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Key Points 
• Over 90 watercourse diversions have been constructed in coal mines in central Queensland over a 40 year period, 

replacing significant lengths of natural streams. 
• A series of ACARP funded research projects have sought to provide design and monitoring guidance for new and 

existing diversions.  
• Evaluation of the outcomes of the research after 10 years indicates that the design and condition of new diversions 

has improved however several issues still remain.   
• The design guidance has been refined to address these issues however the future challenge for the mining industry 

will be the relinquishment of diversion licences.  

 

Abstract 
This paper discusses the evolution of the design of constructed watercourse diversions in coal mines located in the 
Bowen Basin, Queensland. A series of Australian Coal Association Research Program (ACARP) funded research projects 
spanning 15 years has evaluated the performance of watercourse diversions in coal mines and developed design and 
monitoring criteria based on characteristics of regional stream systems and replication of the natural stream processes.  

An assessment comparing the performance of sixty diversions based on the ACARP design criteria (post 2000) and older 
diversions built prior to the criteria was undertaken using a diversion evaluation framework modelled on the Monitoring, 
Evaluation, Improvement and Reporting (MERI) Framework adopted in the natural resource management industry.  

The evaluation found five factors consistently limited the performance of most diversions including; sediment supply and 
transport, vegetation condition, occurrence of major flood events in early years of diversion establishment, overland 
flow drainage and diversion transition with the natural watercourse. This highlighted the need to revise the design 
criteria to address these limitations and reduce impacts to adjoining waterways.  

A review of best practice constructed watercourse design provided the basis for a refined design standard for 
watercourse diversions in Central Queensland. The refined design standard includes an update of the hydraulic and 
geomorphic criteria developed in 2002, an alluvial channel design to explicitly consider sediment supply as well as a 
threshold design that determines the level of establishment of vegetation required post construction to increase 
resilience during flood events.   

Throughout the ACARP research, interviews with representatives from the mining industry and the government 
regulator were conducted to understand the different perceptions of diversion construction and the impact on the 
environment, diversion operation and their relinquishment. Changes in these perceptions over the past 15 years will also 
be explored alongside industry plans for diversions in the future.  
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Introduction 
Constructed watercourse diversions are a common feature of coal mine sites across Australia. In the Bowen Basin coal 
fields in central Queensland there are a substantial number of watercourses that have been modified in the form of 
diversions of various scales to access coal reserves (Figure 1). For this paper, a diversion is defined as a constructed 
channel that diverts or changes the course of water flow from a natural watercourse over a determined length in 
association with mining activity. Until recently all diversions required to be licenced under the Queensland Water Act, 
2000 and over 90 diversion licences currently exist in Queensland. 

Watercourse diversions constructed in central Queensland from the 1970s to 1990s were largely designed to discharge a 
design flow rate, with limited to no consideration of stream geomorphic and ecological performance. The design was 
generally based on engineering and hydraulic criteria for watercourses in Europe and North America and typically 
consisted of a straight, trapezoidal channel. Many early diversions were uniform in shape, constructed using a drag line 
with spoil stored on top of the bank. Designs in the 1980’s began to incorporate the use of drop structures to 
compensate for reduced channel length and the accompanying increase in bed slope. These early watercourse diversions 
also used rock and concrete bank protection in an effort to reduce the rate of erosion.  

By the mid 1990’s, these diversions were generally performing poorly with elevated rates of erosion and sedimentation 
impacting on mine operations and the condition of adjoining (upstream and downstream) reaches of watercourse. This 
poor performance and related impacts led to a moratorium by government regulators on the approval of new diversions 
for a period of five years (ACARP 2012). This moratorium limited the development and operation of the mining 
operations in the region and initiated action by the mining industry through the Australian Coal Association Research 
Program (ACARP), to address the issues of diversion performance.   

ACARP invested in a series of research projects between 1999 and 2002 to understand the reasons for poor performance 
of existing diversions and to develop guidance for the design of new diversions. The research was focused on the 
physical characteristics of watercourse diversions and natural streams. Other researchers (Richardson & Bennett 2005; 
DERM 2009) have focused on the ecological and water quality issues of watercourse diversions in central Queensland. 

The design criteria and a monitoring and evaluation framework developed as part of the ACARP research was adopted by 
the Queensland government in 2002 as leading practice. This has become the benchmark against which diversions today 
are constructed and regulated.   

