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EXECUTIVE SUMMARY 

 

Bickham Coal Company Pty Ltd proposes to develop and operate an open cut coalmine at 

Bickham Coal Mine, located 13 km south of Murrurundi.  This report assesses the aquatic 

ecological features of the “South Bickham” property where the mine proposal is located, and 

of the receiving waters of Pages River and Kingdon Ponds, to which the property surface and 

ground waters discharge.  The report also assesses potential aquatic ecological impacts of the 

proposed open cut mining on the property and provides mitigation and rehabilitation outcomes 

for the protection of the aquatic ecological resources of the property and the receiving waters.   

 

The proposal project area is bounded by the Pages River to the east and includes a number of 

first and second-order sub-catchment drainages that drain to the Pages River.  The Pages River 

is one of the few unregulated rivers flowing to the Hunter River and there are no major 

constructed fish barriers on the river, although fish passage is restricted at the lower end of the 

river by the road crossing at Brushy Hill Road, Scone.  A small sub-catchment in the south-

western corner of the project area drains west under the New England Highway to Kingdon 

Ponds then flows south, joins Dart Brook and discharges to the Hunter River near Aberdeen.  

  

The drainages from the project area to Pages River and Kingdon Ponds are ephemeral with 

little or no natural aquatic habitat structure in the form of pools or wetlands, and all the project 

north-flowing sub-catchments have in-line farm dams. For most of the drainages, water flow 

would appear to be confined to stormwater runoff. Whilst there is some native riparian 

(terrestrial) vegetation confined to the upper portions of several of the sub-catchment 

drainages, in the main, the slope and lower floodplain reaches of the sub-catchment drainages 

are located in cleared and grassed grazing land.   

 

A number of small natural groundwater seeps have been identified along the Pages River bank 

adjacent to the site and in small sub-catchments draining to the Pages River from the site area, 

and there is an area of defined alluvial aquifer at the northern end of the site area.  The overall 

contribution of groundwater to the various internal dams in the site area would appear to be 

negligible, or, in the case of the main farm dam (IN1) - and possibly in the case of dam IN3 

(see Fig 2 for dam locations), appears to be contributing to the elevated conductivity of those 

dams.  It is concluded that there are no significant aquatic GDEs within the farm dams or 

within the sub-catchments draining to the Pages River or to Kingdon Ponds.  The groundwater 

seeps to the Pages River only become significant during very low flow events, increasing local 

pool salinity during no-flow conditions. Whilst localised aquatic assemblages of the ponded 

waters of the river could be considered to be somewhat groundwater dependent during low to 

negligible flow events, this dependence is not considered significant.  

 

The Bickham south-west sub-catchment discharges to Kingdon Ponds some 5 km downstream 

from the Kingdon Ponds headwaters.  Kingdon Ponds, above and at the confluence and 

downstream to Stoney Creek Road crossing, consists of a series of wide and generally dry 
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cobble-bedded pools with dry cobble or sand drift connections.  Surface water is generally 

only found in pools above fords or in the deeper parts (on inner bends) of the streambed.  The 

sand drifts are generally colonised by pasture grasses and weeds rather than emergent aquatics 

although there are some stands of Cumbungi.  

 

Literature review indicated that there is little information available for the aquatic ecology of 

the upper Pages River and Kingdon Ponds.   There has been some limited sampling for fish by 

NSW DPI (Fisheries) and some sampling for aquatic macroinvertebrates, both in Pages River.  

The available fish sampling data have been combined with other fish lists to compile an 

'expected-fish' list for the project area.   

 

Additional aquatic ecological sampling was undertaken for the project between Spring 2002 

and Autumn 2006, with seasonal sampling of selected sites during Spring 2004 and 2005 and 

in Autumn 2005 and 2006.  Sampling of the Pages River at six sites between Bickham and 

Cameron's Gorge yielded a total of 55 macroinvertebrate taxa, four native fish species 

(Freshwater eel, Striped Gudgeon, Eel-tailed Catfish and Australian Smelt) plus tadpoles.  The 

introduced Common Carp was only observed in pools around the top of Camerons Gorge.  

With respect to observed aquatic reptiles mammals and birds, platypus were regularly 

observed in pools within the property boundary along with long necked turtles, eastern water 

dragons and water skinks.  Although not caught or observed, Australian native water rats are 

likely to occur and fishing bats are known from the area.  The river pools provided habitat for 

an assortment of water birds (ducks and cormorants). Where sampling was possible in 

Kingdon Ponds, pools yielded few macroinvertebrates and no native fish. 

 

Sampling of aquatic macroinvertebrates and fish in the smaller farm dams between Spring 

2004 and Autumn 2006 indicated that there were few aquatic macroinvertebrates and no 

native or non-native fish (other than the translocated Silver Perch in one of the dams). The 

main farm dam at the northern end of the property provided the highest aquatic habitat 

complexity of the farm dams and supported more macroinvertebrate species (16 taxa) plus at 

least two native fish species (Long-finned Eel and Australian Smelt).   

 

Consideration of the available literature combined with searches of State plus Commonwealth 

data-bases, plus consideration of the results of sampling undertaken for the Bickham Coal 

Project leads to the conclusion that there are unlikely to be any threatened aquatic species, as 

listed under the Fisheries Management Act 1994 (FMA) or as listed under the Environment 

Protection and Biodiversity Conservation Act 1999 (EPBC Act) within waters of the Pages 

River/Kingdon Ponds or within natural waters draining to these streams from the project area. 

Translocated Silver perch (listed as threatened under the FMA) are known from one of the 

farm dams. 

 

On the basis of the above assessment, and with regard to the DPI Fisheries fish habitat 

classification scheme (NSW Fisheries 1999b): 
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 Pages River is considered to provide Class 2 aquatic habitat and Kingdon Ponds is 

considered Class 3 aquatic habitat.  

 The sub-catchment drainages (with the exception of the drainage of the main farm dam 

to Pages River) are considered Class 4 fish habitat. 

 All the smaller in-line farm dams are considered to be Class 3/4 aquatic habitat.   

 The main farm dam and its connecting drainage to Pages River are considered to 

provide Class 2/3 fish habitat. 

 

The main direct impacts of proposed mining and of the construction of ancillary works are 

interception, loss or diversion of sections of ephemeral streams around works, alterations to 

groundwater flows to the river and loss of all in-line stock watering dams (with the exception 

of the main farm dam).   Based on the assessment of aquatic habitat and function, the loss of 

site drainage lines and dams are deemed insignificant and manageable provided suitable 

stream diversions are constructed and managed to protect runoff water quality and aquatic 

ecological values of the main streams.   

 

With regard to impacts on Pages River and Kingdon Ponds, the main linkage between the 

proposed mining operation, coal processing and coal transport facilities and these streams is 

via surface and groundwater interactions.   Accordingly, the potential indirect impacts on 

these streams that needed to be assessed were as follows: 

 Water quantity and quality in the Pages River and Kingdon Ponds in relation to site 

stormwater diversion, runoff from overburden stockpiles and runoff from coal 

processing and transport works.   

 Stormwater quantity and quality in relation to operational water needs (diversion and 

operational water system separations).   

 Possible alterations to groundwater quality and quantity reaching the Pages River as a 

result of open cut mining or as a result of mine water balance needs.   

 

The Water Resource Assessment/Draft Water Management Plan details how the mining 

operation will be managed for the protection of the surface water and groundwater attributes 

of the Pages River and of Kingdon Ponds so as to meet the stated requirements for protection 

of stream aquatic ecological values, as detailed in Section 3c of the DoP Scope of Works.  

Accordingly, it is concluded that there would be no significant impact from the mining 

operations on the aquatic ecology of Pages River or Kingdon Ponds.   

 

Much of the project land is to be rehabilitated back to pasture land and the loss of the first and 

second order drainages plus the loss of the small farm dams on the property would be off-set 

by the staged construction of new drainages and dams during site rehabilitation works.    

 

Protection of the aquatic ecological attributes of the main streams will be achieved by overall 

water quality and quantity improvements to the main farm dam sub-catchment drainages to 

the Pages River and to Kingdon Ponds, as described in the Water Management Plan: 
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 A mine water collection, storage, treatment and re-use scheme that captures and retains 

all mine water separate from other sources of runoff.  This water will not be allowed to 

discharge from the site.   

 A separate system for the collection and treatment of runoff from recently constructed 

overburden dumps.  This water will be treated to reduce sediment concentrations in 

accordance with the relevant requirements of Managing Urban Stormwater: Soils and 

Construction (Landcom, 2004). 

 A clean water diversion system that would direct all runoff from areas unaffected by 

mining into the existing natural drainage system.   

 Installation of a groundwater interception bore to provide good quality groundwater 

for baseflow replacement purposes.  This bore is a potential source of supplementary 

supply for  the IN1 dam during drought periods. 

 For Pages River the available groundwater makeup discharge would be discharged 

upstream of Bickham Gorge, to provide an overall water quantity and quality 

improvement for the river within the South Bickham property boundary during 

drought conditions. 

 All stock watering dams to be removed are to be dewatered and fish or reptiles native 

to the Pages River removed and translocated to the Pages River. Silver perch (if found) 

are not to be translocated to the river but must be translocated to another suitable dam 

with the concurrence of DPI Fisheries. 

 Riparian and creek management programs are in place or will be developed for the 

retained Pages River riparian buffer zone and any retained offsite drainage lines 

leading from the site to Pages River and Kingdon Ponds. 

  Rehabilitation of the main farm dam and staged development of the nine sediment 

dams, as replacement farm dams will include provision of riparian shading habitat, 

shallow fringing aquatic habitat, stock exclusion and on-demand stock water systems.  

 The creation of drainage lines and of the new dams would be integrated with site 

overburden rehabilitation plans and would incorporate appropriate design of bed 

control structures and of aquatic habitat attributes using rehabilitation guidelines such 

as for example, those set out in Rutherford et al (2000).  

 



-1- 

Bickham Aquatic Assessment Jan 09 MPR 500 Marine Pollution Research Pty Ltd 

 

 
 

 

 



FIG 2 
BICKHAM COAL - SUB_CATCHMENTS 
& AQUATIC ECOLOGY SITES

KP01

KP02

KP03

BCW1

BCW2

BCN1

BCW3

BCE1

BCE2

PR01

PR02

PR03

PR04

PR05

KP1

IN1
PR1

PR2

PR3

PR4

IN2

KP2 PR5

IN3

IN4

IN5IN6

IN7

KPP

KP0

KP3



-3- 

Bickham Aquatic Assessment Jan 09 MPR 500 Marine Pollution Research Pty Ltd 

 

 

 

1.0 INTRODUCTION 

 

Bickham Coal Company Pty Ltd (BCC) proposes to develop an open-cut coalmine in the 

Upper Hunter Valley of NSW.  Bickham Coal Company Pty Ltd holds Exploration Licences 

5306 and 5888 and preliminary exploration drilling has indicated a potential resource of some 

30 million tonnes of coal.  The coal resource exists in seven coal seams that could be 

recovered by open cut coal mining.  The mine site is located approximately 13 kilometres by 

road, south-east of the township of Murrurundi, between the New England Highway and the 

Pages River.  The site is currently used for agricultural purposes including grazing, and is 

largely cleared of vegetation.   

 

A comprehensive Department of Planning (DoP) strategic review of coal mining potential in 

the upper Hunter River (DoP 2005) recommended (at Section 13.3) that any project 

application under Part 3A of the EP&A Act 1979 for coal mining within the Pages River 

Catchment contain the report of a full groundwater and surface Water Resource Assessment 

and a draft life-of-mine Water Management Plan (herein referred to as the WRA/WMP).  

Also, as per the DoP (2005) report, there was a requirement that the WRA/WMP be 

completed then submitted and assessed as satisfactory by an Independent Expert Panel prior to 

preparation and submission of an environmental assessment.  Accordingly, when the BCC 

proposal was submitted, the DoP provided a "Proposed Scope of Water Resource Assessment 

and Draft Water Management Plan" which set out the assessment requirements plus ground 

and surface water outcomes to be met by the project.  The outcomes were derived from the 

recommendations of the strategic assessment (DoP 2005).   

 

Details of the Bickham Coal Project mine plan are contained in Section B3 of the WRA.  The 

mine plan for the proposed Bickham Coal Project has evolved in the light of community 

concerns and as a result of issues identified by agencies. 

 

Mining is expected to occur over a twenty-five year period of open-cut mining operations, 

commencing with an initial estimated production of 450,000 tonnes per annum, increasing to a 

peak of approximately 2.0 million tonnes per annum at full production.  Mining construction 

and operations will encompass an area of approximately five square kilometres and would 

require: 

 Necessary roads, mine infrastructure and workforce facilities;  

 Overburden excavation plus progressive resource extraction and rehabilitation; 

 Operation of the pit and the out-of-pit overburden dumps; 

 Coal crushing and stockpiling facilities; and 

 A rail loop and train loading facilities to allow coal transport to the Port of Newcastle. 
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Mine water use will be inherently lower than for some other coal mining operations as 

washing of the coal will not be undertaken.  Generation and disposal of mine tailings will also 

be avoided.   

 

1.1 Aquatic Ecology Study 

 

Marine Pollution Research Pty Limited (MPR) was commissioned by Bickham Coal Pty Ltd 

to provide an assessment of the present aquatic ecosystem values of the Pages River and 

Kingdon Ponds study area (see DoP Scope of Works part 3(c)) and to undertake an assessment 

of potential aquatic ecology impacts arising from the Bickham Coal Project.  The assessment 

was to be made against the six ground and surface water management outcomes specified in 

the DoP Scope of Works (Part 3(c)).  This aquatic ecology assessment report is Appendix 24 

for the Bickham Coal WRA/WMP).   

  

The Bickham Coal project area is substantially located in the catchment of the Pages River, 

some 29 km downstream of the headwaters, 16 km downstream of Murrurundi and 8 km 

downstream from Blandford (Figures 1 and 2).  Pages River is an upper catchment stream 

draining to the Hunter River between Gundy and Aberdeen, some 40 km south of the project 

area.  A small sub-catchment in the south-western corner of the project area drains west under 

the New England Highway to Kingdon Ponds, joining Kingdon Ponds some 5 km downstream 

from its headwaters (Figure 1).  Kingdon Ponds then flows south, joins Dart Brook and 

discharges to the Hunter River below Aberdeen, some 35 km downstream.  

 

With respect to available surface water, the WRA/WMP indicates that the average annual pan 

evaporation at the site (about 1,510 mm/year) exceeds the annual rainfall at the site (long-term 

average 724 mm /year), and seasonally, evaporation generally exceeds rainfall during the 

warmer months (October to March). The catchment area of the Pages River adjacent to the 

site is approximately 347 km
2 

and comprises four major sub-catchments (as indicated in 

Figure 1): 

 Upper Pages River and minor tributaries  

 Warlands Creek 

 Scotts Creek 

 Splitters Creek. 

 

Analysis of the Bickham river flow gauging data provided in the WRA/WMP indicates that 

average annual runoff for the Pages River at South Bickham is about 40,000 ML/year (or 

about 130 ML/km
2
/year), and is highly variable, ranging from around 1,300 ML (3.3% of the 

average) to 164,000 ML (410% of average).  The average runoff is equivalent to about 130 

mm or about 13% of the estimated average annual rainfall on the catchment (which includes 

higher rainfall areas on the Great Dividing Range).   
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The Pages River is one of the few unregulated rivers flowing into the Hunter River and there 

would appear to be only one substantial constructed barrier to fish passage along the complete 

river length (the Brushy Hill Road causeway at Scone). Accordingly, the primary focus of the 

aquatic ecological study has been the assessment of Pages River and Kingdon Ponds aquatic 

ecology, immediately upstream, within and downstream of the project area.  This is in 

accordance with the DoP Scope of Works. 

 

1.1.1 Possible open-cut mining related impacts 

  

As the proposed open-cut mining plus associated infrastructure development is located away 

from the Pages River and Kingdon Ponds riparian buffer zones there are no direct (i.e., 

physical) impacts expected on the aquatic habitats of the two streams.  However mining and 

infrastructure development would necessitate interruption, elimination or diversion of smaller 

sub-catchment first and second order drainages from the project area, and thus there would be 

direct physical impact on any aquatic habitat attributes of these sub-catchment drainages.    

 

The main indirect water-resource related connection between proposed mining and the aquatic 

ecology of Pages River and Kingdon Ponds is via potential surface and ground water changes.  

Potential impacts to be considered are grouped as follows;  (i) impacts on groundwater quality 

and exchange arising from open cut mining and pit operations, (ii) impacts on site surface 

water runoff quality and quantity arising from site sub-catchment drainage diversions, mining 

operations, placement of out-of-pit dumps and mining infrastructure and (iii) changes to 

surface water discharge quality and quantity into the Pages River and Kingdon Ponds arising 

from alterations to sub-catchment sizes and runoff characteristics.   

 

As noted above, these mining related water resource issues were assessed in the DoP strategic 

assessment (DoP 2005) and that assessment provided a set of recommendations which were 

incorporated into the DoP Scope of Works (Section 3c), regarding the required outcomes of 

the WRA/WMP which would "demonstrate that the proposed coal mine can be managed so as 

to maintain the long-term integrity of the streams, alluvial aquifers and ecosystem values of 

the Pages River catchment and the Kingdon Ponds Catchment."   These are stated as follows: 

 

• Full investigation of alternate uses of excess mine wastewater prior to any 

mine wastewater discharge being proposed. 

• Mine wastewater discharges (if any) will have no significant impacts on 

the water quality of the receiving waters and the major water quality 

parameters in any discharge will be consistent with maintaining the water 

quality of the catchments and their associated values. 

• Any discharge will not significantly alter natural flow regimes in Pages 

River or the Kingdon Ponds Catchments. 
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• Buffer zones have been applied between the proposed coalmine and the 

Pages River (and any other streams) consistent with the DNR's 

'Guidelines for management of streams/aquifer systems in coal mining 

developments - Hunter Region, April 2005'. 

• Areas of riparian vegetation within land owned or controlled by the 

proponent are protected and/or rehabilitated, so as to provide improved 

riverine health and improved bank stability, and to assist maintenance of 

healthy river aquatic ecosystems. 

 

The following report, in conjunction with the WRA/WMP, sets out how these issues have 

been addressed so that the proposed Bickham coal project can be managed so as to maintain 

the long-term integrity of the streams, alluvial aquifers and ecosystem values of the Pages 

River catchment and the Kingdon Ponds Catchment. 
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2.0 ASSESSMENT METHODS 

 

Neither DoP (2005) nor the DoP Scope of Works for the Bickham Coal Project provides any 

specific requirements for the aquatic ecology assessment other than that the assessment should 

address "the typical matters relating to groundwater, surface water and related values, that are 

likely to be applied by the Director-General for the overall impact assessment for the project 

(Section 1 last paragraph).  These are outlined as follows: 

 Description of the type and condition of fish habitat in the area. 

