (WAM) will be provided with the results of the water quality monitoring and annual 
stygofauna monitoring within 2 weeks of completion of each report.  Based on the survey 
results, DPaW and WAM will determine the requirement for the implementation of 
contingency actions. 

9. STAKEHOLDER CONSULTATION 

Mount Gibson Iron has identified key stakeholders and engaged them throughout the 
Environmental Impact Assessment process.  Stakeholders involved in project discussions 
comprise regulatory agencies, conservation groups and local interest groups (Table 15). 

In relation to the management of Stygofauna, the relevant stakeholders have changed very 
little over time. The main stakeholders identified now include the Office of the Environmental 
Protection Authority, Department of Parks and Wildlife and the Western Australian Museum.  
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Table 15 Key Stakeholder Groups in the Koolan Island Iron Ore Mine and Port 
Facility Project 

Regulatory Stakeholders Non-regulatory Stakeholders 

Office of the Environmental Protection 
Authority 

Australian Museum (Dr George Wilson) 

Department Environment Regulation 
(Kimberley Region) 

Western Australian Museum (Bill 
Humphreys) 

Department of Parks and Wildlife 
Science and Research Division 

 

10. AUDITING 

The implementation of this plan will be audited in the process of preparing the Annual 
Compliance Assessment Report in accordance with the Office of the Environmental 
Protection Authority (OEPA) Guideline for preparing a compliance assessment report. This 
will be submitted to the OEPA on an annual basis.   

11. REVIEW AND REVISION 

This Subterranean Fauna Management Plan will be reviewed every 4 years by environmental 
personnel in consultation with DPaW and WAM incorporating the findings of the water 
monitoring data and if applicable annual stygofauna monitoring results.  This will include 
revision of the performance indicators, risk assessment, monitoring requirements and 
contingency process. 

12. REPORTING 

The Annual Environmental Report (AER) for the Koolan Island Iron Ore Mine and Port 
Infrastructure Project will provide a detailed summary on the current status of the 
Subterranean Fauna species and communities based on annual monitoring as will the Annual 
Compliance Assessment Report discussed in section 10.0.  

The Subterranean Fauna Management Plan will be made publicly available as required by 
ministerial statement 715.  

13. SUMMARY OF COMMITMENTS IN RELATION TO THIS PLAN 

To ensure the effective implementation of this plan the following is a summary of all the 
commitments and requirements which have been outlined. By implementing the following 
commitments the intent of this plan will be achieved.  
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# Aspect Commitment 

1 Monitoring Water monitoring will occur as per the water management plan and 
Tables 13 and 14. Should current approved operations change and 
there is the potential for an impact to stygofauna habitat, an 
appropriate monitoring regime for Stygofauna will be agreed upon 
for that specific impact in consultation with the OEPA. Also, if water 
quality consistently falls outside of the trigger values in Table 13 or 
it is evident there has been a detrimental impact to water quality 
and quantity, an appropriate monitoring regime for Stygofauna will 
be developed in consultation with the OEPA. 

2 Remedial 
Actions 

As per Table 13 remedial actions will be investigated and 
implemented where there are occurrences of significantly elevated 
levels of nutrients, heavy metals or pollution contaminants using the 
‘WA Water Quality Guidelines for Fresh Waters’ - EPA 1993 
(Appendix 6) as a guide. 

3 Auditing The implementation of this plan will be audited in the process of 
preparing the Annual Compliance Assessment Report in 
accordance with the Office of the Environmental Protection 
Authority (OEPA) Guideline for preparing a compliance assessment 
report. This will be submitted to the OEPA on an annual basis. 

4 Review and 
Revision 

This Subterranean Fauna Management Plan will be reviewed every 
4 years by environmental personnel in consultation with DPaW and 
WAM incorporating the findings of the water monitoring data and if 
applicable annual stygofauna monitoring results.  This will include 
revision of the performance indicators, risk assessment, monitoring 
requirements and contingency process. 

5 Reporting The Annual Environmental Report (AER) for the Koolan Island Iron 
Ore Mine and Port Infrastructure Project will provide a detailed 
summary on the current status of the Subterranean Fauna species 
and communities based on monitoring, where monitoring is 
required, as will the Annual Compliance Assessment Report 
discussed in section 10.0. 

6 Public 
Availability 

The Subterranean Fauna Management Plan will be made publicly 
available as required by ministerial statement 715. 
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Appendix 1: Stygofauna Sampling Programme Bore 
Construction Details 
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Table A1-1:  Stygofauna Monitoring Bore Construction Details  

Bore ID GPS Position Date 
Completed 

Surface 
Casing 

Main Casing Airlift Data 

Easting 
(m) 

Northing 
(m) 

RL 
mAHD 

Drilled 
mbgl 

Cased 
mbgl 

Drilled 
mbgl 

Blank 
Interval 

mbgl 

Slotted 
Interval 

mbgl 

Discharge 
L/s 

TDS 
mg/L 

pH Stickup 
magl 

SW L 
mbgl 

K1 579148 8217612 97.57 3 Jun 06 3 3 160 0 to 
86.0 

86.0 to 
156.0 

0.4 346 6.9 0.4 83.45 

K2 579676 8217331 107.45 20 May 06 9 7 163 0 to 
95.5 

95.5 to 
161.5 

0.13 225 7.7 0.45 88.7 

K3 580563 8216860 38.7 Pre 1990   32 Open Hole 4.2   0.05 16.26 

K4 582456 8216368 146.21 10 Jun 06 6 4.9 159 0 to 
116.3 

116.3 
to 

158.3 

0.04 570 7.8 0.35 127.97 

K6 579432 8216516 136.7 28 Jun 06 3 2 70 0 to 
27.0 

27.0 to 
63.0 

0   0.8 Dry 

KL106P 579200 8216744 132.01 No information 105.28 

K7 577305 8217577 85.41 27 Jun 06 3.0? 3.0? 175 0 to 
90.0 

90.0 to 
175.0 

1 800 5.6 0.4 75.16 

K8 578608 8216906 136.08 15 May 06 6 4 108 0 to 
70.9 

70.9 to 
100.9 

0.1 435 7.2 0.5 60.75 

K9 583047 8216263 145.81 14 Jun 06 3 3 230 0 to 
109.8 

109.8 
to 

229.8 

0.4 455 8.2 0.4 117.48 

K10 580515 8216155 161.51 10 May 06 6 3.6 190 0 to 
117.7 

117.7 
to 

189.7 

0.05 170 8.2 0.45 143.58 

K11 578373 8216981 134.9 17 Jun 06 5.5 6 233 0 to 
113.5 

113.5 
to 

232.1 

0.9 590 8.2 0.4 93.46 
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Bore ID GPS Position Date 
Completed 

Surface 
Casing 

Main Casing Airlift Data 

Easting 
(m) 

Northing 
(m) 

RL 
mAHD 

Drilled 
mbgl 

Cased 
mbgl 

Drilled 
mbgl 

Blank 
Interval 

mbgl 

Slotted 
Interval 

mbgl 

Discharge 
L/s 

TDS 
mg/L 

pH Stickup 
magl 

SW L 
mbgl 

K12 578948 8217216 119.7 9 May 09   136      1.1 105.16 

K13 579126 8217910 124.86 22 Jun 09   126      1.1 116.11 

K15 579039 8217665 105.48 2 Nov 09   138      0.3 83.70 

K16 579432 8216516 136.7 15 May 10   180      0.9 117.50 

I01 579433 8216509 136.5 11 Jan 80   200 0 to 
137 

137 to 
200 

7.0   0.5 112.4 

V01 583445 8216185 137.09 6 Aug 08   243 0 to 
134.6 

134.6-
224.5 

2.2-2.8   0.22 120.0 

V02 583249 8216241 136 26 Aug 08   246 0-126 126-
246 

0.8   0.25 122.0 
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Appendix 2: Groundwater Physico-Chemical Results 
during Stygofauna Sampling Programme 
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Table A2 - 1:  The Physico-Chemical Results of the Phase 1 Stygofauna Sampling Programme 

Bore ID 

Field Determined Parameters 

Laboratory 
Determined 
Parameters 

Temperature 
(°C) pH 

Conductivit
y (µs/cm) ORP (mv) 

Dissolved 
Oxygen 
(ppm) 

Capped on 
Arrival (Y/N) 

Depth to 
Ground 
water 
(mbgl) 

pH 
Units 

TDS 
(mg/L) 

K1 33.00 3.83 1475.00 335.00 2.53 Y 82.25 4.10 880.00 

K2 32.80 3.84 68.84 276.00 0.13 Y 86.70 4.80 460.00 

K4 32.00 4.03 720.00 234.00 1.71 Y 128.00 4.90 430.00 

K6 33.35 6.52 1009.00 254.21 2.95 Y  * * 

K7 33.30 3.61 1193.00 334.00 3.31 Y ? 4.30 720.00 

K8 33.45 6.50 850.00 279.53 2.77 Y  * * 

K9 32.50 5.44 1365.00 168.00 3.30 Y 115.00 6.60 820.00 

K10 33.80 3.71 569.00 247.00 2.66 Y 141.90 4.30 330.00 

K11 33.00 3.76 844.00 379.00 4.98 Y 92.69 4.90 330.00 

Mean 33.02 4.58 899.32 278.53 2.70  107.76 4.84 567.14 

Std. Dev. 0.54 1.22 430.55 63.40 1.30  24.29 0.84 233.79 

* Water sample bottles not available 
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Table A2 - 2:  The Physico-chemical Results of the Phase 2 Stygofauna Sampling Programme 

Bore ID Temperature 
(°C) 

pH Conductivity 
(µS/cm) 

TDS 
(ppM) 

ORP 
(mV) 

Dissolved 
Oxygen 
(ppm) 

Capped on 
arrival 
(Y/N) 

Depth to 
ground 

water (mbgl) 

K1 32.5 4.0 1315 754 217 3.61 Y 83.0 

K2 35.0 4.1 729 418 248 4.84 Y 88.0 

K4 31.5 5.1 503 288 138 8.09 Y 128.9 

K7 34.2 4.7 404 232 222 4.84 Y 75.0 

K8 32.5 3.7 993 596 278 5.46 Y 85.0 

K9 32.1 5.1 1382 792 197 4.34 Y 115.8 

K10 34.4 4.0 499 286 317 3.47 Y 142.5 

K11 31.2 4.2 516 296 201 6.70 Y 93.0 

Mean 32.9 4.4 792.6 457.8 227.3 5.2  101.4 

Std.Dev. 1.4 0.6 389.5 225.4 54.5 1.6  24.5 
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Table A2 - 3:   Groundwater Quality for Phase 3 Stygofauna Sampling Round 

Bore 
ID 

Temperature 

(C) 
pH 

EC 
(mS/cm) 

TDS 
(mg/L) 

DO 
(mg/L) 

DO 
(% saturation) 

Capped 
on 

Arrival 

Water Depth 
(mbgl)  

Static Water 
Level (mAHD) 

K1 34.5 4.30 1.44 825 1.90 27.8 Y 82.87 14.7 

K2 34.3 5.08 0.78 447 2.27 33.3 Y 87.78 19.67 

K3 32.3 4.25 0.70 401 2.56 32.3 Y 15.51 23.18 

K4 34.7 5.43 1.20 688 2.25 39.9 Y 128.61 17.6 

K8 32.2 4.49 1.10 630 2.12 31.2 Y 59.87 76.21 

K9 31.9 6.20 1.50 860 1.90 27.4 Y 117.94 27.07 

K10 33.1 4.28 0.63 361 2.01 31.2 Y 144.69 16.81 

K11 33.4 4.51 0.95 544 2.41 58.0 Y 90.73 44.17 
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Table A2 – 4: Groundwater Quality for Phase 4 Stygofauna Sampling Round (October 2010) 

Bore ID 
Temperature 

(C) 
pH 

DO 
(mg/L) 

DO 
(% saturation) 

TDS 
(mg/L) 

EC 
(mS/cm) 

K8 25.43 3.9 7.2 88.2 961 2.2 

K9 28.74 5.57 5.53 70.9 336 0.025 

K11 31.48 3.96 4.20 57.2 571 0.43 

K12 34.14 6.02 2.00 28.2 425  0.31 

K13 Water quality data unavailable, bore unable to be sampled with the bailer.  

K15 33.62 4.2 4.8 67.6 976 0.74 

K16 29.45 3.79 4.87 64.3 571 0.43 

I01 24.48 4.2 1.86 23.1 436 0.32 

V02 35.59 5.24 - 13.7 564 0.39 
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Table A2 – 5: Groundwater Quality for Phase 5 Stygofauna Sampling Round (April/May 2012) 

Bore ID 
Temperature 

(C) 
pH 

DO 
(% saturation) 

TDS 
(mg/L) 

EC 
(µS/cm) 

K1 36.97 4.22 55.4 720 1,360 

K2 33.33 4.95 74.7 472 841 

K3 29.08 5.13 53.6 300 497 

K8 31.08 3.72 69.7 815 1,406 

K9 33.63 5.45 79.1 243 436 

K12 35.32 4.29 72.6 437 806 

K13 34.60 6.23 9.5 176 318 

K15 31.80 4.26 67.4 1,370 2,382 

I01 33.32 4.17 56.6 651 1,160 

V02 32.94 5.24 39.1 309 548 

V01 30.92 5.59 92 279 478 
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Table A2 – 6: Groundwater Quality for Phase 6 Stygofauna Sampling Round (May 2013) 

Bore ID 
Temperature 

(C) 
pH 

DO 
(% saturation) 

TDS 
(mg/L) 

EC 
(µS/cm) 

K1 30.87 4.24 67.6 666 1,139 

K2 33.70 4.42 74.6 452 812 

K3 23.05 4.38 94 667 987 

K8 32.27 3.92 63.4 807 1,417 

K9 31.37 6.27 32.7 265 458 

K12 N/A N/A N/A N/A N/A 

K13 31.69 6.32 35.5 216 375 

K15 31.23 4.75 68.4 1,193 2,053 

I01 25.81 4.14 49.5 666 1,043 

V02 32.07 5.53 54.7 253 442 

V01 32.03 6.08 74.2 264 461 
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Appendix 3: 2013 Annual Stygofauna Monitoring 
Phase 6 
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1. Introduction

1.1 Background
The Koolan Island Iron Ore Project (the Project) is located 130 km north of Derby at
the northern end of the Yampi Peninsular, off the Kimberley coast of Western Australia
(Figure 1). It is separated from the mainland by a 1 km wide channel. The project
comprises the Main Pit, on the south side of the island, and two smaller satellite
orebodies (Mullet/Acacia and Eastern/Barramundi) in the central and eastern part of
the island.

Interest in iron ore on Koolan Island first commenced in 1907 though mining did not
occur until 1936 by Yampi Mining Company.  That only lasted for two years.  The next
mining venture on Koolan Island was by BHP. BHP started mining on the island in
1964 and continued until 1995. When BHP stopped mining on Koolan, the Main Pit
floor elevation was at – 80 mAHD (reference level in meters above Australian Height
Datum (mAHD)) and dewatering had become a key component of the operation. After
mining ceased, BHP flooded the Main Pit by breaching the seawall on the south side of
the Pit as part of the decommissioning procedure.

Aztec initiated an application to reconstruct the mine in 2004 and physically
commenced construction in 2006. In February 2007, Mount Gibson Iron Ltd (Mt
Gibson) acquired Aztec Resources Limited (Aztec), who re-opened the operation in
August 2007 with a view to deepen (to around -165 mAHD) and mine the Main Pit.
Preparatory works to access the Main Pit include the construction of a seawall across
Arbitration Cove (to prevent seawater ingress), pit dewatering and footwall
rehabilitation, all of which is anticipated to take approximately two and a half years to
complete. During this period, the ore production will be sourced from other satellite
orebodies and the Main West (the extension to the Main Pit). In addition, the extension
of mining into the Mullet Pit (to a depth of –58 mAHD) is taking place. Main Pit and
Mullet Pit are the only two pits that have any interaction with groundwater.

Key elements of the project, with respect to the groundwater system, are:

Meeting water supply requirements for the new mine village, the crushing plant and
associated administration, workshop and office areas.

Dewatering and depressurisation of the Main Pit through a combination of bores,
sumps and horizontal drain holes.

Deepening and subsequently dewatering of the Mullet Pit.

Establishing a regional groundwater monitoring network allowing for the monitoring
of groundwater resource and impacts of the ongoing operation.

1.2 Objectives of Water Management Plan
The objective of this plan is to outline a strategy for groundwater management to
maintain the quantity and quality of water and ensure that existing and potential
environmental values, including ecosystem maintenance are protected (in accordance
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with Mount Gibson Iron Ltd Corporate Environmental Standards and comments in EPA
Bulletin 1203, November 2005).

1.3 Commitments
The Water Management Plan specifically addresses the following commitments made
by Mt Gibson in relation to the assessment and management of potential
environmental impacts of the Project:

Commitment 11: Maintain the quantity of groundwater so that existing and potential
uses, including ecosystem maintenance are protected.

Commitment 15: Maintain the quality of groundwater to ensure that existing and
potential uses, including ecosystem maintenance are protected, consistent with the
Australian and New Zealand Water Quality Guidelines (ANZECC, 2000).

Commitment 22: An Environmental Management Plan will be prepared prior to
construction to address monitoring and management of key environmental issues
associated with the Koolan Island Iron Ore Project and the timing for implementation of
commitments and reporting requirements.

The Water Management Plan forms a component of the overall Environmental
Management Plan completed by Ecologia Environment in 2005 and currently being
updated by Mount Gibson Iron.
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2. Previous Work

Details of the studies summarised below are presented in reports prepared by
Aquaterra Pty Ltd (Aquaterra, 2005, 2006 and 2008). The findings of these studies are
incorporated in relevant sections of this report.  In addition this version of the water
management plan follows on from previous water management plans undertaken
(GHD, 2009).

2.1 Water Supply
Until the mid-1980’s, all mining on Koolan Island was above the regional water table
and dewatering was not a concern; however, water supply was an issue. During the
early years of mining, water was shipped to the island. Exploration for groundwater
commenced in 1970, concentrating on the north side of the island where the largest
two surface water catchments occur (known as Water Bore Gully and Waterfall Gully).

