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Preparation of Water Management Plan (WMP) and associated Goulburn River 
Diversion Remediation Plan  (GRDRP)  

Project approval was granted for the Ulan Coal -  Continued Operations Project by the 
Minister for Planning on 10  November 2010 ( Project Approval ( PA 08_0184) ) .  Condition 
34(a) of Schedule 3 of the project approval requires that a WMP be prepared by suitably 
qualified and experienced persons whose appointment has been approved by the Director -
General.  This GRDRP forms one component of the WMP (ULN SD PLN 0017) . 

In accordance with Condition 34 (b), Schedule 3 of the project approval, Ulan Coal Mines 
Limited (UCML) received notification from the Director -General of the Department of 
Planning that the Department approved the appointment of Susan Shield, Technical 
Engineering Manager at Umwelt (Australia) Pty Limited, as suitably qualified and 
experienced to prepare the WMP ( refer to Appendix 1  for correspondence ).  

This GRDRP has been prepared by Susan Shield of Umwelt (Australia) Pty Limited in 

consultation with UCML. 
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1 COMMITMENT AND POLICY 

1.1  Introduction  

Ulan Coal Mines Limited (UCML) is situated in the central west of New South Wales.  It is 
located in the Mid Western Regional Council (MWRC) Local Govern ment Area (LGA) near the 
village of Ulan; approximately 38 kilometres north -northeast of Mudgee and 19 kilometres 

northeast of Gulgong ( refer to Figure 1.1 ).  UCML is a joint venture between Xstrata Coal 
Pty Limited (90%) and Mitsubishi Development (10%), Xstrata Coal NSW (XCN) maintains 
management responsibility for UCML.  The mining operations at UCML are one of a number 
of mining assets owned and/or managed by Xstrata Coal NSW (XCN).  

UCML has recently received Project Approval (08_0184) from the NSW Department of 
Planning  and Infrastructure  (DP&I , formerly  the Department of Planning (D oP) on 
15  November 2010 for continued operations. This new Project Approval cover s current and 
proposed mi ning of the Ulan Mine Complex for the next 21 years, and production of up to 
20 Mtpa (million tonnes per annum) of product coal.  This approval incorporates both 
underground and open cut mining operations undertaken twenty - four hours a day, 7 days 
per week . The existing and proposed underground and open cut mining activities are 
referred to within this plan as the Ulan Mine Complex  ( refer to Figure  1.2 ).  

To satisfy Condition 36 , Schedule 3 of PA 08_0184, UCML are required to prepare the 
GRDRP. This plan  has been developed in accordance with the conditions of consent specified 

in Table 2 .1. The table summarises the requirements of UCMLôs Project Approval 
(PA 08_0184 )  and the section of the GRDRP where the consent condition has been 
addressed.  

In accordance with Condition 34 (b), Schedule 3 of the project approval this plan has been 
prepared by Susan Shield of Umwelt (Australia) Pty Limited in consultation with UCML.  

This GRDRP has been prepared as a component of the UCML WMP (ULN SD PLN 0017), and 

must be read in conjunction with the WMP.  

 

1.2  Background  

The construction of the Goulburn River Diversion  was undertaken in accordance with a 1981 
development consent associated with the commencement of open cut operations.  It diverts 
a 3. 7 kilometre  len gth of the Goulburn River along the southern and eastern boundaries of 

the Ulan Mine Complex .  The diversion channel , which is between 10 metres to 20 metres 
deep, was cut primarily into bedrock and partly into a deep weathering profile that lies 
above the  bedrock. The total length of the channel is a pproximately  3690 metres .  The 
upstream end of the diversion runs east for  approximately  800 metres, turns 90 degrees to 
the north for  approximately  600  metres, then continues north  for a further 2290 metres.  

The construction of the river diversion was undertaken in accordance with the development 

consent and the methodologies and standards of that time. UCML recognises that while it 
has satisfied its legal obligations, the current condition of the diversion mus t be  improved to  
provide for the long term sustainability of the Goulburn River .  Any remediation plan must  
address a number of concerns raised by government and community stakeholders regarding 
the adverse impacts on water quality from erosion of the river banks, interaction with 
previously mined areas and potential loss of river  base flows.  In response to these concerns, 
UCML commissioned a  detailed  study to identify and understand the issues associated wit h 
the Goulburn River Diversion, and to  develop a long term remediation strategy. The 
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strategy was developed as part of an options analysis prepared by URS  (Goulburn River 
Diversion Remediation Strategy, 2009) , on behalf of UCML.  
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1.3  Purpose and Scope  

This GRDRP has been prepared to facilitate compliance with the conditions of the Project 
Approval (refer to Section 2.1 ) . 