 Identification of any critical fish habitats and species, communities or populations that 

may be impacted. 

 Identification of any critical fish habitats and species, communities or populations that 

may be indirectly impacted by the proposed mining operation. 

 Description of proposed methods for ameliorating any of the identified direct or 

indirect impacts.  

 

The methods for undertaking the aquatic ecology assessment component of the WRA/WMP 

study were as follows: 

 Review available information on threatened fish species and threatened fish habitats 

relevant to the study areas with reference to Schedules to the Fisheries Management 

Act 1994 plus relevant amendments, any relevant State of the Environment Report, 

State Fisheries' Policy and Guidelines (1999) and the various State Fisheries Habitat 

Protection Plans.   Particular attention would be given to linkages of habitats plus 

barriers upstream and downstream of the proposed works in relation to migration of 

listed fish through the project areas.  

 Review and update fish and aquatic habitat information contained in previous reports 

and documents as they relate to the present project proposal.    

 Preliminary assessments of fish habitat suitability from topographic maps and other 

available sources identified from the literature review. 

 Field assessment of streams and sub-catchment drainages for overall stream fish 

habitat condition, using a modified Riparian, Channel and Environment (RCE) 

inventory scheme (after Chessman et al 1997).  

 Field assessment of stream and sub-catchment drainage aquatic biota assemblages at 

selected sites using the AusRivAS sampling method for aquatic macroinvertebrate 

diversity and assessing the assemblages against HU97 SIGNAL criteria developed 

specifically for the Hunter River (see Section 2.1.2 below).   

 Assessment of fish passage barriers and the likelihood of suitable stream habitats for 

listed fish within, up and down-stream of the study area.   
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 Consideration of possible impact of proposed mining operations on fish habitat against 

the assessment requirements specified in the DoP WRA Scope of Works (see Section 

1.1.1) plus outlining mitigation measures where required. 

 

2.1 Field Studies 

 

The field work for this study included two components; (i) general walk-over investigations 

by road and foot of overall creek and river conditions and connections plus (ii) sampling for 

aquatic macroinvertebrates and fish at selected sites in the Pages River, Kingdon Ponds and in 

dams on the Bickham Coal property: 

 

 Road inspections included inspection of accessible downstream sections of Pages 

River to the confluence with the Hunter River plus an upstream inspection of Pages 

River to a point some 4.5 km upstream of Murrurundi (at an elevation of about 540 m).  

 An inspection by foot of the complete stream length of Pages River within the 

Bickham Coal property.  

 An inspection by car and foot of property ephemeral drainages and in-line farm dams. 

 

Preliminary inspections were undertaken over four days in August 2004; an initial inspection 

of Pages River plus the general property on the 3rd, a detailed upper Pages River plus site 

catchment inspection on the 6th and 7th, and a detailed lower Pages River inspection through 

to the Hunter River on the 8th of August 2004.  Inspection of the Kingdon Ponds catchment, 

as it relates to the project area, was made on 31 May 2006 and a visit to the upper end of 

Cameron's Gorge was made on 7 June 2006.   

 

The various site inspections plus the aquatic ecology sampling trips also encompassed 

searches for springs and seeps within sub-catchment drainages and along the riparian banks of 

the Pages River and Kingdon Ponds within the project area or at the project site discharge 

points, to determine whether there were any aquatic ecological ground-water dependent 

ecosystems (GDEs) as defined in the NSW State Ground-water Dependent Ecosystem Policy 

(DLWC 2002). 

 

2.1.1 Site Selection 

 

As a result of initial field observations supplemented by aerial and topographic mapping data, 

a sampling program for aquatic macroinvertebrates and fish was developed, with a focus on 

sampling aquatic habitat sites within the mining footprint, in Pages River at or just upstream 

and down-stream of the project area, plus several sites in the Kingdon Ponds sub-catchment.  

The field inspections did not indicate any aquatic ecologically significant seeps or springs in 

the sub-catchments draining the project area or along the riparian banks of the two streams.  

Where seeps were observed, these provided no significant aquatic habitat, either via surface 
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water or hyporheic zones.  That is, no aquatic ecological specific GDE sites were identified in 

the study area (see also Section 3.7 for more information on GDEs).   

 

The program was expanded to assess several additional sites further downstream in both Pages 

River (to Cameron's Gorge) and Kingdon Ponds (to Wingen).  The final adopted set of 

sampling sites is shown on Figure 1 (which indicates the location of sampling sites within the 

wider catchment in relation to major Pages River and Kingdon Ponds sub-catchments), and in 

Figure 2,  (which indicate the location of sampling sites in relation to the various sub-

catchment drainages from the project site to Pages River and to Kingdon Ponds).  

 

The sampling sites were located to provide for possible long-term monitoring sites for 

stream/river health assessment over time with measurements to be used to supplement 

physical and chemical measures of water quality (as described in ANZECC/ARMCANZ 

2000).   The sites are identified as follows: 

 

 Sites upstream of potential mining activities (e.g. PR0, PR1 and KP0); 

 Sites downstream of potential mining activities (e.g. PR4, PR6, KPP and KP3). 

 Project sites discharging to the River and Stream (e.g. IN1, KP1) 

 

 

Note that some of the identified sites could not be sampled over the sampling period; most 

Kingdon Ponds sites plus one in-line dam (IN4) were generally dry over the sampling period 

(2004 to 2006).  Further, whilst a number of sites could not be sampled due to access 

restrictions (PR0, PR5 and PR6), several sites on private property could be sampled at least 

once (KPP courtesy of Mr David Paradice and PR7 courtesy of Mr Barry Taylor).  Table 2.1 

provides details of the final sampling program. 

 

2.1.2 Aquatic ecological sampling methods 

 

Macroinvertebrate sampling utilises the AusRivAS sampling and analysis protocol, as 

described in the ANZECC/ARMCANZ (2000) water quality guideline standards.  The 

AusRivAS aquatic macroinvertebrate study method follows the National River Process and 

Management Program River Bioassessment Manual methods (NRPMP 1994) as adapted for 

the National River Health Program (Turak et al 1999).  This sampling protocol is the 

recommended method for assessment of aquatic ecological health in the Hunter River (DoP 

2005). The AusRivAS protocol specifies sampling in spring (15 September to 15 December) 

and autumn (15 March to 15 May) each year. 
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Table 2.1: Summary of Aquatic Macroinvertebrate Sampling 2004 to 2006 

Site Sample Seasons and Dates 

  Sp04 Sp04 Sp04 Au05 Au05 Au05 Sp05 Sp05 Sp05 Au06 Au06 Au06 Au06 Au06 Au06 

  0
7
/1

2
/0

4
 

0
8
/1

2
/0

4
 

0
9
/1

2
/0

4
 

1
8
/0

4
/0

5
 

1
9
/0

4
/0

5
 

2
0
/0

4
/0

5
 

0
8
/1

1
/0

5
 

0
9
/1

1
/0

5
 

1
0
/1

1
/0

5
 

3
0
/0

5
/0

6
 

3
1
/0

5
/0

6
 

0
1
/0

6
/0

6
 

0
2
/0

6
/0

6
 

0
7
/0

6
/0

6
 

1
6
/0

6
/0

6
 

Mainstream, Pages River  

PR0                 

PR1 S   S   S          

PR2  S    Sd/s   S HTin   HTout    

PR3  S      S         

PR4   S   S           

PR5                 

PR6                 

PR7              S&Chem 

Bickham Catchment- Pages River  

IN1  S      S    Chem     

IN2  S               

IN2a     S            

IN3      S           

IN4                 

IN5     S            

IN6A     S            

IN6B     S            

IN7     S            

Kingdon Ponds Catchment 

KP0           Chem    S+Sd/s 

KP2   S            S 

KP1        S       dry 

KPpool          Chem    S 

KP3               dry 

KP4           Chem    S 

KP5            Chem   S 

KPP                 

 

Notes S = AusRivAS, fish trapping and water quality metering, d/s = downstream of site, Chem = water 

sampling for chemical analysis (see surface water report), dry = no water for sampling at site, HTin 

and Htout = start and finish dates for deployment of hair tubes along river banks. 
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The AusRivAS protocol provides a number of definitions of sites and habitats within sites for 

selection of sampling locations and recommends that, wherever possible, two habitats (riffles 

and edges) be sampled at each site.  The following AusRivAS definitions are relevant and 

sampling has conformed to these definitions: 

 A site is "a stream reach with a length of 100 m or 10 times the stream width, 

whichever is the greater" 

 A riffle habitat is "an area of broken water with rapid current that has some cobble or 

boulder substratum".  However, "sampling riffles where the substratum consists 

predominantly of large boulders may be difficult and may not produce reliable results".   

 Edge habitat is defined as "an area along the creek with little or no current". 

 

Given the location of the study area in the upper reaches of the Pages River, where there are 

often long drought periods of little or no connecting flow between pools, it was determined 

that only pool 'edge' samples would be collected, as riffle samples could not be obtained from 

all (or even most) sites at all sample times.  As per AusRivAS protocols, aquatic 

macroinvertebrate assemblages were sampled using a 250 µm mesh dip net over as many 

aquatic 'edge' habitat types as could be located within each of the defined sample pools.  Net 

samples are then placed into white sorting trays for in situ live sorting.  Live sorting (picking) 

was undertaken for up to 1 person-hour, also as per the AusRivAS protocol.   

 

Following cessation of live picking, further observations were made of the pool edge sample 

areas for surface aquatic macroinvertebrate taxa (e.g., water skaters and spiders) and any other 

taxa (such as freshwater crayfish) not collected by the dip netting process.  Where possible (or 

necessary) representatives of these organisms were collected and added to the dip net samples.  

Tadpoles, if captured by dip-net or fish trap, or if observed, were noted and released without 

handling, and were not kept for identification.  Aquatic plants were noted and where necessary 

collected for identification.   

 

At all macroinvertebrate sampling sites at least two replicate fish bait traps (dimensions 250 

mm by 250 mm by 400 mm, 4 - 5 mm mesh size and 50 mm diameter entrance) were set at 

suitable locations (e.g., amongst emergent aquatic plants or under woody snags).  These were 

left in the stream for the duration of the combined macroinvertebrate sampling and live 

picking survey (minimum 1 hour) and then retrieved.  Any fish captured in the traps or as part 

of the macroinvertebrate dip netting were identified in situ and immediately released.  Any 

further observations of fish during the pool condition survey were noted with fish species-

name only given if the fish can be positively identified.  Where possible (i.e., in Pages River 

pools only), fish observations were made in-stream by snorkelling or by spotlighting at night.   

 

Observations were also made of possible utilisation of the stream by aquatic mammals, birds 

and reptiles with specific observations (dawn and dusk plus spotlighting) for platypus and 

Australian native water rat.  The likelihood of these aquatic mammals being present was 
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assessed against suitable bank conditions, possible burrow sites and inspection of scats.  Hair 

tubes were set along the Pages River bank in Spring 2005 to target possible Australian Native 

Water Rat presence but these did not yield any mammal hairs. 

 

A Yeo-Kal 911 water quality data logger was used to record pool water depth, temperature, 

dissolved oxygen concentration and saturation, pH, conductivity and turbidity at all aquatic 

ecology sampling sites.  ORP was also recorded for all Pages River sites.  Basic pool 

dimensions and condition were recorded as were water flow and general water condition (e.g., 

colour, presence of algae etc.).   

 

In the laboratory, taxonomic identifications for the organisms from each sample jar (sample 

site) were identified (as a minimum) to the appropriate taxa level as per AusRivAS protocols. 

 

• Family level for all insect taxa except Chironomids, which are taken to 

sub-family). 

• Collembola arthropods (spring-tails) were classified as a single class.  

• Arachnid arthropods (spiders and mites) were classified as two orders.   

• Mites (Order Acarina) were identified to sub-order where possible.   

• Crustaceans were identified to Family level (where suitable keys were 

available).   

• Ostracoda were left at Class level.   

• The worm-like taxa were shown at Phylum or Class level.   

 

The following QA/QC procedure was used to confirm identifications: 

 At least ten percent of the retained site samples were selected at random and the 

individual retained taxa were re-identified without reference to the original 

identifications.  A comparison was then made of the original identifications verses the 

second identifications, indicating where there were any anomalies in identification (if 

any).  If there were no anomalies, the QA/QC sample protocol was accepted and no 

further QA/QC checking was undertaken. If there were differences in identifications, 

all the samples containing the related taxa were re-examined to clear up the anomalies.   

 Following this procedure, and if there have been anomalies, an additional 10 percent of 

the remaining samples were chosen and the QA/QC procedure re-applied.  This 

process continues until there were no differences between original identifications and 

QA/QC identifications. 

 

For organisms where positive identifications could not be made or where the collected 

material was too indistinct or fragmented to assign a definitive identification, the samples 

were submitted to relevant DECC specialists.   
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3.0 AQUATIC ECOLOGY RESULTS 

 

3.1 Literature Review 

 

In 1999 the Fisheries Management (Amendment) Act inserted threatened species provisions 

into the Fisheries Management Act 1994 (FMA) for the protection of biota and aquatic 

habitats. The FMA is administered by the Department of Primary Industries (NSW DPI), and 

the conservation aspects of the FMA are set out in two DPI Policy and Guideline Documents 

(NSW Fisheries 1999a, 1999b).  There are also threatened species provisions under the 

Commonwealth Environmental Protection and Biodiversity Conservation Act 1999 (EPBC 

Act), administered by the Department of Environment and Water Resources (DEWR).  Initial 

literature review comprised searches of the DEWR and the NSW BioNet databases for 

specific details on threatened aquatic species, ecological communities and key threatening 

processes.  

 

The database searches indicated that there are no threatened fish, aquatic macroinvertebrate or 

aquatic plant species listed for the Pages River or Kingdon Ponds (however see Section 3.6 

below).  The BioNet database did not provide any fish data for the upper Pages River. 

 

Review of publicly available documentation revealed that there was little quantitative aquatic 

ecological data available for the study area. The following literature sources (summarised 

initially in MPR 2000a, and updated for this study by reference to DoP 2005), provide fish 

and macroinvertebrate species data for the Hunter River catchment and the region.  Relevant 

data from these reports have been extracted to produce an expected fish species list for the 

upper Pages River (see Section 3.7 below):   

 Ruello (1976) described the fish and fisheries of the Hunter River estuary; downstream 

from East Maitland.  His fish list included a number of freshwater fish, which could be 

expected to be found further upstream. 

 McGregor (1979) and Shepherd (1994) presented fish lists for Hexham Swamp, 

including freshwater fish of the lower reaches of Ironbark Creek (in the lower Hunter 

catchment).  

 MPR (1999a,b) undertook several trapping studies of freshwater fish in creeks 

impacted by saline water discharges from coal mining operations (Four Mile Creek, 

Maitland, Ironbark Creek above Hexham Swamp).   

 MPR (1999c) studied the freshwater macroinvertebrate fauna of Blue Gum Creek 

(which flows to the lower Hunter River) as part of an assessment of the impact of 

elevated conductivity mine discharge water.   

 International Engineering Service (1977) provided a list of expected fish species for 

Glennies Creek (a mid Hunter tributary), derived from information supplied by NSW 

Fisheries.  
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 Fenton et al (1995) studied fish and macroinvertebrate fauna of impoundments 

associated with the Bayswater and Liddell Power Stations (also in the mid Hunter 

catchment). 

 MPR (2000b) undertook fish trapping studies of freshwater fish in two tributary creeks 

of Bayswater Creek, potentially impacted by the proposed Cumnock Mine extension.   

 The Ecology Lab (2000) undertook a fish habitat study of the lower section of Saddlers 

Creek above the confluence with the Hunter River for a proposed coal mine and 

included a list of potential fish species for streams draining to the Hunter River (mid 

Hunter catchment).  

 Cooke (2001) reported on fish studies undertaken for Glennies Creek at and above 

Camberwell Village.  Finegan (1996) reported on platypus in Glennies Creek.  

 MPR (2000a) undertook a desktop assessment of aquatic ecological impacts for the 

proposed Dartbrook underground mine and reported some additional anecdotal fish 

observations from Dart Brook (upper mid Hunter catchment). 

 Harris & Gehrke (1997) collected fish from a number of sites in the Hunter River as 

part of the NSW Healthy Rivers Program including a site in the Pages River near 

Murrurundi.   

 Gehrke and Harris (2000) provided a comprehensive fish list for south-east Australian 

temperate riverine fish communities. 

 DPI (Fisheries) has undertaken an additional fish survey in the Pages River in October 

2004 (Simon Hadley DPI pers. comm., 2005).     

 Chessman et al (1997) studied the freshwater macroinvertebrate fauna of the Hunter 

River catchment at 42 sites widely distributed throughout the catchment.  However, 

there were no sites located in the Pages River.  The nearest site to the study area is 

located in the Hunter River at (HU17) upstream of Muswellbrook.  There are a number 

of upper stream sites located in similar situations as the project site in other catchment 

streams; e.g., HU50, HU20 and HU13 in the upper Hunter above Glenbawn Dam, 

HU22 in the upper Isis River and HU23 in upper Dart Brook.   

 DPI Fisheries (2003) provided a compilation of freshwater fish stocking records for the 

Pages River.  Rainbow trout were introduced at Moonan Flat in1983 and 1984.  Brown 

trout were introduced into the river at Murrurundi and Scone in 1996 and 1998 and at 

Gundy in 2001 (44,000 fry).  The river at Scone has also been stocked with Australian 

bass between 1989 and 1991.   

 Umwelt (2004) undertook fish and macroinvertebrate surveys of the Bickham Coal 

property dams plus in the adjacent Pages River in September 2002 and January 2004 

as part of an REF for bulk coal sampling at the site.   The Umwelt Pages River study 

sites are identified on Figure 2. 
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 Hunter Land Management (2004) provided detailed descriptions of the floodplain and 

riparian sections of Pages River within or fronting the South Bickham property and 

provided a Riparian Management Plan for the property.  The report includes riverbank 

descriptions with maps of erosion, weed infestations and rock outcrops.  Three main 

riparian weeds were reported: Willows, Giant Reed and Blackberry.  

 A preliminary fish list from a combined DNR/DPI study of fish and aquatic 

macroinvertebrates in Bowmans and Glennies Creek has been prepared and provided 

to help construct a combined fish list for the present study (S. Carter, NSW DPI, pers. 

comm.).  Since the DPI studies, there have been further seasonal fish and aquatic 

macroinvertebrate surveys undertaken in both Bowmans and Glennies Creeks between 

2005 and 2008 (summarised in MPR 2008).  