Drilling in BHP Waterfall Gully met with little success. However, in 1972, the first water
supply bores were commissioned in BHP Water Bore Gully. Aquifer transmissivity in
the area was estimated to be between 10 m2/d and 30 m2/d. Six water supply bores
were commissioned in BHP Water Bore Gully at the time. However, water supply
capacity remained an issue. By 1979, a total of 33 groundwater exploration bores had
been drilled on the island, 23 of which were in BHP Water Bore Gully in a relatively
small area (less than 1 km2). The remainders were in Waterfall Gully and Barramundi
Gully where all targets were chosen on the basis of surface water drainage
catchments. BHP Water Bore Gully remained the only area where drilling was
successful.

From 1978 until 1981, Tahal Consulting (Tahal) investigated water supply issues on
Koolan Island. A key finding from the Tahal work was the importance of the geological
structure in determining aquifer and recharge potential (rather than simply surface
water catchment area). Tahal (1978) identified two groundwater basins formed in
synclines (the Northern and Southern Syncline) with groundwater supply potential. The
main basin, the Southern Syncline, had not previously been drilled. Coincidentally,
BHP Water Bore Gully was located on the periphery of the Northern Syncline, which
also extended under the old Township where it was affected by complex folding. An
anticline (Central Anticline) located between these two basins brought low permeability
rocks to outcrop (see Figure 2a). It should be noted that in recent times the name
‘Water Bore Gully’ is no longer fully synonymous with the previous reference to the
location of the BHP bores located in the Northern Syncline. Water Bore Gully currently
covers the Southern Syncline and includes production bore I01 (see Figure 2b).

Much of the Waterfall Gully catchment, where drilling had been unsuccessful despite
the relative size of the catchment, is within this Central Anticline. Four exploration
bores were drilled by Tahal in 1979; two in the old Township in the Northern Syncline
area and two in the Southern Syncline. The drilling showed permeability and
freshwater resources in these basins extended to a considerable depth, in excess
of -100 mAHD.
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The outcrop geology indicated that the Northern Syncline could be in hydraulic
connection with the sea along the north-east side of the island. Abstraction from this
area would therefore have to be constrained to limit saline intrusion and/or up-coning.
The Southern Syncline is isolated from the sea to the north, south and east by low
permeability siltstone. However, it is likely to be in hydraulic connection to the west and
again abstraction from the basin would have to be constrained to limit saline intrusion
and/or up-coning. Indeed, an exploration bore drilled by Tahal in the Southern Syncline
(bore name unknown), west of the identified freshwater resources, showed brackish
groundwater at a relatively shallow depth below sea level, indicating the location of the
transition zone between fresh and seawater.

Two production bores were commissioned on the Southern Syncline in 1980, KL101
(now damaged and replaced with I02) and KL102 (renamed I01), and have been an
important component of the water supply to the mine since then. A water balance for
the mine in 1985 (BHPE), showed that a total of 250,000 kL/year (~700 kL/day) were
abstracted from groundwater on the island; 70,000 kL/year from Water Bore Gully
(~200 kL/day) and the remaining 180,000 kL/year (~500 kL/day) from bores KL101 and
KL102 (I01 and I02).

2.2 Pit Dewatering
In 1986, mining in the Main Pit extended below sea level and Australian Groundwater
Consultants (AGC) carried out dewatering investigations. A large number of
exploration and trial production bores were drilled into the units surrounding the
orebody. Aquifer parameters were estimated from test pumping and a computer
modelling study was undertaken. Key conclusions from this work (AGC, 1986) were:

Hydraulic connection between the sea and the Southern Syncline only occurred in
the west.

Most of the quartzite formations have some permeability along strike within bedding
and fractures.

Hydraulic connection across the strike (a line representing the intersection of the
stratum with the horizontal) between the bedding planes is very limited due to the
presence of intercalated schist and siltstone beds.

Low permeability and limited hydraulic connection across strike meant the aquifers
affected by mine dewatering were not well connected to the main water supply
aquifers.

A dewatering rate from the Main Pit of between 5,000 kL/day (57.9 L/s) and
15,000 kL/day (173.6 L/s) was predicted from the 1986 modeling study. Inflows
were predicted to occur along the strike through the orebody, through quartzite
exposed in the hanging wall and from depressurization bores drilled in lower
permeability units in both the hanging and foot walls. Although, no operational or
monitoring data were available, anecdotally dewatering requirements were thought
to have been at the lower end of this estimate.
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The original design for the dewatering scheme comprised in-pit bores and sumps, and
bores in the hanging wall. However, it is believed that no bores were successfully
completed in the orebody. It is believed that mine dewatering by BHP proceeded with a
combination of bores in the hanging wall and in-pit sumps. Depressurisation was
achieved through horizontal drains in both the hanging and footwalls.

2.3 Dewatering Activities and Associated Impact on Groundwater
A regional groundwater model was established by Aquaterra Pty Ltd (Aquaterra) in
2005 as part of Aztec’s Feasibility Study into re-opening the Koolan Project (Aquaterra,
2005). This model was based on a synthesis of all previous work and operating
experience. The model was used to:

Assess dewatering requirements; and

Identify the area that will potentially be affected by water level drawdown associated
with dewatering and water supply abstraction.

This study indicated that dewatering would be achieved through a combination of sump
pumps on the pit floor and dewatering bores in the hanging wall of the Main Pit.

Dewatering of the Mullet orebody will also be achieved by sump pumps in the pit floor.
Horizontal (or near horizontal) drainholes were planned to be installed in the footwall
and hanging wall to relieve wall pressure. Water supply for the project will be sourced
from a combination of bores drilled into the Northern and Southern Syncline aquifers.
The installation of a groundwater monitoring network across the island was
recommended particularly in the Southern Syncline and the Mullet orebody.

The study predicted that although dewatering activities do have an effect on the
Southern Syncline water supply aquifer in the vicinity of water supply bores I01 and
I02, the Island’s production water supply will not be significantly impacted.
Groundwater modeling predicted that groundwater levels in bore I01 could potentially
be drawn down by approximately 20 m in the vicinity of this bore (–5 mAHD), while
bore I02 had a smaller predicted drawdown of approximately 5 m (approximately
10 mAHD) due to its location away from the pit. In the Northern Syncline aquifer bore
(V01), groundwater levels have a predicted drawdown of -40 mAHD.

A second study was carried out by Aquaterra in 2006 to address the following:

Confirm availability of BHP bores for inclusion in the water supply system and/or
install new water supply and monitoring bores;

Commission additional water supply bores to meet the total groundwater demand
of 375 kL/day;

Integrate the monitoring network with stygofauna sampling requirements and
commence regular groundwater monitoring across Koolan Island;

Collect regional groundwater levels across Koolan Island; and

Confirm quality and quantity of groundwater to be abstracted from Mullet Pit by
conducting a hydrogeological assessment and dewatering test.
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As a result of this study (Aquaterra, 2006);

Four new production bores (I02, V01, V02 and M2) were installed on Koolan Island
to add to the existing BHP bore KL102 (I01). Existing BHP bores KL101, KL104 and
KL106P were damaged during rehabilitation of the island and could not be utilised
as production bores. Table 1 lists the status of the BHP bores found on site;

Table 1 Status of BHP Bores on Koolan Island

Location BHP Bore Status

Southern Syncline Aquifer KL101 Decommissioned;
Replaced with I02.

KL102 Renamed I01.

KL106P Was located under Acacia
waste dump and has now
been decommissioned.

K6 Rehabilitated as a
monitoring bore.

K7 Rehabilitated as a
monitoring bore.

Township Area (Northern
Syncline Aquifer)

KL 104 Decommissioned;
Replaced with V01 and
V02 nearby.

Central Anticline K3 Rehabilitated as a
monitoring bore and is
currently planned to be
equipped as a production
bore.

The presence of stygofauna was detected in existing BHP bore K6. As a result, 13
monitoring sites were established, providing a network for stygofauna sampling
requirements as well as regular groundwater monitoring across Koolan Island; and

The quantity and quality of water to be abstracted and discharged from Mullet Pit
has been confirmed through modeling and sampling.

The salinity profiling undertaken did not show saline intrusion or up-coning for the
Southern Syncline Aquifer or Northern Syncline Aquifer. Only I02 showed a slightly
elevated salinity, however it was felt that this could be indicative of natural salinisation
rather than saline up-coning due to salt water infiltration.

Groundwater modeling done for the Mullet Pit (Aquaterra, 2006) showed that the
Island’s water supply aquifer will not be greatly impacted by mining of the Mullet
orebody.
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3. Site Profile

3.1 Climate
The climate at Koolan Island is tropical to sub-tropical, with high temperatures, high
humidity and wet/dry seasons. The rain-gauging centre at Koolan Island was opened in
1974 and was closed in 1992.

Mt Gibson currently has four rain-gauging stations on the island. Two of these have
been recording rainfall since the start of 2007; at the Koolan Island airport and at Mt
Gibson’s office on the island. In January 2009 two additional rain gauges were installed
at the ship loading area and the crusher facility; however this information has not been
utilised in this water management plan as two stations are thought to be sufficient to
characterise rainfall on the Island during the 2009/2010 review period. A summary of
the rainfall data recorded from the Koolan Island airport and Mt Gibson’s office (MGI
Office) on the island are presented in Table 2.

Koolan Island has a mean annual rainfall of 830.3 mm (1974 – 1992), most of which
falls within the wet season from December to March (obtained from the Bureau of
Meteorology (BoM), 11/11/09). The wet season records higher mean temperatures
(25.4 C to 32.8 C) and mean monthly rainfall of up to 267 mm. The dry seasons have
slightly lower mean temperatures (20.8 C to 32.8 C) and mean monthly rainfall values
of below 45 mm.

Table 2 Monthly Total Rainfall (mm) September 2009 – October 2010

Month Airport Offices

Sep-09 0.0 0.0

Oct-09 0.0 0.0

Nov-09 0.0 1

Dec-09 593.0 551.5

Jan-10 184.0 160.0

Feb-10 131.0 123.0

Mar-10 92.0 63.0

Apr-10 80.5 94.5

May-10 538.5 410.0

Jun-10 1.0 0.0

Jul-10 0.5 0.0

Aug-10 0.0 0.0

Sep-10 3.5 3.0
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Month Airport Offices

Oct-10 51.0 56.5

Total 1,675 1,462.5

3.2 Geology and Hydrogeology
The Island is comprised of three broad hydrogeological provinces, corresponding with
the three main structural geology elements; the Southern Syncline, the Central
Anticline and Northern Syncline. The geological structures are composed of
metamorphosed sediments (mudstones, siltstones and sandstones). The southern
synclinal basin can be subdivided into two zones: the in-land zone (or water supply
area) and the orebody zone (orebody aquifer). The geological units of the Island, along
with associated hydrogeological characteristics are summarised in Table 3 and
illustrated in Figure 2a.

Table 3 Summary of Koolan Island Geology and Hydrogeology

Formation Unit/Member Lithology Hydrogeology

Marine
Clays &
Scree

Recent
Marine
Sediments

Thick
Clays/Calcareous
Mudstone and
Coarse Scree

The Marine Clays are thick
and relatively impermeable.
Scree is regarded as highly
permeable, consisting of
coarse fragments of talus
slope and shell/coral derived
sediments overlying wave cut
platform. This formation is in
direct hydraulic connection
with the sea.

Pentecost
Sandstone

Pentecost
Sandstone
(Footwall
Formation)

Sandstone,
interbedded with
siltstone and schist;
some conglomerate
horizons

Main aquifer in Southern
Syncline; strongly fractured
along regional bedding
resulting in moderate to high
secondary permeability.
Contains fresh groundwater
over most of the island.

Yampi
Member
(mineralised)

(Orebody)

Haematite enriched
sandstone and
siltstone

Moderate to high permeability
along joints/beds in sandstone
unit; leached in places
resulting in vuggy porosity;
siltstone is very fine grained
and is of low permeability.
Originally a freshwater aquifer,
now likely to be saline.

Elgee
Siltstone

Elgee
Siltstone
(Hanging
Wall Schist)

Siltstone, schist
and phyllite

Effectively impermeable; limits
hydraulic connection between
Northern and Southern
Synclines, and between
Southern Syncline and the
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Formation Unit/Member Lithology Hydrogeology
sea.

Warton
Sandstone

Warton
Sandstone
(Arbitration
Cove
Quartzite)

Interbedded
quartzite and schist

Moderate to high permeability
along bedding in quartzite.
Formation is in direct hydraulic
connection with the sea and
contains brackish to saline
water.

3.2.1 Southern Synclinal Basin – Water Supply Area

The main aquifer of the Southern Syncline area is located within the basal zone of the
syncline, over 170 m below ground level (mbgl). Groundwater occurs within fractured
quartzite, with deep water levels of approximately 120 mbgl.  The syncline is not in
hydraulic connection with the sea on three sides (north, south and east) due to the
presence of underlying low permeability Elgee Siltstone.  The western end is believed
to be in hydraulic connection to the sea; however there is no evidence of saltwater
intrusion recorded for bore K7, located along the western most end of the basin
(Aquaterra, 2007).

Groundwater is predominately recharged by precipitation, at a rate of approximately
150 mm per year.  This has produced a freshwater mound approximately 15 m above
mean sea level, believed to be over 300 m deep.

3.2.2 Southern Synclinal Basin – Main Pit Orebody

The Main Pit, located on the southern limb of the Southern Syncline exposes the
Yampi Member orebody aquifer. As with the water supply area, this aquifer was
originally only in hydraulic connection with the sea along strike to the west. However,
excavation and push-back of the hanging wall has exposed the contact between the
Elgee Siltstone and Warton Quartzite below sea level (in places) resulting in hydraulic
connection through the more permeable Warton Sandstone quartzites. The orebody
aquifer remains hydraulically isolated from the water supply aquifer by the limited
permeability across the strike in the Pentecost Formation and a consolidated zone at
the base of the orebody (known as the Footwall Formation). The orebody was
previously dewatered and mined to –80 mAHD and is currently inundated with
seawater.

3.2.3 Central Anticline

The low permeability Elgee Siltstone outcrops at the mid point of the Central Anticline,
and is exposed as a result of erosional processes. There is generally no groundwater
potential (with the exception of the Central Anticline aquifer within and adjacent to the
Mullet Pit orebody) through this area. The Elgee Siltstone also separates water
resources of the Northern and Southern Synclines on the eastern part of the island.
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Central Anticline- Mullet Pit Orebody Aquifer
The Mullet area geology is characterised by a tight overturned anticlinal closure
plunging moderately to the west. In plan view, the Mullet orebody has a westward-
trending ‘V’ shape. Enclosed in the ‘V’ is the highly impermeable Elgee Siltstone. The
orebody itself forms the boundary of the Elgee and Pentecost Formation (Yampi
Member). It consists of haematite, which is friable in places but more commonly hard
and porous with voids up to centimeter scale. In the Mullet area, the north limb of the
anticline orebody acts as a highly transmissive aquifer and produced large amounts of
freshwater during drilling of monitoring and abstraction bores (Aquaterra, 2006). The
orebody aquifer is separated from the sea to the north by highly impermeable quartz-
chlorite-mica schist interbedded with quartz sandstones. The individual schist zones
vary from 0.5 to 10 m thick and appear to be responsible for isolating the freshwater
aquifer from saline intrusion.

3.2.4 Northern Syncline

The Northern Syncline forms a groundwater basin that is relatively open to the sea at
its western end. As with the Southern Syncline, the main aquifer occurs in fractured
quartzite, typically towards the base of the syncline in excess of 170 mbgl.
Groundwater levels are very deep (typically around 120 mbgl) in relation to the
topographic surface.

Recharge over the syncline occurs at around 150 mm per and results in a freshwater
mound, some 20 m above mean sea level and is likely to be over 300 m deep.

3.3 Surface Water Systems
There are no naturally occurring perennial surface water systems on the island.
However, ephemeral creeks and drainage channels exist and are active during the wet
season.

3.4 Other Groundwater Users
There are no other groundwater users on Koolan Island.

3.5 Groundwater Dependant Ecosystem
Ecologia Environment prepared vegetation, flora, fauna and weed survey reports for
the Project area (Ecologia, 2004a and b). The vegetation of the island is characteristic
of the Fitzgerald Botanical District, comprising predominantly savannah woodland over
hummock grasses. The vine thicket and mangrove communities are considered to be
of environmental significance (Ecologia, 2004a).

Five flora species of conservation significance were identified within the project area.
Phyllanthus aridus is widespread throughout the central part of the island.
Gymnanthera cunninghamii and Brachychiton xanthophyllus were located near the
proposed Eastern Pit. Corymbia aff. cadophera and Eucalyptus kenneallyi are also
species of interest (Ecologia, 2004b).
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Vegetation studies did not report any stands of groundwater-dependant vegetation.
Given that the depth to groundwater is considerable over most of the island
(approximately 120 mbgl) and the aquifer is confined, occurring some 170 mbgl,
groundwater-dependant vegetation is unlikely to occur.

The fauna species of conservation significance known to occur in and around Koolan
Island are listed in the Environmental Referral Document (Ecologia, 2005 and
Ministerial Statement 715). Species of particular interest are Ramphotyphlops
yampiensis (Blind Snake), Erythrotriorchis radiatus (Red Goshawk), Dasyurus
hallucatus (Northern Quoll); Macroderma gigas (Ghost Bat), Rhinonicteris aurantius
(Orange Leaf-nosed Bat) and Hipposideros stenotis (Northern Leaf-nosed Bat).

Ecologia reported the presence of stygofauna in the existing BHP bore K6. As a result,
a stygofauna monitoring program was developed prior to groundwater abstraction.
Nine additional stygofauna boreholes were drilled by Mt Gibson (see Section 4.1.2)
and sampling for stygofauna was carried out by Ecologia and in 2008 by MBS
Environmental. Stygofauna species were identified particularly in bores K3 and K9
since sampling commenced (Ecologia, 2006 and 2007, MBS 2008).
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4. Groundwater Systems

4.1 Groundwater Infrastructure
Mt Gibson originally envisaged that water supply would be obtained from fresh
groundwater resources on the island, primarily using bores remaining from the BHP
operation. However, it was found that most of the production bores had been
destroyed during decommissioning and rehabilitation of the area by BHP, and only one
existing bore was available for abstraction. This led to the construction of groundwater
supply infrastructure (through the drilling of three new bores) to provide sufficient water
for the exploration camp, the crushing plant and associated administration, workshop
and office areas and the mining village, and the installation of a groundwater
monitoring network. Details are as follows.