The GRDRP has been developed to provide the framework for the implementation of the  
Goulburn River Diversion Remediation Strategy including:  

 t he key criteria to be considered in the design of channel modifications;  

 t he objectives and criteria to be measured against to determine the success of the 
remediation project;  

 t he key issues that may impact upon the ability of UCML to successfully implement the 
project and how they are being addressed;  

 t he management strategies, procedures and controls to be implemented to meet the 
objectives and criteria;  

 t he timing of  the remediation works;  

 t he monitoring program to measure performance of the remediation project; and  

 t he care and maintenance program that will be implemented to facilitate that the 
objectives and targets are met in a timely manner.  

 

1.4  Objectives and Design  Criteria  

The primary objective of the remediation of the Goulburn River Diversion is to provide for 
long term morphological stability of the river landform as well as sustainable revegetation 
cover throughout the channel reaches. It is also recognised tha t there are other issues 
associated with the current diversion channel such as a degradation of water quality, 
increased levels of electrical conductivity (EC) and sulphate concentrations as well as a 

suspected loss of flow from the Goulburn River at the s ite. In light of the issues, it is 
considered that the achievement of the primary objectives and associated design criteria as 
outlined in Table 1 .1 , will potentially lead to minimising the severity of these issues.  

In accordance with the XCN SD ANN  0039 -10.2 Closure Criteria Development and 
Rehabilitation Monitoring, t he preliminary closure criteria will be reviewed and revised 
throughout the Project life and used as the basis for further refinement following the 
commencement of rehabilitation activities , consideration of the results of rehabilitation 

monitoring programs and research trials and consideration of stakeholder feedback .  

The adequacy of the preliminary criteria , as outlined in Table 1.1 , will be determined in 
consultation with the Office of Env ironment and Heritage (OEH , formerly the NSW 
Department of Environment, Climate Change and Water (DECCW) ), the NSW Office of 
Water (NOW) and Department of Trade and Investment, Regional Infrastructure and 
Services (DTIRIS , formerly Industry and Investment NSW(I&I NSW) ) as part of the ongoing 

consultation process associated with the implementation of this plan.  An y amendments to 
the preliminary criteria as a result of this process will be incorporated into a subsequent 
revision of this plan.  

The gradual achievement (or otherwise) of these completion criteria will be assessed and 
discussed in the Annual Review report , which will include the identification of any failures of 
the criteria, and measures taken to address any such issue.  Proposed r ehabilitation 
monitoring is discussed in Section 3 .  
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Table 1 .1 -  Goulburn River Remediation Objectives and Design Criteria  

Remediation  
Objective  

Criteria / Indicator  

Long term 
morphological  
stability of diversion 
channel  

Maximum slope of banks is less than 1:3 (V:H).  Where the 
landform exceeds 1:3 (V:H), a geotechnical assessment 
undertaken by a suitably qualified person concludes that 
the landform is eithe r stable or does not pose a greater risk 
to the degradation of the environment downstream to that 
posed by current conditions.  

Gully erosion: No areas of active gully erosion 
(i.e.  >1  metre deep and 1  metre wide)  

Tunnel erosion: No evidence of tunnel erosion  

Rill erosion: Limited to isolated areas of minor rilling up to 
200  mm deep  

There is no active scouring where the runoff from overland 
areas discharge into the channel diversion  

Appropriate drainage contr ols have been implemented to 
manage runoff from adjacent land into the channel  

Appropriate drainage controls have been implemented to 
prevent erosion and pollution of sediment downstream  

Revegetation of the 
diversion is 
sustainable for the 
long term and  only 
requires maintenance 
that is consistent with 
the intended final 
land use  

Revegetation areas contain flora species assemblages 
characteristic of species found within the region and will 
provide habitat value in the future  

A range of vegetation struc tural habitats exist that are 
commensurate with the type of fauna communities that 
exist within the upstream and downstream reaches of the 
diversion  

Second generation seedlings are present or likely to be, 
based on monitoring in comparable older rehabilitation sites  

More than 75% of native vegetation species are healthy 
and growing as indicated by monitoring  

There are no significant weed infestations and weeds do 
not comprise a significant proportion of the species in any 
stratum  

There are n o significant feral animal infestations 
compromising vegetation establishment and channel or 
batter stability  
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1.5  Related  Documents  