 There have been a number of studies on aquatic biota and ecology undertaken with 

respect to present and proposed coal mining in the upper Goulburn River (Bioanalysis 

2005, Mt King Ecological Services 2003, 2004, Marine Pollution Research 2006, 

Resources Strategies 2005, Wells Environmental Services 2006).  These provided 

further indications of likely expected fish and macroinvertebrate taxa for upper 

catchments of the Pages River.  

 DoP (2005) summarised the results of DECC AusRivAS sampling in the Upper Hunter 

(1997 and 1999).  There were three sites in the Pages River; one at Blandford Village 

bridge, one at the town water off-take above Murrurundi and one at Allen Bridge.    

Full results for the samples are available on line (Hose and Turak 2004). 

 DoP (2005) also provided an expected fish list for the upper Hunter Catchment, based 

on some of the above fish lists, and as summarised in the NSW Stressed Rivers 

Assessment Report.    

 DPI (2006a) provided a complete list of freshwater and estuarine finfish of the 

Hunter/Central Rivers region, NSW.   

 DPI (2006b) provided a description of the Brushy Hill Road causeway (on the lower 

Pages River), which is considered a barrier to fish passage. The report provides a list of 

migratory fish known from the Hunter River below the causeway that could be 

affected by the causeway.  The species are all listed on the DoP (2005) expected fish 

list with the exception of Nepean Herring and Short-finned eel.   

 

3.2 Description of Study Area 

 

The Project Area consists generally of low undulating lightly wooded pasture land draining to 

Pages River.  Most of the land is (or was) used for dry-land dairy and beef cattle grazing.  

There is a ridgeline running approximately north-east to south-west through the project area, 

with about a third of the project area draining directly east to Pages River, much of the 

remainder draining north then east to Pages River and a small south-west drainage to Kingdon 

Ponds, a western tributary of the Hunter River (Figure 1).  For the main part the project area 



-16- 

Bickham Aquatic Assessment Jan 09 MPR 500 Marine Pollution Research Pty Ltd 

has narrow flood plain sections below gentle slopes drained via first and second order 

drainages with low hydraulic gradients, most associated with the north and south-west flowing 

sub-catchments, with short high gradient first order discharges from the eastern side of the 

escarpment.  There are no other permanent or semi-permanent creeks draining the project 

area. Most of the north and south-west flowing drainages are intercepted by in-line farm dams.   

 

Based on topographic information on the 1:25,000 Murrurundi map (9034-II-N), the project 

site can be sub-divided into 12 sub-catchments draining to the Pages River (Figure 2). 

Drainage lines indicated on the 1:25,000 topographic map were found to be ill defined and 

dry, with very small areas of gully erosion. There are scattered in-line dams used previously 

for stock watering.  The dams generally have little or no riparian cover.  Several dams are 

small and could be expected to dry out regularly.  Most have been able to be utilised directly 

by stock for watering and consequently could be expected to have high suspended solids plus 

nutrient concentrations. For the most part drainage lines above and below these dams would 

appear to flow only during wet weather, with little or no standing water following cessation of 

rainfall.   

 

The main exception to this description of the in-line dams is the large farm dam site IN1.  This 

dam is located on the edge of the Pages River alluvial and receives the drainage from sub-

catchments BC1, BC2 and BC3.  This farm dam is to be retained.   

 

3.3 Field Observations and Anecdotal Information 

 

Over and above the literature reviews, the various field studies undertaken for this project plus 

discussions with locals and Bickham South staff provided additional observational and 

anecdotal information on fish and other aquatic species in the study area:   

 

 Carp are known from the lower Pages River but have not been reported from the upper 

Pages River in the vicinity of the project site.  Carp were however observed at site PR7 

above Camerons Gorge in June 2006.  

 Mine staff reported that the old flint mine void used for overburden disposal from the 

Bickham Coal bulk sampling program was originally stocked with Silver perch and a 

number of these were captured and translocated to one of the dam IN6 pools on the 

property prior to filling of the void during that period.  The translocation may have 

been successful in that sightings of 'Silver perch' were made by mine staff through to at 

least 2006. 

 Plague minnow were observed in shallows of Pages River within the study area in 

August 2004 but not in December 2004 and were not reported (as captures or 

observations) from any of the subsequent field studies through to 2006. 

 Platypus (Ornithorhynchus anatinus) have been reported from the upper Pages River 

and from the section of Pages River adjacent to the proposed open cut mine (Grant 
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1991 and Bickham staff site observations to 2006).  These sightings have been 

confirmed and extended during our field surveys with at least one platypus observed 

on every sampling time between Spring 2004 and Autumn 2006.  They reside in the 

pool above Bickham Gorge (see Figure 2). 

 Although they are expected from the locality, no Australian native water rat 

(Hydromys chrysogaster) scats or feeding stations have been located, no animals have 

been sighted or reported to date and no hairs were collected during the hair trap 

deployment exercise in Autumn 2006.  

 Fishing bats (Myotus myotus) have been observed in the locality by MPR staff and 

confirmed during terrestrial biota field studies for the Bickham Coal Project (M. 

Predavec, pers. comm., 2006).    

 There were a number of water-associated reptiles observed on both streams within the 

study area during the field visits.  Eastern water dragons (Physignathus lesueurii) were 

common, as were Eastern water-skinks (Eulamprus quoyii).   The Eastern snake-

necked turtle (Chelodina longicollis) has been reported by Umwelt (2004) and a large 

number of Eastern snake-necked turtle shells were found along the banks of the Pages 

River and noticed on the stream bed of Kingdon Ponds over the time of the study.  

Anecdotal reports indicate that many of these turtles are killed by a combination of 

drought effects, when farm dams and many river pools dry out and large algae blooms 

plus possibly blue-green algae blooms occur in the remaining pools.  Live eastern 

snake-necked turtles have been reported from the Pages River for every survey from 

Autumn 2005 onwards and have been observed at several Kingdon Ponds sites. 

 

3.4 Aquatic Biota Sampling Results 

 

With respect to aquatic ecological sampling there are currently two data sets available:  

 Umwelt (2004) provided interim results of aquatic macroinvertebrate sampling of 

Pages River and of dams on the project site undertaken in September 2002 and January 

2003.  The report provided a summary of macroinvertebrate taxa and fish species 

caught or observed from dip net samples taken from disturbed bottom habitats, with 

general indications as to when or where each taxa was found (survey 1 or 2 and in river 

or dams).   A further unpublished letter from Umwelt to the proponent provided a 

listing of taxa by common name found on a site-by-site basis for Pages River plus a 

combined taxa list for the on-site dams.   

 Four seasonal aquatic ecology AusRivAS 'edge' surveys have been undertaken by 

MPR for the present project; in Spring 2004, 2005 and Autumn 2005, 2006.  Site 

locations are shown on Figures 1 and 2. 

 

With regard to the combined fieldwork undertaken on the “South Bickham” property and 

downstream of the property, the field data are arranged as follows: 
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 Table 2.1 (p10 above) summarises sampling dates, sample sites and sampling effort for 

the MPR field sampling program. 

 Annexure A provides summaries of field notes for the MPR sampled sites over the 

time of the project, site location photos plus the results of the RCE site analysis.   

 Annexure B provides the results of the combined Umwelt and MPR aquatic biota 

surveys between 2002 and 2006.  

 Annexure C provides the results of the water quality sampling undertaken during the 

MPR field studies. 

 

Note that in the following site assessments, the results for site dams with the exception of dam 

IN1 are generally lumped together by virtue of their similarity in terms of location (on short 

first or second order drainages), generally small size, general lake of riparian habitat and 

usage for direct stock watering.  These dams are to be lost to the mining operation.  Farm dam 

IN1 is generally assessed separately, as this dam is much larger than the others, is located on a 

third order drainage on the edge of the Pages River alluvium and is to be retained. 

 

3.4.1 Site RCE Results 

 

The full results of Site RCE analysis are shown in Annexure Table A-2.  Note that site access 

restrictions meant that RCE assessments could not be made for Sites PR5 and PR6.  Note also 

that the property farm dams (with the exception of IN1) all had the same RCE result.  

Table 3-1 summarises the results of the RCE analysis and the relationship of the site scores is 

shown graphically in Figure 3.  Site photographs are shown in Annexure A-1:  

 

 Generally there is good stream habitat (RCE scores above 70 %) along the Pages 

River, with slightly better habitat in the middle site reaches (around PR2, PR3), and 

with marginally more degraded habitat at the upper reach (around PR1) and 

downstream, above Camerons Gorge (PR7).   

 Overall Kingdon Ponds habitat was degraded, with RCE values ranging from 29 % (on 

the tributary pond sites KPP and KP2 feeding into Kingdon Ponds from the South 

Bickham property), to 62 % at KP4), and there is a general trend in improving RCE 

scores downstream in Kingdon Ponds. 

 The South Bickham property main farm dam (IN1) RCE score was marginal (at 54%) 

and the remaining farm dam scores were all very low (around 29%).  All the farm 

dams (other than IN1) had loose eroded banks due to unrestricted stock access and 

highly modified (ploughed pasture) stream lines feeding into and away from the dams. 
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Table 3.1: Summary of RCE Results 

Ranked RCE 

Sites Score % 

PR2 44 85 

PR3 41 79 

PR4 39 75 

PR1 38 73 

PR7 37 71 

KP4 32 62 

KP3 30 58 

IN1 28 54 

KP1 24 46 

KPO 20 39 

KPP/KP2 15 29 

Rest* 15 29 

Note * :  Rest refers to all Site Dams except IN1 

 

 

Figure 3 REC Scores (as %) for Pages River, Kingdon Ponds and South 

Bickham Farm Dams 
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3.4.2 Aquatic macroinvertebrate and fish results 

 

The full results of the aquatic macroinvertebrate and fish sampling program including site and 

season SIGNAL calculations are shown in Annexure B.  With regard to sample results:  

 Annexure Table B-1 is a list of all aquatic macroinvertebrate taxa collected from 

sampling programs reported by Umwelt (2004) and undertaken by MPR in Spring 

2004, 2005 and Autumn 2005, 2006. 

 Annexure Table B-2 shows the Umwelt (2004) results of aquatic sampling for 

macroinvertebrate and fish fauna undertaken in September 2002 (during drought 

conditions) and in January 2004 (following some easing of drought conditions).  Note 

that Umwelt (2004) identified damselflies to sub-order level and Chironomids to 

Family level, 

 Annexure Table B-3 provides a list of all taxa at the AusRivAS level of identification 

with the combined taxa occurrence over the whole study period.  The table also 

provides individual and combined site/time SIGNAL calculations. 

 

Note that with regard to the assessment of individual site 'health' comparisons provided in 

Annexure B, SIGNAL indices has been used in preference to AUSRIVAS O/E model 

calculations, in line with the findings of Walsh (2006), who concluded that SIGNAL scores 

provide overall better (more sensitive) indicators for human disturbance than AUSRIVAS O/E 

model scores.  Further, Chessman et al (1997) provides catchment-specific SIGNAL scores 

(HU97) for taxa from the Hunter River based on studies over 41 sites in the region.  

Accordingly, the taxa identified from this study have been assigned HU97 scores where 

possible. Taxa found in this study and not assigned a HU97 score in Chessman et al 1997, 

were assigned the more general SIGNAL-2 score (Chessman 2003).   

 

There were 66 macroinvertebrate taxa identified, the majority (56) were arthropods of which 

most (46) were insects comprising the following groupings (at order level): 

 7 Coleoptera families (beetles), 

 10 Diptera families (midges, gnats and flies), 

 3 Ephemeroptera families (mayflies), 

 8 Hemiptera families (boatmen, striders etc.), 

 9 Odonata families (dragonflies and damselflies) 

 6 Trichoptera families (caddis flies), 

 Three other families (moths, dobsonfly and stonefly). 

 

The remaining arthropod taxa comprised 6 crustaceans (class Crustacea), Ostracod seed 

shrimp, Amphipod water slaters, Acarina mites and Collembola springtails.   
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The remaining taxa were from 4 phyla, the Annelids (worms), Molluscs (snails and clams), 

Platyhelminths (flatworms) and Porifera (sponges).  There were 3 Molluscs (2 bivalves and a 

gastropod) plus thee Annelids (2 leeches and a worm).   

 

A comparison of the combined study results with the results for 1997 autumn and spring 

sampling at the Blandford road crossing site (Hose and Turak 2004) located some 8 km 

upstream of the “South Bickham” property (see site HUNT510 on Figure 1), showed that 37 

of the taxa recorded in 1997 were recorded in the present studies.  Further, the majority of 

aquatic macroinvertebrate families identified from the combined Bickham study results have 

been previously reported from the Hunter River catchment (Chessman et al 1997, Hose and 

Turak 2004) with the following exceptions: 

  

• One taxa (the dragonfly, Family Telephlebiidae) was not reported 

previously by Chessman et al (1997) from the Hunter River,  nor was it 

expected or found in Pages River by Hose and Turak (2004).   

• The Caddis fly (Family Philopotamidae) was not reported by Chessman 

et al (1997) but was found by Hose and Turak (2004) at the upper Pages 

River site (above Murrurundi) in both riffle and edge samples and also at 

the Blanford site in riffle samples.   

• The stonefly (Order Plecoptera) was identified once from 'the dams' by 

Umwelt (2004) although this identification cannot be confirmed.  It was 

not recorded by Chessman et al (1997) from their Hunter River samples 

and was not recorded in the MPR samples reported here.   Plecoptera 

were however found by Hose and Turak (2004) at the upper Pages River 

site (above (Murrurundi) in both riffle and edge samples.  It was neither 

expected nor found at sites further down the River (at Blanford or Allans 

Bridge).   

 

River samples yielded more taxa than project dam sites and Kingdon Ponds sites, and this is 

attributed to the overall greater habitat complexity of the Pages River pools which had more 

overhanging riparian vegetation, a greater diversity of riparian vegetation and overall more 

habitat complexity (e.g. leaf litter, rocks, large woody debris) within the pools.   

 

With regard to the combined SIGNAL pollution grading indices for the macroinvertebrate 

taxa identified during this study there were: 

 11 pollutant tolerant taxa (SIGNAL index values 1 or 2), 

 22 relatively pollutant tolerant taxa (index values 3 and 4) 

 18 relatively intolerant taxa (indices of 5 to 7), and 
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 6 pollution intolerant (sensitive) taxa (indices 8 to 10). 

Detailed individual site by sample time SIGNAL scores are shown in Annexure Table B-3, 

and Table 3-2 (below) provides summary statistics for different river or creek reaches and for 

farm dams.  Figure 4 shows a plot of Mean (± Standard Error of Mean) Reach and Dam 

SIGNAL scores for the whole study and Figure 5 provides a plot of seasonal change in 

individual 'reach' SIGNAL scores over the study period (2002 to 2006). 

 

For the comparison, the combined Umwelt and MPR data for individual river reaches in Pages 

River within the South Bickham property (evenly divided into four reaches from PRtop to 

PRbot were compared to combined data for the Main farm dam (IN1), the combined 

remaining Farm Dams (Dams) and the combined Kingdon Ponds sites (KP).  For comparison, 

Table 3.2 also shows the SIGNAL scores for the Pages River site at Camerons Gorge (Camrn) 

and the farm dam below the South Bickham property into which the south-west flowing sub-

catchment discharges (KPP), both sampled once.    

 

Table 3.2: Summary of River Reach & Dam SIGNAL Scores 

 Scores for River Reaches and Dams* 

Statistic PRtop PRup PRdn PRbot Camrn IN1 Dams KP KPP 

Total 4.8 4.5 4.6 4.6 4.0 4.2 4.1 3.8 3.0 

Min 4.0 3.0 3.9 3.9  4.1 3.7 3.6   

Max 5.3 4.8 5.0 5.2  4.4 4.8 4.3   

Mean 4.7 4.3 4.4 4.4  4.2 4.2 3.8   

SE of Mean 0.2 0.2 0.2 0.2  0.1 0.1 0.2   

Notes" See Text for explanation of Sites and Statistics 

 

Results for the total study comparisons (Fig 4) may be summarised as follows: 

 

 The study mean SIGNAL scores for all the Pages River reaches (4.3 to 4.7) were 

marginally higher than those for the Main Farm Dam IN1 (4.2) and the remaining 

Farm Dams (4.1).   

 All Pages River related sites had higher scores than Kingdon Ponds (mean 3.8).  

However, there were wide seasonal variations in the River Reach data as indicated by 

the standard error bars in Fig 4. 

 

This variation can be seen in the data presentation in Figure 5, which compares individual 

'reach' values against each other for each seasonal sample: 

 

 Overall Pages River Reach SIGNAL scores were depressed in Spring 02 and Summer 

04 (both drought periods - Umwelt data), whilst Farm Dam IN1 and combined other 

dam values were comparatively high.    
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 Pages River reach SIGNAL values were better over the next two (comparatively wet 

seasons (Spring 04 and Autumn 05) and then there was a steady decline for the Pages 

River Top sites over the remaining (drier) sampling periods (Autumn 05 to Spring 05 

to Autumn 06).   

 The single Cameron Gorge upstream site sampled in Spring 2006 had the lowest score 

for the Pages River at that time.    

 Within-season comparisons for Pages River reaches indicate that the upstream reach 

(i.e., above the IN1 Dam confluence) generally has the higher SIGNAL score, the two 

middle reaches (PRup = IN1 to Bickham Gorges and PRdown = immediately 

downstream of Bickham Gorge) generally have depressed values and the lower site 

(PRbot) has a score somewhere between the Up and Middle sites.  This is most clearly 

seen in the Spring 04 and Autumn 05 comparisons.  

 Combined Farm Dam SIGNAL scores remained more or less the same over time but 

did not reach the initial high value recorded by Umwelt in Spring 02. 

 The Farm Dam IN1 values in Spring 05 and Autumn 06 were similar but still 

depressed when compared to the Spring 02 value. 

 Comparison of the individual farm dam SIGNAL scores for Autumn 05 indicates that 

the three lowland (alluvial) dams (IN1 to IN3) had slightly better indices than the 

upper dams (IN5 to IN7).  

 Whilst for Kingdon Ponds there was an initial low combined SIGNAL score in Spring 

04 with a steady increase over time (Spring 05 and Autumn 06), this is more a 

reflection of the greater number of downstream sites included in the seasonal samples 

after the initial sample (which only included sites from the immediate confluence area 

below the South Bickham property. 

 

To summarise the macroinvertebrate results: 

 The 40 samples over six seasons yielded a diverse aquatic macroinvertebrate fauna, 

with most taxa generally reported from other sites studied in the Hunter River. 