4.1.1 Production Bores

Groundwater is abstracted from fresh groundwater resources on the island using four
production bores; I02 installed into the Southern Syncline Aquifer, V01 and V02
installed into the Northern Syncline Aquifer. These bores were constructed to
supplement bore I01 (an existing BHP operation bore previously named KL102) in the
Southern Syncline.  Bore IO2 has now been decommissioned. Production bore M2
was constructed in the Mullet Pit, however this bore was never utilised by Mt Gibson.

Nomenclature for the production bore network generally adheres to the following
naming system:

I – Infrastructure Bore (Potable use and Infrastructure Supply);

V – Village Bore (Potable use).

Production bores V01 and I01 are the main production bores, while bore V02 is used
as backup water supply bores to augment the former two bores.

4.1.2 Monitoring Bores

The island also has a monitoring bore network, installed to observe any potential
impact on groundwater as a result of mining operations. Eight new monitoring bores
(K1, K2, K4, K8, K9, K10, K11 and M3) were installed to supplement the existing BHP
bores K3, K6, K7 and KL106, which were rehabilitated as monitoring bores. In addition
to groundwater monitoring, the bores are also used as stygofauna monitoring bores.

The location of all production and monitoring bores is illustrated in Figure 3. Bore
completion summaries for production and monitoring bores, including current status,
are presented in Table 4 and Table 5 respectively.

4.1.3 Recent Changes to Groundwater Infrastructure

Recently, Mt Gibson decommissioned production bore M2 and groundwater monitoring
bores M3 and KL106.
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In addition, Mt Gibson intends to use K3 to supplement the current production bores
and provide additional redundancy in the water supply network.  It is intended that K3
will connect to four significant consumption sites:

the Village;

the tank that currently services the crusher, current workshop and Mt Gibson
offices;

the new workshop; and

the new central stores warehouse.
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Table 4 Summary of Production Bore Construction

Bore
ID

Status/
(Location)

Coordinates (GDA94) Elevation
(Reference
Level - RL)

Date
Completed

Stick-
up

Main Casing2 Airlift Data

mN mE (mAHD) (magl1) Drilled
(mbgl)

Blank
Interval
(mbgl)

Slotted
Interval
(mbgl)

Discharge
(L/s)

Water
Level
(mbgl)

I01 In Service
(Southern
Syncline)

8216509. 31 579433.03 136.50 11/01/80 0.5 200 0 –
137.0

137.0 – 200.0 7.0 112.4

I02 Decommissioned
(Southern
Syncline)

8216534. 43 579883.34 131.75 13/07/06 0.3 240 0 –
138.0

138.0 – 238.0 0.6 112.0

V01 In Service
(Northern
Syncline)

8216185. 11 583445.18 137.09 06/08/06 0.22 243 0 –
134.6

134.6 – 224.5 2.2 – 2.8 120.0

V02 In Service
(Northern
Syncline)

8216241 .00 583249.00 136.00 26/08/06 0.25 246 0 –
126.0

126.0 – 246.0 0.8 122.0

M2 Decommissioned
(Central Anticline
- Mullet)

8217710.00 578456.00 48.51 01/09/06 0.45 105 0 – 80.0 80.0 – 105.0 30.0 31.2

1 magl = meters above ground level
2 Casing diameter: Surface hole 455 mm; surface casing 320 mm steel; main casing 205 mm
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Table 5 Summary of Stygofauna/Monitoring Bores Construction

Bore
ID

Status
(Location)

Coordinates
(GDA94)

Elevation
(Reference
Level – RL)

Date
Completed

Stick-
up

Main Casing2 Airlift Data

mN mE (mAHD) (magl1) Drilled
(mbgl)

Blank
Interval
(mbgl)

Slotted Interval
(mbgl)

Discharge
(L/s)

Water
Level
(mbgl)

K1 In Service
(Central Anticline)

8217612 579148 97.57 3/06/06 0.40 160 0 – 86.0 86.0 – 156.0 0.4 83.68

K2 In Service
(Central Anticline)

8217331 579676 107. 453 20/05/06 0.45 163 0 – 95.5 95.5 – 161.5 0.13 88.89

K3 Decommissioned
(Northern
Syncline)

8216860 580563 38.686 Pre-1990 0.05 32 Open Hole 4.23 16.26

K4 In Service
(Northern
Syncline)

8216368 582456 146. 213 10/06/06 0.35 159 0 – 116.3 116.3 – 158.3 0.04 128.45

K6 In Service
(Southern
Syncline)

8216516 579432 136. 7 28/06/06 0.80 70 0 – 27.0 27.0 – 63.0 0.00 Dry

K7 In Service
(Southern
Syncline)

8217577 577305 85.414 27/06/06 0.40 175 0 – 90.0 90.0 – 175.0 1.00 75.16

K8 In Service
(Southern
Syncline)

8216906 578608 136. 085 15/05/06 0.50 108 0 – 70.9 70.9 – 100.9 0.10 60.75

K9 In service
(Northern

8216263 583047 145. 81 14/06/06 0.40 230 0 – 109.8 109.8 – 229.8 0.40 117.48
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Bore
ID

Status
(Location)

Coordinates
(GDA94)

Elevation
(Reference
Level – RL)

Date
Completed

Stick-
up

Main Casing2 Airlift Data

mN mE (mAHD) (magl1) Drilled
(mbgl)

Blank
Interval
(mbgl)

Slotted Interval
(mbgl)

Discharge
(L/s)

Water
Level
(mbgl)

Syncline)

K10 In Service
(Southern
Syncline)

8216155 580515 161. 51 10/05/06 0.45 190 0 – 117.7 117.7 – 189.7 0.05 143.58

K11 In Service
(Southern
Syncline)

8216981 578373 134. 898 17/06/06 0.4 233 0 – 113.5 113.5 – 232.1 0.90 93.46

KL106P Decommissioned
(Southern
Syncline)

8216744 579201 132. 01 No Info 105.28

M3 Decommissioned
(Central Anticline
- Mullet)

8217733 578410 46.02 6/09/06 5.00 96 0 – 84.0 84.0 – 96.0 6.60 28.86

1 magl = meters above ground level
2 Casing diameter:

Bore M2: Surface hole 315 mm; surface casing 300 mm steel; main hole 300 mm; main casing 155 mm PVC

All other bores: Surface hole 216 mm; surface casing 150 mm steel; main hole 147 mm, main casing 50 mm PVC
3  Recommended yield based on test pumping conducted on 21 January 2008
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4.2 Groundwater Levels
Groundwater level measurements have been collected from the monitoring bores since
March 2006. Groundwater level trends for monitoring and production bores in the
Southern Syncline, Central Anticline and Northern Syncline are plotted in Figure 4

Data gaps exist between September 2006 and May 2008 particularly for monitoring
bores and thus groundwater level trends during that period could not be determined.
Based on the available groundwater level data, the following were observed.

4.2.1 Southern Syncline

Groundwater levels in the Southern Syncline production bore I01 remained relatively
stable from November 2009 onwards.

Groundwater trends in production bore I01 recovered substantially from 19.39 mAHD
in October 2008 to 22.38 mAHD in November 2008. Groundwater levels were
maintained at an approximate level of 21.74 mAHD until September 2010.
Groundwater levels in bore I01 do not appear to be affected significantly by
groundwater abstraction.

Groundwater levels ranged from 11.09 to 15.37 mAHD between November 2008 and
February 2009 in production borehole I02. No groundwater level data is available post
March 2009 for production bore I02 as the borehole had been decommissioned at this
stage.

Groundwater levels in the Southern Syncline monitoring bores were generally stable
with one exception and static water levels ranging from 13m AHD (K10) to 45 mAHD
(K11). Monitoring bore K10 showed a significant rise in groundwater level in November
2009, however the magnitude of the variation (>55 m rise and fall within three days)
suggests that this is an erroneous value.

Bore K8 is 108 m deep and was abandoned at this depth due to drilling difficulties (the
base of the bore is actually above the regional water table). However, this bore has
developed a groundwater level of around 76 mAHD, which is elevated relative to other
bores on the island.

No groundwater levels for K6 have been recorded since May 2009. Levels prior to May
2009 had been inconsistent with the regional water table previously recorded on the
island. Historical data suggests that the groundwater level observed in this bore is
actually a local perched water table that responds to wet season rainfall and is not in
connection with the regional groundwater system.

It appears likely that there is a local perched water table over at least some southern
sections of the island probably related to the impermeable “Footwall Schist” of the
Yampi Member of the Pentecost Sandstone. If bores are not drilled through the schist
they will tend to have an elevated groundwater level (perched on the impermeable
footwall schist) and this is likely to respond to rainfall events rather than stresses on
the regional groundwater system. However, without groundwater level data during the
wet season, this cannot be confirmed.
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4.2.2 Central Anticline

Groundwater levels in the Central Anticline monitoring bores (K1 and K2) were
generally stable. The occurrence of unrealistic values between August 2009 and
December 2009 is likely the result of human error. Groundwater levels in the Central
Anticline do not appear to respond to abstraction in either the Northern or Southern
Synclines and their fluctuation is likely the result of natural occurrences.

4.2.3 Northern Syncline

Groundwater levels are generally stable through the monitoring period in production
borehole V01 with the exception of a period between December 2008 and March 2009
where groundwater levels rise significantly before falling back to a stable level. This is
potentially the result of increased rainfall during the wet season as no corresponding
reduction in abstraction rate is noted for the same period.  Groundwater levels in
backup abstraction bore V02 follow a similar trend to that seen in V01, however the
rise and fall of groundwater level is of a smaller magnitude.

Groundwater levels rose significantly between November 2008 and February 2009
(28.23 to 39.55 mAHD) in bore K9 before declining slowly to a stabilised level of 29.69
in June 2009.  The reason behind this is unclear but it is unlikely a result of abstraction
from the syncline as no significant rate increase occurred and water levels in
neighbouring bore K4 do not show a similar trend.  Bore K4 remained stable
throughout the monitoring period.

4.3 Water Quality
Initial (baseline) groundwater chemistry analysis was carried out in 2006 on
groundwater samples that were collected from the monitoring bores. The results for the
baseline analyses of the groundwater samples taken from bores installed within the
Southern Syncline, Central Anticline and Northern Syncline aquifer are presented in
Appendix A. Groundwater quality analyses have been undertaken since baseline data
was measured, and the results are presented in Appendix B.

Historical and current data for field parameters including pH, specific conductivity
(SpC) and total dissolved solids (TDS) within the Southern Syncline, Central Anticline
and Northern Syncline aquifer are presented graphically in Figure 9, Figure 10 and
Figure 11 respectively.

4.3.1 Southern Syncline

There are a number of periods in which groundwater quality data is absent in between
2009 and 2010. It is thus difficult to assess temporal groundwater quality trends in
terms of relevance to historical data.  However, it is evident that groundwater quality is
mainly stable throughout the reporting period in boreholes in the Southern Syncline
with the following exceptions:

TDS values in monitoring bores K8, K10 and K11 are absent from June 2009.
TDS values for I01 between October 2009 and March 2010 are relatively stable
and around 800µs/cm. However, no data is available from March 2010 and it is
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unclear whether the rising SpC value of 930µs/cm for March is an abnormal
reading or not.

Soluble Iron concentrations exceed the aesthetic trigger concentration of 0.3 mg/l
in production bore I01 in January 2009.

Chloride concentrations exceeded the aesthetic trigger concentration of 250 mg/l
in bores  production bore I01 and monitoring bore K8 in August 2009 and January
2009 respectively.

Nitrate concentrations exceeded the health trigger concentration (50 mg/l) in bore
monitoring bore K8 with a concentration of 84 mg/l in January 2009.

The soluble aluminum aesthetic trigger concentration (0.2 mg/l) was exceeded in
production bore IO1 and monitoring bore K8 on a number of occasions during the
review period.

The soluble manganese aesthetic trigger concentration (0.1 mg/l) was marginally
exceeded in production bore I01 with a concentration of 0.16 mg/l in January
2009.

The soluble lead health trigger concentration (0.01 mg/l) was marginally exceeded
in monitoring bore K8 with a concentration of 0.04 mg/l in January 2009.

The turbidity aesthetic trigger concentration (5 NTU) was exceeded in production
bore I01 and monitoring bore K8, K10 and K11 on a number of occasions during
the reporting period.

Production bore I02 was decommissioned during the current review period and is
therefore not considered further in this review.

Groundwater pH values in the Southern Syncline bores have fallen slightly during the
review period when compared to original baseline values. A baseline value of 5.1 was
recorded in bore I01 and a value of 4.3 was recorded in October 2009. This pattern is
seen in a number of monitoring bores in the Southern Syncline. Groundwater
composition trend analysis suggests that there is no seasonal pattern to pH variation
as described in the previous monitoring review. During the current review period, a rise
from 3.7 to 5.4 was seen in bore I01 between January and June 2009. This suggests
that the previously described theory of increased pH relating to increased alkaline
recharge is unlikely. The variation in pH is more likely a result of varying ionic
composition of groundwater recharge.  This may be seasonally dependent, however
such an observation cannot be validated on existing data. It should be noted that the
water supply is treated to maintain the Ph levels for potable use.

TDS values in the Southern Syncline bores have shown a slight increase since
baseline values were recorded however values show that the groundwater maintains
its fresh water classification.

4.3.2 Central Anticline

Baseline pH in the Central Anticline aquifer bores (K1 and K2) ranges between pH 5.9
and 7.5, while TDS ranges between 350 and 800 µS/cm, and 270 and 390 mg/L
respectively. However, no data for TDS was available for the reviewed period.
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Comparison between baseline and more recent data for monitoring bore K1 and K2
indicate a drop in pH (pH= 4.1 in September 2010).

Comprehensive analysis indicates that groundwater in the Central Anticline aquifer is
generally of freshwater origin.

4.3.3 Northern Syncline

Baseline pH in the Northern Syncline aquifer bores ranges between pH 6.1 and 8. With
the absence of data, any obvious trends could not be established in monitoring bores.
No obvious trends could be determined in production bore V01 (pH around 5).

Baseline SpC ranges from 1,100 to 1,400 µS/cm. No trends can be determined for
monitoring bores due to the lack of recent monitoring data. TDS for production bore
V01 generally increased from March 2009 (857 µS/cm) to a reading of 1390 µS/cm in
May 2010.

However, only data from V01 is available indicating a rising trend in TDS since
February 2009 (190 to 830mg/L) as shown in Figure 11.

Comprehensive analysis indicates that groundwater in the Northern Syncline aquifer is
generally of freshwater origin.

4.4 Potability Analysis
A comprehensive potability analysis has been undertaken on several sample points on
the island including the four production bores on a regular basis. Production bore V01
is the primary potable water bore, however the analysis focuses on the major water
output points which include the village kitchen tap and water outlet, cribs and control
rooms, shower, hand basin, water storage tanks and an ice machine. The results of the
potability analysis are summarised in Appendix A. The results were compared with the
Department of Environment and Conservation (DEC) guidelines for drinking water.

Based on the laboratory results, the following were observed:

pH of water is slightly acidic (ranging 4 – 6.4) in samples that were taken from
a selection of taps and outlets, All ph values of sample fall below the ADWG
(2004) drinking water aesthetic value range of 6.5 to 8.5

TDS exceeds the ADWG (2004) drinking water aesthetic value of 500 mg/L in
one sample from I01.

TDS exceeds the ADWG (2004) drinking water aesthetic value of 500 mg/L in
all samples from V01.

Sodium ICP exceeds ADWG (2004) drinking water aesthetic value of 180
mg/L towards the end of the monitoring period in V01.

Choride exceeds ADWG (2004) drinking water aesthetic value of 250 mg/L on
one occasion in I01.

Choride exceeds ADWG (2004) drinking water aesthetic value of 250 mg/L in
all samples taken from V01.
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Aluminum exceeds ADWG (2004) drinking water aesthetic value of 0.2 mg/L
two samples from I01.

Aluminimum exceeds ADWG (2004) drinking water aesthetic value of 0.2 mg/L
on one occasion in V01.

Manganese exceeds ADWG (2004) drinking water health and aesthetic value
of 0.5 and 0.1 mg/L (respectively) in all samples taken from V01.

 Turbity exceeds ADWG (2004) drinking water aesthetic value of 5 NTU in four
(of nine) samples taken from I01.

Turbity exceeds ADWG (2004) drinking water aesthetic value of 5 NTU in five
(of six) samples taken from V01.

All water used for human consumption is treated by ultraviolet sterilisation and filtering.
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5. Water Balance

5.1 Dewatering
Dewatering targets for the Project will be to draw the water table in the orebody aquifer
down to –166 mAHD in the Main Pit and –58 mAHD at the Mullet Pit. Assessments of
dewatering requirements were undertaken for Main Pit (Aquaterra, 2005) and Mullet Pit
(Aquaterra, 2006) using a numerical model of the groundwater system.

Dewatering is to be achieved through the following methods:

Sumps in the orebody aquifer to intersect in-flow through the pit floor and flow along
strike through the orebody. Inflows are likely to be saline.

Bores in the hanging wall of the Main Pit to intersect flow through the Warton
Sandstone where the contact with the Elgee Siltstone is exposed below sea level.
The Warton Sandstone is in direct hydraulic connection with the sea and all inflows
are expected to be of seawater quality.

Horizontal drain holes in the footwall to relieve wall pressures. The inflow from the
footwall quartzite may be of fresh to brackish quality. However, this is likely to
represent a relatively small component of the overall dewatering volume. The
requirement for drain holes would be determined on geotechnical grounds and they
may be required at both the Main Pit and the Mullet Pit.

Depending on the nature of offshore contact between the marine scree and the sea,
there may be an inflow of water under the toe of the sea wall in Main Pit. If this
eventuates, a lined collection drain on the bench immediately below the base of the
seawall will be required. (Unless geotechnical considerations indicate that this
inflow through the toe of the wall onto the upper bench must be prevented.)

5.1.1 Main Pit

Groundwater model predictions for Main Pit (Aquaterra, 2005) indicated that pumping
from the pit lake at 500 L/s will dewater the existing pit over a period of approximately
nine months. Immediately after Main Pit pump-out, dewatering rates will fall to around
75 L/s to control ongoing inflows. As the pit advances both with depth and as the
pushback occurs towards the sea, inflows will increase to around 240 L/s for a mining
depth of –165 mAHD.