Documents within the UCML Environmental Management System that relate to, or provide 
support to this GRDRP include:  

 Water  Management Plan  (WMP)  (ULN SD PLN 0017) ;  

 Erosion and Sediment Control Plan (ESCP) (ULN SD PLN 0025);  

 Surface Water Monitoring Program (SWMP) (ULN SD PLN 0055 ) ;  

 Groundwater Monitoring Program (GWMP) (ULN SD PLN 056 ) ;  

 Surface Water and Groundwater Response Plan  (SWGWRP) (ULN SD PLN 0057 ) ;  

 Environmental Management Strategy (EMS) (ULN SD PLN 0050);  

 Integrated Mining Operations Plan  (MOP) 2010 to 2017; and  

 Biodiversity , Rehabilitation and Offset Management Plan (BROMP) (ULN SD EXT 0093) . 
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2 PLANNING  

2.1  Project  Approval  

The Project Approval for UCML was assessed under Part 3A of the EP&A Act 1979  and 
approval was gained from the Minister for Planning on 15 November 2010 (PA 08_0184).  
Conditions of the Project Approval relating to remediation of the Goulburn Riv er Diversion 

and the relevant commitments from the Ulan Coal Continued Operations Environmental 
Assessment  (EA) (Umwelt, 2009), and an indication of where they are addressed within this 
document are contained in Table 2.1 . 

Table 2.1 ï Project Approval Cond itions  

Project Approval Conditions  Section of 
Document  

 
32. The Proponent shall remediate the Goulburn River Diversion to the satisfaction of 

the Director-General, in general accordance with the proposed strategy in the EA.  

 

This entire 
document  

 
34. The Proponent shall prepare and implement a Water Management Plan for the 

project to the satisfaction of the Director-General. This plan must:  

 

Refer to WMP  

 
(a) be prepared in consultation with DECCW, NOW, I&I NSW and Council by 
suitably qualified and experienced persons whose appointment has been 
approved by the Director-General;  

Section 2.4 and 
Appendix 1  

 
(b) be submitted to the Director-General for approval by the end of March 2011; 
and  

Section 2.4 and 
Appendix 1  

(c) include:  
  

 a Site Water Balance;  
 

 

Refer to WMP  

 the Goulburn River Diversion Remediation Plan;  
 

This GRDRP  

 an Erosion and Sediment Control Plan;  
 

Refer to ESCP  

 a Surface Water Monitoring Program;  
 

Refer to SWMP  

 a Groundwater Monitoring Program; and  
 

Refer to GWMP  

 a Surface and Ground Water Response Plan.  Refer to SWGWRP  

 

36 Goulburn River Diversion Remediation Plan must include:  

(a) geomorphic and geotechnical assessment of the existing diversion;  

Sections 2.5 .3.2  
and 2.5.4  

(b) assessment of flood hydraulics of the existing diversion;  Section 2.5.5  

(c) staging and timing of remediation works;  Section 3.1  

(d) detailed design of bed and bank remediation works;  Section 3 

(e) revegetation and rehabilitation methods;  Sections 3.2.5.3  

(f) a program to monitor surface water flows, quality, stream health 
and channel stability; and  

Section 4.1  

(g) an implementation program.  Section 3.1  
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2.2  Statement of Commitments  

Table 2 .2 provides t he relevant Statement of Commitments as made in Project Approval 
08_0184 . 

Table 2 .2  ï Statement of Commitments  

Statement of Commitments  Section of 
Document  

6.5.2 The staged remediation strategy for the Goulburn River Diversion will 
be implemented, generally as described in Section 5.4 (refer to the EA)  

Entire document  

 

2.3  Legislation and Guidelines  

UCML will remediate the Goulburn River Diversion in accordance with the policies, principles, 

regulations and guidelines contained within:  

 Protection of the Environment Operations Act 1997  (POEO Act) administered by OEH;  

 Water Management Act 2000 , administered by Department of Trade and Investment, 
Regional Infrastructure  and Services (DTIRIS) ;  

 Water Act 1912 , administered by DTIRIS ;  

 Environm ental Planning and Assessment Act 1979  (EP&A Act), administered by DP&I ;  

 Managing Urban Stormwater ï Soils and Construction, Volume 1 (the Blue Book) 
(Landcom, 2004);  

 Managing Urban Stormwater ï Soils and Construction, Volume 2A Installation of services 
(D epartment of Environment and Climate Change  (DECC) , 2008) ;  

 Managing Urban Stormwater ï Soils and Construction, Volume 2C Unsealed Roads 

(DECC, 2008);  

 Managing Urban Stormwater ï Soils and Construction, Volume 2D Main Road 
Construction (DECC, 2008);  

 Managin g Urban Stormwater ï Soils and Construction, Volume 2E Mines and Quarries  
(DECC, 2008); and  

 National Water Quality Management Strategy: Australian Freshwater Guidelines for 

Fresh and Marine Water Quality  (ANZECC, 2000).  