 Pages River sites generally have higher numbers of taxa (greater diversity) and higher 

SIGNAL scores than other sites, indicating an overall greater number of pollution 

intolerant taxa present, which most probably relates to a combination of better (more 

diverse habitat complexity and better water quality (in comparison with the remaining 

areas sampled; farm dams and Kingdon Ponds).   

 Farm Dam IN1 has SIGNAL scores similar to the other farm dams even though it has a 

much greater surface area, plus better RCE results and appears to have a greater depth 

than other farm dams.   

 The three lower (alluvial) farm dams (IN1 to IN3) had slightly higher SIGNAL scores 

than the upper slope dams (IN5 to IN7). 
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 Kingdon Ponds sites had depressed values compared to Pages River but there was a 

general increase in SIGNAL scores downstream. 

 

3.5 Aquatic Sampling Site Water Quality Results 

 

Specific site water quality data obtained during the aquatic ecological sampling program are 

provided in Annexure C to this present report: 

 Annexure Table C-1 provides the water quality data for the Pages River sites. 

 Annexure Table C-2 provides the water quality data for Kingdon Ponds sites. 

 Annexure Table C-3 provides water quality data for the South Bickham Farm Dam 

sites. 

 

Analysis of these results against the ANZECC/ARMCANZ (2000) water quality guidelines 

for the protection of aquatic biota and against the analysis of overall Pages River long-term 

water quality data (as provided in the Surface Water report for this WRA/WMP) indicates the 

following: 

 

 Water conductivity recorded during the aquatic ecology fieldwork generally exceeds 

the ANZECC/ARMCANZ (2000) recommended range of 30 to 350 µS/cm for 

protection of aquatic life in upland rivers.   

 This is in line with the results of the specialist surface water study for the WRA, which 

concluded, from the analysis of available long-term water chemistry data, that the 

average long-term conductivity over the period of record at Bickham is 423 µS/cm.   

 The WRA/WMP analysis also noted that, whilst other reaches in nearby river system 

had comparable conductivity readings (in the range of 322 – 677 µS/cm), Scotts Creek 

had a mean long-term conductivity value of 986 µS/cm, indicating that this creek is 

likely to be a significant contributor of salt to the Pages River.  

 Further, river gradient analysis undertaken for the WRA/WMP in 2003 and reported in 

the specialist Ground Water section of the WRA/WMP report indicated progressive 

changes in conductivity and pH downstream in Pages River from Bickham Gorge (Fig 

2), indicative of sufficient groundwater inflow to the river to have a measurable effect 

on water quality during low flow, such as occurred at that time.  Subsequent sampling, 

when river flow was higher, did not exhibit the same trend, indicating that 

groundwater is only a significant contributor to river flow/quality when the flow in the 

river is very low. 

 Mean Pages River water conductivity over the aquatic ecology study period was 

elevated (800 µS/cm) and variable (590 to 960 µS/cm), with higher values during 

periods of low flow (mean 937 µS/cm during the Autumn 05 low flow period 

compared to mean 609 µS/cm during the moderate flow period in Spring 2005).   
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 Conductivity was highly elevated in the main farm dam (IN1 - located on the alluvial 

plain), ranging from 2083 to 3460 µS/cm.  This is in line with results presented in the 

WRA/WMP surface water data analysis which found that sites within the creek 

feeding to the main farm dam (IN1) exhibited conductivity levels significantly higher 

than those in the Pages River, which were probably attributable to a combination of 

effects of the drought and higher salinity loads, as a result of naturally occurring saline 

sources in the catchment. 

 All the other Bickham farm dams (with the exception of IN3) had relatively low 

conductivity readings (139 to 401 µS/cm) whilst conductivity at IN3 (also located on 

the alluvial plain) was around 2056 µS/cm. 

 Conductivity in Kingdon Ponds sites was elevated, ranging from 940 µS/cm at KP5 to 

4385 µS/cm at KP2.  Mean creek conductivity was 2450 ± 360 µS/cm. 

 Water acidity is generally alkaline and often above the ANZECC/ARMCANZ (2000) 

upper level of 8 pH units for protection of aquatic life.  Mean Pages River and South 

Bickham Dam pH values were similar (8.5 ± 0.2 pH units) and elevated with respect to 

Kingdon Ponds (mean 7.9 ± 0.1 pH units). 

 Dissolved oxygen (DO) values are highly variable, ranging from 33 % saturation 

(KP2) to 300 % sat (IN2 spring 2005).  Mean DO values for Pages River and Farm 

Dams were similar (both around 105 ±12 % saturation).  Kingdon Ponds mean (for 

sampling in June 2006) was 86 ± 14 % saturation.  In most cases the measured high 

oxygen saturation values were associated with observed high densities of algae (both 

attached and in-water),  and the high algae loads were likely associated with elevated 

nutrient loads as documented in the WRA surface water analysis which reported that 

the Total Phosphorus levels in the Pages River at Bickham are unusually high for an 

upland river system, with an average of 1.6 mg/L and a maximum of 95 mg/L.  

 In this respect DoP (2005 noted that "nutrient concentrations in the river are often 

elevated, with concentrations well in excess of recommended concentrations for the 

protection of aquatic life.  Some Ammonia concentration readings have reached levels 

where mild toxic impacts can be expected".  Such effects may have contributed to the 

observed deaths of Long-necked turtles (see Section 3.2). 

 Turbidity values were highly variable ranging from 1.3 NTU (KP4 and PR7) to 207 

NTU KPP.  Elevated levels were almost always related to stock access, with the higher 

values recorded when stock were actually in the dams or pond sites.  The WA surface 

water study noted that turbidity levels in the Pages River at Bickham were highly 

variable, with a maximum of over 1,000 NTU being recorded during high flow 

periods. 
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3.6 Expected Fish Species for Pages River 

 

Table 3. shows the combined possible fish list for Pages River at Bickham, resulting from the 

literature review presented above, from additional information on expected species provided 

by NSW Fisheries and from survey plus observational data obtained from the study.  Table 3. 

shows fish (and other non-macroinvertebrate aquatic fauna) observations from this study.  

Whilst there have been known releases of Rainbow and Brown trout to the River they have 

not been included in the fish list as it considered that river water temperatures would be too 

warm to sustain natural populations. 

 

Of the 19 possible species, six have been recorded from the Pages River above Camerons 

Gorge.  Of the remainder, nine are expected to occur in the lower Pages River at least, as they 

are known from the Hunter River immediately below the causeway at Brushy Hut Road (near 

Scone).  The remaining 4 species are possible (based on their occurrence in higher reaches of 

other tributary rivers or streams flowing to the Hunter River).    

 

Umwelt (2004) reported two fish species observed in the Pages River; Freshwater Catfish 

(Tandanus tandanus) and Darling River hardyhead (Craterocephalus amniculus).  The 

Freshwater catfish is confirmed for the locality, both from the recent DPI survey program and 

from the MPR observations.  However, the report of the Darling River hardyhead (also known 

as the Darling hardyhead) cannot be confirmed. DPI Fisheries biologists indicate that it is 

highly unlikely that the Darling River hardyhead occurs in the Pages River and suggest that 

reference to its possible occurrence (also cited in Allen et al 2002) may be incorrect.   

 

Notwithstanding this conclusion, Morris et al (2001) did list the Darling hardyhead as a 

species of concern: 

 

  • “The Darling hardyhead (Craterocephalus amniculus) is listed due to its 

taxonomic uncertainty. It is endemic to streams in the upper Darling 

River system. Specimens tentatively identified as Craterocephalus 

amniculus were collected from upper Bowmans Creek (Hunter River 

Catchment) in 1976 and 1980, though no further individuals have since 

been collected” (cited in Morris et al 2001).  

 

In this respect, Ivantsoff and Crowley (1996) indicate that small specimens of Darling River 

Hardyhead may be confused with eastern Gambusia or Retropinnids. Eastern gambusia is 

common throughout the Hunter River catchment and Australian smelt (a Retropinnid), is 

commonly reported from both Pages River and from Bowmans Creek.  For the Pages River it 

is reported in the original and recent DPI fish surveys of Pages River, and from all our Pages 

River surveys.   For Bowmans Creek, Australian smelt is reported from both fish capture plus 

electrofishing seasonal surveys undertaken between 2005 and 2008 (MPR 2008), with no 
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Darling hardyheads reported from any of these surveys.  Accordingly, it is concluded that the 

Darling River hardyhead identification by Umwelt (2004) should probably be considered as a 

miss-identification of an Australian smelt.    

 

Table 3.3: Freshwater Fish Species Possible in the Upper Pages River 

Family Species Common Name 
Native/ 

Intro 

Pages 

River* 

Anguillidae Anguilla australis Short-finned eel N ex 

Anguillidae Anguilla reinhardtii Long-finned eel N √ 

Clupidae Potamalosa richmondia Freshwater herring N ? 

Cyprinidae Carassius auratus Goldfish I ? 

Cyprinidae Cyprinus carpio Common carp I √ 

Galaxiidae Galaxias maculatus Common jollytail N ? 

Galaxiidae Galaxias olidus Mountain galaxias N ex 

Gobiidae Gobiomorphus australis Striped gudgeon N √ 

Gobiidae Gobiomorphus coxii Cox's gudgeon N ex 

Gobiidae Hypseleotris compressa Empire gudgeon N ex 

Gobiidae Hypseleotris galli Firetail gudgeon N ex 

Gobiidae Hypseleotris klunzingeri Western carp gudgeon N ? 

Gobiidae Philypnodon grandiceps Flat-headed gudgeon N ex 

Gobiidae Philypnodon sp. Dwarf flat-head gudgeon N ex 

Mugilidae Myxus petardi Freshwater mullet N ex 

Percichthyidae Macquaria novemaculeata Australian bass N ex 

Plotosidae Tandanus tandanus Freshwater catfish N √ 

Poecilliidae Gambusia holbrooki Plague minnow I √ 

Retropinnidae Retropinna semomi Australian smelt N √ 

Notes *      

 Species actually recorded in Pages Creek marked with a √. ex = Expected. ? = Possible. 

 

 

3.7 Threatened Species Provisions of the Fisheries Management Act 1994  

 

Freshwater fish and several freshwater macroinvertebrate are listed as threatened under the 

Threatened Species Provisions of the FMA and proponents are obliged to consider the 

threatened species provisions of the FMA for any development.  

 

Inspection of Tables 3.3 and 3.4 indicate that there are no 'endangered fish' species reported or 

expected from the study area or region.  Specifically, neither of the two endangered fish 

reported from NSW coastal river systems (the Eastern freshwater cod and the Oxleyan pigmy 

perch) are reported or expected from the study area.   
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Table 3.4: MPR Fish, Tadpole and Reptile Observations 

Site Date Catfish Long Fin 

eel 

Austral 

smelt 

Gudgeon Common 

carp 

Long neck 

turtle 

Tadpoles Water 

dragon 

IN1 8/12/04   x       

IN2 8/12/04          

KP2 9/12/04      x    

PR1 7/12/04 x x x x  x x   

PR2 8/12/04   x x  x x   

PR3 8/12/04 x x x    x   

PR4 9/12/04 x   x       x x 

IN2A 19/4/05          

IN3 20/4/05      x    

IN5 19/4/05      x    

IN6A 19/4/05      x    

IN6B 19/4/05          

IN7 19/4/05      x    

PR1 18/4/05 x x x   x    

PR4 20/4/05 x   x           

IN1 9/11/05  x x   x x   

KP1 9/11/05       x   

PR1 8/11/05   x    x   

PR2 10/11/05   x Striped   x   

PR3 9/11/05     x       x   

IN1 1/6/06          

KP2 31/5/06          

KP4 31/5/06          

KPO 31/5/06          

KPP 31/5/06          

PR1 1/6/06 x  x       

PR4 1/6/06 x  x       

PR7 7/6/06 x   x   x       

 

 

Llewellyn (1983) reported that the Eastern freshwater cod lives in the larger northern rivers 

such as the Clarence, Nymboida and Mann.  The Oxleyan pygmy perch lives in coastal 

swampy drainages, reedy and weedy lake margins and slow-flowing rivers with sandy 

bottoms possibly in and north of the Richmond River (Kuiter et al 1996).   

 

The western population of the Freshwater or Eel-tailed catfish (Tandanus tandanus) is 

currently being considered for protection under the NSW FMA as an endangered population 

in the Murray-Darling Basin, but the eastern population of the species is not being considered 

for listing.  It is however still noted as a “species of concern” by Morris et al (2001) as “its 
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distribution and abundance has been significantly reduced throughout the southern parts of its 

known range”. Freshwater catfish are generally found close to sand or gravel bottoms in slow 

moving streams, lakes and ponds with fringing vegetation (Allen et al 2002), habitat features 

consistent with that encountered in Pages River. This species has been recorded from pools in 

the Pages River during all seasonal surveys between 2004 and 2006 (Table 3.4). 

 

There are no listed 'vulnerable fish' species reported or expected from the natural streams of 

the study area or region: 

 Macquarie perch is reported from the Hawkesbury and Shoalhaven River systems but 

is not reported from the Hunter River system (Harris and Rowland 1996). In the areas 

where it occurs, Macquarie perch live mostly upstream of Australian bass.  

 Silver perch (Bidyanus bidyanus) is reported from most of the Murray-Darling 

drainage excluding the cool, high upper reaches of streams on the western side of the 

Great Dividing Range (Merrick 1996).  It has not been reported from the Pages River 

and in not expected.   

 The old flint mine void was stocked with Silver Perch in the past and this population 

was subsequently translocated into Farm Dam IN6 (Figure 1).  Observations during the 

survey in Autumn 2005 indicated that there were Silver Perch remaining in the dam.   

 

Adams Emerald Dragonfly Archaeophya adamsi  Fraser, 1959 (family Gomphomacromiidae) 

is listed as vulnerable under the FMA.  It is the only NSW species of this genus and family, 

and the majority of its life-cycle is aquatic.  The larvae of A. adamsi  have an estimated 

aquatic life span of more than 7 years, which is the vast majority of its total life span. Low 

population sizes and a long larval period indicate an extremely low rate of natural recruitment 

and therefore slow recovery from population declines.  Specimens of A. adamsi  are extremely 

rare, having only been found in small streams, with occasional finds of single aquatic larvae or 

exuviae. Prior to 1998, only 5 adult specimens were known, indicating that this species has 

extremely low local population sizes. 

 

A. adamsi has been collected from 4 localities in NSW: Somersby Falls and Floods Creek in 

Brisbane Waters National Park near Gosford; Tunks Creek near Berowra and Hornsby; 

Bedford Creek in the Lower Blue Mountains and Hungry Way Creek in Wollemi National 

Park. The species has not been found elsewhere in the Hawkesbury watershed or in the 

Sydney region, despite active collecting over the last 30 years.  The most frequent habitat type 

identified for this species is small low-land feeder stream with clear and non-polluted running 

stream water and high riparian vegetation cover. 

 

Chessman et al (1997) sampled macroinvertebrate fauna from 42 sites in the Hunter River 

catchment (but with no sites in Pages River) and recorded no Gomphomacromiidae.  Hose and 

Turak (2004) sampled three sites in the Pages River and recorded no Gomphomacromiidae.  

The surveys of Pages River over six seasonal sampling events reported above also found no 
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Gomphomacromiidae, even though all surveys included specific searches for 

Gomphomacromiidae.  

 

The potential for finding A. adamsi in streams feeding into the Hunter River is therefore 

considered remote.  Nevertheless, owing to the poor level of knowledge of this species 

throughout the state plus the presence of numerous 'small feeder streams with clear running 

stream water and high riparian vegetation cover' the presence of this species in the region 

cannot be entirely discounted.   

 

Whilst the presence of A. adamsi in sections of upper Pages River feeder streams cannot be 

entirely discounted, its presence can be discounted from the discharges draining from the 

project area to Pages River and Kingdon Ponds.  These ephemeral drainages do not fit the 

description of 'small feeder streams', do not have 'dense riparian vegetation cover and do not 

have permanent pools (other than in-line farm dams).  That is, it is considered that Adams 

Emerald Dragonfly would not occur in the project area stream sections or in the Pages River 

adjacent to the project area.  

 

From the above considerations, it is concluded that no species of fish or aquatic invertebrates, 

as currently listed under the NSW Fisheries Management Act 1994 (FMA), or under the 

Commonwealth Environment Protection & Biodiversity Conservation Act 1999 (EPBC Act), 

were recorded in any of the Pages River or Kingdon Ponds monitoring conducted to date, and 

no protected fish, as listed under the FMA, have been found or observed.  None of the fish 

species shown as recorded or expected from Pages River in Tables 3.3 and 3.4 are listed under 

the FMA or EPBC Act.  

 

3.8 Groundwater Dependent Ecosystems 

 

The WRA/WMP report provides a detailed synopsis of the groundwater characteristics of the 

South Bickham property.  The groundwater study has found that there are distinct hard rock 

and alluvial aquifer systems in the general vicinity of the Bickham Project and these are 

described as follows: 

 

 Groundwater is generally present within the hard rocks throughout the area, with 

considerable local variations in permeability.  The coal measures would not generally 

be considered significant aquifers, but moderate permeability capable of sustaining 

small yields is sometimes encountered in the coal seams, or in the sandstones and 

siltstones within the interburden sediments.  

 The upstream end of Bickham Gorge marks the southerly extent of Quaternary-Recent 

floodplain alluvium associated with the upper reaches of the Pages River.   

 Through the Bickham Project area and downstream, the Pages River then flows 

through bedrock with limited alluvial development until the river reaches the 

downstream end of Cameron‟s Gorge, where a further extensive alluvial floodplain 
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occurs downstream.  Thus, occasional small discontinuous occurrences of stream bank 

alluvium within the bedrock zone adjacent to the Bickham project are not considered 

part of the alluvial aquifer system, as they are not hydraulically connected with the 

floodplain alluvium upstream of Bickham or downstream of Gundy. 

 Both the hard rock and the localised alluvial aquifer systems in the Bickham project 

area are recharged entirely by infiltration of local rainfall.  

 Groundwater flow direction is generally from topographically elevated areas (the ridge 

tops) towards low-lying discharge areas - Pages River, Kingdon Ponds, their tributary 

streams and local gullies, and groundwater flow directions generally mirror the 

directions of surface runoff.  The hardrock and local alluvial aquifers discharge 

naturally by either evapotranspiration, or by seepage to either the Pages River or to the 

surface at other topographic low points, such as in the valleys of tributary streams.  