The installation of five dewatering bores in the hanging wall is recommended to control
inflow and reduce hydrostatic pressure in the Warton Sandstone aquifer. It is estimated
that each bore should have a pumping capacity of 10 L/s. Confirmation of pumping
capacity from the hanging wall bores is required as part of the installation program.

Current recorded dewatering data indicate an average 110 L/s pumping from floating
barges in April 2008. Minimal or no dewatering occurred in May and June 2008.
However, pumping rates from the floating barge increased to approximately 210 L/s in
July 2008, and 205 L/s in August 2008. This is consistent with the groundwater model
predictions.
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Over 2009 and 2010, a total of 859,600 KL was abstracted from Main pit at rates
between 443 and 2,184 L/sec.

The Mullet orebody is believed to be relatively isolated hydraulically from the sea (other
than along strike in the orebody aquifer). As such, no dewatering bores are anticipated
in the hanging wall zone and dewatering will be achieved by sump pumping (and
perhaps horizontal drain holes). Currently no groundwater dewatering activity is taking
place in the Mullet Pit.

Groundwater model predictions for the dewatering of Mullet Pit (Aquaterra, 2006)
indicated that inflow rates will increase to 4,000 kL/day (46 L/s) over a period of 3
months and remain at around 4,000 kL/day for the remainder of the pit development.
Predicted model water balances after 4, 8, 12 and 16 months of pit development are
presented in Table 6 and suggest that at the end of pit development, the majority of
groundwater inflows are derived from groundwater storage rather than inflow from the
sea.

Table 6 Mullet Pit Predicted Model Water Balance (Aquaterra, 2007)

End of
month No.

Inflow (kL/day) Outflow (kL/day)

Storage Recharge Constant
Head
(Ocean)

Drains
(Pits)

Constant
Head
(Ocean)

4 3127 1396 0 3235 1287

6 3585 1396 0 4017 1060

12 3267 1396 6 3766 903

16 2886 1396 34 3512 805

Groundwater levels for the final pit depth were predicted to drop towards the base of
the pit floor adjacent to the pit. The modeling results suggest that the impact of pit
development is limited to 2 km along strike and 400 m cross strike due to the low
permeability units surrounding Mullet Pit.

An assessment was also conducted by GHD in February 2010.  GHD used two
methods for this analysis, one was the same method as used by Aquaterra and
produced the same result ie 4000 kL/day.  The second was an analytical method which
predicted 2650kL/day (m3/day). On site assessment indicates that the analytical
method may be the more accurate of the two.

5.2 Water Supply
Currently, a total of three production bores (I01, V01 and V02) are commissioned to
meet the proposed water demands on Koolan Island, with monitoring bore K3
proposed to be equipped and converted into a production bore. It is anticipated that
this bore will be brought on line in 2011.
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5.2.1 Groundwater Abstraction

Monthly abstraction data from January 2007 is presented graphically in Figures 4 to 8
together with the groundwater level data.

Southern Syncline Production Bores

The total abstraction from the Southern Syncline production bore I01 for the 12 month
period ending October 2010 was 38,941.8 kL. The average daily pumping rate from the
Southern Syncline aquifer is 106.68 kL/day. This water is primarily used for production
purposes.

Northern Syncline Production Bores
The total abstraction from the Northern Syncline production bores V01 and V02 for the
12 month period to October 2010 was 27,761.2 kL. All of the groundwater for this
period was abstracted was from bore. The average daily pumping rate from the
Northern Syncline aquifer was 76 kL/day. This water is primarily used for potable
purposes.

Central Anticline Production Bores
M2 was never used as a production bore prior to being decommissioned. Currently
there are no production bores in the Central Anticline.

Bore K3 is planned to be equipped for production in 2011. The recommended
sustainable yield was estimated to be 4.3 L/s (~370 kL/day).

5.3 Water Requirements
Water supply is required for the crushing plant, exploration camp, workshop areas,
associated administration areas and the mining village. Approximately 375 kL/day of
water is required for these services. Included within this is the requirement for 75
kL/day for potable purposes.

Bores I01 (primary) in the Southern Syncline aquifer are be used to supply water to the
crushing plant, offices and associated infrastructure. Currently, I01 only abstract an
average 106 kL/day from the Southern Syncline Aquifer.

Bores V01 (primary) and V02 (backup) were commissioned to supply water in the
Northern Syncline for the new accommodation village at 75 kL/day. The bores currently
abstract an average of 76 kL/day from the Northern Syncline Aquifer.

The current combined Southern and Northern Syncline Aquifers abstraction is 182
kL/day. This average daily demand for water will fluctuate due to seasonally variable
requirements.

It is Mt Gibson’s intention to avoid using backup supply bore V02 (where possible) and
to commission production bore K3.

5.4 Water Balance
The anticipated project water balance based on the groundwater modeling (Aquaterra,
2005 and 2006) predictions is illustrated in Table 7.
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The predictions were made on the assumption that:

Potable water requirements will be met by abstraction from the water supply
(village) bores and industrial water from the (production) bores.

No additional abstraction from bores is required for dust suppression as these
requirements are met using seawater.

Water inflow as a result of pit dewatering is re-infiltrated into the ground via settling
ponds.
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Table 7 Predicted Water Balance for Koolan Island Iron Ore Project (Aquaterra, 2007)

Year Dewatering (kL/day) Groundwater
Abstraction

Demands (kL/day) Surplus
(kL/day)

Total Flow
(kL/day)

Main Pit Mullet Flow

(kL/day)

Potable Infrastructure
Crushing

PlantDepth
(mAHD)

Flow
(kL/day)

Depth
(mAHD)

Flow
(kL/day)

2006 98 0 122 0 375 75 300 0 375

2007 44 600 50 0 375 75 300 600 975

2008 20 600 20 3,200 375 75 300 3,800 4,175

2009 2 43,200 -56 4,000 375 75 300 47,200 47,575

2010 -58 43,200 -58 3,500 375 75 300 46,700 47,075

2011 -100 14,000 - - 375 75 300 14,000 14,375

2012 -124 17,000 - - 375 75 300 17,000 17,375

2013 -130 18,000 - - 375 75 300 18,000 18,375

2014 -160 21,000 - - 375 75 300 21,000 21,375

2015 -166 22,000 - - 375 75 300 22,000 22,375
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6. Potential Water Impacts

6.1 Production Bore Abstraction
During previous investigations, it was anticipated that the abstraction from water bores
I01, V01 and V02 will have a minor effect on groundwater levels in the aquifer.

Southern Syncline Production Bores
The total abstraction from the Southern Syncline production bores I01 for the 12 month
period ending October 2010 was 38,941.8 kL. The average daily pumping rate from the
Southern Syncline aquifer is 106.68 kL/day. This water is primarily used for production
purposes.

Northern Syncline Production Bores

The total abstraction from the Southern Syncline production bore I01 for the 12 month
period ending October 2010 was 38,941.8 kL, with an estimated average daily
pumping rate of 106.68 kL/day for that period. The total abstraction from the Northern
Syncline production bores V01 (primary) and V02 (backup) for the 12 month period to
October 2010 was 27,761.2 kL, with an estimated average daily pumping rate of 76
kL/day. The combined daily pumping rate from both the Southern and Northern
Syncline aquifers is 182.68 kL/day which is below the 375 kL/day required. This
average daily demand for water will fluctuate due to seasonally variable requirements.

It is Mt Gibson’s intention to avoid using backup supply bore V02 where possible once
production bore K3 comes on-line.

No abstraction has taken place from the Central Anticline aquifer.

6.2 Potential Groundwater Level Impacts
Groundwater level measurements were collected from the monitoring bores between
November 2009 and October 2010. Groundwater level trends for production bores in
the Southern Syncline (I01 and I02) and Northern Syncline (V01 and V02) are plotted
in Figure 4 and Figure 5, respectively. Groundwater level trends for monitoring bores in
the Southern Syncline, Central Anticline and Northern Syncline are plotted together
with available abstraction data from the associated production bores, in Figure 6 and

Figure 7, respectively.

6.2.1 Southern Syncline

Groundwater levels in the Southern Syncline production bore I01 have remained stable
over the review period.

The stable, but significantly different elevations of water levels in the monitoring bores,
suggest there is a local perched water table over at least some southern sections of
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the island, probably related to the low permeability “Footwall Schist” of the Yampi
Member of the Pentecost Sandstone.

6.2.2 Central Anticline

Groundwater levels in the Central Anticline monitoring bores (K1 and K2) were
generally stable over the reporting period

6.2.3 Northern Syncline

Groundwater levels in production boreholes V01 and V02 were generally stable
through the review period.

6.2.4 Main Pit Dewatering

Over 2009 and 2010, floating barges were used to pump a total of 859,600 KL from
Main pit at rates between 443 and 2,184 L/sec.

The Mullet orebody is believed to be relatively isolated hydraulically from the sea (other
than along strike in the orebody aquifer). As such, no dewatering bores are anticipated
in the hanging wall zone and dewatering will be achieved by sump pumping (and
perhaps horizontal drain holes). Currently no groundwater dewatering activity is taking
place in the Mullet Pit.

6.3 Potential Groundwater Quality Impacts
Abstraction from production bores I01, I02, V01 and V02, combined with the impacts of
dewatering Main Pit, has the potential to induce some saline up-coning with an
associated deterioration in water quality in respective aquifers intercepted.

Based on the water quality monitoring results, groundwater in most bores is fresh.
However, recent data indicates that production bore I02 does have elevated
concentrations of sodium and chloride compared to baseline concentrations. This is
likely to be caused by natural salinisation however on-going monitoring will be used to
monitor this and further assessment is required to determine the extent of this potential
saline influence.
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7. Water Management

7.1 Excess Water Management
The haematite ore on Koolan Island contains a significant proportion of fines and the
discharge from dewatering sumps has the potential to contain fine sediment which may
have implications for turbidity of the water and sedimentation in the
discharge/settlement area. Consequently, excess water from dewatering sumps will be
discharged through a system of settlement ponds.

Details on the operation of the settlement ponds and marine outfall and associated
environmental monitoring of the receiving environment are provided in the Koolan
Marine Management Plan (MScience, 2006). The groundwater and surface water
systems affected by the open pits and waste rock dumps are managed by Mt Gibson to
ensure there are no long-term impacts.

7.2 Operating Strategy
An Operating Strategy for the water supply and dewatering system on Koolan Island
was prepared by GHD (2009) for the production and monitoring bores. The Operating
Strategy provides a plan for the operation, monitoring and reporting of all groundwater
abstraction associated with operations at the Project. The Operating Strategy relates to
the abstraction of water from the Projects water supply borefield and dewatering
systems for the provision of water supply requirements for the mine village, the
crushing plant and associated administration, workshop and office areas and the camp.

The Operating Strategy was developed using the Waters and Rivers Commission
(WRC) “Use of Operating Strategies in the Water Licensing Process” (Statewide Policy
No. 10-May 2004) and “Guidelines for Hydrogeological Reports and Groundwater
Monitoring Reports Associated with a Groundwater Well Licence” (Version 10ab, May
1998).

The Operating Strategy was recently reviewed and updated as part of the Annual
Aquifer Review process to reflect changes in the Project demand. This document is
included in this report as Appendix C.

7.2.1 Monitoring

The proposed monitoring program is outlined in detail in the Operating Strategy and is
summarised in this section. This program is designed to monitor the impacts of
borefield operation and pit dewatering activities on local groundwater levels and
groundwater quality, as well as the possible impacts on groundwater dependent
ecosystems close to production bores.

The monitoring program is summarised in Table 8.



3061/25821/107677 Koolan Island Iron Ore Project
Water Management Plan

Table 8 Proposed Monitoring Program

Monitoring Location Parameter Frequency

Production Bores

I01, I02, V01 and V02

(Including any newly
commissioned production
bore)

Abstraction Volumes Monthly

Water Levels Monthly*

Water Quality:

pH, EC, TDS

Monthly

Comprehensive analysis Quarterly

Potability suite (Potable
water source only)

Monthly

Dewatering Bores and
Sumps

(locations to be
determined)

Abstraction Volumes Monthly

Water Quality:

pH, EC, TDS Monthly

Comprehensive analysis Quarterly

Monitoring Bores

K1, K2, K4, K6, K7, K8,
K9, K10, K11

Water Levels Monthly*

Water Quality:

pH, EC, TDS Quarterly

Comprehensive analysis Quarterly (only if adverse
effects detected during
monitoring)

*Standing Water levels should be measured after pumps are turned off and water levels allowed to recover
after 2 hours. If bore is pumping at the time reading is taken, it should be noted on the recording sheet.

7.2.2 Review and Report

As specified in the Operating Strategy, groundwater monitoring data will compiled on
an annual basis and the results, and their interpretation, will be reported to the DEC as
an Aquifer Review. The Operating Strategy will be revised as and when required based
on recommendations made in the annual Aquifer Review.
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Total Monthly Groundwater Abstraction: Northern and Southern Syncline
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Client: Job No: 6125821

Drawn: AW rev. no. 0

Approved: BvB Figure 8

               WATER MANAGEMENT PLAN

KOOLAN ISLAND IRON ORE PROJECT

Monthly Abstraction and Groundwater Levels (Northern Syncline)

Mount Gibson Iron Ore

Total Monthly Groundwater Abstraction - Northern Syncline
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                WATER MANAGEMENT PLAN

KOOLAN ISLAND IRON ORE PROJECT

Water Quality Data for Southern Syncline Bores

Mount Gibson Iron Ore
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Water Quality Data for Central Anticline Bores

Mount Gibson Iron Ore
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Client: Job No: 6125821
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Approved: BvB Figure 11
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Water Quality Data for Northern Syncline Bores

Mount Gibson Iron Ore
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Baseline Water Quality Data
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Baseline (2006) Groundwater Quality of the Southern Syncline Aquifer Bores

Australian Drinking
Water Standards

I01 I02 K6 K7 K8 K10 K11 K106P

Date Sampled 21/02/05 18/05/06 30/11/06 18/05/06 23/05/06 18/05/06

pH 6.5 - 8.5 5.1 4.9 - 4.7 4.4 6.1 4.2 -

Conductivity @ 25°C (uS/cm) 660 1,100 - 1,100 920 540 1,200 -

TDS (calc as NaCl) 500 420 740 - 570 440 350 590

Na 180 98 180 - 180 130 83 190

K 2.4 3.6 - 3.2 1.6 2.8 1.9

Ca 3.4 3.7 - 2.1 4.8 4.6 4.5

Mg 7.2 12 - 18 16 7.7 17

Hardness (CaCO3) 200 40 n/a - n/s n/s 43 n/s

Fe (soluble) 0.3 0.05 n/a - <0.02 0.55 0.02 0.05

Cl 250 190 340 - 400 220 160 350

HCO3 5 <5 - <5 <5 10 <5

SO4 250 3 1.9 - 22 2 6 2

NO3 50 2.1 1.9 - 11 58 4.3 20

F 1.5 0.1 0.2 - 0.1 0.1 0.1 0.1

Free Cyanide 0.08 <0.01 n/a - n/s n/a <0.01 n/a

Al 0.2 0.3 n/a - - n/a 0.9 n/a

As (Soluble Arsenic) 0.007 0 n/a - - n/a 0.002 n/a

Mn 0.1 0.15 0.21 - 0.039 0.05 0.7 0.1

Pb 0.01 <0.01 - - - n/s <0.01 -

Cd 0.002 <0.002 - - - n/s <0.002 -
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Baseline (2006) Groundwater Quality of the Central Anticline Aquifer Bores

Australian Drinking Water
Standards

K1 K2 K3 M2 M3

Date Sampled 7/06/06 22/05/06 30/11/06 12/10/06

pH 6.5 - 8.5 7.5 5.9 4.7 5.7 -

Conductivity @ 25°C (uS/cm) 800 350 550 390 -

TDS (calc as NaCl) 500 390 230 270 250

Na 180 120 47 80 58

K 3.5 3.6 2 2.1

Ca 4.7 11 1.5 2

Mg 11 39 6.8 6.3

Hardness (CaCO3) 200 n/a 39 <1 31

Fe (soluble) 0.3 0.89 0.04 <0.02 0.02

Cl 250 220 91 160 100

HCO3 5 25 <5 <5

SO4 250 5 6 4 12

NO3 50 0.2 2.8 2.4 5.9

F 1.5 0.9 0.1 0.1 0.1

Free Cyanide 0.08 n/a <0.01 n/s <0.01

Al 0.2 n/a 0.25 n/a 0

As (soluble) 0.007 n/a 0 n/a 0

Mn 0.1 0.26 0.008 n/a 0.03
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Pb 0.01 - <0.01 0.42 <0.005

Cd 0.002 - <0.002 - <0.002



61/25821/107677 Koolan Island Iron Ore Project
Water Management Plan

Baseline (2006) Groundwater Quality of the Northern Syncline Aquifer Bores

Australian Drinking
Water Standards

V01 V02 K4 K9

Date Sampled 30/11/06 18/05/06 18/05/06

pH 6.5 - 8.5 6.1 - 6.8 8

Conductivity @ 25°C (uS/cm) 1,200 - 1,400 1,100

TDS (calc as NaCl) 500 610 - 680 530

Na 180 170 - 220 140

K 3.9 - 5.4 2

Ca 7.8 - 15 50

Mg 22 - 17 1.4

Hardness (CaCO3) 200 n/s - n/s n/s

Fe (soluble) 0.3 <0.02 - 0.05 0.05

Cl 250 400 - 410 270

HCO3 5 - <5 35

SO4 250 11 - 10 25

NO3 50 3.3 - 15 7.9

F 1.5 0.1 - 0.6 0.1

Free Cyanide 0.08 - - n/a n/a

Al 0.2 - - n/a n/a

As (soluble) 0.007 - - n/a n/a

Mn 0.1 0.64 - 0.039 0.05

Pb 0.01 - - n/s -
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Australian Drinking
Water Standards

V01 V02 K4 K9

Cd 0.002 - - n/s -
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Appendix A Comprehensive Groundwater Analysis