The research described in this paper, documented in White et al (2014), sought to chart the evolution of diversion design 
by evaluating the performance of 60 diversions constructed between 1970s and 2010s. The performance evaluation 
documents the success or otherwise of the ACARP diversion criteria ten years after adoption by the mining industry and 
government regulators. This research is the latest in the ACARP diversions series and this paper also presents the recent 
revision of design criteria and outlines the changing perceptions of the mine industry to the construction and monitoring 
of watercourse diversions. 
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Figure 1 Location map presenting the distribution of watercourse diversions evaluated as part of the ACARP 2014 
study (left image) and example of the diversion construction in the 1970s (right image). 

Evolution of diversion design 
The first of the ACARP watercourse diversion series, Maintenance of Geomorphic Processes in Bowen Basin River 
Diversions (White & Hardie 2000), evaluated the geomorphic processes and condition of 13 diversions and 20 natural 
watercourses across the region, to enable a better understanding of prevailing stream processes and the reason for the 
poor performance of historic (pre 2000) diversions. The evaluation of diversion performance in 1999 – 2000 (White & 
Hardie 2000) found that many diversions were in poor condition largely due to accelerated erosion (Figure 2) as a 
consequence of: 

• inadequate design width 

• increased bed slope as a result of shortening the channel length 

• increased velocities 

• absence of vegetation on the banks 
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• highly dispersive soils 

• increased incidence of rill erosion and piping on banks.   

In some instances, diversions were at risk of eroding into adjacent open cut pits or threatening to undermine 
infrastructure such as roads and railway lines. Conversely, a small number of diversions were infilling with sediment due 
to the design of an over wide channel to contain a 100 year Average Recurrence Interval (ARI) event or larger. Sediment 
deposition reduced the capacity of several diversions to discharge the design flood events resulting in increased flood 
risk and maintenance costs to remove the stored sediment.  

 

 

Figure 2 a) Example of diversion with no vegetation and accelerated erosion b) example of rill erosion on diversion 
banks from overland flow  

The Bowen Basin River Diversions Design and Rehabilitation Criteria ACARP research project (Hardie & Lucas 2002) was 
initiated to identify and quantify a number of key stream parameters that could be used to assist the design of new 
diversions or the rehabilitation of existing diversions. The hydraulic and geomorphic performance of 35 undiverted, 
natural reaches of regional streams was assessed to identify key parameters that affect and dictate the shape and form 
of streams, forming the basis of criteria to be applied to diversion design and rehabilitation (Hardie 2004).  

Significant relationships were found for hydraulic parameters such as stream power, shear stress and velocity across 
three identified stream types (incised, limited capacity and partly bedrock confined). These were tested against existing 
diversions to predict the performance of the diversions. The predictions were found to be within acceptable ranges and 
provided an initial validation of the criteria. This enabled the design criteria to be developed for more frequent (2 year 
Average Recurrence Interval (ARI)) and less frequent (50 year ARI) flow events for different stream types (Table 1). The 
design criteria (referred to as ACARP design criteria) was adopted by Queensland regulators in 2002 and led to an 
increase in diversion licence approvals under the Queensland Water Act 2000. 

 
Table 1 Typical values for dependent variables identified for sample stream reaches (from Hardie & Lucas 2002). 

Stream type Stream power Velocity Shear stress 

2 year ARI 50 year ARI 2 year ARI 50 year ARI 2 year ARI 50 year ARI 

Incised 20 – 60  50 – 150  1.0 – 1.5  1.5 – 2.5  < 40  < 100  

Limited capacity < 60 ` < 100  0.5 – 1.1  0.9 – 1.5  < 40  < 50  

Bedrock controlled 50 – 100  100 – 350  1.3 – 1.8  2.0 – 3.0  < 55 < 120 
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Diversion performance evaluation 
It has now been over ten years since the ACARP diversion design criteria were developed and released.  While there has 
been anecdotal industry evidence that the criteria have been successful, this has never been rigorously tested. A fourth 
research project in the series (Criteria for functioning river landscape units in pre and post mining landscape) was 
commissioned by ACARP in 2012 to refine and update the previous work by reviewing the success (or otherwise) of 
diversions constructed using the ACARP design criteria.  

Method 
Diversion evaluation was undertaken based on an application of the Natural Resource Management Monitoring and 
Evaluation Reporting and Improvement Framework (MERI).  The evaluation framework adopted for this investigation 
relies on multiple sources and quality of evidence to assess the performance of constructed waterway diversions. A 
detailed description of the framework is provided in White et al (2014). 

A total of 70 diversions were identified for evaluation. The evaluation was based on data available in annual monitoring 
reports, site visits, interviews with mine staff and diversion design reports. The sample size was subsequently reduced to 
60 based on the quality of the available data and on the definition applied to watercourse diversions (White et al 2014).  
The majority of the diversions included in the review were located in the Bowen Basin, Queensland (Figure 1). 

