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Disclaimer

This report has been prepared on behalf of and for the exclusive use of the Moolarben Coal 
Operations Pty Ltd and Hansen Bailey, and is subject to and issued in accordance with the 
agreement between Moolarben Coal Operations Pty Ltd, Hansen Bailey and WorleyParsons.  It has 
also been prepared for assessment by relevant government agencies.  WorleyParsons accepts no 
liability or responsibility in respect of any use of or reliance upon this report by any third party. 
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PROJECT OVERVIEW 

CREEK DIVERSION CONCEPT DESIGN DEVELOPMENT 

A feasibility design for the proposed modification and diversion of Murragamba Creek and ‘Eastern’ 
Creek was developed and documented in a report prepared by WorleyParsons titled, ‘Moolarben 
Coal Project EA2 - Surface Water Management Strategy’ (2008).  This report formed part of the 
Stage 2 Environmental Assessment (Stage 2 EA) of the Moolarben Coal Project (MCP) and 
included indicative diversion alignments, typical design cross sections and typical energy 
dissipation structures for both Murragamba Creek and ‘Eastern’ Creek. 

The Department of Planning (DoP) reviewed the Surface Water Management Strategy (SWMS) in 
2009 and requested additional information for the design of the creek diversion.  This included a 
greater level of detail for the design and staging of the works. 

In response, WorleyParsons prepared a report to document the concept design for the realignment 
/ diversion of Murragamba Creek and ‘Eastern’ Creek.  The following aspects were addressed in 
the progression of the creek realignment design from feasibility to concept stage: 

(i) The provision of additional information detailing the creek realignment, including detailed plans 
documenting the proposed diversions for Murragamba and ‘Eastern’ Creeks, associated 
longitudinal profiles for both creeks, and typical design cross-sections. 

(ii) Integration of the proposed creek diversion design with the riparian corridor ecological 
objectives for the post mining landform.  These were outlined previously in the Environmental 
Assessment completed for Stage 2 of the Moolarben Coal Project. 

(iii) A more in-depth description of the proposed staging of the creek diversion works, including 
details of the proposed integration of the diversion works with the planned mining operations. 

(iv) Additional detail on the proposed construction methodologies, materials and contingency 
measures to be employed for the proposed creek diversions. 

The report detailing the creek diversion concept design is titled ‘Moolarben Coal Project – Stage 2, 
Concept Design for Proposed Diversion of Murragamba & ‘Eastern’ Creeks’ (Issue No. 3, October 
2009).

Additionally, Mr Lindsay Gilbert reviewed the surface water management strategy, which included 
the concept design for the realignment / diversion of Murragamba Creek and ‘Eastern’ Creek.  The 
details of his review can be found in his report dated 9th December 2009 titled ‘Review of Surface 
Water Assessment and Water Balance Analyses for the Environmental Assessment of the 
Moolarben Coal Project – Stage 2’.
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Mr Gilbert states in his review “In relation to the information presented in the Relocation Concept 
Design Report I believe it is sufficient to conclude that the concepts are sound and I am confident 
that the reconstructed creek channel could be constructed to achieve the stated design objectives 
over time.” (page 9).

Mr Gilbert made two further comments, which concerned assessing the Probable Maximum Flood 
(PMF) and considering additional protection for the seepage control layer.  However, as indicated 
in the review, both of these aspects of the design can be considered during the final design phase. 

PREFERRED PROJECT REPORT CREEK DIVERSION STRATEGY 

Subsequent to the submission of the Stage 2 EA, DoP has requested that Moolarben Coal 
Operations Pty Ltd (MCO) prepare a “Preferred Project Report” (PPR) for Stage 2 of the MCP 
(Stage 2) .  A number of revisions to the Open Cut 4 mine plan are proposed as part of the 
Preferred Project which is the subject of the PPR.  Those of which are relevant to this report 
include:

� A modified sequence for mining operations.  Mining is proposed to commence mid-way up the 
Murragamba Creek valley (refer Figure 17) and there are some changes to the sequence and 
timing of mining in Open Cut 4 which result.  The revised mine pit sequence can be seen 
graphically in Figures 17 to 22.

Under the previous sequence, mining was proposed to commence at the southern end of the 
Murragamba Valley and progress north before turning south along the ‘Eastern’ Creek Valley. 

� A revised mine footprint for Open Cut 4 mining operations.  

� A significant reduction in the length of Murragamba Creek to be diverted as a consequence of 
mining.  In total, the length of creek which is replaced by mining has been reduced by 
approximately 3 kilometres in total length.  This reduction has resulted in the retention of the 
complete length of Murragamaba Creek upstream of and including the morphologically stable 
section of creek (refer Figure 3).

� A relocated Out-of-pit (OOP) emplacement area, the location of which can be seen in Figure 
17.

An updated creek diversion concept design has been prepared to address the changes proposed 
as part of the PPR.  The following is noted in regard to modifications to the creek diversion: 

� The design of the diverted creek channel remains unchanged.  That is, longitudinal slopes, 
cross section design and recommended construction techniques remain unchanged. 

� No change is required to staging the creek diversion works in the ‘Eastern’ Creek valley.  The 
only change to the ‘Eastern’ Creek diversion relates to commencement and completion dates 
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for mining and will bear no impact on the design of the creek diversion and associated 
infrastructure.

� In the Murragamba Creek valley, some minor changes have been made to dams and 
associated clean surface water infrastructures as a consequence of the revised sequence.  
However, this mainly relates to small modifications in sizing and location.  None of the 
fundamental assumptions about the design criteria for surface water infrastructure has 
changed.

� Some revision to the staging of the proposed works in the Murragamba Valley has resulted 
from the modified mine pit sequence.  However, the temporary and permanent diversion 
strategy previously developed is flexible and readily adaptable to the PPR mine sequence. 

Furthermore, the mine sequence and mine footprint proposed for the PPR will realise the following 
benefits to the creek diversion: 

� An increase in the length of creek to be retained due to a reduction in the proposed mine 
footprint.  Under the old Project, the morphologically stable section of Murragamba Creek 
(refer Figure 3) was retained.  Under the Preferred Project, the morphologically stable section 
of creek together with the length of Murragamba Creek, upstream of the morphologically 
stable section of Murragamba Creek will be retained. This will reduce the total length of 
Murragamba Creek permanent diversion from approximately 9 kilometres to 5 kilometres.   

� Construction of certain sections of the creek diversion will commence earlier, providing 
additional time for rehabilitation to establish and monitoring to occur.   
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1. INTRODUCTION
WorleyParsons was commissioned on behalf of MCO to undertake a Surface Water assessment 
for the Stage 2 Project.  The purpose of this assessment is to form part of a Preferred Project 
Report (PPR) being prepared by Hansen Bailey to support the application for Project Approval 
under Part 3A of the Environmental Planning and Assessment Act 1979 (EP&A Act) to facilitate the 
development of a 24 year open cut and underground coal mine; associated infrastructure and 
integration with the existing Stage 1 operations. 

Specifically, the Preferred Project will occur largely within the Project Boundary and consist of: 

� The construction and operation of an open cut (OC) mining operation (OC4) extracting up to 
12 Million tonnes per annum (Mtpa) Run of Mine (ROM) coal and up to 13 Mtpa combined 
rate with the Stage 1 open cuts;  

� The construction and operation of two underground (UG) mining operations (UG1 and UG2) 
extracting up to 4 Mtpa ROM coal cumulative with the Stage 1 underground; 

� The construction and operations of the Stage 2 ROM coal facility;  

� Extension of the life of the Coal Handling and Preparation Plant (CHPP) to Year 24 of Stage 
2 and increased throughput of up to 17 Mtpa (13 Mtpa open cut and 4 Mtpa underground);  

� The development of the Northern OOP emplacement area;  

� The construction and operation of two conveyors and associated facilities between the Stage 
2 ROM coal facility and Stage 1 CHPP;

� The construction and operation of a Mine Access Road;  

� The construction and operation of administration, workshop and related facilities;  

� The construction and operation of water management infrastructure; and 

� The installation of  supporting power and communications infrastructure. 

The underground mines that are proposed as part of Stage 2 are located below the sandstone 
ridges that form the catchment divide between Moolarben and Murragamba Creeks (refer Figure
1).  The open cut mine is to be located within the floor of the Murragamba Valley and an adjoining 
valley to the east, which has been referred to as the ‘Eastern’ Creek Valley (refer Figure 1).

The Ulan Seam, which ranges from between 11 and 13 metres in thickness, will be mined with the 
full seam recovered in OC4 by the use of truck and excavator operations and a partial section in 
the UG1 and UG2 by longwall extraction.  Both domestic and export thermal coal will be produced 
and transported from the site by rail. 
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As shown in Figure 1, Murragamba and ‘Eastern’ Creeks extend through part of Exploration 
Licence No. 6288 and run through the area proposed for OC4 operations.  A number of tributaries 
also drain through the exploration licence and discharge to both Murragamba and ‘Eastern’ 
Creeks.   

Murragamba and ‘Eastern’ Creeks both drain to Wilpinjong Creek which is located to the north of 
the area proposed for OC4 and runs parallel with the Ulan-Wollar Road.  Due to the location of 
OC4, it is proposed that the alignments of both Murragamba and ‘Eastern’ Creeks be modified to 
maximise resource extraction. 

This report describes the proposed design of the diverted creek channel.  Details of the 
construction sequencing, methodology and staging of the works are described in the following. 

In part, the Concept Design has been prepared in response to comments received from Mr 
Gilbert’s initial review of the Surface Water Management Strategy, which was completed in July 
2009.  A summary of Mr Gilbert’s comments on the creek diversion as presented in the original 
review is summarised in Table 1 below. 

Table 1   SUMMARY OF ISSUES RAISED BY PEER REVIEW

SUMMARY OF ISSUE IDENTIFIED RESPONSE (MITIGATION, 
MANAGEMENT, CONTINGENCY, COMMITMENT) 

Hydraulic modelling results for 1 year ARI and PMF refer Appendix F

Additional plans/ figures at critical periods showing 
construction sequence and how diversion construction 
will be integrated in mine plan 

refer Figures 16 to 22 and Chapter 6.

Details of the proposed design criteria, design process and 
construction methodology 

refer Chapter 4, Section 5.1, Section 5.2, Section 5.4.

Integration of creek design with overall Impact 
Management Strategy

refer Section 5.3
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2. DESCRIPTION OF THE EXISTING ENVIRONMENT

2.1 CATCHMENT DESCRIPTION

The site for the Preferred Project is located within the upper Goulburn River catchment.  Mining 
operations will predominantly occur within the catchments of Murragamba and ‘Eastern’ Creeks, 
which drain to Wilpinjong Creek, a southern tributary of the Goulburn River (refer Figure 1).

The combined catchments of Murragamba and ‘Eastern’ Creeks cover an area of approximately 
3400 hectares.  Both creeks discharge to Wilpinjong Creek downstream of the Ulan-Wollar Road, 
which follows an alignment approximately parallel to Wilpinjong Creek.  Willpinjong Creek joins 
Wollar Creek about 12 kilometres north-east of EL6288 and eventually discharges to the Goulburn 
River.  The Goulburn River travels in a north-easterly direction and discharges to the Hunter River at 
Denman, about 80 kilometres from the MCP. 

The Preferred Project will involve the construction of two underground mines (UG1 and UG2) which 
are to be located beneath the ridgelines that separate Moolarben and Murragamba Creeks (refer
Figure 1).  OC4 will be developed in the eastern section of EL6288 in an area that extends south 
from the Ulan-Wollar Road and which includes the valley floors of the Murragamba and ‘Eastern’ 
Creek catchments.   

Stage 2 run of mine (ROM) coal facilities will be located adjacent to OC4, a raw coal stockpile will be 
located adjacent to the Stage 1 ROM coal facilities and OC4 surface facilities will be located at the 
northern extent of OC4, south of the Gulgong-Sandy Hollow Railway (refer Figure 1).   

The catchments of Murragamba and ‘Eastern’ Creeks are typically characterised by steeply sloping 
wooded valley walls, with areas of out-cropping sandstone bedrock.  These valley walls abruptly 
transition to a flat open and mostly cleared floodplain.  Vegetation cover across the lower slopes is 
dominated by pasture with occasional stands of eucalypt.  The majority of the open cut mining will 
take place on the lower slopes, which are characterised by cleared landforms with average slopes of 
no greater than 2%. 

As reported by JAMMEL (2005), the majority of the mine site is located within the Ulan soil 
landscape.  This soil landscape is generally characterised by yellow podsolic and yellow solidic soils 
that have a moderate to high erosion hazard and which have imperfect to poor drainage.   

Average annual rainfall is 638 mm as recorded for Bureau of Meteorology Rainfall Gauge 
No. 62036, which is located at Ulan Post Office.  Daily rainfall records have been recorded at this 
gauge since 1906.  Table 2 lists the average monthly rainfall and potential evapo-transpiration for 
the Ulan Post Office Gauge.
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Table 2 SUMMARY OF AVERAGE MONTHLY RAINFALL AND POTENTIAL EVAPO-
TRANSPIRATION DATA FOR ULAN 

MONTH Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec TOTAL

Rainfall
(mm) 73.9 61.7 52.7 41.8 46.2 44.7 47.7 48.7 43.3 55.8 56.2 66.6 638

Evapo-
transpiration 

(mm)
222 168 144 83 63 59 56 78 163 140 255 226 1657

Source:  Bureau of Meteorology (2005)

A comparison between average monthly rainfall and monthly average potential evapo-transpiration 
indicates that the area is an excess in evaporative capacity over rainfall in all months during an 
average year.  As a consequence, the area is classified as having a semi-arid climate using the 
Köppen Climate Classification system.  Notwithstanding, there is variability in monthly rainfall and 
rainfall can exceed evapo-transpiration, particularly during the winter months.   