Southern Syncline Central Anticline Northern Syncline
Parameter Date of

Collection
Health Aesthet Units I01 I02 K6 K7 K8 K10 K11 K106P K1 K2 K3 M2 M3 V01 V02 K4 K9

pH 3/06/2006 6.5-8.5 pH Units 6.90
10/05/2006 8.2
15/05/2006 7.2
20/05/2006 7.7
10/06/2006 7.8
14/06/2006 8.2
17/06/2006 8.2
27/06/2006 5.6
6/09/2006 5
30/11/2006 5.1 4.9 - 4.7 4.4 6.1 4.2 - 7.50 5.9 4.7 5.7 - 6.1 - 6.8 8
13/09/2007 3.71 4.28
14/09/2007 4.89 3.91
15/09/2007 5.08 3.99
16/09/2007 3.93 4.37
17/09/2007 3.84 4.28
18/09/2007 3.93 4.31
28/09/2007 4.49 4.36
30/09/2007 3.94 4.5
1/10/2007 5.16 4.72
2/10/2007 4.05 3.77
3/10/2007 4.2
27/10/2007 5.9 6.2
28/10/2007 6.93 6.07 6.48
29/10/2007 6.08 6.27 6.61
21/01/2008 4.32 5.70
22/06/2008 4.50 5.56 4.69
11/08/2008 4.5 5.8 5.4 6.8
24/08/2008 4.21 4.27
29/08/2008
31/08/2008 4.15
27/10/2008 4.45 4.82
30/10/2008 3.81 4.15 4.31 4.07 4.35 4.05 4.45 5.35
4/11/2008 4.2 4.6 5.7
18/11/2008 n/a 4.49 4.28 4.51 4.30 5.08 4.25 5.43 6.2
20/11/2008 4.33 4.35 4.62
21/11/2008 4.16 4.08
22/11/2008 4.32 4.44 4.28
9/12/2008 4.27 3.9 4.48 4.28 4.67
10/12/2008 4.35 5.69 7.15 7.29
31/12/2008 4.27 4.83
27/01/2009 pH Units 3.7 3.8 4.2 4.9 6.4 4.6
10/02/2009 4.34 5.39
27/03/2009 4.81 4.89
28/03/2009 4.84 4.25 4.17 4.22
12/05/2009 3.6 3.9 4.2 3.9 4.5 5.7
22/06/2009 3.73 4.26 4.14 4.30 4.06 4.94 4.39
23/06/2009 5.36 4.11
4/08/2009 6.5-8.5 4 3.9 4.2
3/08/2009 4.01 3.94 4.11
9/09/2009 4.28 3.95 4.73
23/10/2009 4.27
11-Nov-09 4.67
18/11/2009 4.2 3.6 6.3
28/11/2009 4.25 4.75
6/12/2009 4.2 4.4 4.5 5.1 4.4
23/12/2009 6.4
9/01/2010 4.09 4.79
30/01/2010
1/02/2010 4.19 4.85
15/03/2010 4 5.1
18/03/2010 4.29 5.27
28/04/2010 4.88
22/05/2010 6.30
25/05/2010 4.7 5.1
14/06/2010 4.5 5.4
5/07/2010
16/08/2010 4.21 4.80
18/08/2010 3.4 4 4 4.1 4.2
23/08/2010
27/09/2010 4.2 4.9
6/12/2010 4.51 4.67
18/12/2010 7.2 4.1 7.20 7.4 5.8
20/12/2010 7.2 4.1 7.20 7.4 5.9
30/12/2010 4.39
9/01/2011 4.51 4.89

Conductivity @ 25C (uS/cm) Background - µS/cm 660 1100 - 1100 920 540 1200 - 800.00 350 550 390 - 1200 - 1400 1100
2/10/2007 250
3/06/2008 790 2500 790
11/08/2008 750 2500 1300 1000
4/11/2008 759 2257 1290
18/11/2008 n/a 1100.00 630.00 950.00 1440.00 780.00 700.00 1200.00 1500.00
27/01/2009 700 869 1087 278 310 630
12/05/2009 1100 500 890 660 630 770
4/08/2009 870 670 670
18/11/2009 660 600 1200
6/12/2009 1100 870 1100 620 540
23/12/2009 680
15/03/2010 900 1200
22/05/2010 95.00
25/05/2010 1200 680
14/06/2010 740 1200
18/08/2010 1000 450 820 1100 600
27/09/2010 830 1400
18/12/2010 1000 840 1100 630 1100
20/12/2010 1000 840 1100 630 1100

SpC 13/09/2007 - µS/cm 841 1251
14/09/2007 1266 736
15/09/2007 1274 739
16/09/2007 74 1233
17/09/2007 732 1239
18/09/2007 753 1236
28/09/2007 208 1247
30/09/2007 200 1240
1/10/2007 203 1265
2/10/2007 201 708
3/10/2007 192
27/10/2007 212 1254
28/10/2007 826 230 1239
29/10/2007 812 233 1249
22/06/2008 683 2140 1105
24/08/2008 1
29/08/2008
31/08/2008 655
27/10/2008 771 1357
30/10/2008 1072 520 905 1299 677 649 582 4
20/11/2008 754 2370 1490
21/11/2008 665
22/11/2008 3 731
9/12/2008 723 370 1 633 1434
10/12/2008 1300 832 787 2
31/12/2008 778 1302
10/02/2009 754 7
27/03/2009 857 716
28/03/2009 771 815 1294 522
22/06/2009 1032 923 1213 660 698 951 585
23/06/2009 818 491
3/08/2009 846 636 679
9/09/2009 744 677 1139
23/10/2009 865
11-Nov-09 1300
28/11/2009 810 1290
9/01/2010 930 1320
1/02/2010 800 1130
18/03/2010 930 1380
28/04/2010 1390
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Appendix A Comprehensive Groundwater Analysis

Southern Syncline Central Anticline Northern Syncline
Parameter Date of

Collection
Health Aesthet Units I01 I02 K6 K7 K8 K10 K11 K106P K1 K2 K3 M2 M3 V01 V02 K4 K9

Salinity (pss). 22/06/2008 0.33 1.09 0.55
24/08/2008 0.01 0.01
29/08/2008
31/08/2008 0.32
27/10/2008 0.38 0.68
30/10/2008 0.53 0.25 0.45 0.65 0.33 0.32 0.28 0.01
20/11/2008 0.37 1.22 0.74
21/11/2008 0.01 0.32
22/11/2008 0.01 0.01 0.36
9/12/2008 0.35 0.18 0.01 0.31 0.73
10/12/2008 0.65 0.33 0.38 0.01
31/12/2008 0.38 0.65
10/02/2009 0.37 0.01
27/03/2009 0.42 0.35
28/03/2009 0.38 0.40 0.65 0.25
22/06/2009 0.51 0.45 0.60 0.32 0.34 0.47 0.28
23/06/2009 0.40 0.24
3/08/2009 0.42 0.31 0.33
9/09/2009 0.36 0.33 0.56
23/10/2009 0.43

TDS (mg/L) 1/01/2006 - 500 mg/L 420 740 570 440 350 590 390 230 270 250 610 680 530
10/05/2006 170
15/05/2006 435
20/05/2006 255
3/06/2006 346
10/06/2006 570
14/06/2006 455
17/06/2006 590
27/06/2006 800
6/09/2006 300
11/08/2008 450 1500 760 610
4/11/2008 456 1354 774
27/01/2009 420 521 652 167 190 378
4/08/2009 520 400 400
18/11/2009 390 360 690
23/12/2009 410
15/03/2010 540 750
14/06/2010 450 740
18/08/2010 520 230 440 560 320
27/09/2010 500 830
6/12/2010 860 456
18/12/2010 540 472 600 340 648
20/12/2010 540 472 600 340
30/12/2010 590
9/01/2011 520 200

Sodium ICP (mg/L) Background - 180 mg/L 98 180 180 130 83 190 120 47 80 58 170 220 140
2/10/2007 430
3/06/2008 150 500 140
11/08/2008 120 430 190 140
4/11/2008 121.421 410.217 196.296
27/01/2009 120 141.597 191.649 46.534 38 122.797
4/08/2009 140 110 110
18/11/2009 150 130 280.00
23/12/2009 150
15/03/2010 150 210
14/06/2010 130 210
27/09/2010 130 200

Potassium ICP (mg/L) Background - mg/L 2.4 3.6 3.2 1.6 2.8 1.9 3.5 3.6 2.0 2.1 3.9 5.4 2.0
2/10/2007 2.6
3/06/2008 1.7 3.4 2.4
11/08/2008 1.5 3.5 3.5 1.9
4/11/2008 1.487 3.449 3.739 0.95
27/01/2009 1.6 1.605 7.639 0.998 1.1 3.94
4/08/2009 1.5 1.2 1.8
18/11/2009 1.6 1.3 3.09
14/06/2010 1.4 3.5
27/09/2010 1.5 3.8

Ca Background - mg/L 3.4 3.7 2.1 4.8 4.6 4.5 4.70 11 1.5 2 7.8 15 50
30/11/2006 7.6
2/10/2007 6
3/06/2008 4.00 6.30 4.00
11/08/2008 3.7 6.2 8.3 2.5
4/11/2008 3.467 5.802 8.485 1.2
27/01/2009 3.5 2.359 3.687 1.188 12 4.464
4/08/2009 3.8 0.8 2.4
18/11/2009 3.7 0.9 9.3
23/12/2009 <0.2
15/03/2010 3.9 9.2
14/06/2010 3.4 9.2
27/09/2010 4 9.7

Magnesium ICP (mg/L) Background - mg/L 7.2 12.0 18.0 16.0 7.7 17.0 11.0 39.0 6.8 17.0 22.0 17.0 1.4
2/10/2007 30
3/06/2008 8.9 30.0 13.0
11/08/2008 8 30 26 13
4/11/2008 7.848 26.596 26.384 n/a
27/01/2009 7.4 16.582 15.95 4.039 8.4 12.73
4/08/2009 10 8 9.2
18/11/2009 8 28
23/12/2009 <0.1
15/03/2010 10 28
14/06/2010 7.7 28
27/09/2010 8.6 30

Hardness (CaCO3) Background 200 mg/L 40 n/a n/s n/s 43 n/s n/a 39 <1 31 n/s n/s n/s
2/10/2007 140
3/06/2008 47 140 65
11/08/2008 42 140 130 60
4/11/2008 41 124 130 1.1
27/01/2009 39 74 75 20 65 64
4/08/2009 51 35 44
18/11/2009 42 140
23/12/2009 <5
15/03/2010 52 140
14/06/2010 40 140
27/09/2010 45 150

Soluble Iron, Fe Background - 0.3 mg/L 0.05 n/a <0.02 0.55 0.02 0.05 0.89 0.04 <0.02 0.02 <0.02 0.05 0.05
11/08/2008 0.16 0.58 0.06 0.93
4/11/2008 0.038 0.131 0.03
27/01/2009 0.63 <0.02 0.04 <0.02 1.5 0.139
4/08/2009 0.06 <0.02 0.04
18/11/2009 0.04 0.05
23/12/2009 <0.02
15/03/2010 0.22 0.2
14/06/2010 <0.02 0.03
27/10/2010 0.15 0.16

Iron – Unfiltered ICP 2/10/2007 mg/L 0.095
3/06/2008 0.1 1.2 2.7

Chloride, Cl Background - 250 mg/L 190 340 400 220 350 100 220.00 91 160 100 400 410 270160
30/11/2006 400
2/10/2007 760
3/06/2008 230 760 230
11/08/2008 300 890 390 300
4/11/2008 222.4 733.5 385.5 0.63
27/01/2009 220 265.4 359.4 87 78 246
4/08/2009 260 200 210
18/11/2009 220 470
23/12/2009 210
15/03/2010 270 460
14/06/2010 250 420
27/09/2010 250 420
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Appendix A Comprehensive Groundwater Analysis

Southern Syncline Central Anticline Northern Syncline
Parameter Date of

Collection
Health Aesthet Units I01 I02 K6 K7 K8 K10 K11 K106P K1 K2 K3 M2 M3 V01 V02 K4 K9

Bicarbonate, HCO3 Background - mg/L 5 <5 <5 <5 10 <5 5 25 <5 <5 5 <5 35
11/08/2008 <5 10 5 65
4/11/2008 <5 <5 6 0.78
27/01/2009 <5 <5 <5 <5 35 <5
4/08/2009 <5 <5 <5
18/11/2009 <5 <5 10
23/12/2009 10
15/03/2010 <5 10
14/06/2010 <5 <5
27/09/2010 <5 7

Sulphate ICP (mg/L) Background 500 250 mg/L 3 1.9 22 2 6 2 5 6 4 12 11 10 25
2/10/2007 4.6
3/06/2008 2 3 3
11/08/2008 12 3 9 4
4/11/2008 1.3 2.6 10.2
27/01/2009 6 4.6 9.2 10 16 10.5
4/08/2009 <1 4 3
18/11/2009 1 5 8
23/12/2009 <1
15/03/2010 <1 120
14/06/2010 1 12
29/09/2010 1 12

Nitrate, NO3 Background 50 mg/L 2.1 1.9 11.0 58.0 4.3 20.0 0.2 2.8 2.4 5.9 3.3 15.0 7.9
11/08/2008 5.7 2 1.9 0.5
4/11/2008 5.82 4.06 1.37
27/01/2009 4.3 83.612 0.186 1.453 0.58 <0.05
4/08/2009 6.8 1.1 3.3
18/11/2009 5.5 0.94 5.5
23/12/2009 6.1
15/03/2010 6.9 1.6
14/06/2010 9.3 1.4
27/09/2010 5.5 1.2

Fluoride (mg/L) Background 0.1 0.2 0.1 0.1 0.1 0.1 0.9 0.1 0.1 0.1 0.1 0.6 0.1
2/10/2007 0.1
3/06/2008 0.2 0.3 <0.1

Soluble Aluminium, Al Background - 0.20 mg/L 0.30 n/a - n/a 0.90 n/a n/a 0.25 n/a 0.00 - n/a n/a
11/08/2008 0.23 0.14 0.2 0.24
4/11/2008 0.351 0.334 0.171
27/01/2009 0.2 2.052 0.622 0.112 <0.02 0.053
4/08/2009 0.8 0.47 0.79
18/11/2009 0.17 0.38 0.21
23/12/2009 <0.02
15/03/2010 0.7 0.18
14/06/2010 0.12 0.17
27/09/2010 0.26 0.17

Aluminium – Unfiltered ICP (mg/L) 2/10/2007
0.35

3/06/2008 0.65 1.50 0.55

Soluble Arsenic, As Background 0.007 mg/L 0 n/a - n/a 0.02 n/a n/a 0 n/a 0 - n/a n/a
11/08/2008 <0.002 <0.002 <0.002 <0.002
4/11/2008 0.002 0.002 <0.002
27/01/2009 <0.002 <0.002 <0.002 <0.002 <0.002 <0.002
4/08/2009 0.002 <0.002 <0.002
18/11/2009 <0.002 <0.002 <0.002
23/11/2009 <0.002
15/03/2010 0.003 <0.002
16/06/2010 0.002 <0.002
27/09/2010 <0.02 <0.02

Soluble Manganese, Mn Background 0.5 0.1 mg/L 0.15 0.21 0.039 0.05 0.7 0.1 0.26 0.008 n/a 0.03 0.64 0.4 0.05
11/08/2008 0.061 0.34 0.55 0.42
4/11/2008 0.054 0.257 0.65
27/01/2009 0.16 0.043 0.128 0.162 0.1 0.302
4/08/2009 0.055 0.55 0.2
18/11/2009 0.042 0.55 0.66
23/09/2009 <0.005
15/03/2010 0.06 0.7
14/06/2010 0.032 0.71
27/09/2010 0.051 0.81

Manganese – Unfiltered ICP
(mg/L)

2/10/2007
0.22

3/06/2008 0.081 1.3 0.4

Soluble Lead, Pb Background 0.01 mg/L 0.009 <0.005 <0.005 <0.005
4/11/2008 0.015 <0.005 <0.005
27/01/2009 0.01 0.04 <0.005 <0.005 <0.005 0.005
4/08/2009 0.009 <0.005 0.005
18/11/2009 <0.005 <0.005 <0.005
23/12/2009 <0.005
15/03/2010 <0.005 <0.005
14/06/2010 <0.005 <0.005
27/09/2010 <0.005 <0.005

Soluble Cadmium, Cd Background 0.002 mg/L <0.002 - - n/s <0.002 - - <0.002 - <0.002 - n/s -
11/08/2008 <0.001 <0.001 <0.001 0.003
4/11/2008 <0.001 <0.001 <0.001
27/01/2009 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001
4/08/2009 <0.001 <0.001 <0.001
18/11/2009 <0.001 <0.001 <0.001
23/12/2009 <0.001
15/03/2010 <0.001 <0.001
14/06/2010 <0.001 <0.001
27/09/2010 <0.001 <0.001

Turbidity 13/09/2007 5.00 NTU 25.1 4.2
14/09/2007 16.1 11.4
15/09/2007 8.2 14.5
16/09/2007 13.9 8.4
17/09/2007 15.6 5.8
18/09/2007 16.4 7.3
28/09/2007 11.4 8.7
30/09/2007 10.9 10.7
1/10/2007 11.7 10.1
2/10/2007 14.5 11.4
2/10/2007 5.4
3/10/2007 38.8
27/10/2007 9.1 6.5
28/10/2007 9.4 11.9 7.8
29/10/2007 9.9 8.9 8.8
3/06/2008 <1 <1 17.0
22/06/2008 133.00 123.00 133.00
11/08/2008 <1 4 <1 11
24/08/2008 - 32.8
29/08/2008
31/08/2008 34
27/10/2008 2.5 2.2
30/10/2008 150 45.7 428 152.00 90.5 98 131 5.45
4/11/2008 <1 <1 <1
20/11/2008 5.6 4.2 5
21/11/2008 83.4 15.1
22/11/2008 12.1 34.2 13.8
9/12/2008 116 5.45 8.84 28.6 11.5
10/12/2008 11.60 30 5.4 5999
31/12/2008 12 9.5
27/01/2009 58 4190 151 165 12 182000
10/02/2009 0.7 1.7
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Appendix A Comprehensive Groundwater Analysis

Southern Syncline Central Anticline Northern Syncline
Parameter Date of

Collection
Health Aesthet Units I01 I02 K6 K7 K8 K10 K11 K106P K1 K2 K3 M2 M3 V01 V02 K4 K9