 

2.3.1  Mining  Lease Approval  

UCML currently holds a number of m ining lease s for its operations. These  mining lease s 
contain specific condition s which relate to the management of erosion and sediment within 
the site. The GRDRP has been developed in accordance with these requirements.  

 

2.4  Cons ultation  

Extensive consultation with government authorities was undertaken during the preparation 
of the Ulan Coal ï Continued Operations Environmental Assessment (EA) including project 
briefings, a Planning Focus Meeting and separate meetings with relevan t government 
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authorities to discuss specific issues. The consultation undertaken during the preparation of 
the EA is described in Section 3 of the EA (Umwelt 2009).  

Consultation with NOW,  OEH, DTIRIS  and MWRC occurred prior to submission of this plan 
throu gh a detailed presentation on the 23 March 2011.  

In accordance with Condition 34(a), Schedule 3 of the Project Approval , t his GRDRP was  
submitted to DP&I on 31 March 2011.  

On 16 May 2011, representatives of UCML  met with DP&I to discuss the Department ôs 
comments on this plan.   Comments received from DP&I in May 2011 have been addressed 
in this version of the plan, as shown in Table 2. 3 .  

 

Table 2.3 -  GRDRP feedback from DP&I  

 

Department Issue  Where addressed  

This plan provides very little additional information beyond that 
provided in the EA. It relies on individual ñreachò plan design 
specification for each stage. No details on ñappropriateò controls 
for each reach.  

The DoPI requires more detailed informatio n on specific designs 
for each reach.  

Section 3.2.4  

Adequacy of completion criteria needs to be determined in 
consultation with OEH, NOW and DTIRIS.  

Section 1.4  
 

Section 2.4  

Overland drainage figures are not providing any specific 
information in relation  to controls  

Section  3.2.2  

 

Following further consultation with DP&I and NOW on Friday 15 July 2011, it was agreed 
that UCML would resubmit the revised ESCP to both departments concurrently.  

 
Copies of all correspondence are included in Appendix 1  of this plan.  

 

2.5  Baseline Data  

2.5.1  Land Use  

UCML is situated in a rural area, primarily surrounded by rural landholdings, native bushland 
and primary industries including agriculture, forestry , mining  and extractive industries.  
Grazing is wide spread througho ut the surrounding area  while t he area to the south and 
south -west is dominated by rural residential landholdings . 

The Ulan Village  is located approximately 1.5  kilometre s west of the Coal Handlin g and 
Preparation Plant .  Three areas of higher density rura l residential landholdings are located to 
the south , west  and south -west of the site along Ridge Road (approximately 7 kilometres 
south of the project area ) , Cope Road (approximately 6  kilometres to the south -west of the 
project area ) and Wonga  Roo Road (i mmediately adjacent to the western project boundary).   
Smaller rural holdings are located immediately to the north, north -west and west of the 
underground mining area.   



Ulan Complex  

Sustainable Development  Plan  

ULN SD PLN 0054  

Goulburn River Diversion Remediation Plan  

Status: Approved  

Version: 5.0  

Effective: 21/07/2011  

Review: 21/07/2014   

Page 14  of 62  

THIS DOCUMENT IS UNCONTROLLED UNLESS VIEWED ON THE INTRAN ET 

 

 

2.5.2  Local Topography  

The Ulan Mine Complex straddles the Great Dividing Range and is loc ated at the headwaters 
of the Goulburn River system (which drains to the east to the Hunter River catchment)  and 
the Talbragar River system (which drains to the west to the Macquarie River catchment).   

The elevation of Ulan Village is about 420  metres AHD  and local relief varies above that up 

to 540 metres AHD.  The topography of the UCML site and surrounding area is typical of the 
landforms evident in the eastern uplands of the Great Dividing Range and  can be 
characterised into three main landform types; broad valleys, transitional rocky uplands, and 
areas of elevation.  