2.2 EXISTING HYDROLOGY

The Murragamba Creek catchment is the larger of the two catchments within the Stage 2 Project 
Boundary and drains an area of about 2390 ha.  Murragamba Creek rises in the Munghorn Gap 
Nature Reserve to the south of the area proposed for the OC4 pit.  It discharges in a northerly 
direction, following a relatively straight alignment through what is a relatively narrow valley.  It is fed 
by a number of ephemeral streams that drain the western section of the catchment, before 
discharging to Wilpinjong Creek near the Ulan-Wollar Road.   

OC4 will also extend to the east of the Murragamba Creek valley and into an adjoining valley that is 
drained by an unnamed tributary of Wilpinjong Creek (refer Figure 1).  This ephemeral stream is 
referred to as ‘Eastern’ Creek.  It drains a catchment area of about 1015 ha and follows a northerly 
direction before it discharges to Wilpinjong Creek about 800 metres downstream from the 
Murragamba / Wilpinjong Creeks confluence.   

Wilpinjong Creek begins north east of the mine infrastructure area for Stage 1 of the MCP.  From 
this point Wilpinjong Creek flows south-west and then follows a south east alignment through the 
MCP before entering the Wilpinjong Coal Mine.  Wilpinjong Creek continues in a south-easterly 
direction until it finishes with its confluence with Wollar Creek east of Wollar.  Wollar Creek flows in a 
north-easterly direction through the Goulburn River National Park where it eventually meets the 
Goulburn River.   

A small section of the Preferred Project, primarily the ROM pad extension, is located within the 
Moolarben and Bora Creeks catchments.  Moolarben Creek flows in a northerly direction until its 
confluence with Sportsmans Hollow Creek at the village of Ulan.  From this point the creek is 
referred to as the Goulburn River (refer Figure 1).   
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The Goulburn River flows east toward the MCC where it is joined by Bora Creek, which is a short 
ephemeral stream that has its headwaters in the ridges that separate the Moolarben and Wilpinjong 
Creek valleys.   

A conceptual interpretation of the surface hydrology of the catchments is presented in Figure 2.

There is evidence of a number of springs and seeps that discharge groundwater to the surface 
throughout the catchments of Murragamba and ‘Eastern’ Creeks.  However, the majority of this 
spring water is captured by on-line farm dams.   

Based on the work undertaken for Stage 1 of the MCC, the volumes of individual spring and seep 
discharges within the catchment areas are relatively small.  Many seeps are only visible as patches 
of dampness or lush grass.  The flow rate of the largest spring flow observed in the study area is 
estimated at less than 1 L/s (Aquaterra, 2008).

Groundwater modelling undertaken by Aquaterra for the PPR has indicated that baseflows from the 
Murragamba and ‘Eastern’ Creek catchments are negligible.  Essentially the creeks of the 
Murragamba and ‘Eastern’ Creek valleys are considered ephemeral as baseflow is insufficient to 
maintain permanent creek flow.   

Figure 2 shows the hydrologic regime across the proposed mine site.  As shown, the upper reaches 
of Murragamba and ‘Eastern’ Creeks originate in the Munghorn Gap Nature Reserve and drain the 
area south of OC4.  The Murragamba and ‘Eastern’ Creek valleys are relatively narrow, consisting of 
open grassland with relatively little slope.  Relatively steep elevated areas form a horseshoe shape 
surrounding the western, southern and eastern boundaries of the valleys for each creek.   

During storms, runoff from the steep upper slopes above OC4 quickly becomes concentrated in 
numerous small ephemeral watercourses and gullies (refer Figure 2).  These watercourses typically 
diminish at the boundary of the open cut area where the steep wooded slopes meet the lower 
cleared slopes within the Murragamba and ‘Eastern’ Creek valleys.  Runoff is discharged across 
these cleared areas of the catchment as either overland “sheet flow” or via
ill-defined watercourses that ultimately drain to the main channels of Murragamba and ‘Eastern’ 
Creeks. 
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3. PROPOSED CREEK DIVERSION

3.1 PRINCIPLES FOR CREEK DIVERSION DESIGN

As shown in Figure 3, the proposed OC4 mine will be situated over the existing alignment of 
Murragamba and ‘Eastern’ Creeks.  Accordingly, works will be required to divert the flow that would 
otherwise travel along these creeks. 

To maximise extraction of the coal resource within OC4 it will be necessary to realign the channel 
and construct a new creek alignment for both Murragamba and ‘Eastern’ Creeks.  In undertaking the 
realignment, the principles outlined in the creek relocation vision statement: 

“Murragamba and ‘Eastern’ Creeks are rehabilitated to an ecologically sustainable and 
visually appealing landscape upon completion of mining operations for Stage 2 of the 
Moolarben Coal Project”

will be achieved by implementing the following: 

(i) designing a morphologically stable post-mining system of creek channels linked to an active 
adjacent floodplain; 

(ii) preserving the existing morphologically, archaeologically and ecologically significant section of 
Murragamba Creek by preventing mining operations from occurring in these areas; and by, 

(iii) developing riparian and in-stream habitat along the creek channel. 

The criteria employed to achieve these objectives and the details of the proposed design are 
discussed in Chapters 4 and 5 respectively.

3.2 DESCRIPTION OF PROPOSED CREEK DIVERSIONS

A description of the creek diversion proposal for Murragamba and ‘Eastern’ Creeks is provided in the 
following.

3.2.1 Murragamba Creek 

The total length of the section of Murragamba Creek that is to be realigned upstream of 
Ulan-Wollar Road is approximately 5 kilometres.  In comparison, the existing natural stream 
length over the same extent is about 4.1kilometres.   

Downstream of the Ulan-Wollar Road, the creek will continue in its present condition for 
approximately 0.2 kilometres, down to its confluence with Wilpinjong Creek.  An approximate 
length of the proposed realignment has been given as it may vary depending on site 
conditions encountered during the detail design for the creek diversion and rehabilitation.   
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The total length of the post-mining alignment of Murragamba Creek will consist of the 
following (refer Figure 3):

� a length of 5 kilometres of realigned creek channel which is to be constructed within the 
area of OC4 mining operations; 

� the retained section of Murragamba Creek, which includes the section identified as 
morphologically stable (approximately 1.1 kilometres) and the section of creek upstream 
(approximately 3 kilometres); and

� the stretch of creek downstream of the OC4 mining area, upstream of Ulan-Wollar Road, 
which will be retained and rehabilitated (approximately 0.7 kilometres).

The proposed realignment of Murragamba Creek has been based on maximising the 
opportunity to incorporate channel meanders, while at the same time recognising critical 
constraints such as the existing morphologically sound section of creek, the extent and 
sequence of mining for OC4, and the topography across the surrounding areas.   

The meanders have been included to mimic existing conditions at the site as well as 
increase the length of the diverted channel, thereby increasing the potential for stream 
energy to be dissipated through bed friction and changes in flow velocity to be minimised.

As shown in Figure 3, the diversion commences downstream of the existing morphologically 
sound section of Murragamba Creek; this section of the existing creek is to be retained due 
to the presence of bedrock at this location.  The bedrock can be used as a control to provide 
stability to the channel of the proposed creek realignment.

The creek realignment begins from this point in a westerly, then northerly, then north easterly 
direction until it reaches the northern boundary of OC4.  Upon leaving the open cut mine 
area the creek alignment follows parallel to the existing creek in a north-easterly direction 
toward the Ulan-Wollar Road.  The proposed realignment enables the morphologically sound 
section of creek to be incorporated into the design as well as enabling mining to be 
undertaken in the open cut areas.   

3.2.2 Eastern Creek 

The length of the ‘Eastern’ Creek realignment is approximately 4.9 kilometres, and covers 
the entire length of the creek upstream from Ulan-Wollar Road.  This compares with the 
natural stream length of 4.2 kilometres.   

‘Eastern’ Creek connects to Wilpinjong Creek approximately 0.3 kilometres downstream of 
Ulan-Wollar Road.  The final adopted creek length may vary depending on constraints 
identified in the detail design stage of the creek reconstruction and rehabilitation.  The entire 
length of the creek diversion is to be constructed within the extent of Open Cut 4. 
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As with the Murragamba Creek realignment, the ‘Eastern’ Creek diversion is also based on 
maximising the opportunity to incorporate meanders, while at the same time accounting for 
the extent of mining operations for OC4 and the topography of the surrounding area.  

Figure 3 shows that the proposed realignment of ‘Eastern’ Creek will follow a northerly path 
through the ‘Eastern’ Creek valley. 

Appendix G | Conceptual Design for Proposed Diversions of Murragamba and Eastern Creeks



MOOLARBEN COAL MINES PTY LTD 

MOOLARBEN COAL PROJECT STAGE2 PPR 
Concept Design For Proposed Diversions Of Murragamba & Eastern Creeks

6173_05arm110512-M&E Creek Diversion Report.doc page 9 PPR Creek Diversions Concept Design: Rev 2

4. CREEK DIVERSION DESIGN CRITERIA
The proposed creek diversion design has been developed based on a number of identified criteria.
The criteria relate to specific river and hydraulic post alignment conditions.  The following sections 
contain a summary of the criteria which have been targeted in the development of the design. 

4.1 EXISTING CREEK CONDITIONS

The existing creek conditions were documented previously as part of the ‘Surface Water 
Management Strategy’ (2008).  This information has been extracted and is included for reference in 
Appendix A.  This includes hydrologic and hydraulic modelling completed to document the existing 
creek conditions.  Where possible, the existing creek conditions have provided a starting point for 
developing the design for the creek realignment.  However, the aim for the works is to also improve 
on the conditions encountered within the existing creek. 

4.2 HYDRAULIC CRITERIA
A number of critical hydraulic parameters have guided the decision making for the design.  These 
parameters include: 

(i) The Froude number for the creek diversion channel and the associated in-channel velocity; 

(ii) The required channel conveyance; and 

(iii) The magnitude of the design flood event which will form the basis for the design of the rock riffle 
structures.

In regard to (i), it is preferable that the channel slope be defined as hydraulically “gentle” for the 
sections of the realigned creek channel.  That is, a creek design has been developed to achieve, 
where possible, a Froude Number of less than 1.  This will also limit the main channel velocity that 
can be expected along the creek. 

In regard to (ii), the concept design for the diversion channel shape (i.e. channel cross-section) has 
been developed based on the following: 

� Minimising the discharge of floodwaters across the mine site from the realigned channel in 
events up to and including the 100 year recurrence flood. 

� Containment of flood flows within the creek alignment corridor for all events up to and including 
the 100 year recurrence flood. 

� Designing the main channel section to be capable of containing flows during events up to and 
including the 1 year recurrence flood. 

In regard to (iii), a flood with a recurrence event of 1:20 years will be targeted for the design of the 
riffle structures.
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4.3 RIVER REHABILITATION CRITERIA

The concept design has been configured to ensure that the typical characteristics of a natural creek 
are reinstated.  In particular, numerous meanders have been incorporated between the headwaters 
of each creek and Ulan Wollar Road. 

These meanders have radii of curvature of approximately 50 metres.  The radii of curvature and 
length of the meanders have been designed using the “empirical” design guidelines outlined in the 
Cooperative Research Centre for Catchment Hydrology’s (CRCH) document titled, ‘A Rehabilitation 
Manual for Australian Streams’ (Volume 2).

In addition, the design of the channel has also been modified to replicate the meander 
characteristics of the existing channel.
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5. DESIGN AND CONSTRUCTION METHOD 

5.1 CREEK DIVERSION CONCEPT DESIGN 

The concept design for the proposed creeks diversion works was developed considering the 
potential implications of flooding across the post-mining landform.  Erosion and sediment control and 
wildlife habitat requirements have also been considered.  The design also recognises the importance 
of geomorphic features, stream ecology and the riparian corridor. 

5.1.1 Post-mining Creek Alignments

A summary of the figures that have been prepared to document the concept design for the 
proposed creek diversion is provided in Table 3.

Table 3 LIST OF FIGURES FOR CREEK DIVERSION CONCEPT DESIGN

FIGURE NO. FIGURE CONTENT 

3 Murragamba & ‘Eastern’ Creek Post Mining Diversion – General Arrangement

4 Murragamba Creek Post Mining Diversion Layout – Channel Section 1 of 4

5 Murragamba Creek Post Mining Diversion Layout – Channel Section 2 of 4

6 Murragamba Creek Post Mining Diversion Layout – Channel Section 3 of 4

7 Murragamba Creek Post Mining Diversion Layout – Channel Section 4 of 4

8 ‘Eastern’ Creek Post Mining Diversion Layout – Channel Section 1 of 4

9 ‘Eastern’ Creek Post Mining Diversion Layout – Channel Section 2 of 4

10 ‘Eastern’ Creek Post Mining Diversion Layout – Channel Section 3 of 4

11 ‘Eastern’ Creek Post Mining Diversion Layout – Channel Section 4 of 4

12 Murragamba & ‘Eastern’ Creek Post Mining Diversion – Typical Details

Figure 3 outlines the general arrangement of the Murragamba and ‘Eastern’ Creek 
realignment.  More in-depth detail of the proposed creek realignment along each of the 
creeks is provided in Figures 4 to 11.  Each figure includes a plan section along the river 
reach, the longitudinal profile along the channel diversion and a typical channel cross 
section.
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Chainages to indicate the length of the respective creek realignments and provide a 
reference point have been developed and are documented in Figures 4 to 11.  The zero 
chainage point has been defined as the location where the respective creek lines intersect 
the upstream side of the culvert structure beneath Ulan-Wollar Road.  From this point, 
chainages increase in an upstream direction.  The grid reference point for the zero chainage 
is documented on Figure 7 for Murragamba Creek and Figure 11 for ‘Eastern’ Creek. 

The morphologically stable section of Murragamba Creek (CH5600 to CH6700) together with 
the creek alignment upstream of this section will not be mined.  Accordingly, the post-mining 
landscape will be integrated with the existing creek lines.  The existing Murragamba Creek 
section which is proposed to remain in place post-mining is identified in Figure 3.