 

With regard to the connectivity of the groundwater systems with the Bickham Coal project 

and the consequent possibility of aquatic GDEs in the area, the following conclusions from the 

groundwater report are relevant: 

 

 As groundwater levels in the hard rock aquifer system are higher than the adjacent 

elevations of surface flow in Pages River, the river is at all times a potentially 

“gaining” stream (i.e., potentially accepting inflows from groundwater) through the 

Bickham Project area. 

 The upstream and downstream alluvial floodplains are hydraulically isolated from the 

Bickham mine site. 

 In areas where the Pages River stream-bed is occupied by shallow accumulations of 

stream-bed sand, gravel and boulders, the proportion of flow within the stream-bed 

deposits is believed to be small, as there are only small differences in visible 

(measurable) flow rates between sites with a bedrock base and those which have a base 

of stream-bed gravels. 

 

There is no major point of groundwater discharge direct to the Pages River.  Rather, as noted 

in the Groundwater report, the discharge occurs in a dispersed manner as a number of small 

volume seepages either along the banks of the river above or below water level, or at low 

points in the valleys of tributary streams.  A few of these seepages have elevated salinity and 

several seepages are acidic. 

 

Groundwater seepage discharges within the project which have been noted during the aquatic 

ecology surveys are as follows (see Figure 2 for sub-catchment locations): 

 Sub-catchment BCN1 alluvium seepage below the main farm dam IN1; 

 Sub-catchments BCE1 and BCE2 alluvium seepages immediately above farm dam 

IN2; 

 Coal or hardrock seepages along the two drainage lines, in sub-catchment PR01; 
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 Hardrock seepage along the drainage line in sub-catchment PR03; 

 Coal seepage to the Pages River bank immediately below Bickham Gorge (above site 

PR2); 

 Pages River between the PR01 sub-catchment boundaries; 

 Pages River, some 600 m upstream of site PR03.   

 

The observed seepages were slight and ephemeral and did not provide any significant aquatic 

ecological habitat or resources.  This is consistent with the conclusions of the groundwater 

report, which noted that although within the Pages River catchment as a whole, groundwater 

baseflow is a significant component of stream flow, where the river flows through the 

Bickham Coal Project area there is very limited surface water - groundwater interaction.  The 

total estimated baseflow contribution to Pages River from the immediate project area is in the 

order of 650 to 850 kL/d, or less than 1 percent of the average flow rate in Pages River at 

“South Bickham”. 

 

There was no indication of aquatic GDEs associated with the observed seepages.  Given the 

relationship of the groundwater system to the Pages River and to the Kingdon Ponds 

discharges within the Bickham Coal project area, as outlined in the WRA/WMP and 

summarised above,  significant aquatic GDEs are not expected in the project area.   

 

Further, the coal measure seepages that flow directly into the river are often associated with 

higher salinity and sometimes with low pH, and are expressed along river edges by areas of 

dead (bleached) algae (see site photos in Annexure A).  These areas are localised degraded 

aquatic habitats.  Even though the contribution to baseflow in Pages River is minor,  the 

higher salinity groundwater seepages also result in measurable elevated river conductivity 

from below the BCE2 catchment and downstream from Bickham Gorge (compared to 

upstream), particularly during low flow events when groundwater supply is proportionally 

more important to river flow.   
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4.0 AQUATIC HABITAT ASSESSMENT 

 

The results of the combined aquatic ecology literature review, field studies and surface water 

plus groundwater study results were used to classify the South Bickham sub-catchment 

drainages and the receiving waters (Pages River and Kingdon Ponds) against the NSW 

Fisheries' stream classification scheme (NSW Fisheries 1999b, as summarised in Table 4.1 

below).  The results may be summarised as follows: 

 Pages River within the South Bickham property boundaries provides significant 

general aquatic habitat and significant fish plus platypus habitat on a regional basis.  

The river supports platypus and 6 of the possible 19 fish species known or expected in 

the Pages River.  As there are no site significant impediments to fish or platypus 

migration,  the Pages River in the study area is important for platypus and fish passage.    

Therefore, Pages River within the study area must be considered a Class 2 stream 

under the NSW Fisheries' classification scheme.  Note also that Pages River is 

classified as „Class 2‟ by NSW DPI (2006b).  

 Most South Bickham sub-catchment drainages (with the exception of the sub-

catchments referred to below) are classified as Class 4 drainages.  They are generally 

dry gullies, grassy pasture depressions or shallow floodplain depressions with no 

permanent wetland aquatic flora present.  They have intermittent flow during rain 

events only and most have little or no defined drainage channels.  There is little or no 

free-standing water or pools after rain events (other than in the in-line farm dams).   

 Parts of the BCW2 lower catchment draining to Farm Dam IN1, the BCN1 drainage 

below dam IN1 and the KP03 drainage at the southern end of the property are 

considered Class 3 drainages as they provide some limited potential refuge, breeding 

or feeding areas for some aquatic fauna and they interconnect some ephemeral 

wetlands.   

 The BCN1 drainage also provides the connection of farm dam IN1 (which supports 

several native fish species) to the Pages River.   

 Whilst the four PR sub-catchment drainages (PR01 to PR05) are also considered Class 

4 due to the lack of permanent and semi-permanent water plus the lack of aquatic 

biota, they are in a natural state with good riparian cover.  At least two (PR01 and 

PR03) have shallow coal-based groundwater seeps.   

 The in-line Farm Dams (with the exception of IN1) are generally part of the Class 4 

classification attributed to the sub-catchment drainages.  Even though they provide 

some aquatic habitat, the habitat they provide is poor due to intermittent water supply, 

stock damage and water quality issues related to stock damage and stock access.  

Whilst the larger of the IN6 dams may still support some translocated Silver perch, its 

status as aquatic habitat is still considered low.  Most of the dams would appear to 

provide habitat for Long-necked turtles although there is ample evidence that during 
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prolonged drought conditions water quality (and quantity) can deteriorate to the extent 

that the turtles have to leave, resulting in many deaths.   

 Farm dam IN1 is classified as a Class 3 aquatic habitat by virtue of the fact that it 

supports at least two native fish species.  This is in spite of the high water salinity 

recorded in the dam.  However, by virtue of its size (capacity) it is considered that this 

dam provides drought refuge.  

 

 

 

Table 4.1: Fish Habitat Classification Scheme 

Class 1 - Major fish habitat 

Large named permanently flowing stream, creek or river.  Threatened species habitat or area 

of declared "critical habitat' under the threatened species provisions of the Act. Marine or 

freshwater aquatic vegetation is present.  Known fish habitat and/or fish observed inhabiting 

the area. 

Class 2 - Moderate fish habitat 

Smaller named permanent or intermittent stream, creek or watercourse.  Clearly defined 

drainage channels with semi-permanent to permanent waters in pools or in connected wetland 

areas.  Marine or freshwater aquatic vegetation is present.  Known fish habitat and/or fish 

observed inhabiting the area. 

Class 3 - Minimal fish habitat 

Named or unnamed watercourse with intermittent flow, but has potential refuge, breeding or 

feeding areas for some aquatic fauna (e.g. fish, yabbies).  None to minimal defined drainage 

channel.  Semi- permanent pools, ponds, farm dams or wetlands nearby, or form in the 

watercourse after a rain event.  Watercourse interconnects wetlands or stream habitat. 

Class 4 - Unlikely fish habitat 

Named or unnamed watercourse with intermittent flow during rain events only, little or no 

defined drainage channel, little or no free standing water or pools after rain event finishes (e.g. 

dry gully, shallow floodplain depression with no permanent wetland aquatic flora present).  

No aquatic or wetland vegetation present. 

Source: NSW Fisheries (1999b) 
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5.0 IMPACT ASSESSMENT 

 

Mining operations will include the operation of the pit and the out-of-pit dumps, together with 

the necessary roads, mine infrastructure and workforce facilities, which together will 

encompass an area of approximately five square kilometres.  A rail loop will be constructed 

which will allow the coal to be transported to the Port of Newcastle from the beginning of the 

mine‟s operation.  Train loading facilities and coal crushing and stockpiling facilities will be 

associated with the rail loop.  Washing of the coal will not be undertaken so that the mine 

water use will be inherently lower than for other coal mining operations.   

 

5.1 Relationship of Proposed Mine to Bickham South Sub-catchments 

 

The location of the proposed open cut mine and of the various mine related works are shown 

as staged mine plans in the main report, which should be consulted for detail proposal 

locations and designs.   As noted in Section 4.1.2 there are 12 sub-catchments draining to the 

Pages River (Figure 2). The relationship of these sub-catchments to the proposed project is 

summarised below. 

 

Three sub-catchments (BCW1, BCW2 and BCW3) discharge to the main farm dam (IN1) and 

this dam plus the northern sub-catchment BCN1 discharge to the Pages River at the north-

eastern property boundary.   

 Sub-catchments BCW1 and BCN1 plus dam IN1 are not directly impacted by the 

proposal.  

 The portion of sub-catchment BCW2 within the South Bickham property is partly 

traversed by the proposed rail spur-line connecting the main northern line to the 

proposed rail loop and partly used for over-burden placement. 

 Sub-catchment BCW3 drains a portion of the proposed open cut mine area, the 

proposed mining site facilities, proposed mine water dam, part of the proposed 

stockpile and crushing area and part of the proposed rail loop.  The north-eastern 

slopes, including the two linked dams (IN6A and IN6B) will be used for overburden 

placement.  

 

Most of the area proposed for open cut mining drains to the west from the escarpment above 

Pages River and most drains to Pages River via four sub-catchments; BCW3 (discussed 

above), BCE1, BCE2 and PR01 (see below).   Sub-catchments BCE1 and BCE2 discharge 

into a farm dam (IN2) which discharges to the river some 200 m downstream.  The northern 

most section of open cut mining (PR01, which includes the former bulk sample pit) drains 

directly to Pages River via two ephemeral drainage lines: 
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  The upper sections of PR01drainage line have already been lost to the former bulk 

sampling works and most of the remaining lines would be lost to the proposed open 

cut mining.   

 BCE1 drains about half of the proposed open cut mine, a portion of the Stockpile and 

Crushing area and the rail loop.  Farm Dams IN7 and IN3 would be lost to the 

proposed works.   

 BCE2 drains a small portion of the open cut mine and the remainder of the drainage 

line including Dam IN2 would be lost to the initial (Stage 1) overburden placement. 

 

The escarpment forming the eastern side of the remaining open cut mine drains east via four 

sub-catchments directly to Pages River.  There are no in-line dams on these sub-catchment 

drainages: 

 There are no defined drainage lines from PR02 to Pages River.  The boundary of the 

open-cut mine does not extend into this catchment. 

 PR03 and PR04 drain to the Pages River via short (less than 1 km) drainage lines.  The 

boundary of the open-cut mine extends into the uppermost section of the PR03 

catchment but not into the PR04 catchment. 

 PR05 drains from the escarpment to the south-east of the proposed open cut mine to 

Pages River.  The boundary of the open-cut mine does not extend into this sub-

catchment. 

 

The southern-most part of the open cut mining is located in sub-catchment KP02, which 

drains west under the highway and railway to join sub-catchment KP01.  KP01 then drains via 

a farm dam (KPP) to discharge to Kingdon Ponds: 

 The upper portion of the KP02 drainage would be lost to the open cut mine proposal 

with the lower portion used for overburden placement.   

 A portion of KPO1 located within the South Bickham property would be used for 

overburden placement. Also, some overburden would be placed onto the small 

drainage line which drains directly to farm dam KPP. 

 The northern slopes of sub-catchment KP03 would be used for overburden placement.  

  

5.2 Direct Loss of Drainage Line and Farm Dam Aquatic Habitats 

 

In the following impact assessment sections references are made to the necessity for obtaining 

concurrence from the Minister administrating the Fisheries Management Act 1994.  Whilst 

under Part 3A assessment some concurrence requirements may not be required they have been 

noted here to indicate the areas of assessment that could become the focus of appropriate 

consultations with DPI Fisheries. 
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With respect to aquatic habitat in the defined project area, the main expected direct impacts 

relate to loss of drainage lines and in-line farm dams to the various mining elements.  

Considering the lack of any significant aquatic habitat or aquatic habitat potential in the 

affected drainage lines and in the majority of farm dams (but see below), the loss of the 

drainage lines and farm dams to mining-related activities is not considered significant.   

 

Whilst the existing dams do not provide any significant aquatic habitat, they still provide some 

habitat for some species.  Accordingly the dams to be excised would be dewatered and any 

native fish (known or expected from the Pages River catchment) or turtles found in the dams 

would be removed and translocated to the Pages River.  Note that placement of fish into NSW 

waters requires a permit issued under the Fisheries Management 1994 (FMA).   

 

With respect to any translocated Silver perch (Bidyanus bidyanus) that may still remain in 

Dam IN6, it is recommended that these be netted out of the dam prior to dewatering and 

moved to another suitable farm dam.  Note that this operation would also need to be approved 

by DPI Fisheries as Silver perch is listed as an endangered species but is not native to the 

Pages River catchment and under Part 7(7) of the FMA, live fish cannot be released into any 

waterway including ponds, dams or drains, without authorisation from DPI (Fisheries). 

 

Whilst it is unlikely that Government agencies would require detailed drainage line diversion 

plans for the pasture land drainage lines identified above, rehabilitation of any retained 

drainage line sections and farm dams, would be undertaken as part of the final Water 

Management Plan, particularly with regard to how site runoff (which formerly flowed to the 

excised drainage lines) would be dealt with, and how the combined site plus excised drainage 

line section run-off flows could be interrelated together and in relation to the downstream flow 

to the Pages River or to Kingdon Ponds.  Accordingly, rehabilitation plans need to be 

provided in the final Water Management Plan for: 

 The remaining drainages leading from sub-catchments BCW1, BCW2, BCW3 and 

BCN1 into the main farm dam to be retained (IN1) and for the drainage line leading 

from IN1 to the Pages River.   

 The main farm dam (IN1) itself (including provision of riparian shading habitat and 

shallow fringing aquatic habitat). 

 The property drainage lines leading to sub-catchment KP01 and to pond KPP. 

 The drainage line from sub-catchment KP03 draining the lower portion of the south-

western-most portion of the overburden placement.   

 

Gradients through the project area are generally slight but could still necessitate incorporation 

of bed control structures.  Creation of diversion drainage lines, including the design of any bed 

control structures and the incorporation of aquatic habitat attributes would be undertaken 

using rehabilitation guidelines such as for example, those set out in Rutherford et al (2000).   
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The proposal also incorporates the creation of at least nine sediment dams over the lifetime of 

the mine.  From an ecological perspective it would be desirable for these dams to be retained 

and enhanced to provide „islands‟ of aquatic plus riparian habitat diversity within the 

rehabilitated grazing property.  That is, these dams could be progressively converted to farm 

dams and  'value added' with aquatic habitat (fringing emergent macrophytes) established in 

the dams plus riparian shade trees and shrubs planted around the dams to lower evaporation 

losses and provide valuable habitat for woodland birds and the like.  Keeping the dams plus 

portions of the riparian wooded habitat fenced off from direct stock access would further 

enhance these habitat values.  Stock watering could be achieved by gravity fed 'on demand' 

watering stations.   

 

These „islands‟ of habitat diversity could provide key habitat for a diversity of species and 

would compliment the long-term rehabilitation works within the Pages River riparian habitats, 

as described in Hunter Land Management (2004) plus rehabilitation works on the remaining 

property drainages.  These drainage line and dam rehabilitation plans would need to be 

integrated with site overburden rehabilitation plans and the Pages River riparian habitat 

rehabilitation plan (Hunter Land Management 2004).  

 

5.3 Indirect Loss of Aquatic Habitat 

 

Potentially, indirect aquatic habitat loss in the unaltered remaining drainage lines and in the 

Pages River and Kingdon Ponds could occur as a result of mining and mining related works if 

there are significant changes in water quantity and quality.   This aspect of the project is 

discussed in detail in the companion Surface Water and Ground Water appendices to the 

WRA/WMP.   

 

The mine plan has been designed so that the pit crest will be at least 150m from Pages River at 

its closest point, and there will be no part of the pit below river bed level within 300m of the 

river.  As noted previously, the total estimated baseflow contribution to Pages River from the 

immediate project area is in the order of 650 to 850 kL/day, or less than 1 percent of the 

average daily flow rate in Pages River at “South Bickham”.  With regard to alterations to 

long-term groundwater discharge to Pages River as a result of mining, modelling predicts that 

by about year 34 (some 9 years after cessation of mining) the rate of groundwater discharge to 

the river will reduce by up to 225 kL/day (or about 0.2% of average river stream flow) before 

starting to recover.  These results also indicate that a positive baseflow contribution to the 

river will be maintained at all times.   

 

To provide clean water to compensate for any reduction in groundwater baseflow to the Pages 

River, it is proposed to extract groundwater from an interception bore from a location outside 

the mine footprint, where good quality groundwater is available.  This pumping is predicted to 

have no impact on groundwater flow to the Pages River. 
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The Water Management Plan provides details regarding the collection, diversion and 

treatment of stormwater runoff from the project site and the eventual disposal of that runoff to 

Pages River and Kingdon Ponds.  This includes staging of surface water management as 

mining proceeds and as more drainage line diversions are required.  The mine plan includes 

separate water management systems to minimise the potential for surface water and 

groundwater impacts for the three water sources, namely; the remaining “natural” catchments; 

runoff from overburden dumps; and “mine water” that has been in contact with the mine pit, 

haul roads and stockpile facilities:  

 The proposed water management facilities have the capacity to achieve the key 

objectives for mine water management of zero discharge of mine water while ensuring 

adequate water supply for mine operating purposes under all climatic conditions.  

 Under no circumstances will overflow occur from the mine water system, and, in the 

event of there being excess water that cannot be stored in the out-of-pit mine water 

dams, the excess water will be retained in the mine pit.   

 Surface water will not be extracted from the Pages River, and the inflows to the mine 

water management system will comprise groundwater dewatering and surface runoff.   

 In the event of a shortage of water for mine operating purposes, a dewatering bore will 

be installed for extraction of groundwater from an area that is predicted to be a 

significant contributor to dewatering requirements in later years..  

 The overburden dump toe in potential contact with flood waters on the edge of the 

Pages River floodplain will be protected from erosion by revegetation plus rock 

armouring along the base of the overburden dump on the floodplain up to 500 mm 

above the 100 year ARI flood level.   

 There will be no “contaminants” in the overburden dump that pose a risk to water 

quality in the Pages River. 

 Runoff from the overburden dumps will be treated according to DECC requirements to 

not have any adverse impact on water quality in Pages River or Kingdon Ponds. 

 Changes to surface water supply to the off-site farm dam KPP during mining 

operations will be offset by the provision of supplementary stock water supply, and. in 

the long term, the catchment area draining to Kingdon Ponds will be restored.   