The broad valley floors within the Ulan Mine Complex are associated with the Goulburn River 
and Talbragar River and the lower reaches of Ulan Creek near the junction with the 
Goulburn Rive r.  These areas have been almost entirely cleared for agricultural activity such 

as grazing of sheep and cattle, and for the construction of the UCML open cut mining 
operations.   

 

2.5.3  Geomorphology  

2.5.3.1  Natural  

The natural  geomorphology of the Goulburn River, as de scribed in the URS Report (2009), 
was gently sinuous in form and followed a generally north -east and then north alignment. 
The original channel geomorphology was not recorded prior to construction of the diversion 
but the river most likely occupied a narro w valley constrained either side by bedrock. The 
channel may have had alluvial characteristics with an overall slope of approximately 0.003 
m/m  but there was probably no adjacent floodplain. The natural  channel most likely had 
geomorphic characteristics si milar to the reaches directly upstream and downstream of the 

diversion.  

The upstream reaches retain natural morphological features. The valley floor is alluvium, 
with a poorly defined shallow 5  metre to 10 metre wide low flow channel and a broad 
30  metre t o 50  metre wide valley floor (URS, 2009). The downstream channel has variable 
sediment accumulations, forming distinctive mounds up to 1 metre high across much of the 
channel bed. A wider floodplain is also evident downstream, resulting in lower stream pow er 
and velocity in extreme rainfall events.  

2.5.3.2  Existing G eomorphology  of Diversion  

The URS Report (2009) describes the current diversion geomorphology as having a 
trapezoidal channel cross section along most of its length, with a more box cut canyon like 
form  through the central reaches of the diversion. Benches were constructed on the channel 
banks and raised bar - like structures were constructed to act as low weirs during low flow. 
Unlike the alluvial, low - flow reaches upstream and downstream of the diversion , the 
diverted reaches are characterised by deep bed - rock channels with high stream power. The 

diverted reaches provide little replicating geomorphic characteristics and sediment is 
trapped around dense reed vegetation. The trapezoidal reaches of the chann el have 
sufficient capacity to convey a 100  year Average Recurrence Interval ( ARI )  flood event.  

The specific stream power values are high, particularly immediately downstream of the 
confluence with Bora Creek  (a tributary entering from the east of the div ersion) . 
Observations along these reaches showed the banks were not being eroded by fluvial action 

and were generally stable, which is consistent with the bedrock characteristics of these 
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reaches. The downstream extent of the diversion is however formed in  deeply weathered 
rock materials. The evaluation of stream power was consistent with that for an alluvial 
channel, however the assessment suggests that stream power slight ly  exceeds the 
appropriate thresholds. However, f luvial erosion features were not ide ntified and hence the 
diversion channel in these reaches is considered reasonably stable (URS, 2009) .  

 

2.5.4  Geotechnical Assessment  

Geotechnical investigations were carried out  to characterise and assess the engineering 
properties of the bank material . As a result of the investigation,  two main geologic units  
that  were  found to be  present within the Goulburn River Diversion (URS, 2009)  included :  

 Saprolite (highly weathered bedrock) ï forms the underlying unit along the Goulburn 
River Diversion and has been me asured up to 10  metres  deep. Saprolite breaks down to 
soils of comprised of sandy clays and clayey sands with some gravelly sands with clay ; 

and  

 Bedrock ï forms the underlying unit below the saprolite. This unit is hard and durable, 
mainly consisting of mu dstone and carbonaceous material.  

 

Given the nature of material, e rosion is evident throughout the Goulburn River Diversion in 
the form of rills and gullies running horizontally down the diversion slope and several 

locations show evidence of deep scouring in the slope face. Erosion within the dispersive 
saprolite unit is generally caused by physically weathering in the form of raindrop impact on 
the exposed slopes and overland flow. The bedrock unit is resistant to erosion from overland 
flow, showing only m inor evidence of rockfall  accumulations.  

Stability investigations were conducted to determine the slopes V:H (vertical to horizontal) 
ratio  that would minimise instability risks . The results of the stability analysis determined 

that a ratio of 1:3 (V:H) was suitable to minimise the erosion and stability issues. 
Specifications for re -profiling to enhance slope stability are outlined in Section 3.4 . 