The creek realignment downstream of the morphologically sound section of creek (CH700 – 
CH5600) will be constructed in the rehabilitated post-mining overburden areas.  The 
overburden will form the bed material of the permanent realignment for this reach of 
Murragamba Creek.  Details of the proposed realignment are provided in Figures 4 to 7.

The entire length of ‘Eastern’ Creek will be constructed using overburden material in the 
post-mining rehabilitated areas.  Details of the ‘Eastern’ Creek realignment are provided in 
Figures 8 to 11.

5.1.2 Channel Cross Section Description

The diversion is to comprise a trapezoidal shaped low flow channel with a base width 
ranging between 2 and 4.5 metres and a typical depth ranging between 0.65 and 1.45 
metres.  This low flow channel has been designed to carry the peak discharge in the 1 year 
recurrence flood.  Low flow channel side-slopes are to be graded at 1(V) in 4(H).   

To either side of the low flow channel, the design incorporates an in-channel terrace.  The in-
channel terrace ranges in width depending on the location within each of the creek 
alignments.  From the terraces, the channel rises to the finished surface of the proposed 
post-mining floodplain.  The terrace section has been sized to convey the 100 year 
recurrence flood. 

Indicative channel sections at various locations along the realigned creeks are provided in 
Figures 4 to 11.

5.1.3 Longitudinal Slope

The construction of the Murragamba and ‘Eastern’ Creek post-mining creek alignment has 
the potential to induce stream bed and bank erosion, which could result in sedimentation of 
the lower reaches of both creeks as well as Wilpinjong Creek.  

The post-mining alignment of Murragamba and ‘Eastern’ Creek has been designed to 
increase the stream length and sinuosity when compared to the existing creek alignments.
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This will ensure that the post-mining alignment has a reduced average bed slope compared 
to the existing creek.   

The post-mining alignment of Murragamba Creek will increase the overall stream length by 
approximately 900 metres.  This will result in an approximate overall decrease in the average 
bed slope from 0.0115m/m to 0.0104m/m.   

The post-mining alignment of ‘Eastern’ Creek will increase the overall stream length by 
approximately 700 metres.  The existing average bed slope for ‘Eastern’ Creek is 
0.0144m/m, this compares to an approximate post-mining bed slope of 0.0123m/m. 

As mentioned in Section 3.2, the proposed creek realignment is an approximate 
representation of what will be required for the post mining creek realignment.  The exact 
slope of the final channel may vary slightly depending on conditions encountered during the 
detail design stage of the creek rehabilitation for Murragamba and Eastern Creek and mining 
conditions.

Despite the reduction in average bed slope for both creek alignments there will still be the 
potential for high flow velocities within the channel.  These high flow velocities may cause 
bed and bank erosion due to the high shear stresses against the constructed channel 
surfaces.   

It is proposed that the potential for channel scour in the creek channels be addressed by the 
inclusion of strategically located drop structures and constructed ramp riffles.  Details of the 
riffle structures, including indicative spacing between the structures is discussed following in 
Section 5.2.1.

Indicative slopes along each of the realigned creeks are provided on Figures 4 to 11.  It is 
noted that the bed slope reported in the figures for the realigned creeks is typically less than 
the average bed slope discussed above for the majority of the realigned creeks.  This is a 
result of the inclusion of the drop structures discussed above, which allow for more gradual 
channel grades between the structures. 

5.2 ADDITIONAL CHANNEL DESIGN DETAILS

5.2.1 Pool and Riffle Sequences

A pool and riffle sequence will be incorporated into the post-mining channels for both 
Murragamba and ‘Eastern’ Creeks.  The pool and riffle sequence will allow the channels to 
mimic a more ‘natural’ creek regime while also reducing average channel bed slopes and 
thereby reducing peak flow velocities. 

Artificial riffles, or drop-structures, will be constructed within the low flow channel at requisite 
intervals sufficient to reduce peak flow velocities over the length of each channel diversion.  
The conceptual locations for these structures are shown in Figures 4 to 11.
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The riffle structures will control in-channel velocities and minimise the potential for bed scour 
and erosion along the low flow channel.  They have been designed to allow for the passage 
of fish and can be constructed to replicate aquatic habitats encountered along the existing 
creek lines. 

A channel slope 1(V) in 20(H) is proposed for the rock riffle.  This is the standard slope 
employed in the design of rock ramp/riffle structures throughout NSW to facilitate fish 
passage.  A typical long-section of the proposed riffle design is presented in Figure 12.

The proposed pool and riffle sequence uses a rock ramp riffle which results in an effective 
channel bed drop of up to 0.5 metres.  It is formed by a rock weir extending across the low 
flow channel, with loosely placed rock extending downstream from the weir at an average 
slope of 1(V) in 20(H). 

The toe of the riffle is defined by a row of large armour stone (nominal diameter of 800 mm)
extending across the width of the channel.  As part of the design, the armour stone is “keyed” 
into the side-slopes of the low flow channel to provide stability, and to resist bank erosion 
through the process of outflanking. 

The purpose of the rock ramp riffle is to provide a mechanism for energy dissipation, thereby 
preventing the formation of head cuts and bed scour.  Large sized rip-rap is to be placed at 
the ridge to provide roughness, increase the pool diversity and habitat, and to prevent 
excessive erosion.   

The rip-rap will consist of angular rock of various sizes packed tightly to reduce the porosity 
of the structure.  Large oversized rocks (nom dia. = 600mm) will be included in the riffles and 
will protrude from the surface creating a more complex but natural surface condition, thereby 
increasing habitat potential.  The design effectively creates a channel bed drop that will not 
impede the passage of fish. 

Wherever possible the use of large woody debris will be incorporated into the design of the 
pool and riffle structure.  This will enable the development of a more natural design that will 
use materials that may be produced during the clearing of areas that are to be mined in OC4. 

It is proposed that during the detail design phase of the creek design, the Department 
Primary Industries, which is part of the Department of Industry & Investment (DII) be liaised 
with to determine the limit of fish migration for Murragamba and ‘Eastern’ Creeks.  Above this 
location, the riffle design may be modified to facilitate additional energy dissipation 
characteristics which are not feasible where the provision of fish passage is deemed 
necessary.
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5.2.2 Vertical Drop Structures

An alternative to pool and riffle type structures is a vertical drop structure located within the 
river. Figure 12 provides typical details of the drop structure.  The drop height is limited to 
between 0.25 and 0.3m to ensure the feasibility of fish passage during flood events.  Vertical 
drop structures may be used where the implementation of a riffle structure is not considered 
feasible.

5.2.3 Erosion and Sediment Control

Stream bed and bank erosion can be controlled using a range of both structural measures 
and vegetative techniques.  There are three main types of erosion which will be addressed in 
the design of the realigned channel (Rutherford et al, 2000).  They are: 

� sub-aerial erosion; 

� fluvial scour; and 

� mass gravity failure. 

Sub-aerial erosion is caused by processes which are unrelated directly to channel flow e.g. 
rain splash, surface run-off, and rill erosion.  This type of erosion is more common on the 
upper and mid banks and is heavily dependent on the bank slope, soil characteristics and 
vegetation cover.  Mitigation measures to protect against sub-aerial erosion of the top soil 
layer include the planting of stoloniferous and native perennial grasses which will increase 
soil cover and cohesion properties, and to increase hanging cover from trees which will 
decrease erosion from rain-splash. 

Fluvial scour occurs due to the direct action of water flow eroding bed sediments and is 
directly related to flow velocity and shear stress.  It is important to mitigate against this, as 
scour at the bank toe ultimately controls the rate of bank erosion.  Lower bank vegetation 
can decrease flow velocities close to the bank and can also strengthen bank material making 
it harder to remove.  Also macrophytes which grow close to the toe of the bank or in the main 
channel are particularly good.  

A reduction in the longitudinal grade of the revised creeks, achieved by channel lengthening 
and the use of riffles will assist in reducing velocity and shear stress in the revised channel.   

Mass gravity failure occurs where large sections of bank collapse in the stream.  Deep 
rooted riparian trees with soil binding characteristics can reinforce the failure plane and 
increase bank stability.  Dense tree coverage increases the thickness of the boundary layer 
over the bank, substantially reducing shear stresses acting on the surface of the bank and 
increasing resistance to mass bank failure.  

Appendix G | Conceptual Design for Proposed Diversions of Murragamba and Eastern Creeks



MOOLARBEN COAL MINES PTY LTD 

MOOLARBEN COAL PROJECT STAGE2 PPR 
Concept Design For Proposed Diversions Of Murragamba & Eastern Creeks

6173_05arm110512-M&E Creek Diversion Report.doc page 16 PPR Creek Diversions Concept Design: Rev 2

In order to protect the realigned channel from erosion a number of techniques will be 
incorporated into the design of the channel.  It is anticipated that the constructed creek 
channel will require rip-rap protection and rock protection of creek banks on the outside 
bends of the creek and areas where high flow velocities are identified.  In addition to this the 
conceptual design of the creek alignment has incorporated the following: 

� Oversizing of the low flow path to allow for some sedimentation and to limit potential scour 
during the early establishment phase. 

� Incorporation of a temporary retardation storage upstream of the inlet of the reconstructed 
creek to ameliorate potential scour associated with high flows during establishment 
phase.  In this regard, it is proposed that a minimum of five years be targeted between the 
construction of a creek realignment and the instigation of regular flow to the channel.  

It may also be necessary to incorporate temporary armouring and reinforcement of banks in 
riffle zones to provide stability during the vegetation establishment stage of the creek 
realignment.  

5.3 RIPARIAN CORRIDOR REHABILITATION
The overall vision for the post mining riparian corridor is one of “maintain and improve” the existing 
conditions of Murragamba and ‘Eastern’ Creeks.  In order to meet this objective, an Ecological 
Impact Assessment (EIA) was prepared for Stage 2 Moolarben Coal Mine Environmental 
Assessment documentation to manage the impacts associated with open cut mining of the area.  
The EIA was prepared by Ecovision.

Ecovision has recommended a number of measures to ensure the post mining rehabilitation of the 
site achieves the stated objective.  The measures include the specification of types and zones for 
revegetation, facilitating the development of ponded areas and replicating natural stream 
characteristics through the installation of wooded debris.   

The following outlines details of the integration of each of these aspects with the creek design.

5.3.1 Provision of Permanent Water Sources

It will be necessary to incorporate into the creek design areas where water is retained in 
order to facilitate habitat development and food sources.  To facilitate this, ponds will be 
installed at various locations along the creek. 

The exact layout, including number and size of the pond areas will be determined during the 
detailed design stage and will require input from appropriately qualified ecologists.

A possible location for a ponded area is upstream of selected riffle structures, which have 
been described in Section 5.2.1.  Details of the lining characteristics which are required to 
achieve water retention characteristics are discussed in Section 5.4.1.

Pond areas will also be incorporated into the post mining landform in a number of tributaries 
which flow the permanent creek diversion. 
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5.3.2 Habitat Generation

It is proposed that the channel be vegetated to create a similar habitat to that found in the 
well vegetated/forested areas of the existing Murragamba and ‘Eastern’ Creek channels.  An 
example of an existing channel section which the revegetation plan will seek to replicate is 
pictured below in Plate 1.

Plate 1 Picture of Existing Creek Line Indicating Possible Revegetation 
for the Post Mining Creek Alignment

A conceptual section for the proposed revegetated creek channel is shown in Figure 11.

Planting on the realigned creek will increase the riparian species diversity above the current 
diversity, which has been depleted by former land use practices (ie. cattle grazing).

A combination of native shrubs, herbs, native grasses and tree species specially selected, 
will be determined as part of the detail design.  Examples of vegetation species that could be 
used (but not limited to) to create an appropriate varietal habitat within the realigned stream, 
are listed in Table 4.
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Table 4 EXAMPLES OF VEGETATION SPECIES TO USED IN STREAM 
REHABILITATIONS WORKS

LOCATION SPECIES

Lower Banks 
(ie main channel zone)

Arundinella nepalensis
Melaleuca thymifolia

Mid Banks 
(Floodplain overbank zone)

Melaleuca thymifolia (clayey soils)
Leptospermum polygalifolium (sandy soils)
Shorthair Plumegrass (Dichelachne micrantha)
Lomandra confertifolia
Kangaroo Grass (Themeda australis)
Blakely’s Redgum (Eucalyptus blakelyii)
Rough-barked Apple (Angophora floribunda)

Upper Banks 
(Near Top of Bank- 100 year ARI channel)

Blakely’s Redgum (Eucalyptus blakelyii) – clayey soils
Yellow Box (Eucalyptus melliodora)
Grey Box (Eucalyptus moluccana)
Acacia spectablis/ polybotria (sandy soils)
Acacia decora/ Daveisia genistifolia (clayey soils)
Kangaroo Grass (Themeda australis)
Rough-barked Apple (Angophora floribunda) – sandier soils

A range of native grasses and trees are proposed for the in-channel bench and channel side-
slopes (refer Figure 11).  These will be supplemented with stoloniferous grasses where 
required.  The potential for erosion along the in-channel terrace will be mitigated through the 
use of dense copse of deep-rooted tree species with soil binding characteristics.  Dense tree 
coverage increases the thickness of the boundary layer over the bank, thereby reducing 
shear stresses acting on the surface of the bank during high flows.  

The dense copse will be aligned so as to centralise low and mid-bank flows, and thereby 
minimise erosion potential.  The indigenous species selection and planting density will 
enhance habitat, and provide shade protection to the banks and in-stream habitat. 

In addition, wooded debris is to be stockpiled throughout the life of the mine.  The wooded 
debris will be installed within the reach of the creek to facilitate the development of 
appropriate habitat for aquatic species and to replicate natural stream conditions. 
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5.4 CONSTRUCTION METHODOLOGY

The proposed methodology to be employed in the construction of the permanent realignment of 
Murragamba and ‘Eastern’ Creeks is detailed in the following sections. 