 As the predicted groundwater dewatering flows exceed the estimated water 

requirements for mine operations after Year 8, irrigation of pasture land is proposed as 

a means of beneficial use of excess water and there are sufficient areas of land suitable 

for pasture irrigation.   

 The average salinity of irrigation water is estimated at about 630 mg/L TDS (EC of 

about 1,000 µS/cm), which would be suitable for irrigation of moderately sensitive 

crops and would not pose a risk of soil structural problems. 

 

At the completion of mining, the catchment area draining to Pages River will have been 

reduced by 90 ha, with this draining to the remnant mine void at the south-western end of the 

East Pit. There will be no change in the catchment area draining to Kingdon Ponds.  

Management of post-mining water balance from the site to Pages River will require refining 
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water balance calculations from the re-calibrated groundwater model, to determine whether 

there are any significant residual short-falls in water supply to the river, and determination of 

the measures to overcome these impacts.  These could include purchase and/or relinquishing 

of sufficient high security water extraction licences in the respective catchments.      

 

5.4 Potential Off-site Aquatic Ecological Impacts 

 

The potential off-site aquatic ecological impacts relate to water quantity and quality issues to 

downstream users and to downstream ecosystems, including Camerons Gorge.  The three 

main connections to down-stream ecosystems are the retained drainage lines from dam IN1 to 

the river, the combined residual drainage to Kingdon Ponds via sub-catchments KP01 and 

KP03 and the groundwater seepage drainage to Pages River along the western river to the 

downstream property boundary: 

 As noted in the WRA/WMP, the mine can be managed to minimise to insignificance 

any alterations to water quantity and quality at the main connections to down-stream 

ecosystems.   

 There will be drainage line and dam rehabilitation measures implemented to provide 

overall aquatic habitat and water quality improvements to the two main off-site 

drainages (into and through IN1 to the Pages River and out of the property at the 

south-western corner to sub-catchment KP01).   

 Potential decreases in baseflow to Pages River would be offset by good quality water 

obtained from a groundwater interception bore.  There could also be scope to use some 

of this water beneficially for providing water to the main farm dam (IN1) in order to 

provide supplementary supply during drought conditions.  

 The removal of the existing farm dams (with unchecked cattle access), and their 

eventual replacement with controlled access farm dams with riparian and in-water 

habitat improvements, plus the overall riparian and terrestrial vegetation rehabilitation 

measures to be implemented along the Pages River, IN1 sub-catchment and Kingdon 

ponds discharge creek drainage lines will also result in improved surface water runoff 

quality for the ultimate benefit of downstream ecosystems.  

 

It is concluded that the mining and post-mining rehabilitation can be managed so that there are 

no significant impacts or any significant residual risks of impact on aquatic ecosystems 

downstream of the proposed mine. 
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6.0 SUMMARY PLUS RECOMMENDED MITIGATION MEASURES 

 

In terms of the DoP Scope of Works requirements at Section 3c, the WRA/WMP 

demonstrates how "the proposed [Bickham open-cut] coal mine can be managed so as to 

maintain the long-term integrity of the streams, alluvial aquifers and ecosystem values of the 

Pages River catchment and the Kingdon Ponds Catchment".  That is, the WRA/WMP has: 

 

• Shown how the mine plan has been developed to ensure that there is no 

mine wastewater discharge to either Pages River or to Kingdon Ponds. 

• Provided buffer zones between the proposed coal mine, the Pages River 

(and other nominated streams), consistent with the DNR's 'Guidelines for 

management of streams/aquifer systems in coal mining developments - 

Hunter Region, April 2005'. 

• Detailed how areas of riparian vegetation within land owned or controlled 

by the proponent are to be protected and/or rehabilitated, so as to provide 

improved riverine health and improved bank stability, and to assist 

maintenance of healthy river aquatic ecosystems. 

• Shown how runoff of silt or sediment will be controlled using appropriate 

techniques set out in "Managing Urban Stormwater: Soils and 

Construction" (2004), 

 

As detailed in the foregoing sections, the proposed open-cut mining operation can, and would 

be managed so that there would be no significant impact (or significant residual risk of 

impact) on surface or ground water flows or quality in the main receiving water streams; 

Pages River or Kingdon Ponds.  Accordingly, it is concluded that there would be no 

significant impacts on the aquatic ecology of these two stream systems arising from the 

proposal.  This outcome will be achieved by the implementation of a Water Management Plan 

incorporating: 

 

 A mine water collection, storage, settlement and re-use scheme to capture and retain 

all mine water separate from other sources of runoff.  This water will not be allowed to 

discharge from the site.   

 A separate system for the collection and treatment of runoff from recently constructed 

overburden dumps/rehabilitation areas.  This water will be treated to reduce sediment 

concentrations in accordance with relevant guideline requirements.  

 A clean-water diversion system, to direct all runoff from areas unaffected by mining 

into the existing natural drainage system.   

 Installation of a groundwater interception bore to provide good quality groundwater 

for baseflow replacement purposes.  This bore is a potential source of supplementary 

supply for the IN1 dam during drought periods. 
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With regard to the direct loss of sub-catchment drainage lines plus associated farm dams to the 

mining proposal it is concluded that these provide no significant aquatic habitat or habitat 

potential and thus the loss of these drainage lines and dams to mining-related activities is not 

considered significant.  Nevertheless, a number of environmental mitigation/off-set measures 

for the long-term management of surface water flow off the property have been proposed and 

these are summarised as follows: 

 

 Prior to excision, all farm dams are to be dewatered and inspected for the presence of 

non exotic fish or reptiles native to the Pages River and if found, these species are to 

be removed and translocated to the Pages River under appropriate supervision and 

with the concurrence of DPI Fisheries.  

 Prior to the excision of Dam IN6, the presence of remaining translocated Silver perch 

is to be ascertained.  If live Silver Perch are present, the dam is to be dewatered and 

treated in the manner outlined above with the caveat that retained Silver perch are not 

to be translocated to the river but must be translocated to another suitable dam which 

meets the criteria of sufficient distance from the river so that flooding of the dam 

would not result in the release of Silver perch to Pages River or Kingdon Ponds.  This 

translocation will need to be done with the concurrence of DPI Fisheries. 

 

There are a number of first and second order drainage lines to be retained in the proposal and 

there will be riparian buffer areas retained along the Pages River.  Accordingly the Water 

Management Plan will include details of riparian and creek rehabilitation outcomes.  Riparian 

and creek rehabilitation and management programs will be developed and implemented for: 

 The retained Pages River riparian buffer zone (as per the details provided in Hunter 

Land Management 2004). 

 The retained drainages leading from sub-catchments BCW1, BCW2, BCW3 and 

BCN1 into the main farm dam to be retained (IN1) and for the drainage line leading 

from IN1 to the Pages River.   

 The main farm dam (IN1) itself (including provision of riparian shading habitat, 

shallow fringing aquatic habitat, stock exclusion and on-demand stock water systems if 

required). 

 The drainage lines leading west to sub-catchment KP01 and offsite to pond KPP. 

 The drainage line from sub-catchment KP03 draining to KP01 below the south-

western most portion of the overburden placement.   

 

The project will incorporate staged surface water management procedures including the 

creation of nine sediment dams over the lifetime of the mine.  These dams would have, as 

their prime initial function, the treatment of surface water for sedimentation control, and 

would then be progressively converted to farm dams.  The drainage line and dam 
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rehabilitation plans would need to be integrated with the site overburden rehabilitation plan 

and the River riparian habitat rehabilitation plan. 

 

The re-creation of drainage lines and of the farm dams would be progressively 'value added' 

with respect to aquatic and riparian habitat and would incorporate the following procedures: 

 

 Creation of diversion drainage lines, including the design of any bed control structures 

and the incorporation of aquatic habitat attributes would be undertaken using 

rehabilitation guidelines such as for example, those set out in Rutherford et al (2000).  

 Farm dam fringes would be planted with emergent macrophytes and the riparian zones 

around the dams would be provided with shade trees plus scrubs  to lower evaporation 

losses from the dams and to provide complex riparian/aquatic habitats which could 

provide suitable “hot spot” habitat for a variety of biota, possibly including woodland 

birds, bats and reptiles.  

 This latter outcome would require that, where possible (or desirable), the long-term 

rehabilitation of surface water runoff lines from the property to Pages River and 

Kingdon Ponds incorporate planting of suitable riparian vegetation to link the dams 

with remnant ridge top vegetation and/or the main river riparian habitat corridor.   
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A-1 Introduction 
 
This appendix provides detailed field notes plus site photographs for all sites over 
all sampling times for the MPR field sampling program (from Dec 2004 to June 
2006).   Field Notes are sorted by site (Table A-1) and site photographs are shown 
following Table A-1 (Pages River sites followed by South Bickham property dam 
sites followed by Kingdon Ponds drainage sites).  Table A-2 details site RCE 
scores. 

 
 
 

Appendix Table A-1  Field Comments – Bickham Coal 
Date Site Comments 

7/12/04 PR1 Pool length approximately 70m x average width ~8m, max 
depth ~1.8m. First pool upstream of the tributary draining the 
dam site IN1. Upstream of site PR1 is a more shallow broad 
flow channel. In the site length the main flow channel exists 
along the western edge bank with a rocky boulder and cobble 
substrate, and a pebbly bank built up along the eastern edge 
(see photo…). A riffle zone exists at the property border and 
downstream edge of sample pool. A filamentous green algae 
presumed to be Cladophora spp was noted attached to rocks 
and substrate particularly in the riffle zones, and charophyte 
species presumably Chara spp was recorded. Edge sample 
areas consist mainly of snags, leaf litter and woody debris, 
trailing bank vegetation, boulder and cobble or sandy banks, 
Phragmites australis stands, including Myriophyllum spp, 
Elodea spp macrophyte beds. Willow (Salix spp) encountered 
within site and along river length. Numerous freshwater fish 
including Eel Tailed Catfish Tandanus tandanus, Long-Finned 
Eel Anguilla reinhardtii, Australian Smelt Retropinna semoni 
and Gudgeons (Family Eleotridae) were observed in pool, as 
well as Long Necked Turtle Chelodina longicolis. 

18/4/05 PR1 General pool dimensions same as previous survey. Aquatic 
macrophytes similar in distribution, however filamentous 
green algae more prolific than Spring 2004. Eel Tailed 
Catfish, Australian Smelt, Long Necked Turtle and White-
faced Heron Ardea novaehollandiae observed in pool. 
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8/11/05 PR1 General pool dimensions similar to previous surveys. 
However, bank saturation and indications of recent higher 
(approx 30cm) water flows along river length. Flow moderate. 
Fine silt/ mud deposition along inside (eastern bank). Water 
slightly turbid with 0.3-0.5m visibility. Filamentous green 
algae present. Same aquatic macrophytes occurring as last 
sample. Australian Smelt retained in sample. 

1/6/06 PR1 General pool dimensions similar to previous surveys. Water 
clear with low flow. Filamentous green algae smothering most 
of the benthic habitat. Same aquatic macrophytes occurring as 
last sample. Free floating macrophyte Azolla filiculoides 
occupying around 5% of pool surface area (up to 1.5m from 
eastern edge). Australian Smelt observed.   

8/12/04 PR2 Pool length approx 90m x average width 10m, max 
depth1.5m, located approx 1.7km downstream from PR1 and 
750m downstream from platypus gorge, just before u-bend in 
river. Some boulder outcrops exist throughout the site with 
cobbles, gravel and sand accounting for the rest of the main 
substrate. The main flow channel throughout the site is along 
the south eastern bank. Although the same (but less abundant) 
submerged and emergent macrophyte communities occur as 
PR1, filamentous green algae is more prominent than the 
upstream site. Similar (habitat) edge sample areas exist as 
PR1. Long Necked Turtle’s seen. Tadpoles retained in sample. 

10/11/05 PR2 General pool dimensions similar to previous surveys. Low to 
moderate flow and slightly turbid water. Minimal to no 
filamentous green algae. Same aquatic macrophytes occurring 
as last sample. Juvenile schooling fish observed, most likely 
Australian Smelt. Striped Gudgeon Gobiomorphus australis 
retained in trap on stream bend approx 200m downstream. 
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8/12/04 PR3 Pool length approx 80m x average width 10m, max depth 
1.2m, located approx 1.5km downstream from PR2. A large 
proportion of the site is shallow (20cm or less) consisting of 
mainly cobble and gravel substrate. Filamentous green algae 
present in moderate amounts. The same macrophyte beds 
occur as the upstream sites, however they are more sparse. 
The deeper channel runs down the south western edge of the 
pool which provides more diverse habitat areas including 
trailing bank vegetation, bank overhangs, tree roots and logs, 
and riparian cover from riparian trees (including Willows). 
Schooling fish observed most likely Australian Smelt, and 
Long-Finned Eel. Tadpoles observed. 

9/11/05 PR3 General pool dimensions similar to previous surveys. Low to 
moderate flow and slightly turbid water. Minimal filamentous 
green algae. Similar distribution of macrophytes to last survey, 
and charophytes observed. Mud deposition on north eastern 
bank since last survey.  

9/12/04 PR4 Pool length approx 50m length x average width 5m, max 
depth 2m, located approx 1.6km downstream of PR3. First big 
pool after bend where property boundary is. Water level had 
been increasing throughout day due to last night’s rainfall (10-
15cm higher than yesterday). Water clear with moderate flow. 
Some boulder outcrops exist throughout the site with cobbles, 
gravel and sand accounting for the rest of the main substrate. 
Substrata matted with filamentous green algae. Myriophyllum 
spp and Elodea spp macrophyte beds present. Riffle section at 
upstream and downstream end of pool. Water Dragon 
observed on bank. Eel Tailed Catfish and Australian Smelt 
observed. Tadpoles retained in sample. 

20/4/05 PR4 General pool dimensions similar to previous surveys. 
Filamentous green algae present. Same aquatic macrophytes 
occurring as last sample. Eel Tailed Catfish observed. 

1/6/06 PR4 General pool dimensions similar to previous surveys. Water 
clear and flowing. Filamentous green algae abundant 
throughout site length. Same aquatic macrophytes occurring as 
last sample. Azolla occupying approx 10% of pool edge 
surface area. Eel tailed Catfish observed. Cattle access. 
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7/6/06 PR7 Pool length approx 70m x average width 8m, max depth 2m. 
Water clear with low to moderate flow. Narrow bedrock 
constriction in middle of pool. Some bedrock and boulder 
outcrops exist throughout the site with cobbles, gravel and 
sand accounting for the rest of the main substrate. Filamentous 
green algae present in moderate amounts although abundant in 
low flow areas, and isolated pools at downstream end of pool. 
Potamageton, Myriophyllum spp and Elodea spp macrophytes 
present, with Azolla occupying approx 5% of pool edge 
surface area. Riparian trees are sparse and mainly consist of 
Casurina and Eucalypt species. Large fish (presumably Carp 
Cyprinus carpio) observed in site pool. Eel Tailed Catfish 
observed downstream. Cattle access. 

9/12/04 KP2 Site located on tributary approx 10m upstream of Kingdon 
Ponds junction. Pool length approx 10m x max width 2m, max 
depth 1.3m. Channel length mainly grassy basin with 
intermittent eroded holes. Pool edges undercut, with soft 
muddy substrate. No flow. Cumbungi (Typha spp) stands in 
pool, and moderate amounts of filamentous green algae. Long 
Necked Turtle observed just downstream at junction. 

31/5/06 KP2 Site inspected but not sampled due to lack of water. Pool 
dimensions 1m length x 0.5m width, max depth 5cm. No flow. 
Much of the Cumbungi has died off since last sample. Cattle 
access. 

9/11/05 KP1 Site sampled downstream of train tracks, immediately 
downstream of fence. Pool length 5m x 1.5m width, max 
depth 0.5m. No flow and clear water. Fine mud/ clay 
substrate. Filamentous green algae present in moderate 
amounts. Tadpoles observed. Cattle access. 

31/5/06 KPP Site sampled at in line dam due to lack of water in tributary 
channel. Dam length 10m x 15m max width, max depth 1m. 
Water clarity turbid with no flow. Water level low, with 
cracked clay basin exposed around water edges. Filamentous 
green algae absent. Pool substrate soft fine mud with shallow 
black layer. No real ’edge’ habitat available. Cattle access. 
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31/5/06 KPO Site located in dug out water storage in line ’dam’. Pool length 
15m x max width 4m, max depth 1m. Water turbid and no 
flow. Substrate mainly cobble, gravel and sand with some 
finer material intermixed. Filamentous green algae absent. A 
small amount of dead Cumbungi on western bank plus some 
trailing bank habitat. Water pump adjacent with hose in pool. 
Stock access. 

31/5/06 KP4 Site sampled at pool just downstream from confluence with 
western draining tributary. Pool length 15m x 1.5m average 
width, depth 0.4m. Water clear with no flow. Substrate similar 
to KPO consisting mainly of cobbles with gravel, sand and 
some finer material. Eastern bank undercut with the edge 
mainly trailing bank vegetation. Filamentous green algae 
abundant. Stock access.  

IN1 8/12/04 Large dam, length approx 90m x width 60m, max depth 5m 
(?). No flow. Pool with an island supporting Willow trees 
(Salix spp). It is the only form of riparian cover and trailing 
bank vegetation for the site. Water level at base of wooden 
pole at southern water boundary. Drains from upstream 
channel densely occupied by Cumbungi (Typha sp). 

IN1 9/11/05 General pool dimensions similar to previous surveys (approx 
0.3m lower than last sample). No flow. Extensive charophyte 
beds, plus Myriophyllum sp and Potamogeton noted. Two 
Long finned eels and one long necked turtle, Black Swan, 
Wood Duck and Eurasian Coot seen.  

IN1 1/6/06 Pool area reduced to basin area on downstream side of 
‘island’. Max length 30m x 60m width, max depth 3-4m (?). 
No flow. Pool substrate soft fine mud with shallow black 
layer, no real ’edge’ habitat available, although some 
charophytes present. 

IN2 8/12/04 Highly turbid dam with no riparian cover, used for livestock 
water supply. Pool length approx 30m x 12m width, max 
depth ~0.3m. No surface flow in or out. Pool substrate soft 
fine mud with shallow black layer, no real ’edge’ habitat 
available. Very low taxa diversity, although high abundance of 
those present.  
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IN2a 19/4/05 Dam located on north draining channel blow IN4. Max depth 
1.5m. No flow. Highly turbid dam with no riparian cover, used 
for livestock water supply. Potamogeton sp present in small 
amounts. Pool substrate soft fine mud with shallow black 
layer, no real ’edge’ habitat available. 