27/03/2009 1.10 124.00
28/03/2009 11.80 120.00 19.00 19.20
12/05/2009 61 57 51 16 166600 140
22/06/2009 98.6 211 76.0 159 97.0 18.0 2000
23/06/2009 31.8 55.3
4/08/2009 <1 7 <1
3/08/2009 122 126 118
9/09/2009 123 120 108
23/10/2009 0.0
11/11/2009 65.20
18/09/2009 <1 15.00 <1
28/11/2009 68.8 67.50
6/12/2009 430.00 31.00 43.00 130.00 2500.00
23/12/2009 <1
9/01/2010 74.70 70.40
1/02/2010 69.3 69.00
15/03/2010 3.0 <1
18/03/2010 68.9 67.60
28/04/2010 75.30
22/05/2010 38.00
25/05/2010 80.00 140.00
14/06/2010 <1 <1
16/08/2010 1.2 0.00
27/09/2010 0.4 <0.1

Temp 13/09/2007 oC 32.58 34.55
14/09/2007 31.32 33.18
15/09/2007 32.3 31.4
16/09/2007 32.23 34.95
17/09/2007 33.15 35.11
18/09/2007 31.37 30.56
28/09/2007 32.76 35.04
30/09/2007 34.79 32.09
1/10/2007 25.92 31.76
2/10/2007 34.99 34.79
3/10/2007 33.02
27/10/2007 33.9 34.82
28/10/2007 34.91 35.8 32.75
29/10/2007 31.84 32.31 32.33
21/01/2008 31.80 37.00
22/06/2008 27.10 27.30 27.68
24/08/2008 28.62 33.06
29/08/2008
31/08/2008 30.86
27/10/2008 22 21.84
30/10/2008 33.73 33.33 33.55 33.23 33.47 32.2 33.09 32.95
18/11/2008 n/a 32.2 33.1 33.4 34.50 34.3 32.3 34.7 31.9
20/11/2008 28.43 28.27 29.39
21/11/2008 32.25 32.5
22/11/2008 29.57 30.25 32.06
9/12/2008 24.87 24.21 24.33 24.14 37.95
10/12/2008 24.37 24.36 24.41 24.06 No sample

31/12/2008 25.88 25.69
10/02/2009 26.26 26.57
27/03/2009 31.64 36.40
28/03/2009 34.16 32.17 32.32 28.90
22/06/2009 25.51 25.25 26.06 24.99 24.44 24.74 25.70
23/06/2009 24.09 27.06
3/08/2009 29.81 29.76 30.48
9/09/2009 30.33 30.63 29.09
23/10/2009 29.13
11/11/2009 28.66
28/11/2009 26.44 25.52
9/01/2010 26.24 26.32
1/02/2010 24.03
18/03/2010 26.46 26.64
28/04/2010 24.56
16/08/2010 28.08 30.84
6/12/2010 27.61 25.97
30/12/2010 24.25
9/01/2011 24.18 24.26

Total Alkalinity as CaCo3 2/10/2007 - mg/L <0.05
3/06/2008 8 24 9
11/08/2008 <5 8 <5 55
4/11/2008 <5 <5 5.3
27/01/2009 <5 <5 <5 <5 28 <5
4/08/2009 <5 <5 <5
18/11/2009 <5 7
23/12/2009 8
15/03/2010 <5 7
14/06/2010 <5 <5
27/09/2010 <5 6

Colour (@400nm)(PCU) 2/10/2007 2
3/06/2008 <5 <5 <5
14/06/2010 <5 <5

Filterable Organic Carbon (mg/L) 2/10/2007 1.8

3/06/2008 <1 <1 <1

Nitrate + Nitrite as Nitrogen (mg/L) 2/10/2007
0.68

3/06/2008 1.3 0.84 0.54

Nitrite as Nitrogen (mg/L) 2/10/2007 <0.002
3/06/2008 <0.05 <0.05 <0.05

Nitrate as Nitrogen (mg/L) 2/10/2007 0.68
3/06/2008 1.3 0.84 0.53

Nitrite, NO2 11/08/2008 3 mg/L <0.2 <0.2 <0.2 <0.2
4/11/2008 0.056 0.056 <0.05
27/01/2009 <0.05 <0.05 <0.05 <0.05 0.07 <0.05
4/08/2009 <0.2 <0.2 <0.2

Silicon (as SiO2) 2/10/2007 - mg/L 14
3/06/2008 6.0 6.9 6.3

Soluble Silica, SiO2 # 11/08/2008 - mg/L 14 15 14 17
4/11/2008 16.264 17.666 15.417
27/01/2009 13 16.927 14.118 14.426 7.6 14.441
4/08/2009 15 20 14
18/11/2009 12 13
23/12/2009 10
15/03/2010 15 13
14/06/2010 13 13
27/09/2010 15 15

Ammonia Nitrogen NH3-N 11/08/2008 - 0.50 mg/L <0.1 0.2 <0.1 <0.1
4/11/2008 <0.1 <0.1 <0.1 1.44
27/01/2009 0.1 <0.1 <0.1 <0.1 <0.1 0.559
4/08/2009 <0.1 <0.1 <0.1
18/11/2009 0.07 0.07
23/12/2009 <0.005
15/03/2010 0.3 0.005
14/06/2010 <0.005 <0.005

Carbonate, CO3 11/08/2008 - mg/L <1 <1 <1 <1
4/11/2008 <1 <1 <1 1.5
27/01/2009 <1 <1 <1 <1 <1 <1
4/08/2009 <1 <1 <1
18/11/2009 <1 <1
23/12/2009 <1
15/03/2010 <1 <1
14/06/2010 <1 <1
27/09/2010 <1 <1
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Appendix A Comprehensive Groundwater Analysis

Southern Syncline Central Anticline Northern Syncline
Parameter Date of

Collection
Health Aesthet Units I01 I02 K6 K7 K8 K10 K11 K106P K1 K2 K3 M2 M3 V01 V02 K4 K9

Ortho Phosphorus, PO4-P 11/08/2008 - mg/L <0.003 <0.003 <0.003 <0.003
4/11/2008 <0.003 <0.003 <0.003
27/01/2009 <0.003 <0.003 <0.003 0.0202 <0.003 <0.003
4/08/2009 <0.003 <0.003 <0.003
18/11/2009 <0.003 <0.003
23/12/2009 <0.003
15/03/2010 <0.003 <0.003
14/06/2010 <0.003 <0.003

Soluble Chromium, Cr 11/08/2008 0.05 mg/L <0.005 <0.005 <0.005 <0.005
4/11/2008 <0.005 <0.005 <0.005
27/01/2009 <0.005 <0.005 <0.005 <0.005 <0.005 <0.005
4/08/2009 <0.005 <0.005 <0.005
18/11/2009 <0.005 <0.005
23/12/2009 <0.005
15/03/2010 <0.005 <0.005
14/06/2010 <0.005 <0.005
27/09/2010 <0.005 <0.005

Soluble Mercury, Hg 11/08/2008 0.001 mg/L <0.0005 <0.0005 <0.0005 <0.0005
4/11/2008 0.000571 0.000574 0.000763
27/01/2009 <0.0005 <0.0005 <0.0005 <0.0005 0.00099 <0.0005
4/08/2009 <0.0005 <0.0005 <0.0005
18/11/2009 <0.0005 <0.0005
23/12/2009 <0.0005
15/03/2010 <0.0005 <0.0005
14/06/2010 <0.0005 <0.0005
27/09/2010 <0.0001 <0.0001

Soluble Zinc, Zn 11/08/2008 - 3 mg/L 0.049 1.7 0.026 44
4/11/2008 0.028 0.099 0.024
27/01/2009 0.49 <0.01 <0.01 0.015 0.26 0.023
4/08/2009 0.11 0.039 0.32
18/11/2009 <0.01 0.02
23/12/2009 0.015
15/03/2010 0.044 0.028
14/06/2010 <0.01 0.028
27/09/2010 0.03 0.04

Kjeldahl Nitrogen 4/08/2009 - mg/L <0.1 <0.1 <0.1
4/11/2008 1.078 0.796 0.501
11/08/2008 0.08 0.095 <0.05 <0.05
27/01/2009 0.19 0.29 0.527 0.364 0.07 34.75
4/08/2009 <0.1 <0.1
18/11/2009 <0.1 <0.1
23/12/2009 0.13
15/03/2010 <0.05 0.07
14/06/2010 0.39 0.06
27/09/2010 0.21 0.07

Total Persulphate Nitrogen, N 11/08/2008 - mg/L 1.4 0.56 0.46 0.53
27/01/2009 1.1 19.15 0.56 0.67 0.22 34.75

NOx-N 11/08/2008 - mg/L 1.3 0.46 0.44 0.13
4/11/2008 1.332 0.934 0.322
27/01/2009 0.96 18.86 0.033 0.306 0.15 <0.005
4/08/2009 1.5 0.25 0.75
18/11/2009 1.2 0.33
23/12/2009 1.4
15/03/2010 1.6 0.36
14/06/2010 2.1 0.31

Total Phosphorus 11/08/2008 - mg/L <0.01 <0.01 <0.01 <0.01
4/11/2008 <0.01 <0.01 <0.01
27/01/2009 <0.01 0.32 0.06 0.12 <0.01 0.44
4/08/2009 <0.01 0.1 <0.01
18/11/2009 0.01 <0.01
23/12/2009 0.01
15/03/2010 0.02 0.02
14/06/2010 0.23 0.12
27/09/2010 <0.01 <0.01

Sulphate ICP (mg/L) 2/10/2007 500 250 mg/L 4.6
3/06/2008 2 3 3
11/08/2008 12 3 9 4
4/11/2008 1.3 2.6 10.2
27/01/2009 6 4.6 9.2 10 16 10.5
4/08/2009 <1 4 3
18/11/2009 1 5 8
23/12/2009 <1
15/03/2010 <1 120
14/06/2010 1 12
27/09/2010 1 12

Soluble Selenium, Se 11/08/2008 0.01 mg/L <0.002 <0.002 <0.002 <0.002
4/11/2008 0.002 0.002 0.003
27/01/2009 <0.002 <0.002 <0.002 <0.002 <0.002 <0.002
4/08/2009 <0.003 <0.003 <0.003
18/11/2009 <0.003 <0.003
23/12/2009 <0.003
15/03/2010 <0.003 <0.003
14/06/2010 <0.003 <0.003
27/09/2010 <0.02 <0.02

Oil & Grease (grav) 12/05/2009 - mg/L <5 <5 <5 <5 45 <5
4/08/2009 13 9 14
18/11/2010 8 8
23/12/2010 <5
15/03/2010 <5 <5

Hydrocarbons (grav) 27/01/2009 - mg/L NA <5 <5 <5 NA <5
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This Koolan Water Management Plan:

1. has been prepared by GHD Pty Ltd  for Koolan Island Iron Or];

2. may only be used and relied on by Koolan Island Iron Ore;

3. must not be copied to, used by, or relied on by any person other than [insert name of
client] without the prior written consent of GHD;

4. may only be used for the purpose of [insert the purpose] (and must not be used for any
other purpose).

GHD and its servants, employees and officers otherwise expressly disclaim responsibility to any
person other than [insert name of client] arising from or in connection with this Report.

To the maximum extent permitted by law, all implied warranties and conditions in relation to the
services provided by GHD and the Report are excluded unless they are expressly stated to
apply in this Report.

The services undertaken by GHD in connection with preparing this Report:

were limited to those specifically detailed in section [Insert appropriate section
number(s)] of this Report;

did not include [list all scope limitations or the relevant section(s) of the Report in which
scope the limitations are expressed – for example, GHD undertaking any site visits or
testing, GHD undertaking testing at some parts of the site; GHD undertaking particular
types of testing/analysis that could have been undertaken].

The opinions, conclusions and any recommendations in this Report are based on assumptions
made by GHD when undertaking services and preparing the Report.

GHD expressly disclaims responsibility for any error in, or omission from, this Report arising from
or in connection with any of the Assumptions being incorrect.

Subject to the paragraphs in this section of the Report, the opinions, conclusions and any
recommendations in this Report are based on conditions encountered and information reviewed
at the time of preparation and may be relied on until [insert a “sunset” timeframe, eg 3 or 6
months], after which time, GHD expressly disclaims responsibility for any error in, or omission
from, this Report arising from or in connection with those opinions, conclusions and any
recommendations.
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1. INTRODUCTION

The purpose of this document is to provide a strategy for the operation, monitoring and reporting of all
groundwater abstraction associated with operations at the Koolan Island Iron Ore Project (the Project).
This Operating Strategy relates to the abstraction of water from the Projects water supply borefield and
dewatering systems. Abstraction from the water supply borefield is for the provision of water supply
requirements for mine village, the crushing plant and associated administration, workshop and office
areas.

The Project is operated by Koolan Iron Ore Pty Ltd as a subsidiary of Mount Gibson Iron Ore (Mt Gibson)
(previously Aztec Resources). Koolan Island is not a “Proclaimed Area” under the West Australian Rights
in Water and Irrigation Act (RiWI Act) and as such, licenses under sections 26D and 5C of the act, to
construct and alter wells, and abstract groundwater respectively, are not required. However, it is intended
that the Groundwater Operating Strategy will effectively achieve the objectives of the Act that relate to
environmental and water resource protection.

This Operating Strategy has been developed using the Waters and Rivers Commission (WRC) “Use of
Operating Strategies in the Water Licensing Process” (Statewide Policy No. 10-May 2004) and
“Guidelines for Hydrogeological Reports and Groundwater Monitoring Reports Associated with a
Groundwater Well Licence” (Version 10ab, May 1998).

Mt Gibson commits to complying with the procedures outlined in this Operating Strategy and to minimise
all potential impacts on groundwater resources associated with the operation.

Signed:

Mr Colin McCumstie

Operations Manager

Mount Gibson Iron Ore

Signed:

Mr Simon Sandover

Environmental Superintendent

Mount Gibson Iron Ore
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2. Project Description

2.1 Site Summary
The Project is located in Yampi Sound, off the Kimberly coast of Western Australia. The Project
comprises the Main Pit, on the south side of the island, and several smaller satellite orebodies (Mullet,
Acacia, Eastern and Barramundi) in the central and northern part of the island.

BHP started mining on the island in 1964 and continued until the early 1990’s. Before mining stopped,
the Main Pit floor elevation was at – 80 mRL (some 85 m below mean sea level) and dewatering had
become a key component of the operation. When mining ceased, BHP flooded the Main Pit by breaching
the seawall on the south side of the Pit as part of the decommissioning procedure.

In April 2006, Mt Gibson acquired Aztec Resources, who re-opened the operation with a view to deepen
(to around –165 mRL) and mine the Main Pit in addition to mining several of the satellite orebodies,
including extending the Mullet Pit to a depth of – 58 mRL. Main Pit and Mullet Pit are the only two pits
that have any interaction with groundwater.

2.2 Water Abstraction
Water abstraction is undertaken at the Project through;

groundwater production bores, and

dewatering of mining pits.

2.2.1 Production and Monitoring Bores

Water supply infrastructure has been constructed for the exploration camp, the crushing plant and
associated administration, workshop and office areas and the mining village. Groundwater is abstracted
from groundwater resources on the island using four production bores; I01 (an existing BHP operation
bore previously named KL102), I02, V01 and V02 installed into the Southern and Northern Syncline
aquifers in September 2006. Production bore M2 was constructed in the Mullet Pit,  however this bore
was never utilised by Mt Gibson.

Nomenclature for the production bore network generally adheres to the following naming system:

I – Infrustructure Bore;

V – Village Bore.

The island also has a monitoring bore network, installed to observe any potential impact on groundwater
as a result of mining operations. Eight new monitoring bores (K1, K2, K4, K8, K9, K10, K11 and M3)
were installed to supplement the existing BHP bores K3, K6, K7 and KL106, which were rehabilitated as
monitoring bores. In addition to groundwater monitoring, the bores are also used as stygofauna
monitoring bores.

The location of all production and monitoring bores is illustrated in Figure 1. Bore completion summary
for production and monitoring bores, including current status, are presented in Table 1 and Table 2
respectively.



3

Southern Syncline Bores
Production Bore I01 is an existing groundwater supply bore in the original Water Bore Gully Borefield,
within the South Syncline aquifer. Mt Gibson has used production bore I01 during exploration drilling
programmes. Production bore I02 was constructed in the Southern Syncline in June/July 2006 and is
now only used as a back-up bore to I01.

Existing BHP bores K6, KL106P (now decommissioned) and K7 were rehabilitated as monitoring bores
in the Southern Syncline. New monitoring bores K10, K8 and K11 were drilled to supplement the existing
bores to provide a comprehensive monitoring network.

Central Anticline
Production bore M2, installed in the Mullet Pit in the Central Anticline, was used for additional water
supply when required, but has been decommissioned by Mt Gibson. Monitoring bores M3 (now
decommissioned), K1 and K2 were constructed to monitor background water quality, Mullet Pit
dewatering and regional groundwater levels.

An existing BHP bore, K3, was used as an additional regional monitoring bore. However, Mt Gibson
intends to use K3 to supplement the current productions bores and provide some much needed
redundancy in the water supply network.  Currently, it is intended that K3 will connect to four significant
consumption sites at this point:

the Village;

the tank that currently services the crusher, current workshop and MGI Offices;

the new workshop (due for completion in 2009); and

the new central stores warehouse (due for completion before Christmas).

Northern Syncline Bores
Two abstraction bores, V01 and back-up bore V02, were constructed as replacements of the existing
bores KL104 and KL103 (in the Northern Syncline) that were destroyed during the rehabilitation of the
island by BHP. Monitoring bores K9 and K4 were constructed as monitoring bores in the Northern
Syncline or the Main Pit.