5.4.1 Proposed Construction Materials & Controls

Construction in Overburden Material 

The majority of the permanent creek realignment is to be constructed in overburden material 
which will be placed during mining activities. 

It will be necessary to compact the overburden material located along the main channel 
section of the diverted creeklines to prevent excessive loss of surface water into the 
overburden fill. 

The exact level of compaction will be specified during the detailed design phase of the creek 
diversion project.  The level of compaction will be sufficient to ensure the bed and banks of 
the main channel section present a significant barrier to the infiltration of water. 

If necessary, remediation of the fill along the proposed main channel of the creek line may be 
undertaken to achieve the desired level of compaction.  Alternatively, areas where the 
degree of compaction is not realised the compacted fill layer may be thickened locally to 
reduce infiltration. 

The controlled compacted fill layer will be approximately 300mm thick (refer Figure 11) and 
will extend across the width of the main channel section.  This may be compacted as a single 
layer.  Alternatively, the fill may be compacted in two layers where this facilitates preferable 
compaction conditions.  In addition, the moisture content of the soil may be modified to 
achieve optimum compaction for the particular soil characteristics encountered.  The 
required thickness of the compacted fill layer will be confirmed during construction of the 
creek diversion. 

The same compacted layer is proposed beneath the riffle structures. 

The overburden fill will be shaped and excavated as required to form the overbank areas 
located to either side of the main channel (refer Figure 11).  Some compaction of the 
overbank areas will occur during construction.  However, these areas are only expected to 
convey creek flows on an irregular basis, during times of major flooding.  Therefore, specified 
compaction control for the overbank areas is not warranted. 

Construction of Permanent Water Sources

In locations where the permanent water sources are to be located (refer Section 5.3), it will 
be necessary to line the base of the channel with clay, which is to be stockpiled as part of 
mining operations.  It is proposed that the clay liner be compacted to a level of high 
impermeability.  The clay liner should be a minimum thickness of 300 millimetres. 
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5.4.2 Targeted Material Retention

The majority of material excavated through the mining operations will be used as backfill 
material.  However, certain materials have been identified as being of particular benefit to the 
rehabilitation of the permanent creek diversion.  Therefore, these materials are to be retained 
from the mining operations for reuse as part of the rehabilitation works.  Details of the soil 
types has been identified by Jammel (2005).  The specific materials to be stockpiled and 
their intended use include: 

� topsoil, which will assist in the revegetation of the creek bed; 

� soil identified as having clay characteristics, which will be used to form permanent water 
sources.  In addition, clay may be mixed with other material to achieve the required 
impermeability of the creek channel; 

� stone for use in rock ramp riffles, drop structures and locations requiring erosion 
protection; and, 

� wooded debris for placement within the stream to assist in replicating natural stream 
conditions.

If necessary, off-site sources will be utilised in the event of a shortfall of a key materials 
during the rehabilitation process. 

5.4.3 Testing of Materials

It will be necessary to undertake sampling and analysis at periodic intervals of the 
overburden fill where the main channel of the creek alignment will be constructed.  Collected 
samples will be analysed to determine whether the soil characteristics are sufficient to 
facilitate the degree of compaction which is required to achieve the permeability specified in 
Section 5.4.1.

Testing will be undertaken of the in situ compacted creek bed to confirm that the desired 
permeability has been achieved. 

Standard testing of the compacted fill will be undertaken in accordance with the Australian 
Standard titled ‘Guidelines on earthworks for commercial and residential developments’ (AS 
3798), and with reference to the procedures outlined in the Australian Standard titled 
‘Methods of testing soils for engineering purposes’ (AS 1289).

Given the size and scope of the creek reconstruction works, it is proposed the “Statistical 
Acceptance Criteria” (refer AS 3798), which relates to control over variation in the degree of 
compaction be adopted. 

The proposal to adopt the Statistical Acceptance Criteria reflects the fact there may be 
localised areas where the required compaction is unrealistic.  However, it will ensure that an 
appropriate majority of the creek line meets or exceeds the functionality expected for the 
permanent creek diversion. 

Conceptual Design for Proposed Diversions of Murragamba and Eastern Creeks | Appendix G



MOOLARBEN COAL MINES PTY LTD 

MOOLARBEN COAL PROJECT STAGE2 PPR 
Concept Design For Proposed Diversions Of Murragamba & Eastern Creeks

6173_05arm110512-M&E Creek Diversion Report.doc page 21 PPR Creek Diversions Concept Design: Rev 2

Detail of the performance criteria will be outlined during the detail design phase of the creek 
construction.

5.4.4 Protection During Construction & Rehabilitation

The staging of the creek diversion has been developed to allow the permanent creek 
diversion to be stabilised and rehabilitated over a minimum period of 5 years (refer Section
6.1).  Additional time has been provided to particular stages as required by the staging of the 
creek diversion works.

The 5 year time frame will be achieved through the installation of a number of temporary 
dams upstream of the construction/rehabilitation of the permanent creek diversion.  A pipe 
system, extending from the dam to downstream end of the length of creek being constructed 
or rehabilitated will discharge the necessary environmental flow. 

There is provision for water to be released into the permanent creek diversion during the five 
year rehabilitation and consolidation period.  This may be used where required for plant 
growth or to facilitate controlled testing of the rehabilitated creek diversion. 

A time frame of 5 years is believed to allow sufficient time for the overburden fill beneath the 
creek line to consolidate and stabilise and for the bed, banks and flood terraces to be 
sufficiently revegetated. 

The 5 year timeframe is intended to provide a general framework to rehabilitate the diverted 
creek line.  Regular monitoring of the rehabilitation process will be undertaken and should 
the process be expedited, sections of the creek may become operational sooner than 
anticipated with necessary consultation. 

5.5 HYDRAULIC ANALYSIS OF PROPOSED CREEK DIVERSIONS

5.5.1 Changes to HEC-RAS Flood Model

In order to assess the potential impact of the post-mining creek alignments (refer
Section 5.1.1), the existing HEC-RAS model of Murragamba and ‘Eastern’ Creek (refer
Appendix A) was modified to include the proposed changes.  The modifications included:  

� removal of all existing cross-sections located within the footprint of OC4, located 
downstream of the morphologically sound section of Murragamba Creek (refer Figure 3);

� replacement of cross-sections along Murragamba and ‘Eastern’ Creeks with the proposed 
post-mining channel cross-section; 

� increases in the modelled length of both Murragamba and ‘Eastern’ Creeks to reflect the 
increased length due to the proposed post-mining alignments; and, 

� inclusion of drop structures within the proposed post-mining creek alignment to reduce 
peak flow velocities within the channel and reduce scour potential. 
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5.5.2 Results

Selected results from the analysis of the 100 year recurrence flood event have been 
extracted at approximately 200 metre intervals, the results are summarised in Table 5 and 
Table 5 and the predicted water surface profiles for each of the proposed creek alignments 
are presented in Figures 13 and 14.  HEC-RAS model outputs from the analysis are 
enclosed in Appendix F.

The extent of inundation of the site in the design 100 year recurrence flood with the proposed 
post-mining creek alignments in place is shown in Figure 15.  It shows that the peak 100 
year recurrence flood is completely contained within the proposed post-mining creek 
corridors for Murragamba and ‘Eastern’ Creeks. 

Table 5 and Table 5 indicate that there are still relatively high velocities of between 2 and  
3 m/s within the channel of both Murragamba and ‘Eastern’ Creek.  With this in mind, it will 
be necessary to provide additional scour protection at locations where predicted velocities 
are high.  It is proposed that scour protection at these locations be achieved through the use 
of rock rip-rap. 
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Table 5 DESIGN 100 YEAR ARI FLOOD LEVELS AND VELOCITIES FOR 
MURRAGAMBA CREEK FOR POST-MINING CREEK ALIGNMENT

MAXIMUM SECTION AVERAGED VELOCITY 
(m/s)HEC-RAS  

MODEL  
CROSS-SECTION 

RIVER CHAINAGE 
(m u/s from Wollar Rd)

PEAK LEVEL 
(mAHD)

Left Channel Right

MORPHOLOGICALLY STABLE SECTION OF CREEK AND UPSTREAM RETAINED (refer Appendix A) 
85 5179.0 448.11 1.13 3.17 1.09 

80 4723.2 444.9 1.05 2.76 1.05 

75 4414.2 442.81 1.03 2.78 1.06 

70 4229.5 441.3 0.99 2.8 1.06 

65 4021.7 439.77 0.96 2.69 1.04 

60 3674.6 437.45 1.06 2.81 0.84 

55 3491.5 436.42 1.11 3.09 0.87 

50 3139.5 433.73 0.99 2.7 1.04 

45 2852.6 431.77 1 2.62 1.01 

40 2677.0 430.38 1.03 2.81 1.05 

35 2292.0 427.93 0.78 2.13 0.87 

30 2067.2 426.09 0.99 2.61 0.99 

25 1863.2 424.44 0.97 2.82 1.05 

20 1581.9 422.43 1.05 2.79 1.03 

15 1194.2 419.71 1.04 3.12 1.1 

12 929.4 417.91 1 2.69 1.03 

11 876.4 417.48 1.07 3.12 1.09 

10 753.6 416.49 1.02 2.6 0.95 

9 543.5 415.16 1.1 3.12 1.04 

8 508.1 414.56 1.06 2.85 0.98 

7 469.4 414.36 1.05 2.81 1.03 

6 381.0 413.91 1.03 2.74 1.02 

5 332.9 413.71 1 2.55 0.97 

4 272.2 413.53 0.93 2.23 0.87 

3 212.1 413.58 0.54 1.31 0.55 

2 140.9 413.57 0.44 1.09 0.31 

1 64.2 413.56 0.35 0.85 0.34 

0 0.0 413.56 0.31 0.71 0.31 
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Table 6 DESIGN 100 YEAR ARI FLOOD LEVELS AND VELOCITIES FOR ‘EASTERN’ 
CREEK FOR POST-MINING CREEK ALIGNMENT

MAXIMUM SECTION AVERAGED VELOCITY 
(m/s)

HEC-RAS  
MODEL  

CROSS-SECTION 
RIVER CHAINAGE  

(m u/s from Wollar Rd)
PEAK LEVEL 

(mAHD)
Left Channel Right

137 4869.1 466.9 1.22 2.65 1.2 

130 4798.3 464.17 1.34 3.08 1.4 

123 4598.2 461.24 1.4 3.12 1.37 

117 4445.6 458.68 1.4 3.12 1.37 

111 4200.2 456.23 1.37 3.11 1.4 

105 4008.7 453.38 1.41 3.12 1.36 

100 3819.4 450.69 1.32 3.12 1.43 

95 3602 448.61 1.28 2.79 1.18 

87 3415.1 446.29 1.51 3.35 1.29 

83 3208.2 443.59 1.12 2.43 1.04 

77 3021.6 441.24 1.47 3.35 1.4 

69 2826.3 438.9 1.23 3.34 1.53 

63 2607.2 436.56 1.12 2.56 1.15 

59 2424.3 434.53 0.69 2.32 0.83 

52 2213.5 431.69 1.33 3.35 1.5 

46 2012.4 429.54 1.51 3.35 1.29 

40 1823.7 427.23 1.34 2.94 1.19 

34 1590.7 424.78 1.49 3.35 1.37 

29 1393.5 422.47 1.44 3.34 1.44 

24 1224.9 420.01 1.38 3.32 1.51 

20 1022.1 417.96 1.24 3.32 1.53 

15 804 415.95 1.3 3 1.38 

9 593.4 413.26 1.38 3.32 1.51 

5 430.6 411.51 1.01 2.38 1.14 

0 205.4 410.82 0.54 1.3 0.58 

-3 0 410.84 0.07 0.25 0.06 

Road Culvert      
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6. STAGING OF CREEK DIVERSION

The successful rehabilitation and realignment of Murragamba and ‘Eastern’ Creeks will require the 
development of a re-construction plan based on the proposed staging of the mine progression for 
Open Cut 4. 

The schedule for the diversion and reconstruction of affected sections of Murragamba and ‘Eastern’ 
Creeks is detailed below.

6.1 DIVERSION STAGING OF MURRAGAMBA AND EASTERN CREEKS

Sections 6.1.1 to 6.1.5 describe the construction and establishment of the permanent creek 
diversion which will be installed progressively throughout the period of mining operations.  The 
staging was developed based on integration of the mine pit progression with the proposed creek 
realignment works. 

Figure 16 outlines an indicative timeline for the construction of the permanent diversion of 
Murragamba and ‘Eastern’ Creeks.  Details are provided of the period when each stage of the creek 
realignment will be constructed.  Subsequent to construction, an indicative timeframe of when the 
creek line is expected to become operational is also provided. 

In addition, detail of the temporary structures which are required to facilitate the diversion of creek 
flows during construction and establishment, prior to operation of the reconstructed creek are 
provided (refer Figure 16).

The staging of the proposed creek diversion works has been designed to be flexible, which will allow 
for potential deviations in the proposed mining sequence, should they arise.

Figures 17 to 22 outline the proposed creek diversion works at key intervals throughout the lifetime 
of the mine.  The diversion works have been separated into stages on the basis of when one 
continuous reach is being constructed.  The staging of the creek diversions have been labelled 
according to the creek name with the numerical identifier increasing in a downstream direction.  For 
example, the most upstream section of the Murragamba Creek diversion is referred to as “Stage 
M1”.

In developing the staging of the creek layout, a nominal time frame of 5 years has been adopted to 
allow sufficient time for the overburden fill to consolidate and the creek line to be revegetated and 
stabilised.  That is, there will be sufficient time for a substantial ground cover to be developed across 
the base of the channel to ensure the potential for scour of the constructed channel is greatly 
reduced, prior to introducing flow (refer Section 5.4.4).