IN3 20/4/05 Highly turbid dam with no riparian cover, used for livestock 
water supply. Max depth 2m. No flow. Potamogeton sp and 
Myriophyllum sp present in small amounts. Pool substrate soft 
fine mud with shallow black layer, no real ’edge’ habitat 
available. Long necked turtles and Australian Grebe noted. 

IN5 19/4/05 Dam located above IN4 (which was dry). Turbid water and no 
flow. Max depth approx 2m. Drainage channels above and 
below dam dry, with little indication of semi-permanent water. 
No stock access. No aquatic macrophytes observed. Spike 
rushes around pool just above present water level. Pool 
substrate soft fine mud with shallow black layer. Long necked 
turtle and Australian Grebe noted. 

IN6a 19/4/05 The larger of two dams located near top of IN1 catchment. 
Max depth 2-3m (?). Turbid water and no flow. Cumbungi 
(Typha sp) and Potamogeton sp noted. No cattle access, 
however wild pig noted at upstream end of pool drinking. 
Abundant filamentous green algae on substrate and 
macrophytes. Pool substrate soft fine mud with shallow black 
layer. Long necked turtle, Wood Ducks and Grebe noted. 

IN6b 19/4/05 Smaller dam immediately east of IN6b. Max depth 1.5m. 
Turbid water and no flow. No aquatic or fringing vegetation. 
Pool substrate soft fine mud with shallow black layer. Yabbie 
claw (presumably Cherax sp) noted, and juvenile cray 
retained. 

IN7 19/4/05 Dam with turbid water. Max depth 1.5m. No flow. No aquatic 
macrophytes observed. Red scum on surface at downwind end 
of dam. No cattle access. Spike rushes around pool just above 
present water level. Pool substrate soft fine mud with shallow 
black layer. Long necked turtles noted. 
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PAGES RIVER SITES 
 

 
Pages River Site PR1 Spring 2004 

 
 

 
Pages River Site PR1 Autumn 2005 

 
 

 
Pages Rive Site PR1 Spring 2005 
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Upstream of Bickham Gorge (between PR1 and PR2) 

Most sightings of platypus from this pool 
 
 
 

 
Pages River Site PR2 Spring 2004 

 



- A10 - 

 
Pages River Site PR2 Spring 2005 

 
 

 
Pages River Site PR3 Spring 2004 

 
 

 
Pages River Site PR3 Spring 2005 
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Pages River Site PR4 Spring 2004. Note excessive 

algae growth and floating scum from decaying algae 
 

 

 
Pages River Site PR4 Autumn 2005. Lower water level 

than Summer 2004 and excessive algae. 
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Mineral flocculation resulting from groundwater seepage  

from coal measures (below Bickham Gorge)  
 
 

 
Pages River Site PR5 Autumn 2005 

 

 
PR7 Pool immediately above Camerons Gorge June 06  
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SOUTH BICKHAM PROPERTY FARM DAMS & DRAINAGES 
 
 

 
View North down Sub-catchments BCE1 and BCE2 towards 

Farm Dam IN1 in distance.  Farm dam IN3 to the left. 
 

 
Drainage from sub-catchments BCW1 and BCW2 

draining to Farm Fam IN1 
 

 
Farm Dam IN1 Spring 2004 
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Farm Dam IN1 Spring 2005 

 

 
Farm Dam IN2 Spring 2004 

 
 

 
Farm Dam IN3 Autumn 2005 
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Farm Dam IN4 Autumn 2004 

 
 

 
Farm Dam IN5 Autumn 2004 

 
 

 
Farm Dams IN6 (a to left and b to right) Autumn 2005 
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Detail of Farm Dam IN6a Autumn 2005 

 

 
Farm Dam IN7 Autumn 2005 

 
KINGDOM POND SITES  

(Autumn 2006 unless specified) 
 

 
Site KP1 in gully swale off-site (bottom of Bickham  
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sub-catchment KP02), dry in Summer 2004.  
 

 
KP1 gully swale in Spring 2005 (sampled).  This gully  

leads to Farm Dam KPP (off-site) 
 
 

 
Farm Dam KPP (off site) sampled Autumn 2006 

 

 
Kingdon Ponds - Upstream of Site KPO 
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Site KPO 

 

 
Site KP2 (drainage from Dam KPP to Kingdon Ponds) 
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Site KP3 (on Kingdon Ponds downstream of KP2 

 

 
Site KP4 

 

 
Site KP5 (at downstream end of Wingen) 
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Table B-1 Pages River and Kingdon Ponds Master Aquatic Biota List
Combined

Phylum Class Sub-Class Order Sub-Order Family Sub-Family Genus/ Common name SIGNAL
species Score*

Arthropoda Insecta Coleoptera Dytiscidae Diving Beetles 2
Arthropoda Insecta Coleoptera Elmidae Riffle Beetles 8
Arthropoda Insecta Coleoptera Gyrinidae Whirligig Beetles 5
Arthropoda Insecta Coleoptera Halipldae Crawling Water Beetles 2
Arthropoda Insecta Coleoptera Hydrochidae Water  Scavenger Beetles 4
Arthropoda Insecta Coleoptera Hydrophilidae Scavenger Water Beetles 4
Arthropoda Insecta Coleoptera Psephenidae Water Pennies 7
Arthropoda Insecta Diptera Ceratopogonidae Biting Midges 5
Arthropoda Insecta Diptera Chironomidae Chironominae Bloodworms/Gnats 3
Arthropoda Insecta Diptera Chironomidae Orthocladiinae Bloodworms/Gnats 3
Arthropoda Insecta Diptera Chironomidae Tanypodinae Bloodworms/Gnats 3
Arthropoda Insecta Diptera Culicidae Mosquitoes 6
Arthropoda Insecta Diptera Ephydridae Ephydrids 2
Arthropoda Insecta Diptera Simuliidae Black Flies 5
Arthropoda Insecta Diptera Stratiomyidae    Soldier Flies 3
Arthropoda Insecta Diptera Tabanidae Horse Flies 3
Arthropoda Insecta Diptera Tipulidae Crane Flies 5
Arthropoda Insecta Ephemoptera Baetidae Mayflies 7
Arthropoda Insecta Ephemoptera Caenidae Mayflies 5
Arthropoda Insecta Ephemoptera Leptophlebiidae Mayflies 10
Arthropoda Insecta Hemiptera Corixidae Water Boatmen 3
Arthropoda Insecta Hemiptera Gerridae Water Striders 7
Arthropoda Insecta Hemiptera Hydrometridae Water Measurers 3
Arthropoda Insecta Hemiptera Mesoveliidae Water Treaders 2
Arthropoda Insecta Hemiptera Nepidae Needle Bugs 3
Arthropoda Insecta Hemiptera Notonectidae Backswimmers 6
Arthropoda Insecta Hemiptera Pleidae Pygmy Backswimmers 2
Arthropoda Insecta Hemiptera Veliidae Small Water Striders 6
Arthropoda Insecta Lepidoptera Pyralidae Moths 6
Arthropoda Insecta Megaloptera Corydalidae Dobsonflies 7
Arthropoda Insecta Odonata Epiproctophora Aeshnidae Dragonflies 7
Arthropoda Insecta Odonata Epiproctophora Cordulephyidae Dragonflies 4
Arthropoda Insecta Odonata Epiproctophora Gomphidae Dragonflies 6
Arthropoda Insecta Odonata Epiproctophora Hemicorduliidae Dragonflies 4
Arthropoda Insecta Odonata Epiproctophora Libellulidae Dragonflies 4
Arthropoda Insecta Odonata Epiproctophora Telephlebiidae Dragonflies 9
Arthropoda Insecta Odonata Zygoptera Coenagrionidae Damselflies 2
Arthropoda Insecta Odonata Zygoptera Lestidae Damselflies 1
Arthropoda Insecta Odonata Zygoptera Protoneuridae Damselflies 4
Arthropoda Insecta Plecoptera Unidentified Stone flies 10
Arthropoda Insecta Trichoptera Ecnomidae Caddis Flies 5
Arthropoda Insecta Trichoptera Hydrobiosidae Caddis Flies 8
Arthropoda Insecta Trichoptera Hydropsychidae Caddis Flies 6
Arthropoda Insecta Trichoptera Hydroptilidae Caddis Flies 4
Arthropoda Insecta Trichoptera Leptoceridae Caddis Flies 7
Arthropoda Insecta Trichoptera Philopotamidae Caddis Flies 8
Arthropoda Arachnida Acarina Hydracarina Freshwater Mites 6
Arthropoda Collembola Springtails 1
Arthropoda Crustacea Cladocera Water Fleas *
Arthropoda Crustacea Copepoda Cyclopoida Centropagidae Copepods *
Arthropoda Crustacea Copepoda Cyclopoida Cyclopidae Copepods *
Arthropoda Crustacea Decapoda Atyidae Freshwater Shrimp 6
Arthropoda Crustacea Decapoda Palaemonidae Freshwater Prawn 4
Arthropoda Crustacea Decapoda Parastacidae Freshwater Crayfish 4
Arthropoda Ostracoda Seed Shrimps *
Arthropoda Isopoda Water Slater 2
Annelida Hirudinea Glossiphoniidae Leeches 3
Annelida Hirudinea Richardsonianidae Leeches 4
Annelida Oligochaeta Freshwater Worms 2
Mollusca Bivalvia Corbiculidae Little Basket Shells 4
Mollusca Bivalvia Sphaeriidae Pea Shells 5
Mollusca Gastropoda Physidae Freshwater Snails 1
Platyhelminthes Turbellaria Tricladida Dugesiidae Flatworms 3
Porifera Porifera Spongillidae Sponges 3
Chordata Amphibia Tadpoles
Chordata Osteichthyes Anguillidae Anguilla reinhardtii Long Finned Eel
Chordata Osteichthyes Cyprinidae Cyprinus carpio Carp
Chordata Osteichthyes Gobiidae Gobiomorphus coxii Cox's Gudgeon
Chordata Osteichthyes Plotosidae Tandanus tandanus Eel-tailed Catfish
Chordata Osteichthyes Retropinnidae Retropinna semoni Australian Smelt
Chordata Reptilia Testudines Chelidae Chelodina longicolis Eastern Long Necked Turtle

Note*  The SIGNAL HU97 Score was used where there was a HU97 score available.  Other scores are SIGNAL-2 values (see text for further details) 



Appendix Table B-2 Pages River Macroinvertebrate Survey - Umwelt (2004) Data*
Sample Location, Sample Period & Taxa Occurrence** Occurrence

SP1 SP2 SP3 SP4 SP5 Dams
Common SIGNAL Sep-02 Jan-04 Sep-02 Jan-04 Sep-02 Jan-04 Sep-02 Jan-04 Sep-02 Jan-04 Sep-02 Jan-04 Sep-02 Jan-04 Total

Phylum Class Sub-Class Order Sub-Order Family Sub-Family Name Index

Arthropoda Insecta Coleoptera Dytiscidae Diving Beetle 2 2 2  2 2
Arthropoda Insecta Coleoptera Elmidae 7    
Arthropoda Insecta Coleoptera Gyrinidae Whirligig beetle Larva 4 4 4 4 4 4 4 3 3 6
Arthropoda Insecta Coleoptera Haliplidae Crawling Water Beetle 2 2 2 2  3 3

Hydrochidae
Arthropoda Insecta Coleoptera Hydrophilidae 2    
Arthropoda Insecta Coleoptera Psephenidae 6    
Arthropoda Insecta Diptera Ceratopogonidae 4    
Arthropoda Insecta Diptera Chironomidae not specified Gnats /midges 3 3 3 3 3 3 3 3 3 3 3 5 5 1

Chironomidae Orthocladiinae
Arthropoda Insecta Diptera Chironomidae Tanypodinae 4    

Culicidae
Ephydridae

Arthropoda Insecta Diptera Simuliidae Black fly larva 5 5 5 5 3  3
Arthropoda Insecta Diptera Stratiomyidae 2    
Arthropoda Insecta Diptera Tabanidae Horse / March fly larva 3 3 3 3 3 3 3 3 3 3 3 5 5 1
Arthropoda Insecta Diptera Tipulidae 5    
Arthropoda Insecta Ephemoptera Baetidae 5    
Arthropoda Insecta Ephemoptera Unidentified Mayfly nymph 9 9 9 9  3 3
Arthropoda Insecta Ephemoptera Caenidae 4    
Arthropoda Insecta Ephemoptera Leptophlebiidae 8    
Arthropoda Insecta Hemiptera Coroxidae 2    
Arthropoda Insecta Hemiptera Gerridae Water Strider 4 4 4 4 4  4 4
Arthropoda Insecta Hemiptera Hydrometridae 3    

Mesoveliidae
Nepidae

Arthropoda Insecta Hemiptera Notonectidae Water Boatmen 1 1 1 1 1 1 1 1 1 1 1 5 5 1
Arthropoda Insecta Hemiptera Pleidae 2    
Arthropoda Insecta Hemiptera Veliidae 3    

Pyralidae
Arthropoda Insecta Megaloptera Corydalidae 7    
Arthropoda Insecta Odonata Epiproctophora Aeshnidae 4    
Arthropoda Insecta Odonata Epiproctophora Cordulephyidae 5    
Arthropoda Insecta Odonata Epiproctophora Gomphidae Dragonfly nymph 5 5 5 5 5 5 5 5 6 1 7
Arthropoda Insecta Odonata Epiproctophora Hemicorduliidae 5    
Arthropoda Insecta Odonata Epiproctophora Libellulidae 4    

Telephlebiidae
Arthropoda Insecta Odonata Zygoptera Coenagrionidae 2    
Arthropoda Insecta Odonata Zygoptera Lestidae 1    

Odonata Zygoptera Protoneuridae
Arthropoda Insecta Odonata Zygoptera Unidentified Damselfly nymph 3 3 3 3 3  4 4
Arthropoda Insecta Plecoptera Unidentified 10 10 1  1
Arthropoda Insecta Trichoptera Ecnomidae Stonefly nymph 4    
Arthropoda Insecta Trichoptera Hydrobiosidae 8    
Arthropoda Insecta Trichoptera Hydropsychidae Caddisfly 6 6 6 6 6 6 6 6 6 4 4 8
Arthropoda Insecta Trichoptera Hydroptilidae 4    
Arthropoda Insecta Trichoptera Leptoceridae 6    
Arthropoda Insecta Trichoptera Philopotamidae 8    
Arthropoda Arachnida Acarina Hydracarina 6    
Arthropoda Collembola 1    
Arthropoda Crustacea Cladocera    
Arthropoda Crustacea Copepoda Cyclopoida Centropagidae    
Arthropoda Crustacea Copepoda Cyclopoida Cyclopidae    
Arthropoda Crustacea Decapoda Atyidae Freshwater Shrimp 3 3 3 3 3 3 3 3 3 4 4 8
Arthropoda Crustacea Decapoda Paleomonidae Freshwater Prawn 4 4 4 4  3 3

Decapoda Parastacidae
Arthropoda Ostracoda    
Arthropoda Isopoda Water Slater 2 2 2 2  3 3
Mollusca Gastropoda Physidae Bladder snails 1 1 1 1 1 1 1 1 1 1 1 5 5 1
Mollusca Bivalvia Corbiculidae Little Basket Shell 4 4 4  2 2
Mollusca Bivalvia Sphaeridae Pea Shells 5 5 5 5 5 5 5 3 3 6
Annelida Oligochaeta Segmented Worms 2 2 2  2 2
Platyhelminthes Turbellaria Tricladida Dugesiidae 2   
Platyhelminthes unid 2   

Chordata Amphibia Tadpoles
Chordata Osteichthyes Anguillidae Long Fin eel
Chordata Osteichthyes Gobiidae unid
Chordata Osteichthyes Plotosidae FW Catfish 1
Chordata Osteichthyes Retropinnidae Aust Smelt*** 1
Chordata Reptilia Testudines Chelidae
Chordata Reptilia Squamata Agamidae

Total number of invertebrate taxa per site: 7 14 8 9 8 12 3 9 7 9 11 8 11 18 20
Total number of vertebrate taxa per site: 2

Notes Site SIGNAL Index: 3.14 3.57 3.25 2.78 3.25 2.92 3.00 3.33 4.14 4.11 4.18 3.25
* From Umwelt (2004) report & supplementary unpublished data provided to Bickham Coal by Umwelt. Data presented against Table B-1 master fauna table format.