 

2.5.5  Hydraulic Assessment  

As the primary aim of the GRDRP is to establish long term morphological stability, a 
hydr aulic model (URS, 2009) was developed to guide the design of the channel 

improvement works . Specifically, the hydraulic model was used to determine the following:  

 predict the natural  flow characteristics through modelling of upstream and downstream 
reaches ;  

 determine  existing  flow  characteristics of the diversion; and  

 allow testing of the potential measures that channel modification requires to lead to 
natural flow characteristics for a hydraulically stable stream  

The process of hydraulic modelling as described in the URS Report (2009) involves 
modelling of the Goulburn River Diversion, including reaches upstream and downstream 
using one dimensional, steady state HEC -RAS hydraulic software. The software allows 
calcu lation of stream characteristics including flow depth, velocity, stream power and bed 
shear. Both natural  and existing conditions were modelled to assess the changes in flow 
characteristics.  
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The hydraulic model (URS, 2009) indicates that stream power has been slightly increased in 
the diverted channel from the natural non -diverted condition.  An increase in stream power 
in the diverted reaches of Goulburn River indicates a high potential for greater sediment 
transport  than in other reaches of the river. The lack of floodplain leads to an increase in 
stream power and subsequent potential for channel, bed and bank erosion , particularly 
during high flow conditions (i.e. > 20 year ARI event) .  

 

2.5.6  Existing Vegetation Condition  

The condition of vegetation within the  diversion is generally poor, with minimal diversity of 
native species within the riparian zone and a high density of weed species along the 
diversion. Dominance of weed species, including willows, blackberries and aquatic 
macrophytes are causal factors in  the occurrence of generally poor vegetation cover.  

The URS Report (2009) identified a lack of canopy vegetation along the toe, face and top of 

the diversion banks, particularly on the left bank. An abundance of canopy vegetation, 
including Eucalypt specie s, was evident downstream of the diversion channel. Canopy 
vegetation is considered vital in providing bank stability and reducing the occurrence of 
erosion and sediment transport . 

The areas downstream of the diversion channel are considered representative  of the 
diversions pre -existing conditions (URS, 2009). There is a widespread corridor of sclerophyll 
forest with broad vegetation cover, riparian species diversity and bank stability. However, 

the reaches upstream of the diversion have minimal vegetation cover and fragmented 
habitat, which is not considered representative of natural  conditions.  

 

2.6  Risks to this Strategy  

A list of issues and risks that may impact upon the ability of UCML to successfully 
implement the GRDRP  and where they are addressed in this document is outlined in 
Table  2. 4 . 

Table 2. 4  ï Issues and Risks  

Issues and Risks  Section of Document  

Increased sedimentation downstream as a result of exposure of 

materials during the construction stage  

3.2.3  

Pollution of creek line as a result of construction machinery (i.e. 

hydrocarbon spills from earthmoving equipment)  

3.2.4  

Failure of erosion and sediment control structures  3.4.4, 3.3 , 4.2 , 4.4  

Failure of creek embankment  3.4.4, 3.3 , 4.2 , 4.4  

Failure to meet revegetation targets  4.1 , 4.2 , 4.4  

Weed infestation l eading to degradation of biodiversity value  3.3  

Feral fauna species leading to degradation of biodiversity values  3.3  

Delay to remediation project due to unseasonal or creek flood flow 

conditions  

3.1  

Change in reme diation design as a result of intercepting 
undesirable material as a result of previous mining in the East Pit  

3.2.4  
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3 IMPLEMENTATION  

3.1  Proposed Remedi ation Program  

The long term strategy for morphological stability of the Goulburn River Diversion was 
developed based on an assessment of potential options undertaken by URS. The strategy 
took into consideration a number of aspects which were vital in meeting  long term stability 

objectives. The following aspects were considered (URS, 2009):  

 aesthetic appearance;  

 erosion control and management of overland drainage;  

 improvement of geomorphic diversity;  

 river hydraulics; and  

 feral animal and weed managemen t . 

 

To evaluate the works to be undertaken  by UCML , the diversion was delineated  into six 
reaches , which were  primarily based on geology, degree of erosion and cause of erosion 
(URS, 2009). A series of matrices were developed to qualitatively and quantitat ively assess 
the preferred strategy of works for each individual reach. Table 3. 1  and Figure 3.1  detail 

the preferred options for the delineated reaches of the Goulburn River Diversion.  