However, Moolarben Coal will undertake regular monitoring of the diverted creek line.  Should 
rehabilitation of the diverted creek line be achieved in a timeframe shorter than 5 years, there is the 
opportunity for sections of the creek to become operational sooner than this 5 year timeframe, with 
necessary consultation. 
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6.1.1 Years 1 to 6 inclusive

Mining is proposed to commence midway up the Murragamba Creek Valley as shown in 
Figure 17.  The extent of mining proposed for Years 1 and 2 is shown in Figure 17 and the 
extent of mining through the period of Years 3 to 6 is shown in Figure 18. Mining in Years 1 
to 6 will progress south up the Murragamba Valley.  The existing creek line will not be mined 
through until Year 7, which is shown for reference in Figure 18.   

No temporary diversion works will be required until Year 7 of mining operations.  Provided 
below is a description of the permanent and temporary diversion works required during this 
period of mining. 

Permanent Diversion Works

The extent of mining proposed through years 1 to 6 coincides with a section of the realigned 
creek channel, identified as ‘Permanent Diversion Stage M1’.  Construction of Stage M1 will 
progress throughout Years 1 to 6 of mining, as placement and consolidation of overburden 
allows.  The extent of Stage M1 can be seen in Figure 18.

Temporary Diversion Works

Prior to excavating Murragamba Creek at Year 7, two dams will be constructed on 
Murragamba Creek during Year 6.  The dams are identified as M2 and M3 and their location 
is shown on Figure 18.  The dams will facilitate capture and diversion of Murragamba Creek 
flows from the upper catchment around the active pit. 

Dam M2 is required to capture and divert run-off in the local catchment upstream of the pit, it 
will be removed due to mining at the beginning of Year 13.  Dam M3 is required to manage 
run-off from the catchment upstream of the active pit and to control discharge through the 
rehabilitated creek.  This dam will remain in place until the diverted creek channel is fully 
operational. 

6.1.2 Years 7 to 12 inclusive

At the beginning of Year 7, mining will re-commence adjacent to the location where mining 
commenced in the Murragamba Creek Valley (refer Figure 18).  It will progress north from 
this location (refer Figure 19).

From year 10 onwards, mining operations will progressively move eastward, out of the 
Murragamba Creek valley and into the ‘Eastern’ Creek valley.  It is anticipated that during 
years 11 to 12 of mining operations, the downstream section of ‘Eastern’ creek will be mined.   

The progression of the mine pit in year 7 to 12 can be seen in Figure 19.
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The progression of the creek diversion during this period of mining is outlined in Figures 19.
Permanent and temporary diversions proposed during this period are described in the 
following section. 

Permanent Diversion Works

During this period Stage M2 of the Murragamba Creek permanent diversion will be 
constructed, as overburden emplacement and consolidation allows.  Construction of Stage 
M2 will be complete around year 11.  The alignment of Stage 2 is indicated in Figure 19.
Dam M3 will be maintained throughout this period to ensure that flow through the creek from 
the upper Murragamba Catchment is diverted around the active pit and diverted creek 
channels undergoing rehabilitation. 

Based on the 5 year timeframe adopted for construction, consolidation and revegetation, 
Stage M1 will become operational at the commencement of year 13.  However, since it 
drains directly to Stage M2, which will still be undergoing rehabilitation, the two stages will 
become operational together in year 16.  Nonetheless, during this period it is envisaged that 
run-off from the local catchment draining directly to the diverted channels will be conveyed 
by them.

In addition, the degraded southern 700 metres of Murragamba Creek will be rehabilitated to 
enhance the existing natural features of the creek and to provide bank protection to the 
existing channel.  It is anticipated that rehabilitation works will mainly involve landscaping 
and replanting of native species (refer Figure 19).

Once mining is completed in the northern section of the ‘Eastern’ Creek valley a permanent 
creek alignment will be constructed in the rehabilitated area where overburden placement is 
located.  The permanent creek alignment for ‘‘Eastern’ Creek will be located approximately 
300m west of the existing creek alignment and is shown in Figure 19.  This section of the 
permanent creek alignment is referred to as ‘Permanent Diversion Stage E1’.

Temporary Diversion Works

To facilitate the delivery of environmental flow, ‘Temporary Diversion Pipeline M1’, will be 
installed to convey water stored from Dam M2 to the downstream end of the Murragamba 
Creek (refer Figure 19).

Near the commencement of mining in the ‘Eastern’ Creek valley it will be necessary to 
construct a temporary dam upstream of the projected Year 16 mine pit shell.  Year 16 has 
been selected since only a small amount of mining will take place between Years 12 and 16 
in ‘Eastern’ Creek, thus representing the most efficient location for the dam.  The indicative 
location of the dam, identified as ‘Dam E1’ is shown on Figure 19.  The dam will prevent 
water entering the mine pit, together with the construction of any bunding upstream of the pit.  
The dam will remain operational until it is removed by mining operations at the beginning of 
Year 17. 

Appendix G | Conceptual Design for Proposed Diversions of Murragamba and Eastern Creeks



LE
G

E
N

D S
ta

ge
 2

 P
ro

je
ct

 
B

ou
nd

ar
y 

O
ve

rb
ur

de
n 

E
m

pl
ac

em
en

t 

O
ut

lin
e 

of
 a

ct
iv

e 
m

in
e 

pi
t (

sh
ow

in
g 

ye
ar

 o
f m

in
in

g)
 

R
eh

ab
ilit

at
io

n

C
at

ch
m

en
t

B
ou

nd
ar

y 

P
ro

po
se

d 
C

le
an

 
W

at
er

 D
am

 

Te
m

po
ra

ry
 

di
ve

rs
io

n 
pi

pe
lin

e/
ch

an
ne

l 

P
er

m
an

en
t C

re
ek

 
D

iv
er

si
on

Y
ea

r 1
2 

M
in

in
g 

N
at

ur
al

 S
ur

fa
ce

 

FI
G

U
R

E 
19

M
O

O
LA

R
B

EN
 C

O
A

L 
PR

O
JE

C
T 

– 
ST

A
G

E 
2

M
IN

IN
G

 Y
EA

R
S 

8 
–

12
 

C
R

EE
K

 D
IV

ER
SI

O
N

 S
TA

G
IN

G
M

oo
la

rb
en

 C
oa

l P
ro

je
ct

 P
P

R
 C

re
ek

 D
iv

er
si

on
 C

on
ce

pt
 

fg
61

73
_0

5a
m

11
03

03
-fi

g1
9_

C
k 

D
iv

er
si

on
 y

rs
 8

-1
2.

do
c 

D
R

A
FT

0
10

00
50

0

m
et

re
s 

TE
MP

OR
AR

Y
DI

VE
RS

IO
N

PI
PE

LIN
E 

M1
 

PE
RM

AN
EN

T 
DI

VE
RS

IO
N

MU
RR

AG
AM

BA
 C

RE
EK

 S
TA

GE
 M

1 
RE

HA
BI

LIT
AT

ED
 

DA
M 

M2
 DA

M 
M3

 

PE
RM

AN
EN

T 
DI

VE
RS

IO
N

MU
RR

AG
AM

BA
 C

RE
EK

 S
TA

GE
 M

2 
CO

NS
TR

UC
TE

D/
 C

ON
SO

LID
AT

ED
/ 

VE
GE

TA
TE

D 
DU

RI
NG

 Y
EA

RS
 9 

-1
2 

PE
RM

AN
EN

T 
DI

VE
RS

IO
N 

EA
ST

ER
N 

CR
EE

K 
ST

AG
E 

E1
 

CO
NS

TR
UC

TI
ON

 &
 C

ON
SO

LID
AT

IO
N 

DA
M 

E1
 

TE
MP

OR
AR

Y
DI

VE
RS

IO
N

PI
PE

LIN
E 

E1
 

RE
HA

BI
LIT

AT
E

EX
IS

TI
NG

 S
EC

TI
ON

 O
F 

MU
RR

AG
AM

BA
 C

RE
EK

 

Conceptual Design for Proposed Diversions of Murragamba and Eastern Creeks | Appendix G



MOOLARBEN COAL MINES PTY LTD 

MOOLARBEN COAL PROJECT STAGE2 PPR 
Concept Design For Proposed Diversions Of Murragamba & Eastern Creeks

6173_05arm110512-M&E Creek Diversion Report.doc page 28 PPR Creek Diversions Concept Design: Rev 2

In conjunction with Dam E1, it will be necessary to install ‘Temporary Diversion Pipeline E1’
to divert environmental flows from the dam once the existing creek has been excavated by 
mining operations.   

The pipeline will convey water that is stored in Dam E1 downstream of the Stage E1
permanent diversion into the existing ‘Eastern’ Creek alignment (refer Figure 19).  An 
indicative layout for the pipeline is included on Figure 19.

6.1.3 Years 13 to 16 inclusive

At the beginning of Year 13, mining will recommence in the Murragamba Creek Valley, 
adjacent to location of the active pit in Year 7.  Mining will progress south up the valley, 
resulting in the removal of Dam M2 and a section of the existing Murragamba Creek.  
However, diversion infrastructure to capture and divert flow will already be in place. 

From Year 16, the active pit will no longer affect the diverted creek line, maintaining a 
distance of at least one hundred metres between the active pit and the existing creek, which 
is to remain in place as part of the post mining landscape. 

Throughout this period, Dam M3 will manage run-off from undisturbed catchments in the 
Murragamba Creek Valley.  This will prevent run-off from entering the open cut pit and the 
Section of M2. 

During this period, a small amount of mining will occur in the ‘Eastern’ Creek Valley, the 
extent of which can be seen in Figure 20.

Permanent Diversion Works

By this stage, it is anticipated that construction will be complete on the Permanent Diversion 
of Stages M1 and M2.  However, for Years 13 to 15, flow in the diverted creek will be limited 
to run-off from the local catchment to ensure a sufficient rehabilitation period for Stage M2. 
During Year 16, construction will be completed for a small section of the Murragamba Creek 
‘Permanent Diversion Stage M3’ (refer Figure 20).  The extent of the permanent creek 
diversion works during this period is outlined on Figure 20.

It is anticipated Stages M1 and M2 will become fully operational at the beginning of Year 16.

Rehabilitation of ‘Permanent Diversion Stage E1’ will continue. 

Temporary Diversion Works

Run-off will continue to be captured and diverted by Dam M3 and Dam E1 around the active 
pit and areas of the creek channels undergoing rehabilitation.  As discussed previously, 
temporary diversion pipelines will facilitate conveyance of environmental flow. 

‘Temporary Diversion Pipeline M2’ will be installed towards the end of Year 12 and will begin 
operation once the existing creek alignment is excavated by the mine.  Temporary Diversion 
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Pipeline E1 will continue to convey flow around the active mine pit.  An indicative layout for 
the pipeline is provided in Figure 20.

6.1.4 Years 17 to 19 inclusive

During Years 17 to 18, mining will progress simultaneously along the Murragamba and 
‘Eastern’ Creek valleys to the south.  No additional excavation of the existing Murragamba 
Creek line will occur during this period (refer Figure 21).  Mining the Murragamba Creek 
Valley will finish in Year 18. 

Stages M1 and M2 of the permanent diversion will be operational during this period. 

The excavation of the existing alignment of ‘Eastern’ Creek will continue towards the south.
As this occurs, it will be necessary to relocate the temporary dam and diversion pipeline.   

Permanent Diversion Works

Consolidation and rehabilitation of ‘Permanent Diversion Stage M3’ will continue during this 
period.  This section of the creek realignment is identified on Figure 21.

Based on the progression of the mining, it is anticipated that ‘Permanent Diversion Stage E2’
will be constructed during Years 17 to 19 of the mining operations (refer Figure 19).

Temporary Diversion Works
Dam M3, will continue to capture and divert flow from the Murragamba Creek catchment via  
‘Temporary diversion pipeline M2’ into Stage M1 of the permanent diversion (refer Figure
21).

In the ‘Eastern’ Creek valley, the construction of the temporary creek works will progress in a 
similar fashion as to what occurred during Years 11 to 16.  That is, a temporary dam 
structure will be constructed upstream of the Open Cut pit.  The temporary dam structure will 
prevent surface water from entering the pit and can be used for environmental flows in 
‘‘Eastern’ Creek.

Provision is made for the installation of two temporary dam structures, identified as ‘Dam E2’ 
and ‘Dam E3’.  It is proposed that Dam E2 be constructed upstream of the extent of the Year 
18 mining pit shell (refer Figure 21).  Similarly, Dam E3 is to be constructed at the upstream 
end of mining operations in the ‘Eastern’ creek valley.  It is anticipated this dam will divert 
flow during Years 19 and 20 of mining operations.   

‘Temporary Diversion Pipeline E2’ and ‘Temporary Diversion Pipeline E3’ will be installed to 
convey environmental flow from Dam E2 and Dam E3 respectively downstream of the creek 
diversion works. 
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6.1.5 Years 20 to 24 Inclusive

Permanent Diversion Works 

The permanent diversion for ‘Eastern’ Creek will continue in a southerly direction through 
‘Eastern’ Creek valley as mining progresses up the valley.  As mining is completed in the 
Open Cut pit, the permanent alignment will be constructed in the rehabilitated area of the 
valley. 

Following this, ‘Permanent Diversion Stage E3’ will be constructed from Year 20 to Year 21.  
The extent of Stage E3 is outlined on Figure 22.  It is anticipated that Stage E3 will be fully 
operational in Year 27. 

Although mining operations are projected to finish at the end of Year 24, it is proposed that 
the lease relinquishment period be extended to allow for the sufficient rehabilitation and 
establishment of Stages E2 and E3. 

Temporary Diversion Works

The yearly mine progression, anticipated dam locations and temporary pipeline layouts are 
outlined on Figure 22.