2.2.2 Pit Dewatering

The Main Pit is scheduled to be deepened to around –165 mRL, while the Mullet Pit will be deepened to
around – 58 mRL. Dewatering and depressurisation of mining pits are a critical component of mining
operations at the Project. Dewatering is likely to be achieved through a combination of bores, sumps and
horizontal drain holes (to reduce pit wall pressures). Dewatering at the Mullet Pit is likely to be done over
a period of 18 months once mining starts. Currently there is no dewatering activity taking place at the
Mullet Pit or the Main Pit.
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Table 1 Summary of Production Bore Construction

Bore
ID

Status/
(Location)

Coordinates Elevation
(Reference
Level –
RL)

Date
Completed

Stick-
up

Main Casing3 Airlift Data

mN mE (mAHD1) (magl2) Drilled
(mbgl4)

Blank
Interval
(mbgl)

Slotted
Interval
(mbgl)

Discharge
(L/s)

Water
Level
(mbgl)

I01 In Service
(Southern
Syncline)

8216509. 31 579433.03 136.50 11/01/80 0.5 200 0 – 137.0 137.0 – 200.0 7.0 112.4

I02  Decommisioned
(Southern
Syncline)

8216534. 43  579883.34 131.75 13/07/06 0.3 240 0 – 138.0 138.0 – 238.0 0.6 112.0

V01 In Service
(Northern
Syncline)

8216185. 11  583445.18 137.09 06/08/06 0.22 243 0 – 134.6 134.6 – 224.5 2.2 – 2.8 120.0

V02 In Service
(Northern
Syncline)

8216241 .00 583249.00 136.00 26/08/06 0.25 246 0 – 126.0 126.0 – 246.0 0.8 122.0

M2 Destroyed
(Central Anticline
- Mullet)

8217710.00 578456.00 48.51 01/09/06 0.45 105 0 – 80.0 80.0 – 105.0 30.0 31.2

1 mAHD = meters above Australian Height Datum
2 magl = meters above ground level
3 Casing diameter: Surface hole 455 mm; surface casing 320 mm steel; main casing 205 mm
4 mbgl = meters below ground level
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Table 2 Summary of Stygofauna/Monitoring Bores Construction

Bore ID Status Coordinates Elevation
(Reference
Level – RL)

Date
Completed

Stick-
up

Main Casing3 Airlift Data

mN mE (mAHD1) (magl2) Drilled
(mbgl4)

Blank
Interval
(mbgl)

Slotted
Interval
(mbgl)

Discharge
(L/s)

Water
Level
(mbgl)

K1 In Service (Central
Anticline)

8217612 579148 97.57 3/06/06 0.40 160 0 – 86.0 86.0 – 156.0 0.4 83.68

K2 In Service (Central
Anticline)

8217331 579676 107. 453 20/05/06 0.45 163 0 – 95.5 95.5 – 161.5 0.13 88.89

K3 In Service
(Northern Syncline)

8216860 580563 38.686 No Info 0.05 32 Open Hole No Info 16.26

K4 In Service
(Northern Syncline)

8216368 582456 146. 213 10/06/06 0.35 159 0 –
116.3

116.3 – 158.3 0.04 128.45

K6 In Service
(Southern
Syncline)

8216516 579432 136. 7 28/06/06 0.80 70 0 – 27.0 27.0 – 63.0 0.00 Dry

K7 In Service
(Southern
Syncline)

8217577 577305 85.414 27/06/06 0.40 175 0 – 90.0 90.0 – 175.0 1.00 75.16

K8 In Service
(Southern
Syncline)

8216906 578608 136. 085 15/05/06 0.50 108 0 – 70.9 70.9 – 100.9 0.10 60.75

K9 In service
(Northern Syncline)

8216263 583047 145. 81 14/06/06 0.40 230 0 –
109.8

109.8 – 229.8 0.40 117.48

K10 In Service
(Southern
Syncline)

8216155 580515 161. 51 10/05/06 0.45 190 0 –
117.7

117.7 – 189.7 0.05 143.58

K11 In Service 8216981 578373 134. 898 17/06/06 0.4 233 0 – 113.5 – 232.1 0.90 93.46



6

Bore ID Status Coordinates Elevation
(Reference
Level – RL)

Date
Completed

Stick-
up

Main Casing3 Airlift Data

mN mE (mAHD1) (magl2) Drilled
(mbgl4)

Blank
Interval
(mbgl)

Slotted
Interval
(mbgl)

Discharge
(L/s)

Water
Level
(mbgl)

(Southern
Syncline)

113.5

KL106P Destroyed
(Southern
Syncline)

8216744 579201 132. 01 No Info 105.28

M3 Destroyed (Central
Anticline - Mullet)

8217733 578410 46.02 6/09/06 5.00 96 0 – 84.0 84.0 – 96.0 6.60 28.86

1 mAHD = meters above Australian Height Datum
2 magl = meters above ground level
3 Casing diameter: Bore M2: Surface hole 315 mm; surface casing 300 mm steel; main hole 300 mm; main casing 155 mm PVC.  All other bores: Surface hole 216 mm; surface casing 150 mm
steel; main hole 147 mm, main casing 50 mm PVC
4 mbgl = meters below ground level
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3. ADMINISTRATIVE REQUIREMENTS

3.1 Duration of Operating Strategy
The administrative arrangements to ensure adherence to the Operating Strategy are as follows:

This Operating Strategy will remain in effect for the duration of the operating life of the water supply
borefield and dewatering system. The strategy shall be subject to review as changes in the
groundwater system arise, including;

each year as part of the Annual Aquifer Review.

at any other time, if a change to Operating Strategy is required to meet changing Project demand or
where the current Operating Strategy cannot meet demand.

Proposals to modify the Operating Strategy will be submitted to the Department of Environment and
Conservation (DEC) if and when necessary. This would include submission of applications to
increase abstraction and/or to construct new bores as required. Figures and tables will also be
updated as and when required.

The persons responsible for implementing the Operating Strategy are:

Colin McCumstie Simon Sandover

Operations Superintendent

Koolan Island Operations

Mount Gibson Iron Limited

 T: +61 8 9423 0853

F: +61  8 9474 5363

Environment and Community Relations Superintendent

Koolan Island Operations

Mount Gibson Iron Limited

T: +61 8 9423 0855

F: +61 8 9474 5363

Mt Gibson commits to reporting any non-compliance to the DEC.

Mt Gibson’s scheduled reporting commitments are outlined in the following section.

3.2 Water Year
The water year for reporting will be 1 November to 31 October.

3.3 Reporting Commitments
Reporting requirements include submission of an Annual Aquifer Review every year and a Triennial
Aquifer Review every three years. The start of the three-year review period is assumed to be the
2005/2006 water year.

3.3.1 Annual Aquifer Review

Annual Aquifer Reviews will be submitted to the DEC by 30 November to satisfy the conditions of the
DEC licensing of the Project. These reviews will cover operation of the borefield and dewatering system
to 31 October of each year. Annual Aquifer Reviews will comply with the DoW’s Guidelines for
Hydrogeology Reports and include tabulated monitoring data for the reporting year and graphical plots of
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key aquifer evaluation data (abstraction, rainfall and water levels) over the entire operating history, where
data is available.

3.3.2 Triennial Aquifer Review

A Triennial Aquifer Review will be submitted to the DEC on 30 November 2008. This report will include
tabulated monitoring data and graphical plots of key aquifer evaluation data for the entire operating
history. In subsequent triennial reviews, data for a three-year period since the last triennial review will be
tabulated and all key aquifer evaluation data collected to date will be graphed.
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4. OPERATING RULES

4.1 Bore Specifications and Capacities
Table 3 below lists the design pump settings, design maximum installed capacity and the planned
maximum monthly abstraction from each bore (based on maximum installed capacity). The maximum
installed capacity at present of the water supply borefield is 926 kL/day (or 27 ML/month). This exceeds
the average demand (375 kL/day) and allows for cycling of bores and for standby capacity. Actual
pumping rate will depend on the demand for water, which will fluctuate due to seasonally variable
requirements.

Pump types have yet to be confirmed, and Table 3 will be updated, together with details on proposed
new production bore K3, when the overall system design has been confirmed and installed.

The locations of in-pit and underground mine sumps and the capacities of individual sump pumps will be
dependent on actual mine inflows and the mine schedule, and will change throughout the Project. As
such, it is not appropriate to provide details on these, other than to note that total net pumping of water
from the mine will be recorded (refer to Section 4.3, 4.4 and Section 5).

Table 3 Bore Specification and Capacities

Bore Installed Capacity Planned
Abstraction

Pump Pump Setting

(mbgl)

Design Yield

(L/s)1

Monthly Maximum

(ML)

I01 SP 17 13kW 166 4.52 11.71

I02 No information 190
(Recommended)

0.45 1.1

V01 4WPS7 7.5kW 220 1.0 5.1

V02 No information NA 0.8 (estimated)* 2.0 (estimated)*
¹ Maximum design pumping rate when operating.
* Planned design yield

4.2 Seasonal Patterns in Pumping
The borefield has been designed and equipped to sustain the total Project water requirement. However,
while the process water demand remains essentially constant over the year, the actual monthly demands
on the water supply borefield may vary from month to month as a result of variations in total water
demand due to seasonally variable dust suppression and camp requirements. This will be determined by
actual climatic conditions at the time and it is not possible to set specific wet and dry season borefield
demands.

4.3 Water Meter Calibration
Water meters are, or will be, installed at each production bore and on the main discharge pipework from
the mine workings. Any new production bores will be installed with a water meter.
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Water meters will be re-calibrated every three years and a calibration certificate will be presented in the
Aquifer Reviews.
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5. MONITORING

5.1 General
The monitoring program is designed to monitor the impacts of borefield operation and pit dewatering
activities on local groundwater levels and groundwater quality, as well as the possible impacts on
groundwater dependent vegetation close to production bores. The monitoring results, and the
interpretation of results, will be reported to the DEC annually as part of the Aquifer Review.

5.2 Monitoring Program
The monitoring program is summarised in Table 4.

Table 4 Proposed Monitoring Schedule

Monitoring Location Parameter Frequency

Production Bores

I01, I02, V01 and V02

(Including any newly
commissioned production bore)

Abstraction Volumes Monthly

Water Levels Monthly*

Water Quality:

pH, EC, TDS Monthly

Comprehensive analysis Quarterly

Potability suite (Potable water
source only)

Monthly

Dewatering Bores and Sumps

(locations to be determined)

Abstraction Volumes Monthly

Water Quality:

pH, EC, TDS Monthly

Comprehensive analysis Quarterly

Monitoring Bores

K1, K2, K3, K4, K6, K7, K8, K9,
K10, K11

Water Levels Monthly*

Water Quality:

pH, EC, TDS Quarterly

Comprehensive analysis Quarterly (only if adverse effects
detected during monitoring)

*Standing Water levels should be measured after pumps are turned off and water levels allowed to recover after 2 hours. If bore is
pumping at the time reading is taken, it should be noted on the recording sheet.

Monitoring data will be recorded in a site database and reviewed quarterly to ensure compliance with this
Operating Strategy. The data will be presented in the annual and triennial reports.



JobNumber /DocNumber Project
GHDSubject

6. ENVIRONMENTAL IMPACT MANAGEMENT

6.1 Water Levels
A feasibility study was undertaken by Aquaterra (Aquaterra, 2005) to assess groundwater management
issues relating to mine dewatering and project water supply associated with the then proposed operation.
A groundwater model was constructed to assess dewatering requirements and to predict the potential
impact of dewatering on groundwater supplies at Koolan Island.

The study predicted that although dewatering activities do have an affect on the Southern Syncline water
supply aquifer in the vicinity of water supply bores I01and I02, the Island’s potable water supply will not
be significantly impacted upon. Groundwater modelling predicted that groundwater levels in bore I01
could potentially be drawndown by approximately 20 m in the vicinity of this bore (–5 mRL) while bore I02
has a smaller predicted drawdown of approximately 5 m (10 mRL) due to its location away from the pit.
In the Northern Syncline Aquifer bore, groundwater levels in V01 have a predicted drawdown
of -40 mRL.

Groundwater modelling done for the Mullet Pit (Aquaterra, 2006) shows that the island water supply
aquifer will not be greatly impacted by mining of the Mullet Orebody. Currently there is no dewatering
activity being undertaken at the Mullet Pit.

Regular and on-going monitoring of groundwater levels will establish any long-term effects of abstraction
on the regional water level.

6.2 Water Quality
Abstraction from the water supply bores I01, , V01, and V02 combined with the impacts of dewatering
Main Pit and Mullet Pit has the potential to induce some saline up-coning and associated deterioration in
water quality. On-going monitoring of water quality parameters will indicate any changes in water quality,
particularly salinity.

The haematite ore on Koolan Island contains a significant proportion of fines and the discharge from
dewatering sumps has the potential to contain fine sediment. This could result in increased turbidity and
sedimentation in the discharge/settlement area. Consequently, excess water from dewatering sumps will
be discharged through a settlement pond. Details on the operation of the settlement pond and marine
outfall and associated environmental monitoring of the receiving environment are provided in the Marine
Management Plan (MScience, 2006).

On-going monitoring of the discharge water quality parameters will indicate any changes in water quality.
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7. WATER USE EFFICIENCY MEASURES

While it is envisaged that the borefield will sustain the total water demand for the Project, the overall
water supply scheme concept has a number of water efficiency measures built into it. These are outlined
in the following subsections.

7.1 Crusher
The crusher has a recycling system installed, which reuses any recycled water from the plant. This will
be regularly maintained.

7.2 Mine Village
Garden areas in the mine village will be kept to a minimum.

7.3 Water Supply Reticulation System
Bore headworks, pipelines and storage/transfer tanks will be inspected regularly for leaks and repaired
as and when required.
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8. SUMMARY OF COMMITMENTS

A summary of the commitments included in this Operating Strategy is provided in Table 5.

Table 5 Summary of Commitments

Relevant
Section in
Operating
Strategy

Commitment Timing/Duration/Frequency

2. Water
Abstraction

1. Details of any new bores will be added to
relevant tables in this report.

When bores are constructed

2. Abstraction for dewatering purposes will be
maintained at the minimum level required to
ensure effective mining.

On going

3.
Administrative
Requirements

3. The Operating Strategy will be reviewed every
year as part of the Annual Aquifer Review and
at other times as may be required to meet
changing Project demand or declining supply
capacity.

As specified

4. Annual and Triennial Aquifer Review will be
submitted to the DEC.

Annual Review – annually on 30
November

Triennial Review – every three years
starting 30 November 2008

4. Operating
Rules

5. All relevant tables will be updated when all bore
pumps are installed.

As and when required

6. Flow meters will be installed at each borehead. Prior to the commissioning

7. Flow meters will be calibrated and certificates
will be presented in the Aquifer Review.

Every three years

5. Monitoring 8. The proposed monitoring schedule will be
implemented.

Ongoing

9. All data will be recorded in the site monitoring
database.

Ongoing

10. Monitoring data will be reported in the Annual
and Triennial Aquifer Reviews.

As specified in Commitment 6

6.
Environmental
Impact
Management

11. On-going monitoring of water levels will be used
to establish any long-term effects of abstraction
on regional water levels.

As specified ( Table 4)

12. On-going water quality monitoring will be used
to indicate any changes in water quality and
salinity.

As specified (Table 4)

13. Excess water from dewatering sumps will be
discharged through a settlement pond.

As specified in the Marine Management
Plan (MScience, 2006)
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Relevant
Section in
Operating
Strategy

Commitment Timing/Duration/Frequency

7. Water Use
Efficiency
Measures

14. Recycling system in the crusher will be regularly
maintained.

Ongoing

15. Total camp irrigation requirements will be
reduced by minimising garden areas.

Ongoing

16. Bore headworks, pipelines and storage/transfer
tanks will be inspected regularly for leaks and
repaired as and when required.

Ongoing
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1. PURPOSE 

To provide processes and tools for the management of risks that, if left undetected and untreated, 
would have the potential to cause harm. 

To educate mine workers and adopt a proactive approach to managing risks through early 
identification and control of hazards. 

Although we will strive to eliminate incidents and reduce the impact of our hazards, we realise that 
from time to time incidents may occur. When incidents do occur, we must: 

� appropriately respond to emergency situations; 

� provide for timely reporting and communication to relevant people; 

� conduct thorough and appropriate investigation to establish immediate causes (contributing 
factors) and underlying (real) causes; 

� establish and initiate action plans (remedial, corrective and preventive) to prevent recurrence of 
the incident; and  

� follow-up and make certain action plans are implemented and effective. 

2. SCOPE  

This Standard provides guidelines for the establishment and implementation of the risk management 
processes, including the identification, analysis, evaluation, treatment, communication and ongoing 
monitoring of risks. 

For the purpose of this Standard, risks will include activated hazards that have the potential to cause 
harm to: 

� people - employees (including contractors), customers, visitors and the general public; 

� facilities and equipment; 

� the environment; and 

� the reputation of the company. 

Subordinate standards will provide guidelines and procedures for applying risk management to core 
elements, as follows: 

� 2.11 – Hazard Management. 

� 2.12 - Change Management. 

� 2.13 – Incident Management. 

� 2.14 – Defect Preparedness. 

� 2.15 – Site Security 

� 2.16 – Emergency Preparedness 

Wherever practicable our standards and procedures for the management of risk will be based on 
AS4360 – Risk Management. 

 
 

3. DEFINITIONS 
 

Shall  The word “shall” is understood as a mandatory requirement. 
 
Should The word “should” is understood as a recommendation and is not 

mandatory. 
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Hazard  An energy source, over which if control is lost, has the potential to cause 
harm.  

Principal Hazard A hazard at the mine with the potential to cause multiple fatalities. 

Risk   The consequence of an unwanted event and the probability of that 
consequence.  

A.L.A.R.P.  Means - As Low As Reasonably Practicable. 
 
B.B.R.A   Means – Broad Brush Risk Assessment. 
 

Obligations Regarding Risks 

There are prescribed methods to help us meet Health and Safety obligations, these are: regulations, 
recognised standards, advisory standards and industry codes of practice. 

1. If there is a regulation about a risk – we must comply with the regulation(s); 

2. If a regulation prohibits exposure to a risk – we must not contravene the prohibition; 

3. If there is a recognised standard, advisory standard or industry code of practice – we 
will either: 

a) Comply with, or exceed the standard or code; or 

b) Adopt or follow another way that achieves a level of risk that is equal to or better than the 
acceptable level, and exercise proper diligence. 

Where no regulation or recognised standard exists, we will evaluate the risk and establish 
controls to eliminate or reduce the risk As Low As Reasonably Practicable. 
 

4. PROCEDURE 

4.1 Risk Management Process 

There are six basic steps in our risk management process, supported by a process of communication 
and consultation, as illustrated: 
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Communication and Consultation 

 
Underpinning the risk management process is the need to effectively communicate and consult with 
the relevant stakeholders. This relates to people who may have an influence on risk, or who may be 
affected by a risk at the mine. 
Consultation with a relevant cross-section of mine workers shall be carried out for any development or 
review of the mine Standard Operating Procedures and other requirements specified in regulations, 
including Fitness for Work provisions. 
 