 

Table 3. 1  -  Proposed Remediation Works and Indicative Program  

Reach  Proposed Remediation Works  Indicative 

Proposed works 

Program  

Reach 1  Further  revegetation of bank slopes  

Improve geomorphologic diversity within channel  

Year 1 -2 

Reach 2  Batter, benching and revegetation of bank slopes  

Improved overland drainage above slopes  

Increase geomorphologic diversity within channel  

Year 5-6 

Reach 3  Batter, benching and revegetation of bank slopes  

Improved overland drainage above slopes  

Increase geomorphologic diversity within channel  

Year 3 -4 

Reach 4a  Minor battering and reveg etation on banks and bank slopes  Year 5-6 

Reach 4b  Improved overland drainage above slopes  

Battering and revegetation on banks and bank slopes  

Year 1 -2 

Reach 5  Batter, benching and revegetation of bank slopes  

Improved overland drainage above slopes  

Control overland flows with grass and rock overland drains, 
road drains and rock chutes  

Increase geomorphologic diversity within channel  

Year 3 -4  

 

 

The indicative program , as outlined in Table 3. 1,  may be affected by seasonal and creek 
flow conditions  which may result in modif ications to  the program .  The overall program has 
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been staged with the intention of minimising impacts to water quality downstream by 
allowing time for reaches to be stabilised prior to the commencement of further disturbance 
work s for remediation purposes on adjacent reaches.  The objective is to minimise the 
extent of disturbance within the diversion at any one time.   Where there are any significant 
changes to the overall schedule of diversion remediation works, a revised schedul e will be 
developed in consultation with DP&I , NOW, DTIRIS, OEH and MWRC . 

 

3.2  Remediation Works  

As part of the remediation works , UCML will undertake channel and bank modifications to 
improve the hydraulics  and long term morphologic stability  of the Goulburn River Diversion. 
The modification s will include construction of surface water controls, re -profiling of banks 
and revegetation.   It will be the intention that design specification drawings will be 
developed in consultation with NOW, OEH and other relevant stakeholders for each 

individual reach prior to the commencement of staged remediation works .   

The proposed remediation strategies identified in the URS Report (2009) and outlined in the 
sections below were developed in consideration of recent studies of diversions as reported in 
the ACARP study entitled ñMaintenance of Geomorphic Processes in Bowen Basin River 
Diversionsò (ACARP guidelines)  and fact sheets published by the Que ensland Department of 
Natural Resources and Mines. Further considerations will a lso be given  when preparing 
detailed specifications for each reach  to more recent guidelines  pu blished by the former 
NSW Department of Water and Energy, now the NSW Office of Water (NOW) in 2007 
entitled River Hydrology and Energy Relationships ï Design No tes for the Mining Industry . 

An overview of the design considerations and remediation requirements that will be factored 
into the specifications are discussed below  and further illustrated in both plan view as well 
as cross -sectional area for each of the i ndividual reach Figures 3.2  to 3.13 .  Typical design 
details for surface water and overbank drainage structures are shown on Figure 3.14 . 

The objectives and design criteria for the remediation are outlined in Table 1.1  and 
discussed in further detail below.  

3.2.1  Geotechnical  Design Considerations  

The detailed design specifications will be developed in consideration of the following:  

 re -profiling the bank slopes to  1:3  (V:H )  to   reduce the stream velocity, power and bed 
shear  within the channel  and promote vegetation growth;  and  

 in regards to the banks in Reach 5 that are adjacent to a former tailings dam, benching 
and battering are not recommended so as to prevent disturbance to potentially 
contaminated material.  Other prote ction measures such as the installation of rip rap 
have been recommended as an alternative .  
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3.2.2  Surface Water and Overbank Drainage Design Considerations  

The URS (2009) strategy identified s urface water controls along the Goulburn River 
Diversion will  be n ecessary to  reduce the further deterioration of banks and slopes from 
overland water flow. Road drainage and surface water flow are considered major 
contributors to severe rill erosion within the channel. To reduce further deterioration, a n 
integrated  site  drainage system will be developed using standard erosion and sediment 
control techniques , in accordance with the requirements of Managing Urban Stormwater: 
Soils and Construction Volume 1  (Landcom, 2004) and Volume  2D (DECC, 2008) (the Blue 
Book).  

As indicated in respective figures for each reach of the diversion channel (refer to 
Figures  3.2 , 3.4 , 3.6 , 3.8 , 3.10  and 3.12 ), t he proposed integrated site drainage system 
will comprise of the following components :  

 implementation of surface water control s to capture sheet flow, directing it away from 

the bank slope into formed drains , h ence reducing erosion potential of overland flow on 
bank slopes ;  

 construction of rock lined channels to convey road drainage from the existing culverts to 
the diversion;  

 construction of defined stream discharge locations using  appropriately designed  rock 
chutes to  collect upstream flows and convey them in a controlled manner to the channel 
bed , thereby redu cing erosion and scour of bank  slopes ; and  

 utilise effective revege tation techniques to ensure stabilisation of disturbed areas and 
drainage lines  (refer to Section 3.2.5 ) . 