By Year 20, mining in Eastern’ Creek valley will be completed.  However the permanent 
realigned creek channel will not be allowed to carry uncontrolled creek flow until the 5 year 
period allowing for rehabilitation has elapsed.  Therefore Dam E3 and Permanent Diversion 
E3 will remain in place until Year 27. 

6.1.6 Comparison of Final Alignments to Existing Creek

The final alignments for Murragamba and ‘Eastern’ Creeks have been based on 
endeavouring to replicate a natural stream and to function as a catchment drainage system.  
The concept designs have been developed on the basis of providing a morphologically 
stable post-mining creek system while also preserving stable and environmentally sensitive 
sections along the original creek alignments.  

A comparison of the present and post mining alignment of the creeks has been outlined 
previously (refer Figure 3).

6.2 CLEAN SURFACE WATER MANAGEMENT

In addition to the permanent creek diversion works, it will be necessary to divert and contain surface 
runoff upstream of the open cut pit to prevent water contamination.  The diverted water will be used 
as a clean water source for environmental flows for both Murragamba and ‘Eastern’ Creek. 

The surface water runoff from areas upstream of OC4 will be diverted around the open cut pit.  
Water will be diverted through trench drains either directly into the existing creek channel or into 
temporary clean water storage dams.  Water stored in a clean water storage dam would then be 
piped to a suitable location and discharged into Murragamba and ‘Eastern’ Creeks.   

Appendix G | Conceptual Design for Proposed Diversions of Murragamba and Eastern Creeks
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Clean water storage dams within the Murragamba and ‘Eastern’ Creeks catchments will be 
connected to allow transfer across the system. 

The location of diversion drains and clean water storage dams has been conceptually developed for 
a number of key years of OC4.  This can be observed in Figures 23 to 28.  The clean water storage 
dams have been designed to contain the runoff from a 100 year recurrence event from the 
catchment upstream of each dam.  The volume of each storage dam is also shown in Figures 23 to 
28.  Each of these dams will be constructed as required by the mine pit progression plan and staging 
of the diversion works, and will be decommissioned when rehabilitated areas are fully established.

In locations where it is not possible to gravity drain water from the proposed clean water dams to 
Murragamba or ‘Eastern’ Creek it will be necessary to pump the water to a suitable discharge point.
It will be necessary to locate the discharge point downstream of any disturbed areas.  The 
requirement for discharge is discussed further in Chapter 5 of the report titled ‘Supplementary 
Surface Water Investigations Including Water Balance Modelling’ (WorleyParsons, 2011) (SSWI). 

Indicative details of the clean water dams, including their size, location and purpose, is summarised 
in Table 7 below.  Actual sizing will be confirmed through detailed engineering design prior to the 
construction.  Mine sediment and erosion control structures required for mine water are described in 
the Surface Water Management Strategy (November, 2008) Report.  Sizing of sediment dams in 
mine areas has been updated in the SSWI (2011). 
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Table 7  INDICATIVE SIZING OF CLEAN WATER DAMS

DAM NAME LOCATION PURPOSE CAPACITY 
(ML)

REFERENCE 
FIGURE(s) 

M1 South of Year 1 open cut pit Store & Divert Clean Water 7 23 

M2 On-stream storage south of 
Year 7 active pit Store & Divert Clean Water 35 18-19, 24-25 

M3
Downstream end of 

Morphologically stable section 
of Murragamba Creek 

Store & Divert Clean Water 
Minimise discharge of flow to 

realigned channel during 
rehabilitation

575 18-22, 24-28 

M4 West of Year 6 mining 
operations Store & Divert Clean Water 6 25,26 

M5 West of Year 6 mining 
operations Store & Divert Clean Water 6 25 

E1 ‘Eastern’ Creek, Upstream of 
Year 19 mining operations 

Store & Divert Clean Water 
Minimise discharge of flow to 

realigned channel during 
rehabilitation

365 19 – 20,25-26 

E2 ‘Eastern’ Creek, Upstream of 
Year 20 mining operations 

Store & Divert Clean Water 
Minimise discharge of flow to 

realigned channel during 
rehabilitation

280 21 

E3 ‘Eastern’ Creek, Upstream of 
Year 22 mining operations 

Store & Divert Clean Water 
Minimise discharge of flow to 

realigned channel during 
rehabilitation

140 21-22,27-28 

E4 South of Year 19/20 mining 
operations Store & Divert Clean Water 18 28 

E5 South of Year 20 mining 
operations Store & Divert Clean Water 35 28 

6.2.1 Maintenance of Riparian Flows

The mine operations that will be undertaken as part of the Preferred Project have the 
potential to reduce the base environmental flows that enter the Wilpinjong creek system from 
the Murragamba and ‘Eastern’ Creek catchments.  Environmental flows are required to 
maintain a healthy creek system by maintaining a supply of water that can be utilised by the 
environment as well as downstream uses that require the water for extractive purposes.   
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In order to prevent the degradation of Wilpinjong Creek from the loss of environmental flows, 
it will be necessary to utilise any ‘clean’ water that is captured at the site to maintain the base 
riparian flows in the Wilpinjong creek system.  This will be supplemented with water from 
Splitters Hollow Dam, (an on-stream dam on Wilpinjong Creek) where required. 

The clean water diversion infrastructure as described in Section 6.2 has been designed to 
ensure that no run-off from clean surface water areas on site will be retained for the purpose 
of mining.  Rather, run-off from these areas will be discharged off-site as efficiently as 
possible.  The framework for the discharge of riparian flow to Wilpinjong Creek is described 
in Chapter 5 of the SSWI (2011).

6.2.2 Downstream Water Users

The proposed water management system has been designed to ensure that the water 
management needs of the Preferred Project in terms of water quality control, management of 
pit inflows and prevention of ingress of floodwaters are achieved while minimising the impact 
on the Wilpinjong Creek system. 

The system has been designed to utilise poorer quality runoff from the mining area for coal 
processing and dust suppression.  This will minimise the potential for adverse off-site water 
quality impacts as a result of discharges.  A staged water management system has been 
developed that seeks to minimise the catchment area of the mine water management system 
at any time while still providing adequate control for runoff from disturbed areas and 
prevention of inflows from drainage lines and creeks into the open cut pit.    

As mining progresses, mined sections will be rehabilitated and a post-mining landform will be 
created.  This will involve shaping the rehabilitated area to enable surface water runoff from 
the upper catchment to flow to the rehabilitated Murragamba and ‘Eastern’ Creek 
alignments.  The post-mining landform is discussed in more detail in Section 6.3.  Based on 
current mine planning, rehabilitation is expected to occur from approximately Year 2 
onwards.   

Once mining ceases and disturbed areas are rehabilitated, annual flows from Murragamba 
and ‘Eastern’ Creek flowing into Wilpinjong Creek are expected to be similar to those existing 
prior to mining in the long term.  In the period immediately following mining there may be 
some slight reduction in surface water run-off from the two catchments, as discussed in 
Section 6.3.   

6.2.3 Potential Impact on Flows to Wilpinjong Creek 

The mining operations that are proposed as part of Stage 2 of the MCC have the potential to 
reduce flow from Murragamba and ‘Eastern’ Creeks that enter Wilpinjong Creek and the 
upper reaches of the Goulburn River.   

Analysis was undertaken to determine the possible reduction in flows from the sub-
catchments within Project Boundary.  This involved determining the predicted runoff from the 
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Murragamba and ‘Eastern’ Creek catchments and comparing it to the expected runoff from 
the post-mining landscape.   

The assessment of the potential reduction in streamflow is documented in the Surface Water 
Management Strategy. 

6.3 PROPOSED POST- MINING LANDFORM 
It will be necessary to rehabilitate the overburden areas of the open cut pit on a progressive basis.  
Rehabilitation will include shaping and contouring of the backfilled landform.   

Contouring of the post-mining landform is necessary as it will allow the conveyance of surface water 
flows from the undisturbed upper reaches of the catchments down to the rehabilitated main channels 
of Murragamba and ‘Eastern’ Creeks.  A conceptual post-mining landform has been prepared and is 
shown in Figure 29.  Appropriate measures to manage erosion and sediment control, such as 
contour banks, will be incorporated into the post mining landform. 

Figure 29 indicates that a series of ridges and drainage lines will be required to enable surface 
water flows to be concentrated and directed into both Murragamba and ‘Eastern’ Creeks.  This will 
enable the flow of surface water over the rehabilitated area towards local drainage networks.  
Erosion and sediment control structures such as contour banks and sediment ponds will be included 
in the development of the final landform to reduce the risk of soil loss.  Other energy dissipation 
structures will be included as deemed necessary. 

The location of drainage lines has been designed to incorporate water storage areas required as 
part of the mine surface water management strategy (i.e. sedimentation structures) into the post-
mining landform. 

The post-mining landform aims to utilise the existing ridge lines of the surrounding catchment.  The 
designed ridge lines will be an extension of existing ridge lines that are present in the upper 
undisturbed portion of the catchment.   
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7. MITIGATION & CONTINGENCY MEASURES
A number of different scenarios have been identified which have the potential to affect the 
performance of the permanent diversions of Murragamba and ‘Eastern’ Creeks.  These scenarios 
included the following: 

� Settlement of backfilled overburden and waste rock materials causing cracking of the bed and 
banks of the realigned creeks and subsequent loss of in-channel surface flows; 

� Infiltration and loss of in-channel surface flows into backfilled overburden and waste rock 
materials caused by poorly prepared reconstructed creek beds; 

� The occurrence of a major flood event during the period in which the creek diversion is being 
revegetated, stabilised and rehabilitated; and, 

� Excessive erosion and sediment transport of the creek bed downstream of the Project 
Boundary. 

The following describes measures which have been developed to reduce the impact of the potential 
impact scenarios identified above. A number of strategies will be implemented to achieve this as 
discussed in the following sections. 

7.1 MONITORING OF THE PERMANENT CREEK REALIGNMENT

Each of the permanent creek realignments will be monitored on a periodic basis.  Periodic 
monitoring will ensure the early detection of locations within the realigned creek where excessive 
consolidation, erosion or inhibited plant growth may be occurring. This will facilitate the application 
of appropriate remediation techniques. 

In addition, it will be necessary to ensure that those locations within the creek channel that will 
function as ponded areas (refer Section 5.3), are adequately protected against surface fractures.  
Since the ponded areas are proposed to be clay lined, it is expected that any fracture zones which 
may develop will self anneal due to the properties of clay.  However, monitoring of the creek lines 
will determine any non conformance within the creek lines and allow the implementation of 
appropriate contingency measures including remediation in consultation with relevant regulators. 

7.2 REMEDIATION TECHNIQUES

The techniques employed to undertake remediation will depend on the particular conditions which 
arise during the rehabilitation of the creek line. 

In the first instance, remediation may replicate aspects of the original design and rehabilitation 
proposal described previously in this report.  This will include planting additional vegetation or 
undertaking further compaction of the creek bed to provide stability to the creek realignment and 
prevent the loss of surface flow. 
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Periodic monitoring of the creek will identify locations within the bed and banks where settlement has 
occurred leading to excessive infiltration.  This may be localised settlement or settlement along a 
length of the diverted creek channel.  The possible remediation options for this scenario include the 
following:

� Where local settlement of the channel has occurred, overburden material may be used to 
restore the channel to its intended functionality.  If necessary, additional compaction and 
revegetation of the layer may be undertaken. 

� Alternatively, it may be more effective to line the settled area with clay so that it forms a 
permanent water source.  The viability of this procedure will depend on the size of the 
settlement and its context within the overall creek alignment. 

� Where the settlement is likely to result in the formation of a scour hole, leading to erosion, 
selected rip-rap may be placed to protect the scour hole from further erosion. 

� If a section of the channel undergoes settlement, an assessment will be made of the potential 
impact on the creek functionality.  Extra overburden material will be compacted as necessary to 
prevent infiltration of surface water. 

Where infiltration and excessive loss of surface flow is identified, the following is proposed: 

� An inspection of the site will be undertaken and if necessary, a monitoring program instituted in 
consultaiton with the relevant authorities. 

� The impact on riparian flows will be established and appropriate remedation techniques 
identified, as listed above. 

In the unlikely event that remediation fails, the following steps will be taken for localised sections of 
creek:

� Any vegetation should be removed and stored in a suitable location, to be replanted following 
repatriation of the channel; 

� The section of creek bed should be removed.  The material should be re-confirmed that it is 
suitable for reuse as bed and bank material.  If not it should be placed elsewhere and more 
suitable material provided.  

� The creek channel should be reinstated and compacted as originally detailed.  Following this, 
the area is required to be revegetated. 

7.3 EROSION AND SEDIMENT CONTROL

At the downstream end of each reconstructed section of the creek channel, a sediment trap will be 
installed which will be maintained while the creek is being constructed and rehabilitated.  This will 
allow for the capture and repatriation of the erosion of sediments while the creek channel is still 
being established. 
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In locations where excessive erosion occurs within the reconstructed creek channel, rock rip-rap or 
other suitable material will be used to provide protection to the creek bed and banks.  The rip-rap will 
be placed as required to stabilise the eroded stream.  In addition, rock and gravel may be used to 
anchor finer bed sediments and prevent erosion. 

7.4 FLOODING OF THE PERMANENT CREEK DIVERSION

Temporary dams will be installed at the upstream end of the creek diversions (refer Section 6.2).
The primary purpose of these dams is to capture and store clean water, to be released in order to 
meet riparian flow requirements.  However, some provision for the capture and storage of flood 
water is proposed to retard the peak of the hydrograph and volume of floodwater entering the 
rehabilitated creek.  The exact quantity of flood storage will vary depending on the size of the 
catchment draining to the dam and the quantity of rainfall which has fallen and been stored in period 
prior to the flood event. 

In addition, inspection of the revised creek alignment will be undertaken following a flood event.  As 
a general guideline, inspection will be undertaken following a flood event equivalent to the 1 year 
ARI flood (i.e. near bank full flow of the main channel section).  Observation of a particular flood 
event will be required to assess if an inspection of the reinstated creek line is necessary. 