** Numbers indicate that the taxa occurred,  and the number itself is the  SIGNAL-2 value (see text).
*** Umwelt (2004) preliminary identification for this species was Darling River Hardyhead but we have subsequently determined this to be more likely an Australian Smelt(see text)  



Table B-3 Combined Umwelt and MPR data 2002 to 2006 PRtop PRtop PRtop PRtop PRtop PRtop PRtop PRup PRup PRup PRup PRdn PRdn PRdn PRdn PRbot PRbot PRbot PRbot PRbot PRbot PRbot Camrn Dams Dams Dams Dams Dams Dams Dams Dams Dams Dams Dams Dams KP KP KP KP KP Occurrence (as % of total location samples) Total SIGNAL Scores
Sub-Order/ 09/02 01/04 12/04 04/05 04/05 11/05 06/06 09/02 01/04 12/04 11/05 09/02 01/04 12/04 11/05 09/02 01/04 12/04 04/05 06/06 09/02 01/04 06/06 12/04 11/05 06/06 09/02 01/04 12/04 04/05 04/05 04/05 04/05 04/05 04/05 12/04 11/05 05/06 05/06 05/06 PRtop PRup PRdn PRbot IN1 Dams KP Study Umwelt

Class Order Family/Sub-Fam Common name SP1 SP1 PR1 PR1-E PR1-R PR1 PR1 SP2 SP2 PR2 PR2 SP3 SP3 PR3 PR3 SP4 SP4 PR4 PR4 PR4 SP5 SP5 PR7 IN1 IN1 IN1 All All IN2 IN2a IN3 IN5 IN6a IN6b IN7 KP2 KP1 KP0 KP4 KPP 7 4 4 7 3 9 4 Occur Occur HU97 S-2 Comb
Edge

Insecta Coleoptera Dytiscidae Diving Beetles 1 1  1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 43 75 75 43 67 78 100 26 6 2 2 2
Insecta Coleoptera Elmidae Riffle Beetles 1 1 1 1 1 1 43 25 25 14 0 0 0 6 4 8 7 8
Insecta Coleoptera Gyrinidae Whirligig Beetles 1 1 1 1 1 1 1 1 1 14 0 75 43 0 22 0 9 2 5 4 5
Insecta Coleoptera Halipldae Crawling Water Beetles 1 1 1 14 0 25 14 0 0 0 3 1 * 2 2
Insecta Coleoptera Hydrochidae Water  Scavenger Beetles 1 0 0 0 0 0 0 25 1 0 4 4 4
Insecta Coleoptera Hydrophilidae Scavenger Water Beetles 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 71 50 50 29 33 22 50 16 7 4 2 4
Insecta Coleoptera Psephenidae Water Pennies 1 1 1 1 1 1 1 1 1 1 57 25 50 43 0 0 0 10 5 7 6 7
Insecta Diptera Ceratopogonidae Biting Midges 1 1 1 1 1 1 1 1 1 1 14 0 0 0 67 56 25 10 1 5 4 5
Insecta Diptera Chironominae Bloodworms/Gnats 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 100 75 100 57 100 89 100 36 12 3 3 3
Insecta Diptera Orthocladiinae Bloodworms/Gnats 1 14 0 0 0 0 0 0 1 1 3 6 3
Insecta Diptera Tanypodinae Bloodworms/Gnats 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 14 25 50 14 67 56 50 16 2 3 4 3
Insecta Diptera Culicidae Mosquitoes 1 1 1 1 0 0 0 0 33 0 50 4 0 6 1 6
Insecta Diptera Ephydridae Ephydrids 1 0 0 0 0 0 0 0 1 0 * 2 2
Insecta Diptera Simuliidae Black Flies 1 1 1 1 1 1 1 1 29 25 25 29 0 11 0 8 4 5 5 5
Insecta Diptera Stratiomyidae Soldier Flies 1 1 0 25 25 0 0 0 0 2 1 3 2 3
Insecta Diptera Tabanidae Horse Flies 1 1 1 1 1 1 1 1 1 1 1 1 1 1 71 25 75 29 0 22 0 14 8 * 3 3
Insecta Diptera Tipulidae Crane Flies 1 1 1 1 1 29 0 50 14 0 0 0 5 2 5 5 5
Insecta Ephemoptera Baetidae Mayflies 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 71 50 50 29 100 56 75 23 7 7 5 7
Insecta Ephemoptera Caenidae Mayflies 1 1 1 1 1 1 1 1 1 1 1 1 1 1 43 50 50 43 67 22 0 14 5 5 4 5
Insecta Ephemoptera Leptophlebiidae Mayflies 1 1 1 1 1 1 1 1 1 1 1 57 50 50 29 0 0 0 11 6 10 8 10
Insecta Ephemoptera Unidentified Mayflies 1 1 1 14 0 0 29 0 0 0 3 1 * 9 9
Insecta Hemiptera Corixidae Water Boatmen 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 71 50 50 43 100 78 100 28 7 3 2 3
Insecta Hemiptera Gerridae Water Striders 1 1 1 1 1 1 1 1 1 1 1 43 50 75 43 0 0 0 11 5 7 4 7
Insecta Hemiptera Hydrometridae Water Measurers 1 0 25 0 0 0 0 0 1 1 * 3 3
Insecta Hemiptera Mesoveliidae Water Treaders 1 1 1 0 0 0 0 0 11 25 3 0 2 2 2
Insecta Hemiptera Nepidae Needle Bugs 1 0 0 0 0 0 11 0 1 0 * 3 3
Insecta Hemiptera Notonectidae Backswimmers 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 86 75 100 71 100 89 100 35 11 6 1 6
Insecta Hemiptera Pleidae Pygmy Backswimmers 1 0 0 0 0 0 0 25 1 0 * 2 2
Insecta Hemiptera Veliidae Small Water Striders 1 1 1 1 1 1 1 1 1 1 29 25 25 29 0 11 50 10 3 6 3 6
Insecta Lepidoptera Pyralidae Moths 1 1 1 1 1 14 25 25 0 33 11 0 5 2 6 3 6
Insecta Megaloptera Corydalidae Dobsonflies 1 1 14 0 25 0 0 0 0 2 1 7 7 7
Insecta Odonata Aeshnidae Dragonflies 1 1 1 1 1 14 0 0 0 33 11 50 5 1 7 4 7
Insecta Odonata Cordulephyidae Dragonflies 1 1 0 25 25 0 0 0 0 2 1 4 5 4
Insecta Odonata Gomphidae Dragonflies 1 1 1 1 1 1 1 1 1 1 1 1 71 50 25 43 0 0 0 12 7 6 5 6
Insecta Odonata Hemicorduliidae Dragonflies 1 1 1 1 1 14 0 0 14 0 0 50 5 1 4 5 4
Insecta Odonata Libellulidae Dragonflies 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 43 25 25 29 100 22 50 15 4 4 4 4
Insecta Odonata Telephlebiidae Dragonflies 1 14 0 0 0 0 0 0 1 1 * 9 9
Insecta Odonata Unidentified Dragonflies 1 1 1 1 1 1 1 29 0 25 29 0 11 0 7 4 * 3 3
Insecta Odonata Coenagrionidae Damselflies 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 29 50 25 14 67 56 100 18 4 2 2 2
Insecta Odonata Lestidae Damselflies 1 1 1 1 0 0 0 0 33 11 50 4 0 * 1 1
Insecta Odonata Protoneuridae Damselflies 1 1 1 14 25 25 0 0 0 0 3 2 4 4 4
Insecta Odonata Unidentified Damselflies 1 1 1 1 14 25 0 29 0 0 0 4 2 * 3 3
Insecta Plecoptera Unidentified Stone Flies 1 0 0 0 0 0 11 0 1 0 * 10 10
Insecta Trichoptera Ecnomidae Caddis Flies 1 1 1 1 1 1 1 29 0 50 29 0 11 0 7 2 5 4 5
Insecta Trichoptera Hydrobiosidae Caddis Flies 1 1 1 1 29 25 25 0 0 0 0 4 3 8 8 8
Insecta Trichoptera Hydropsychidae Caddis Flies 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 71 50 100 43 0 22 25 17 8 6 6 6
Insecta Trichoptera Hydroptilidae Caddis Flies 1 1 1 1 1 1 1 1 1 1 1 1 1 1 57 50 50 29 33 11 25 14 6 4 4 4
Insecta Trichoptera Leptoceridae Caddis Flies 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 57 50 50 14 100 67 25 19 6 7 6 7
Insecta Trichoptera Philopotamidae Caddis Flies 1 0 0 0 14 0 0 0 1 0 * 8 8
Arachnida Acarina Hydracarina Freshwater Mites 1 1 1 1 1 1 1 1 1 1 1 1 1 1 29 0 25 14 67 56 75 14 2 * 6 6
Collembola Springtails 1 1 1 14 0 0 0 0 0 25 3 1 * 1 1
Crustacea Cladocera Water Fleas 1 1 1 1 1 1 1 1 1 1 1 1 1 1 14 0 0 14 100 67 25 14 1 * * *
Crustacea Cyclopoida Centropagidae Copepods 1 1 1 1 14 0 0 0 33 22 0 4 1 * * *
Crustacea Cyclopoida Cyclopidae Copepods 1 1 1 1 1 1 1 1 1 1 1 1 29 0 0 29 33 33 50 12 2 * * *
Crustacea Decapoda Atyidae Freshwater Shrimp 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 86 75 100 43 100 44 25 27 11 6 3 6
Crustacea Decapoda Palaemonidae Freshwater Prawn 1 1 1 1 1 1 1 1 1 1 1 1 1 1 71 50 75 43 0 0 0 14 7 * 4 4
Crustacea Decapoda Parastacidae Freshwater Crayfish 1 0 0 0 0 0 11 0 1 0 * 4 4
Ostracoda Seed Shrimps 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 0 0 0 14 100 78 100 17 0 * * *
Isopoda Water Slater 1 1 1 0 0 25 29 0 0 0 3 0 * 2 2
Hirudinea Glossiphoniidae Leeches 1 1 1 1 1 1 1 1 1 1 29 0 25 0 67 44 25 10 2 3 1 3
Hirudinea RichardsonianidaeLeeches 1 1 0 0 0 0 0 11 25 2 0 * 4 4
Oligochaeta Freshwater Worms 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 57 50 50 43 67 44 75 22 6 * 2 2
Bivalvia Corbiculidae Little Basket Shells 1 1 1 1 1 1 1 1 1 1 1 1 1 57 25 50 57 33 0 0 13 5 4 4 4
Bivalvia Sphaeriidae Pea Shells 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 14 75 0 43 33 56 0 15 5 5 5 5
Gastropoda Physidae Freshwater Snails 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 57 75 100 71 100 67 50 30 9 1 1 1
Turbellaria Tricladida Dugesiidae Flatworms 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 71 50 50 29 33 11 100 18 7 3 2 3
Porifera Spongillidae Sponges 1 0 0 0 14 0 0 0 1 0 * 3 3

Amphibia Tadpoles 1 1 1 1 1 1 1 1 1 29 50 50 14 33 0 25 9 4
Osteichthyes Anguillidae Long Finned Eel 1 1 1 14 0 25 0 33 0 0 3 1
Osteichthyes Cyprinidae Common Carp 1 0 0 0 0 0 0 0 1 0
Osteichthyes Gobiidae Cox's Gudgeon 1 1 1 14 50 0 0 0 0 0 3 3
Osteichthyes Plotosidae Eel-tailed Catfish 1 1 1 1 1 1 1 1 57 0 25 29 0 0 0 8 4
Osteichthyes Retropinnidae Australian Smelt 1 1 1 1 1 1 1 1 1 1 1 1 1 1 71 50 50 43 67 0 0 14 7
Reptilia Testudines Chelidae Eastern Long Necked Turtle 1 1 1 1 1 1 1 1 1 1 29 50 0 0 33 44 0 10 4

Total number of invertebrate taxa: 7 14 23 25 20 29 21 8 9 25 27 8 12 30 30 3 9 27 23 18 7 9 28 16 23 18 11 8 10 16 17 16 17 12 21 15 19 16 19 9 67
Total number of vertebrate taxa: 2 0 6 3 0 2 2 0 0 4 4 0 0 4 2 0 0 2 2 2 0 0 3 1 4 0 0 0 0 0 1 1 1 0 1 0 1 0 0 0 7

%  Insecta 71 64 78 68 80 72 71 63 67 72 78 75 67 77 77 100 56 78 57 67 71 67 61 69 65 44 73 63 50 75 65 56 65 50 57 80 63 75 53 33 73
Combined SIGNAL SCORE 4.00 4.21 5.23 5.09 5.25 4.80 4.20 4.00 4.00 4.84 4.56 4.13 3.92 5.00 4.60 4.00 3.89 5.19 4.85 4.00 4.00 4.56 4.04 4.36 4.20 4.13 4.82 4.38 4.50 4.27 4.40 3.93 3.67 3.89 3.88 3.57 3.76 4.33 3.63 3.00
REACH SIGNAL SCORE 4.79 4.52 4.60 4.58 4.04 4.22 4.15 3.82

Min Reach Score 4.00 3.00 3.92 3.89 4.13 3.67 3.57
Max Reach Score 5.25 4.84 5.00 5.19 4.36 4.82 4.33

Mean Reach Score 4.68 4.35 4.41 4.35 4.23 4.19 3.82
SE Reach Score 0.202 0.21 0.243 0.193 0.066 0.124 0.175

Note: For all Umwelt sites Bloodworms were only identified to Family level and Dragonflies were identified to Sub-order only; * represents those taxa for which SIGNAL scores are not available, or do not apply   
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Appendix Table C-1 Pages River Field Water Quality Data

Sample Sample Sample Sample Pool Temp Cond DO DO Acidity ORP Turb TDS SS
Site* Date Time Depth (m) Depth (m) °C µS/cm %sat mg/l pH units mv NTU mg/L mg/L

PR1 07/12/04 15:09 0.4 26.17 794 130.9 10.6 8.51 514 21.8
PR2 08/12/04 16:44 0.1 26.84 811 156.0 12.4 8.37 539 28.3
PR3 08/12/04 09:20 0.2 22.82 811 90.4 7.8 8.57 517 7.6
PR4 09/12/04 11:11 0.3 22.79 733 104.4 9.0 8.35 487 14.1
PR1 18/04/05 15:37 0.1 1.5 22.42 941 186.5 16.1 9.02 487 20.4
PR1 18/04/05 15:38 0.4 1.5 21.39 956 180.6 15.9 8.98 485 21.3
PR2 d/s 20/04/05 08:40 0.2 1.0 18.09 950 55.8 5.3 8.65 436 6.3
PR2 d/s 20/04/05 08:40 0.2 1.0 18.05 951 56.0 5.3 8.65 436 6.1
PR4 20/04/05 10:56 0.1 1.5 19.15 885 102.0 9.4 9.18 425 5.7
PR1 08/11/05 14:46 0.3 25.23 589 84.6 6.9 8.48 252 18.9
PR3 09/11/05 09:50 0.1 23.29 616 88.1 7.5 8.49 288 48.6
PR3 09/11/05 09:51 0.3 23.27 623 88.8 7.6 8.48 300 45.5
PR2 10/11/05 08:40 0.2 22.98 606 78.6 6.7 8.37 287 24.6
PR7 u/s** 07/06/06 867 8.05 1.6 434 4
PR7 u/s 07/06/06 10:47 0.1 13.10 829 83.5 8.8 8.12 359 1.3
PR7 d/s 07/06/06 10:41 0.1 11.19 826 75.3 8.3 8.12 450 19.1
PR7 d/s 07/06/06 10:42 0.5 11.12 858 76.7 8.4 8.13 452 13.0

Min 11.12 589.00 55.80 5.30 8.05 252.00 1.30
Max 26.84 956.00 186.50 16.10 9.18 539.00 48.60
Median 22.61 826.00 88.45 8.35 8.48 443.00 18.90
Mean 20.49 802.71 102.39 9.13 8.50 419.63 17.89
S Error of Mean 1.12 31.61 10.28 0.83 0.08 23.94 3.42

Notes: * See Fig 1 and Fig 2 for site locations, u/s = upstream, d/s = downstream.
** Additional water sample analysed by lab - see Water Quality report. 



Appendix Table C-2 Kingdon Ponds Field Water Quality Data -

Sample Sample Sample Sample Pool Temp Cond Salinity DO DO Acidity Turb TDS SS
Site* Date Time Depth (m) Depth (m) °C µS/cm ppt %sat mg/l pH units NTU mg/L mg/L

KP0** 31/5/06 2530 8.55 37.0 1440 59
KP1 9/11/05 13:43 0.20 25.58 1512 0.75 167.5 13.6 7.75 74.7
KP2 9/12/04 15:56 0.20 22.0 4385 2.41 71.5 6.2 7.51 59.3
KP2 16/6/06 10:49 0.05 5.51 4236 2.61 33.4 4.1 7.32 28.9
KP4 16/6/06 11:02 0.05 8.89 1100 0.60 90.9 10.5 7.97 1.3
KP4** 31/5/06 1390 8.30 1.5 656 10
KP5 16/6/06 11:15 0.05 8.98 941 0.52 72.1 8.3 7.43 7.9
KP5** 1/6/06 1270 7.50 12.0 648 38
KPO 16/6/06 10:35 0.10 5.4 2159 1.25 95.4 12.0 8.04 35.6
KPO d/s 16/6/06 10:41 0.10 4.63 3093 1.87 53.1 6.8 7.98 58.4
KPP 16/6/06 10:23 0.05 6.47 3284 1.98 104.4 12.7 8.77 206.9
KPP** 31/5/06 3530 7.56 40.0 3040 62

Min 4.63 941.00 0.52 33.40 4.10 7.32 1.30 648.00 10.00
Max 25.58 4385.00 2.61 167.50 13.60 8.77 206.90 3040.00 62.00
Median 7.68 2344.50 1.56 81.50 9.40 7.86 36.30 1048.00 48.50
Mean 10.94 2452.50 1.50 86.04 9.28 7.89 46.96 1446.00 42.25
S Error of Mean 2.88 359.74 0.29 14.23 1.22 0.14 16.85 227.48 12.29

Notes: * See Fig 1 and Fig 2 for site locations, u/s = upstream, d/s = downstream.  KP3 was dry on 31/5/06 and 16/6/06
** Additional water samples collected - see Bickham Water Quality report. 



Appendix Table C-3 South Bickham Farm Dams Field Water Quality

Sample Sample Sample Sample Pool Temp Cond Salinity DO DO Acidity Turb TDS SS
Site* Date Time Depth (m)Depth (m) °C µS/cm ppt %sat mg/l pH units NTU mg/L mg/L

IN1 08/12/04 12:13 0.20 28.2 2083 1.07 118.9 9.2 8.70 13.8
IN1 09/11/05 8:42 0.10 25.7 2629 1.36 109.9 8.9 9.47 13.7
IN1 09/11/05 8:42 0.30 25.5 2629 1.35 118.7 9.6 9.53 8.6
IN1** 01/06/06 3460 8.80 23.1 2300 26
IN2 08/12/04 14:52 0.05 34.7 389 0.16 300.0 20.0 8.97 600.0
IN2a 19/04/05 11:05 0.20 1.5 21.4 401 0.21 74.6 6.6 9.51 224.3
IN3 20/04/05 15:19 0.10 2.0 22.7 2055 1.09 82.0 7.0 8.68 19.1
IN3 20/04/05 15:19 0.40 2.0 22.2 2052 1.10 88.4 7.7 8.78 18.8
IN3 20/04/05 15:19 0.80 2.0 21.4 2060 1.10 87.4 7.7 8.82 141.8
IN5 19/04/05 12:56 0.10 2.0 22.0 139 0.08 70.1 6.1 7.52 56.2
IN6a 19/04/05 16:27 0.05 2.0 23.1 221 0.11 143.1 12.2 8.86 16.0
IN6b 19/04/05 17:22 0.05 1.5 23.4 421 0.21 108.8 9.2 8.74 37.3
IN7 19/04/05 14:33 0.05 1.5 26.2 139 0.08 102.1 8.3 7.72 91.0
IN7 19/04/05 14:49 0.10 1.5 22.7 135 0.08 97.4 8.4 7.66 116.1
IN7 19/04/05 14:50 0.40 1.5 19.1 142 0.08 67.6 6.3 7.45 270.1
IN7 19/04/05 14:50 0.80 1.5 18.3 143 0.09 54.3 5.1 7.32 279.3

Min 18.32 135.00 0.08 54.30 5.10 7.32 8.60
Max 34.73 3460.00 1.36 300.00 20.00 9.53 600.00
Median 22.70 411.00 0.21 97.40 8.30 8.76 46.75
Mean 23.77 1193.63 0.54 108.22 8.82 8.53 120.58
S Error of Mean 0.99 294.85 0.14 15.01 0.91 0.18 39.54

Notes: * See Fig 1 and Fig 2 for site locations, u/s = upstream, d/s = downstream. 
** Additional water samples analysed by lab - see Main Water Quality report. 