Based on the URS (2009 )  report, t ypical design drawings for surface water and overbank 
drainage structures proposed for each reach  of the diversion channel are shown in 
Figure  3.1 4 . A general overview and design considerations of these structures is outlined 
below.  

As part of t he manage ment of  local catchment f lows into the Goulburn River Diversion , a 
number of surface water controls will be constructed to manage and redirect overland flows 
into the diversion , such as the  use of open v-drains that discharge into rock chutes. 
Depending of the location and charact erisation of material, the v -drains will be required to 
be stabilised with either grass or a rock - lining to minimise erosion.   Due to the high erodible 
nature of soils, the use of sediment basins will  be minimised in order to reduce the potential 
for tunne l erosion and subsequent sediment loss , and additional disturbance . 

To reduce the erosion potential in the culverts beside Ulan Road and the Goulburn River 
Diversion it is proposed that rock lined channels be constructed to convey the flow of water 
to cons tructed discharge points in the diversion.   The channels will be designed to be 
shallow and wide in a trapezoidal shape in order to reduce peak flow velocity.  

Rock chutes will be used in instances where rock lined channels are not suitable due to the 
longi tudinal gradient being outside the 1:20 (V:H) or less specifications. For areas with a 

steeper slope, engineered rock chutes will be constructed to convey flows from the 
upstream drainage system into the bed of the diversion.   The structures will be design ed to 
a capacity of a 50 year ARI.  

 

3.2.3  Channel Stability  

To improve the diversion geomorphology a number of potential measures will be 

implemented to increase the geomorphic diversity and stability of the channel. Given the 
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channel cannot be re -engineered as an alluvial channel, it is possible to promote an 
irregular bed profile that is more typical of a bedrock channel.  

As part of the design specification for each reach of the diversion channel, the following 
measures will be considered in order to  provide th e appropriate sediment balance by 
limiting sediment loads and promoting the accum ulation of in -stream sediments:  

 provision of appropriate top of bank and bank slope drainage to reduce erosion of highly 

dispersive soils and control surface water;  

 re -shaping  and re -contouring of the channel bank to reduce slope angles, control surface 
runoff, mitigate rill erosion and support reveg et ation on the slopes; and  

 reveg et ation  on slopes to improve surface cover and in channel bed to promote 
sediment accumulation and bed stability  (refer to Section 3.2.5.3 ) . 

The typical s cope of works for bank and channel stabilisation works to be undertaken for 
each respective reach is illustrated on Figures 3. 3 , 3. 5 , 3. 7 , 3. 9 , 3.1 1  and 3.1 3 . 

Typical design drawings for Surface Water and Overbank Drainage Structures are shown in 
Figure 3. 14 .  

3.2.4  Construction Management / Erosion Control Measures  

The design specification for each reach of the diversion will include detailed erosion and 
sediment control (ESC) plans for implementation prior to the commencement of any surface 
disturbance works.  The ESC plans may include (but not be limited to) the following:  

 a map (to scale) of the site including topographical and other natural and man -made 
features;  

 information on soil type and compaction requirements;  

 rehabilitation requirements;  

 information on  ground cover;  

 construction diagrams for erosion and sediment control features (including specific 
details of material requirements e.g. rock size, type of sediment filter);  

 hydrocarbon control measures as a result of the use of earthmoving equipment withi n 
and adjacent to the diversion;  

 methods and design calculations for control of runoff and flows in the diversion during 
construction periods and whilst vegetation is being established;  

 design calculations for erosion and sediment control measures ;  

 an acti vity schedule (to show implementation of erosion and sediment control features 
prior to commencement and throughout the duration of works);  

 clearly identified legend to indicate the features of the plan;  

 date plan was developed;  

 name of person developing t he plan;  

 version number of the plan; and  

 name of the plan to verify the location.  

A Ground Disturbance Permit (XCN SD FRM 8.4.004) will be required for all Goulburn River 
Diversion channel remediation  activities . The Ground Disturbance Permit requires the 
development of a specific ESC Plan, which is then submitted to the Environment and 
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Community Coordinator for approval prior to works commencing. No earthworks or 
excavations are to proceed on any area until the contractor has installed the measures 
detaile d within the Ground Disturbance Permit  for erosion and sediment control. Erosion and 
sediment control measures  will be progressively amended where necessary to accommodate 
changed construction activities, landforms, drainage paths and other conditions.   
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