In the event that a flood occurs which causes damage to the reconstructed creek prior to mine 
closure, remediation of the creek will be undertaken in accordance with the remediation measures 
outlined in Section 7.2.
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8. CONCLUSION
The Preferred Project will involve an extension to mining operations proposed as part of Stage 1, 
which was approved by the Minister for Planning on 6 September 2007.  The extension involves two 
new underground mines (Underground No’s 1 and 2) and a new open cut mine (OC4).  The 
underground mines that are proposed as part of Preferred Project will be located below the 
sandstone ridges that form the catchment divide between Moolarben and Murragamba Creeks.  
OC4 is to be located within the floor of the Murragamba Valley and an adjoining valley to the east 
which has been referred to as the ‘Eastern’ Creek Valley.

Murragamba and ‘Eastern’ Creeks are ephemeral streams that drain self-contained catchments to 
Wilpinjong Creek, which is located immediately north of the Project Boundary.  Due to their location 
within the proposed mining footprint for OC4, extensive sections of both streams will be mined for 
resource extraction.  As a result, sections of both streams will need to be diverted.  New sections of 
channel will need to be constructed where diversions of the stream are required during the mining 
operation. 

Investigations undertaken for this report and the Surface Water Management Strategy (2008) have 
established that most of the lengths of both Murragamba and ‘Eastern’ Creeks within the OC4 
footprint are either significantly altered or severely eroded.  This observed erosion is due to prior 
unsustainable land management practices including wholesale clearing of the valley floor, and 
extended periods of overgrazing followed by intense rainfall events.   

A section of Murragamba Creek has been retained due to it being morphologically stable, since the 
channel is formed in bedrock.  Also, it consists of a steeper grade which is beneficial to the stability 
of the overall creek diversion design.  In addition it contains beneficial ecological and archaeological 
characteristics.  The section upstream from here will also be retained. 

However, the remainder of Murragamba Creek downstream of the morphologically stable section of 
creek and ‘Eastern’ Creek are proposed to be mined as part of the Preferred Project.  Hence, it is 
considered that stream geomorphology does not present as an impediment to mining of most of the 
lengths of both creeks.  In addition, flood characteristics for the existing creeks indicate that flood 
flows are retained in-bank for most design events.   

The ephemeral creeks follow a relatively straight alignment and do not exhibit any notable meander 
characteristics.  As a result, the adjoining landforms do not present as significant floodplain 
structures and are not critical to fluvial processes within either valley. 
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Therefore, diversion of the majority of the lengths of both creeks is considered feasible and can 
occur with minimal impact on downstream river systems.  A concept design has been developed, to 
outline and detail the realignment and describe the features necessary to implement the design.

The particular features of the concept design which has been developed include: 

� preservation of a morphologically significant section of the central reach of Murragamba Creek.  
Preservation of this section will also assist in minimising the potential for head cuts and bed 
scour in adjacent sections of the realigned creek channel; 

� design of a morphologically stable post-mining system of creek channels linked to an active 
adjoining floodplain; 

� mimicking natural creek features such as meanders in the creek realignment.  This will provide 
stability for the creek diversion by reducing the longitudinal grade of the post alignment creek in 
comparison to the existing system and the associated flow velocity; 

� the design of bed controls that will foster the formation of pool and riffle sequence post-mining, 
and which will provide a mechanism for reach by reach management of any episodes of scour 
or bank erosion in response to large flows;  

� the development of a riparian and in-stream habitat along the realigned creeks;  

� compaction of the bed to reduce infiltration loss; 

� use of clay lining in places to enable the development of pools which provide wildlife habitat 
through retention of water; and, 

� maintenance of riparian flows. 

The implementation of these features will ensure that the post-mining creek channels for both 
Murragamba Creek and ‘Eastern’ Creek are morphologically stable and will not impact negatively on 
downstream river systems.  In addition, the proposed design has been developed to improve on the 
existing creek conditions. 
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Appendix A – ASSESSMENT OF EXISTING FLOOD 
CHARACTERISTICS
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Appendix A contains information extracted from Chapter 5 of WorleyParsons report titled, 
‘Moolarben Coal Project EA2, Surface Water Management Strategy’ (2008), which documents 
the existing condition of Murragamba and ‘Eastern’ Creeks.  The existing conditions provided 
background information in developing the concept design of the proposed diversion of 
Murragamba and ‘Eastern’ Creeks.  For this reason it has been reproduced in this concept 
design report as a reference.  Where necessary, the information has been updated to reflect the 
current proposal. 
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1. CATCHMENT CHARACTERISTICS 
Stage 2 of the Moolarben Coal Project is drained by two watercourses, namely Murragamba and 
‘Eastern’ Creeks.  Both creeks flow in a northerly from the Munghorn Gap Nature Reserve until 
they discharge to Wilpinjong Creek immediately north of the Ulan-Wollar Road and the Gulgong-
Sandy Hollow Railway (refer Figure A1).  Wilpinjong Creek drains in a north-easterly direction 
toward Wollar and discharges to Wollar Creek, which in turn flows into the Goulburn River.  Open 
cut operations proposed as part of Stage 2 of the MCP will cover the majority of the floodplains 
of Eastern and Murragamba Creeks. 

Vegetation coverage across the Murragamba and Eastern Creek catchments varies 
considerably.  The floodplain areas that adjoin Murragamba and ‘Eastern’ Creeks are generally 
cleared with only occasional scattered trees, which are generally in close proximity to the creek 
lines (refer Plate 1).  The steeper sections of the catchment are generally densely vegetated and 
uncleared, although the valley walls are typically defined by rocky outcrops. 

 

Plate 1 View looking at section of upper Murragamba Creek Valley showing  
extent of sparsely vegetated floodplain lands 

As shown in Plate 1, the upper reaches of both Murragamba Creek and ‘Eastern’ Creek are 
areas of wide, relatively flat floodplain.  The ‘creek’ in the upper areas of both catchments is ill-
defined and consists more of a depression in the floodplain than a creek channel.  The creek 
channel becomes more defined with distance downstream and there is also an increase in the 
density of vegetation along the streambanks of the lower reaches of both creeks (refer Plate 2).   
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Land use across the catchment has been predominately low density grazing in the past.  
Dwellings are generally sparsely distributed throughout the catchment and are all associated with 
the low density grazing that occurs on the floodplain.   

Topographic relief across the Stage 2 project area is considerable.  Ground surface elevations 
vary from 400 mAHD to over 500 mAHD.  Numerous intermittent drainage channels extend 
across the lower-lying sections of the catchment and drain to Murragamba Creek and ‘Eastern’ 
Creek.   

 

Plate 2 View looking downstream along the lower reaches of Eastern Creek  
south of the Ulan-Wollar Road crossing 
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2. STREAM CHARACTERISTICS 

2.1 MURRAGAMBA CREEK 

Murragamba Creek is located in the upper reaches of the Wilpinjong Creek catchment, which is 
a major tributary of the Goulburn River.  It drains a catchment of about 23.9 km2.   

The creek channel in the upper reaches of the Murragamba Creek valley is ill-defined and exists 
as more of a vegetated depression in the floodplain than an actual channel.  The central section 
of Murragamba Creek contains a well defined channel with areas of exposed bedrock (refer 
Plate 3).  The creek banks in this location are also highly vegetated with both small and large 
sized trees.  This section of the creek is considered to be morphologically stable and able to 
withstand the erosive forces of floodwaters.  This is due to the presence of exposed bedrock and 
the well-defined creek channel.  The proposal to divert Murragamba Creek to enable resource 
extraction has recognised the geomorphic value of this section of the creek and aims to retain it 
intact.  This also marks a change of grade between the steeper channel grade encountered 
upstream of this section of the creek and the gentler grade encountered downstream. 
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The lower reaches of Murragamba Creek also contain a more defined channel with vegetation 
lining the creek banks.   

The longitudinal grade of Murragamba Creek is typically about 1 vertical in 100 horizontal, 
although some sections approach grades of 1(V) in 50(H).  These sections where steeper grades 
are evident indicate that high velocity flows are likely to occur during floods.   
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Several roads and unsealed tracks within EL6288 cross Murragamba Creek.  These crossings 
include: 

� A low level causeway located along the primary access road to the upper valley and which 
provides access to land owned by Moolarben Coal Mine. 

� Two major bridge crossings in the lower reaches which include the Ulan-Wollar Road crossing 
and the Gulgong-Sandy Hollow Railway crossing.  

Both crossings comprise substantial approach embankment which afford a significant 
impediment to the downstream distribution of floodwaters during floods in excess of the capacity 
of the bridge crossing.  

2.2 ‘EASTERN’ CREEK 

‘Eastern’ Creek is also located in the upper reaches of the Willpinjong Creek catchment.  It 
drains a catchment area of about 1013 ha and is located immediately east of the Murragamba 
Creek valley (refer Figure A1).   

‘Eastern’ Creek is a small intermittent watercourse that drains through the eastern section of the 
area designated for Open Cut No. 4 (refer Figure A1).  It discharges to Wilpinjong Creek about 
800 metres downstream from the Murragamba / Wilpinjong confluence.   

‘Eastern’ Creek has similar channel characteristics to Murragamba Creek.  In the upper reaches 
of the valley, the channel is typically poorly defined, existing as more of a vegetated depression 
in the floodplain than an actual channel.  Channel definition increases with distance downstream. 

The grade of the valley in the upper reaches is generally about 2%, which is considered to be 
hydraulically steep.  As a result, flows carried by the channel in major floods are typically 
characterised by relatively high velocities.  This has led to scouring of the channel down to 
bedrock in the central reaches (refer Plate 4), and results in the channel exhibiting a relatively 
straight planform geometry. 

‘Eastern’ Creek flattens as it approaches the Ulan-Wollar Road and has a typical grade of about 
1% in the lower reaches.  The channel is more defined with vegetation cover comprising sparse 
trees that are typically limited to the immediate vicinity of the creek bank (refer Plate 5).  

The Ulan-Wollar Road and the Gulgong-Sandy Hollow Railway cross the downstream end of 
Eastern Creek before it discharges to Wilpinjong Creek.   
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3. FLOOD HYDROLOGY 
A hydrologic analysis of the Murragamba and ‘Eastern’ Creeks catchments was undertaken to 
quantify peak flood discharges that could be experienced through the Stage 2 area of the 
Moolarben Coal Project, and which may need to be managed as a function of any creek 
diversion that is undertaken to optimise resource extraction.  The peak discharges derived from 
the hydrologic analysis were used as the upstream boundary conditions within flood models that 
were developed for both creeks to quantify flood characteristics such as peak level and section 
averaged flow velocity.  These characteristics have been used to guide design of the 
reconstructed creek. 

3.1 HYDROLOGIC MODEL DEVELOPMENT 

)!�*"�������	��������	
The Runoff Analysis and Flow Training Simulation (RAFTS-XP) software was employed to 
quantify flood discharges along Murragamba Creek and ‘Eastern’ Creek for existing catchment 
conditions.  RAFTS-XP is a deterministic runoff routing model that simulates catchment runoff 
processes.  It is recognised in ‘Australian Rainfall and Runoff – A Guideline to Flood Estimation’ 
(1998) as one of the available tools for use in flood routing within Australian catchments.   

The Murragamba Creek catchment was subdivided into 28 smaller sub-catchments to better 
define the runoff processes across the catchment.  In addition to this, the ‘Eastern’ Creek 
catchment was subdivided into 18 smaller sub-catchments.  Each of the sub-catchments is 
identified in Figure A1.   

The location of each sub-catchment outlet was based on consideration of the local topography, 
the Open Cut No. 4 pit extent, the potential alignment for creek channel diversion, and the 
probable extent of the hydraulic model that was to be used to simulate flood characteristics along 
the watercourses. 

The RAFTS-XP model was developed using the physical characteristics of the catchment 
including catchment area, slope, roughness and percentage impervious area.  The physical 
characteristics of each sub-catchment were defined using ground surface contours available 
from 1:25,000 series topographic mapping, detailed photogrammetry of the catchment area 
(which generated 1 metre contours of the floodplain), air photo interpretation, and a visual 
inspection of the catchment.   

Adopted parameter values for all sub-catchments are enclosed within Appendix B. 

After sub-catchment delineation and parameter values were established, the data was input into 
the RAFTS-XP software package and separate hydrologic models were developed for each 
catchment.  The node and link arrangement for each RAFTS-XP model is presented in 
Figure A1. 
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In a typical storm event, not all of the rainfall that falls onto the catchment is converted to runoff.  
Some of the rainfall may be lost to the groundwater system through infiltration into the soil, or 
may be intercepted by vegetation and stored.  This component of the overall rainfall is 
considered to be “lost” from the system and does not contribute to the estimated catchment 
runoff.  

To account for rainfall losses of this nature, a rainfall loss model can be included within the 
RAFTS-XP model.  For this study, the Initial-Continuing Loss Model was used to simulate rainfall 
losses across the catchment.  This model assumes that a specified amount of rainfall (e.g., 10 
mm) is lost from the system at the beginning of the storm being considered, and that further 
losses occur at a specified rate per hour (e.g., 1.5 mm/hr).  These rainfall losses are effectively 
deducted from the total rainfall over the catchment, thereby leaving the remaining rainfall to be 
distributed through the catchment as runoff.   

Continuing loss rates for the Hunter River catchment are documented in Table 3.1 of ‘Australian 
Rainfall and Runoff’ (1987).  Table 3.1 gives a mean continuing loss rate for the Hunter River 
Catchment of 5.7 mm/hr.  Standard design rainfall losses for New South Wales are outlined in 
Table 3.2 of ‘Australian Rainfall and Runoff’ (1987), and indicate initial losses can range between 
10 and 35 mm, and continuing losses are typically 2.5 mm/hour.   