Establish the Context (Step 1) 
 

Establish the strategic, organisational and risk management context in which the rest of the risk 
management process will take place. Criteria against which risk will be evaluated should be 
established and the structure of the risk analysis defined. 
 
Mining Environment 

 
A brief description of the mine and the physical environment that an activity or process (subject of 
analysis) is to take place. This may include geological data, geotechnical data, geographical data, and 
a brief history of other mining operations in the area and, where relevant, levels of support available 
from both internal and external providers. It should clearly state the presence of relevant significant 
hazards identified at the mine, and those identified within the geographical area. 
 
Activity 
 

A description (with diagrams if necessary) of the activity being assessed including, for example: 
 

� types of equipment; 
� people involved; 
� work method to be used; 
� other associated activities. 

 
Persons Involved (Assessment Team) 

 
All mine workers shall be competent in the basics of risk management/assessment, including MNMC - 
Conduct local risk assessment, and site Risk Management Standards. 
 
A list of all persons contributing to the risk management process together with their organisational 
role and relevant experience shall be recorded. Assessment team should comprise stakeholders, 
content experts and relevant cross-section of personnel involved in the process / task / activity. 
 
Where higher level risk assessments are conducted, the leader of a risk assessment team shall be 
competent in facilitating the group, risk assessment methodology, and writing up accurate report of 
team findings. Where necessary an external facilitator may be used. 
 

Risk Identification (Step 2) 
 

This involves looking for hazards (energy sources) that have the potential to cause harm to personnel 
health and safety, to equipment, the environment or the reputation of the company. 
 
Identification of hazards may be through one or more of the following activities: 
 

(a) routine inspection or housekeeping; 
(b) conduct of TAKE 5, JHA or higher level risk assessment; 
(c) conduct of safety observation or planned task observation (PTO); 
(d) conduct or change management process - for modifying equipment, a process, material or 

substance; or 
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(e) Investigation of incidents. 
 

Risk Analysis (Step 3) 
 

This step involves consideration of the source of the risk and the extent of exposure presented by the 
risk in terms of consequence and probability. 
 
The potential consequence will be expressed in terms of type of loss (people, assets, production, 
environment or community) and the estimated value or impact of such loss, as shown in Table 1. 
 
Identify Existing Controls 

 
It is important to identify and clearly define existing controls, i.e. controls or safeguards currently in 
place at the mine to manage the identified risks. As risk will be assessed with consideration to existing 
controls, these need to be in place, well understood and consistently applied.  
 
Determine Consequence  
 

Referring to the Table 1 at Appendix A, establish the maximum reasonable consequence of an 
uncontrolled release of energy. Consequence should be established in the context that existing 
(current) controls are in place. 
 
Determine Probability  

 
When considering consequence, we must think in terms of most likely or maximum reasonable 
outcome, not necessarily the worst case scenario. When the consequence of the risk has been 
established (1-5), the risk ranking can be obtained by aligning this with the probability of the 
consequence being realised (A-E) on the risk score calculator (refer to Table 2 at Appendix A). 
 
With consideration to the consequence (1 to 5) and probability (A to E), use the risk matrix to 
calculate the risk score and classify the risk.  
 
Risk Score is derived by combining estimates of consequences and likelihood (probability) in the 
context of existing control measures. 
 
The results of the risk analysis are compiled into a ranked list for further evaluation and determination 
of appropriate controls, based on the degree of exposure. 
 
Where potential for multiple fatalities (principal hazards) and single fatality is identified; these 
classifications shall be highlighted on the risk assessment to draw attention to the importance of fatal 
risk safeguards (see section 4.2) that are required to manage risk ALARP. 
 

Example – use icons to highlight:    = Fatal Risk Potential    = Principal Hazard Potential 
(multiple fatalities) 
 

Risk Evaluation (Step 4) 
 
The results of the risk analysis are compiled into a ranked list for further evaluation and consideration 
to adequacy of controls, based on the degree of exposure. 
 
The output of a risk evaluation is a prioritised list of risks for further action. Depending on the risk 
classification, the risk control action will be in accordance with Table 3 at Appendix A.   
 

Risk Treatment (Step 5) 
 
Work groups and management are required to enact effective levels of action in order to mitigate the 
identified risks.   



Mount Gibson Mining Limited  RISK MANAGEMENT 

Koolan Island Operation   UNCONTROLLED WHEN PRINTED  
  

  

title date effective revision status set review planned review page 

02.00 - Risk Management   14/10/10 Issue 5 3 yearly  14/10/13 7 of 12 

Mount Gibson Mining Limited © 

Decide on Control Measures 

 
The individual or assessment team will identify control measures that are commensurate with the risk 
involved. These controls can be grouped into two categories, as follows: 
 
� controls currently in place, such as: physical, policies, standards and procedural. 
� additional controls that the team recommends to further manage the risks. 

 
From the list ‘HIERARCHY OF CONTROLS’ we can select one or more controls to restore safety to the 
workplace. The hierarchy of controls simply provides a list of methods of restoring safety to the work 
process. The list shows the most effective means at the top and the least effective at the bottom. 

 

M
O
S
T
 E

F
F
E
C
T
IV

E
 

 
• ELIMINATION – If the hazard or risk can be eliminated altogether, this is the 

ideal solution. However, elimination can be difficult to achieve, and where possible, 
it often involves an engineering solution. As an example, if there is a dangerous 
road intersection, a “fly-over” could be built so that the traffic is completely 
separated. This “engineering solution” would “eliminate” the risk of collision. 

• SUBSTITUTION – If electricians use a cleaning solvent that contains a known 
carcinogen, seek an alternative product that is less harmful to health. 

• ISOLATION – Examples include the implementation of the Energy Isolation 
Procedure, ie: remove / control the energy source, or the installation of a sound 
proof barrier around a noisy machine to minimise exposure. 

• ENGINEERING CONTROLS – if personnel are required to use a portable ladder 
to access a valve, a fixed platform could be installed to minimise the risk of a 
person falling off a potentially unstable ladder. 

• ADMINISTRATIVE CONTROLS – Examples include, the development of written 
Work Procedures, training in task / activity, or task rotation to minimise exposure 
time. 

• PERSONAL PROTECTIVE EQUIPMENT – The provision of PPE should always be 
the last resort. 

• HUMAN BEHAVIOR – Reliance on Safe Behaviour.  
 
Residual Risk 

 
As new controls are established, the hazard should be re-assessed with consideration to existing and 
new controls, to establish their effectiveness in reducing the risk to an acceptable level, e.g.: 
reduction from High or Medium to Low Risk. 
 
Implement Control Measures 

 
This step involves the implementation of control measures and making certain they function and 
operate effectively. Implementation may involve the installation or modification of equipment or a 
process, application of procedures or communication and training of personnel. The degree of risk will 
influence the degree and priority for implementation of these controls. 
 

Monitor and Review (Step 6) 
 
Various methods to monitor and review our control measures are outlined in Standard 10.00 – 

Compliance – Measure, Monitor and Review. As an example, formal Planned Task Observation 
(PTO) or auditing may be undertaken, for activities / processes where Medium to High Risk has been 
identified. 
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4.2 Fatal Risk Safeguards 

Where fatal risk potential (single or multiple fatalities) is identified, the following fatal risk 
safeguards shall be established prior to the activity / task proceeding: 

� A formal risk assessment with relevant cross-section of mine workers is required; 

� Relevant regulations and recognised standards shall be identified; 

� Competencies, appointments and authorisations required shall be identified and 
confirmed; 

� Responsibilities for risk management processes shall be identified and communicated; 

� Work group / individual will be competent (trained and assessed) against relevant standard 
operating procedures; 

� Work process and procedures shall be based on formal site risk assessment. 

� Monitoring and review processes, including inspections, audits, and safety observations 
shall be documented.  

� On-site records shall be maintained of all risk assessment, verification and monitoring / review 
processes.. 

4.3 Emergency Preparedness 
 

Emergency Response Procedures and resource requirements can be found in Health and Safety 
Standard 02.16 – Emergency Preparedness. 

5. COMMUNICATION / TRAINING 

All mine workers will receive training and assessment against relevant requirements of this Standard 
as part of their site induction process. 

All mine workers will be trained in the basics of risk management/assessment (MNMC201A – Conduct 
Local Risk Assessment). 

Where a higher level risk assessments are conducted, the leader of a risk assessment team shall be 
competent in facilitating a group (minimum of MNMMMG516A – Facilitate the Risk Management 
Process). 

Members of a risk assessment team should be competent in operational and/or technical training for 
the equipment, facility or process being assessed, and be a willing participant in the process. 

6. REFERENCES 

� Mines Safety and Inspection Regulations 1995 

� Mines Safety and Inspection Act 1994 

� Mines Safety and Inspection Regulation 1995 

� Recognised Standard 02 – Control of Risk Management   

� AS/NZS 4360 - Risk Management 

� Endorsed Components from the Metalliferous Mining Training Package Open Cut 

� Koolan Island Health and Safety Standards 

� 02.16 Emergency Preparedness 

� 10.00 Compliance, Measure, Monitor and Review 
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7. RECORDS 

A record shall be maintained of all formal risk assessment activities carried out until such time as the 
assessment is superseded or the hazard / risk no longer exists. 

Records relating to this standard shall be maintained in accordance with Health and Safety Standard 
13.00 – Records Management. 

9. RECORD OF REVIEW 

Rev Date Revision description By Check Approved 

0   Developed TD    

5 14/10/10 Reviewed and Issued MI RR RR 
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APPENDIX A 
 

TABLE 1 - Maximum Reasonable Consequence (MRC) 

 PEOPLE PROPERTY or PRODUCTION ENVIRONMENTAL 

1 Couldn’t cause injury or 
disease 

Couldn’t cause damage or <$5K 
damage 

No detrimental impact on the environment is measurable or envisaged, permanency 
of impact <1 day; clean up cost <$1k 

2 Could cause First-Aid injury Could cause damage $5K - $50K An event having temporary and minor effects on the environment, such as a non-
reportable environmental incident, impact 1 day to 1 month and/or clean up cost $1-
$5k  

3 Could cause typical MTI / RWI 
/ LTI 

Could cause moderate damage 
$50K - $100K 

An event creating substantial temporary or minor permanent damage to the 
environment, such as a reportable incident. Not likely to result in prosecution, impact 
1 month – 1 year, clean up cost $5-$50k 

4 Could cause serious injury or 
disease (major LTI) 

Could cause major damage 
$100K - $500K 

An event having a substantial and permanent consequence to the environment such 
as an environmental incident which would result in prosecution, adverse local 
publicity and complaints, e.g., impact 2-10 years and/or clean up cost $50-$100k 

5 Could Kill or Permanently 
Disable 

Could cause very major damage 
>  $500K 

A major event creating loss of company credibility with key stakeholders, national 
publicity and complaints or could close the operation permanently. 
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TABLE 2: RISK SCORE CALCULATOR (Based on AS 4360) 

Use the Risk Score Calculator to Determine the Level of Risk of Each Hazard 

What is the PROBABILITY 
of an occurrence? 

What would the CONSEQUENCE of an occurrence be? Hierarchy of Controls 

1. Insignificant 
(e.g. Small Cut) 

2. Minor 
(e.g. First Aid) 

3. Moderate 
(e.g. Doctor/Nurse) 

4. Major 
(e.g. Hospitalisation) 

5. Catastrophic 
(e.g. Death) 

Can the hazard be Eliminated or 
removed from the work place? 

A 
Almost certain to happen 
(Expected to occur in most 
circumstance e.g. once per week.) 

15 10 6 3 1 
Can the product or process be 
Substituted for a less hazardous 
alternative? 

B 
Likely to happen at some point 
(Will probably occur in most 
circumstances e.g. once per month) 

19 14 9 5 2 
Can the hazard be Engineered 
away with guards or barriers? 

C 
Possible, heard of so it might 
happen Should occur at some time 
e.g. once per year) 

22 18 13 8 4 
Can Administration Controls be 
adopted i.e. procedures, job rotation 
etc 

D 
Unlikely: not likely to happen 
(Could occur at some time (e.g. 
once per ten years) 

24 21 17 12 7 
Can Personal Protective 
Equipment & Clothing be worn to 
safe guard against hazards? 

E 
Rare: practically impossible (e.g. 
greater than 30 years) 25 23 20 16 11 
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TABLE 3: Risk Actions 
TYPE RANKING ACTION REPORTING TIME 

Extreme risk 1 – 8 

 

STOP or DO NOT START the activity until a formal risk assessment has been 
completed with a relevant cross-section of mine workers and stringent controls 
established and implemented which include hard barriers to eliminate or reduce risk to 
As Low As Reasonably Practicable. Formal risk review and monitoring by the 
workgroup shall be part of the risk control process. 
 

Supervisor to notify Mount Gibson 
Mining Superintendent immediately 

High risk 9 – 16 

 
Consider undertaking a formal risk assessment on the area of risk. If a risk assessment 
is not required, action/s to be assigned by end of shift. 
 

Moderate risk 17 – 20 

 

ACCEPTABLE – Provided that adequate safeguards are in place and are reviewed for 
effectiveness. Monitor for changes which may cause escalation in level of risk. 
 

Low risk 21 – 25 

 

ACCEPTABLE – Implement safeguards as considered necessary. Monitor for changes 
which may cause escalation in level of risk. 
 

Supervisor to notify Mount Gibson 
Mining Superintendent before the 
end of shift 
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Appendix 6: WA Water Quality Guidelines for Fresh 
and Marine Waters – EPA Draft 1993 
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Appendix 7: Stygofauna Monitoring Procedures 
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1. METHODOLOGY 

 Field Survey 1.1

Sampling is to be undertaken in accordance with guidelines set out in Guidance Statement 54 
(EPA 2003) and Draft Guidance Statement 54a (EPA 2007).  This sampling technique is 
based upon the methodology applied in previous surveys.  This general methodology was 
developed in consultation with former DEC staff member Dr Stuart Halse in February 2006.  
Stygofauna sampling is to be undertaken in accordance with a DEC Licence to take Fauna. 

1.1.1 Sampling Sites 

If all monitoring bores are to be sampled, the bores which are to be sampled is to be based 
on those which are accessible. This may include all or some of the bores in Table 1. The 
locations of these bores are also indicated in Figure 2.  

Table 16: Stygofauna Monitoring Bore Location 

Bore 
ID 

Aquifer 
Ground 
Level  
(mAHD) 

Bore 
Depth 
(mBGL) 

Static 
Water Level 
(mBGL) 

K1 Central 97 160 87.94 

K2 Central 106 163 84.25 

K3 Central 38.69 32 16.26* 

K4 Northern 138 159 128.45* 

KL106
P 

Southern/Perc
hed 

132 
 105.28* 

K6 Southern 137 70  

K7 Southern 151 175 75.16* 

K8 Southern 134 108 54.46 

K9 Northern 146 230 102.06 

K10 Southern 159 190 143.58* 

K11 Southern 129 233 87.92 
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Bore 
ID 

Aquifer 
Ground 
Level  
(mAHD) 

Bore 
Depth 
(mBGL) 

Static 
Water Level 
(mBGL) 

K12 Central 120 136 119.00 

K13 Central 125 126 114.76 

K15 Central 105 138 97.45 

K16 
Southern/Perc
hed 

136 
180 117.5* 

I01 Southern 137 200 112.4* 

V01 Northern  243 120.0* 

V02 Northern 136 246 101.80 

* Water level recorded when the bore was constructed (GHD 2011) 

1.1.2 Water Monitoring 

The standing water levels are to be measured using a dip tape. 

Water is to be collected from each bore using a one litre bailer.  Temperature, pH, Electrical 
Conductivity (EC), Total Dissolved Solids (TDS) and Dissolved Oxygen (DO) are to be 
measured in the field using a multi-parameter water quality meter and recorded on field data 
sheets. 

1.1.3 Net Sampling 

Each bore is to be sampled using a stygofauna net approximately two thirds the diameter of 
the casing.  Net design and sampling procedure is to be based on the EPA’s Draft Guidance 
Statement 54a (EPA 2007). 

The water column of selected bores is to be sieved a total of three times for each net size.  50 
and 150 micrometre (µm) mesh nets, similar to the nets used by DEC for the Pilbara 
Biological Survey, are to be used.  The methodology employed during the Pilbara Biological 
Survey presented a basis for the methodology used during the 2013 sampling round.  The 
sampling methodology implemented is as follows: 

1. Label each sample vial with the bore ID, date and time. 

2. With a vial attached slowly lower a 150 µm net to the base of the bore. 

3. Pull net up and down six times to approximately one metre above the base, to gently 
agitate the sediment/benthos. 
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4. Slowly and steadily retrieve the net, to reduce the chance of animals avoiding capture by 
escaping on the bow wave. 

5. At the surface, wash net down with deionised/distilled water to ensure all organics are 
flushed into the vial. 

6. Remove excess water by gently tapping the 50 µm mesh at the bottom of the vial.  
Sufficient excess water is to be removed when the water level can be seen below the rim 
of the vial. 

7. Remove the vial from the net and using deionised/distilled water pour contents into 
labelled sample vial. 

8. Repeat steps 1 to 7 using a 50 µm mesh net. 

9. Repeat steps one to eight two more times for each net size decanting each time into the 
labelled sample vial (e.g. a total of three 150 µm net hauls and three 50 µm net hauls 
should be decanted into the one sample vial).  If the vial is too full to receive the following 
net haul, decant excess deionised/distilled water through vial with a 50 µm mesh as a 
base.  Wash the 50 µm mesh vial with deionised/distilled water to ensure all organics are 
flushed into the labelled sample vial. 

10. Store samples upright in an esky full of ice.  At the completion of each day transfer 
samples into a fridge but do not freeze. 

11. After completion of sampling at each bore, sterilise all equipment using a phosphate free 
detergent to prevent cross contamination between bores. 

1.1.4 Pumping 

At the production bores (IO1, K3 and VO1), sieving of the water column is not possible as a 
water pump has been installed.  The pumping method of sampling is to be applied. 

A 50 μm net is to be placed over the bore pump outlet for a period of time, such that at least 
200 L of water passed through the net.  The content in the net is then transferred by washing 
into a vial completing sample collection. 

 Taxonomy and Identification 1.2

On completion of the survey, all samples are to be sent to Perth for sorting and taxonomic 
identification by an appropriately qualified person. 
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