However, these loss rates are not necessarily representative of loss rates within the upper 
sections of the Hunter River catchment.  Therefore, more conservative values of 10 mm and 
5 mm/hr were adopted for the initial and continuing losses, respectively.   

3.2 HYDROLOGIC MODEL CALIBRATION 

Flood routing models such as RAFTS should be calibrated and verified using rainfall and stream 
flow data from specific flood events.  Rainfall records from a major storm that caused flooding 
are routed through the model and discharge hydrographs are generated at locations where 
stream flow records for the flood corresponding to the storm have been gathered.  Calibration is 
completed by modifying model parameters to achieve the best match between recorded and 
model generated discharge hydrographs. 

Continuous stream flow data for historic floods is required for the calibration and verification 
process.  A review of the Department of Natural Resources’ PINEENA database (Version 8) 
indicates that there are no streamflow gauges located on either Murragamba Creek or ‘Eastern’ 
Creek.  The nearest stream gauging station within the Wilpinjong Creek catchment is Gauge No. 
210082 which is located along Wollar Creek near its confluence with Wilpinjong Creek.  The 
gauge only records streamflows from upstream of Wollar Creek.  Therefore, streamflows 
recorded at this gauge do not define flow yield from the Murragamba and Eastern Creek 
catchments. 

Furthermore, the stream gauge only provides monthly stream flow readings. 

Hence, there is no continuous stream flow information available to reliably calibrate the 
hydrologic model. 
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In the absence of suitable calibration data, RAFTS model parameter values were based on 
recommendations outlined in the RAFTS User Manual and documented in ‘Australian Rainfall 
and Runoff’ (1987).   

3.3 PREDICTED PEAK FLOOD DISCHARGES 

The RAFTS-XP model was used to simulate the 5, 20, 100 and 200 year recurrence flood 
events, as well as the probable maximum flood (PMF).  Simulations were based on the use of 
rainfall intensities and temporal patterns for the study area, which were derived from standard 
procedures outlined in ‘Australian Rainfall and Runoff – A Guide to Flood Estimation’ (1987).   

A range of different storm durations were considered to establish the critical storm duration for 
both the Murragamba and ‘Eastern’ Creek catchments.  The critical duration for each catchment 
was defined as the storm duration that produced the highest peak discharge at the downstream 
boundary; that is, at the Ulan-Wollar Road crossing of each creek.   

A critical storm duration of 6 hours was determined for the entire Murragamba Creek catchment 
for all of design storm events.  A 6 hour storm duration was also determined to be the critical 
duration for runoff from the entire ‘Eastern’ Creek catchment.  It should be noted that individual 
sub-catchments at locations throughout both catchments may have critical durations less than 6 
hours.  However, the focus for this investigation was the primary tributaries and the flow 
characteristics in their lower reaches near the proposed open cut operations.A summary of peak 
discharges for the 5, 20, 100 and 200 year recurrence flood events, and the PMF, is presented in 
Table 1.  Peak discharges are listed at key locations along both Murragamba and Eastern 
Creeks.   

It should be noted that the peak discharges listed in Table 1 are based on the critical storm 
duration for the respective location within the catchment and may not be equal to the peak 
discharge for the 6 hour duration event at that location.  Hence, the values listed in Table 1 are 
considered to be the maximum flows that could be expected at each location for the storm 
frequencies that have been considered. 

The results listed in Table 1 indicate that the peak 100 year recurrence discharge for the 
Murragamba Creek catchment at the Ulan-Wollar Road crossing is predicted to be about 
92 m3/s.  Smaller, channel forming events such as the 5 year recurrence event, are predicted to 
generate peak flows of about 38 m3/s, or 40% of the 100 year recurrence flood flow. 

Table 1 also shows that the peak 100 year recurrence flood discharge for the ‘Eastern’ Creek 
catchment at the Ulan-Wollar Road crossing is estimated to be 62 m3/s.  Peak 5 year recurrence 
flows are estimated to be about 26 m3/s.   
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Table 1 PEAK DESIGN FLOWS FOR EXISTING CATCHMENT CONDITIONS 
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3.4 FLOOD ANALYSIS 

A HEC-RAS flood model was developed to define design flood behaviour along both 
Murragamba and Eastern Creeks.   

The HEC-RAS software can be used to perform one-dimensional water surface profile 
calculations for steady state and gradually varied flow in natural or constructed channels.  It was 
developed by the US Army Corp of Engineers and is based on solution of the Energy Equation 
using an iterative procedure known as the Standard Step method.  It is the successor to the 
steady-flow HEC-2 Water Surface Profiles software, which has been used widely to simulate 
flood behaviour in river and channel systems, particularly where structures (e.g., bridges) 
constrain free surface flow.   
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3.5 HEC-RAS MODEL DEVELOPMENT 

To facilitate development of the HEC-RAS hydraulic model, cross-sections of Murragamba Creek 
and ‘Eastern’ Creek were gathered.  The cross-sections were surveyed by Pegasus Technical 
during March 2008 and July 2008.  Representative photographs of the watercourses were also 
taken as part of the survey for each cross-section to assist in defining suitable Manning’s ‘n’ 
roughness values in the HEC-RAS model.   

The location and extent of cross-sections used to develop the HEC-RAS model are shown in 
Figure A2.  Plots of each cross-section are also enclosed within Appendix C.   

Ground surface contours for the Stage 2 area were also provided by Pegasus Technical and are 
also shown in Figure A2.  The contours were provided at 0.2 metre intervals and were used in 
conjunction with peak flood level estimates to map flood extents.  The contours were derived 
using photogrammetric survey techniques and are considered to provide a vertical accuracy of 
±500 mm. 

The surveyed cross-sections were used to develop two separate HEC-RAS models.  The first 
model extended upstream along Murragamba Creek from Ulan-Wollar Road crossing to the 
upper reaches of the catchment.  The second model extended upstream along ‘Eastern’ Creek 
from the Ulan-Wollar Road crossing.  

"����
	���	2
����
���	+�!�����	
Main channel and overbank roughness’s were determined for each model cross-section based 
on the photographs gathered during the topographic survey and from field observations 
undertaken to assess channel condition and floodplain vegetation density.   

The adopted Manning’s ‘n’ roughness values were determined by comparing observed 
vegetation density and soil types with standard photographic records of stream and floodplain 
condition for which Manning’s ‘n’ values have been calculated.   

Typical roughness values adopted in the model are summarised as follows: 

� Short to medium grass 0.030 – 0.045 

� Long grass with/without trees  0.050 – 0.070 

� Dense vegetation 0.080 – 0.100 

� Dense vegetation with fallen trees  0.110 

4�!�����	"���������	

Murragamba Creek 

Boundary conditions for the Murragamba Creek flood model were based on the peak discharges 
determined from the RAFTS hydrologic model (refer Table 1).  Peak flows were extracted for 
each HEC-RAS model cross-section based on the proximity of that cross-section to nodes within 
the RAFTS hydrologic model (refer Figures A1 and A2).  

As mentioned in Section 3.3, the peak discharge at a particular location within each catchment 
did not always correspond to the discharge derived from the critical storm duration for the entire 
catchment (i.e., 6 hours).  However, the peak flow from each node was used at each HEC-RAS 
model cross-section in order to ensure representation of a worst case flood scenario.   
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The downstream boundary condition for the Murragamba Creek model was based on the 
application of normal depth calculations assuming channel cross-section conveyance 
represented by Cross-sections M1, M2 and M3 (refer Figure A2).  As the energy slope was not 
known, the slope of the channel bed was derived from creek channel elevations shown in these 
cross-sections.  A slope of 1% was determined and adopted for modelling purposes.   

Eastern Creek 

As with Murragamba Creek, boundary conditions for the hydraulic model of ‘Eastern’ Creek were 
based on peak discharges determined from the RAFTS hydrologic model.  Each cross-section 
within the HEC-RAS model was assigned a flow from the corresponding RAFTS node.  Flows 
were extracted for the 100 year recurrence flood.   

The downstream boundary condition for the hydraulic model of ‘Eastern’ Creek was based on the 
application of normal depth calculations assuming channel cross-section conveyance 
represented by Cross-sections E1, E2, E3 and E4 (refer Figure A2).  As the energy slope was 
not known, the slope of the channel bed was derived from creek channel elevations shown in 
these cross-sections.  A slope of 1% was determined and adopted for modelling purposes.   

4����	���	"!
?��	 ��

���	
The details of all bridge, culvert and causeway crossings were also collected as part of the 
survey that was undertaken for the project by Pegasus Technical.  This information is 
reproduced in Appendix D.  Waterway areas and approach embankment details at all crossings 
were incorporated into the HEC-RAS model.   

3.6 FLOOD CHARACTERISTICS FOR EXISTING CONDITIONS 

The HEC-RAS models of Murragamba and ‘Eastern’ Creeks were used to simulate the 100 year 
recurrence flood.  Peak flood levels and velocities for each model cross-section are summarised 
in Table 2 and Table 3, for Murragamba and ‘Eastern’ Creeks, respectively.   

Design water surface profiles for the 100 year recurrence flood are presented in Figures A3 and 
A4 for Murragamba and Eastern Creeks, respectively.  

HEC-RAS model outputs for the 5, 20, 100 and 200 year recurrence floods, and for the PMF, are 
enclosed within Appendix E. 
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Table 2 PEAK 100 YEAR ARI FLOOD LEVELS AND VELOCITIES FOR MURRAGAMBA 
CREEK FOR EXISTING CONDITIONS 
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Table 3 DESIGN 100 YEAR ARI FLOOD LEVELS AND VELOCITIES FOR  
‘EASTERN’ CREEK FOR EXISTING CONDITIONS 
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4. DISCUSSION 
The results of the flood analysis indicate that the hydraulic gradient of the water surface profile 
along each of the watercourses is hydraulically steep, irrespective of flood magnitude.  As a 
consequence, floodwaters are typically restricted to the channel and the immediate floodplain, 
and are characterised by relatively shallow fast moving water.  This is confirmed by the results 
listed in Table 2 and Table 3 which indicate that flow velocities along each of the watercourses 
are generally in excess of 1 m/s during the design 100 year recurrence flood.  In some areas, 
such as the most downstream kilometre of Murragamba Creek, floodwaters are predicted to be 
fully retained within the channel in the design 100 year recurrence event (refer Table 2 for cross-
sections M3 to M7). 

The results listed in Table 2 indicate that during the 100 year recurrence flood, peak  
in-channel flow velocities along Murragamba Creek typically range between 1 and 3 m/s.  
However, it should be noted that there are locations of extremely high flood flow velocity, 
particularly in the vicinity of Cross-section M25, which is located within the morphologically stable 
section of the creek.  Peak flow velocities above 5 m/s are predicted to occur along this section 
of the creek during the design 100 year recurrence flood.  The high velocity is a function of the 
steeper channel slope encountered in this location of the creek. 

The proposed realignment of Murragamba Creek aims to retain the morphologically stable 
section of the creek as it is hydraulically stable due to the presence of bedrock along the channel 
base.  With this in mind, it will be necessary to ensure that care is taken not to disturb this 
section of the creek and thereby ensure that the existing hydraulic conditions in this area are 
retained as part of any future creek reconstruction works.  

Eastern Creek also experiences relatively high in-channel flow velocities.  In-channel flow 
velocities of between 1.5 and 3.5 m/s are predicted in the design 100 year recurrence flood.  
Areas of exposed bedrock along the central reaches of the channel bear witness to the erosion 
potential of flood flows carried by Eastern Creek.  Accordingly, it will be necessary for the post-
mining reconstructed Eastern Creek channel to be designed in a way that reduces flow velocities 
via increased meander planform and/or strategically located drop structures. 

The results from the flood modelling for the 100 year recurrence extent were extracted and 
combined with the topographic survey data and used to generate flood extent mapping for both 
Murragamba and Eastern Creeks.  The flood extent mapping is presented in Figure A5.  It 
shows that floodwaters are typically constrained to the channels of both streams and do not 
inundate large areas of the adjoining floodplain.  Hence, it can be concluded that for most storm 
events, runoff is concentrated in the channel of the primary streams and is discharged through 
the system without any significant transfer to flood storage areas. 

As shown in Figures A3 and A4, the Open Cut No.4 pit will extend across the majority of the 
defined channels of both Murragamba and Eastern Creeks.  As a result, it will be necessary to 
divert both creeks while mining is being undertaken.  The proposed scheduling of the creek 
diversions is outlined in the body of the main report.  As mentioned previously, a small section of 
the existing channel of Murragamba Creek will be retained while mining is undertaken in Open 
Cut No.4.  This area is highlighted in Figures A3 and A5. 
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As shown in Figure A5, the 100 year flood extent at the morphologically sound section of 
Murragamba Creek is within 20m of Open Cut No 4.  Due to the close proximity of the 100 year 
flood extent to Open Cut No. 4 an analysis of the impact of the 200 year recurrence flood on this 
section was undertaken using the HEC-RAS model of existing conditions.   

The results of the analysis show that the morphologically stable section of Murragamba Creek 
has the capacity to contain floods in excess of the 200 year recurrence event.  Should protection 
be required for floods in excess of the 200 year recurrence including the Probable Maximum 
Flood, then it will be necessary to construct a bund/levee along this section of the creek.   

It should be noted that the installation of a bund at this location would be a precautionary 
measure to protect against flooding in events in excess of the 200 year recurrence flood event.  
Should this level of protection be required detailed hydraulic analysis of flood events larger than 
the 200 year recurrence event would need to be undertaken to determine the exact requirements 
of the levee at this location.   
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Appendix C – SURVEYED CROSS-SECTIONS OF 
MURRAGAMBA AND ‘EASTERN’ CREEKS
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Appendix D – DETAILS OF BRIDGE CROSSINGS OF 
MURRAGAMBA AND ‘EASTERN’ CREEKS 
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Appendix G | Conceptual Design for Proposed Diversions of Murragamba and Eastern Creeks
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