A large proportion of data were sourced from annual monitoring reports, the majority of which were written in 2012. 
The reports were written by a number of different consultants and environmental mine staff. The monitoring included 
Index of Diversion Condition (IDC) assessment which is a semi quantitative scoring approach developed as part of the 
ACARP research (White & Hardie 2001). The IDC consists of a geomorphology and riparian index only, water quality and 
aquatic ecology are not included in the IDC. This is because water quality parameters are currently monitored under 
Environmental Application conditions and aquatic ecology indices are still in development under a different ACARP 
project.  

The IDC scores were compared against photos of the subject diversions, supplemented with additional field verification 
where required, to ensure that the IDC scores were standardised to enable comparison of results. Monitoring reports 
written prior to 2012 were also reviewed to determine if a condition trajectory for each diversion could be identified.  

The assessment method also included 20 interviews with mine staff to assess the extent to which diversions (including 
new diversions) met mine operational needs and to discuss plans for future diversion licence relinquishment. Workshops 
and interviews were also held with representatives from the Queensland Government Department Natural Resources 
and Mines (DNRM) to understand the regulator perspective of diversion performance in the region and current policy 
development and practice on licence relinquishment. 

Results and Discussion 
A total of 60 constructed watercourse diversions were evaluated from Queensland, 17 of which had been constructed 
using the ACARP stream power, shear stress and velocity design criteria developed by Hardie and Lucas (2002).  

The sample size included diversions constructed from the 1970s through to 2013, although a large proportion (41 %) had 
been built in the 2000s (Figure 3). Nearly a quarter of diversions evaluated had been modified since construction, the 
most common reason for modification was due to changes to mine plans to gain access to additional coal reserves 
(White et al 2014). The average length of the diversions sampled was found to 2.8 km with lengths ranging from 0.5 – 9.1 
km.  
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Figure 3 Proportion of diversions evaluated that were constructed in each decade 

Has the ACARP research improved the performance of new diversions in the past 10 years? 
The 17 diversions that were constructed using the 2002 ACARP design criteria were generally considered to be in 
moderate to good condition (Figure 4). Of note is the two diversions assessed to be in poor condition that have been 
constructed since the ACARP criteria were published in 2002. These two diversions were not considered to be 
watercourses under the Queensland Water Act 2000 and therefore the designs were not required to comply with the 
ACARP criteria. 

 

Figure 4 Comparison of Index of Diversion Condition results for diversions constructed pre and post ACARP design 
criteria 
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Based on an evaluation of the outcomes from diversion monitoring reports, the following improvements in diversion 
design and performance since 2002 have included: 

• No new licensed permanent diversions have been constructed with drop structures. This indicates that the 
message that diversions need to operate as natural stream systems is being accepted by the mining industry.  

• The majority of new diversion designs have recognised the importance of maintaining a similar bed grade to 
natural adjoining reaches thereby lowering the risk of bed erosion. 

• Multistage channel design is now a feature of new diversions enabling energy to be dissipated over constructed 
terraces and benches. 

• ACARP hydraulic design criteria have been used successfully in diversions that are sediment transport limited  

• Spoil piles are now located away from diversions limiting the supply of additional sediment to the river network. 

• Provision for overland flow entry to diversions has improved, although further design guidance is required. 

• Geomorphology and riparian vegetation of the river system is now considered part of diversion design process. 

Review of the IDC results and the interviews with mine operators and government regulators has revealed five factors 
that consistently influence, and often limit the performance of new and old diversions: 

1. Sediment supply and transport 

a. Sediment supply to the diversion 

b. Change in sediment transport  

2. Vegetation condition 

3. Occurrence of major flooding in early years of diversion establishment 

4. Overland flow drainage 

5. Criteria interpretation and diversion reach transitions 

Of these, sediment transport and vegetation condition were found to be the most critical as these were common to both 
new and old diversions with performance issues.  

Will diversions improve over time if a ‘do nothing’ approach is adopted? 
The trajectory of diversion condition over time was also assessed using annual IDC scores and review of images from 
fixed photo points. The majority of diversions sampled had been tested by high flow events in the past 5 years with 
many experiencing a 1 in 50 or 1 in 100 year ARI flow event. Comparison of results over a 5 to 10 year period found that 
the condition of over 60% of diversions evaluated were either in decline or demonstrated no change (Figure 5). Of those 
that demonstrated no change, 33% were considered to be in poor condition and 67% were in moderate condition. The 
results indicate that many diversions require some form of intervention to improve condition.  
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Figure 5 Breakdown of performance trajectory of diversions evaluated. Note n/a refers to diversions with insufficient 
data to determine a trajectory 

Are diversions moving towards functioning river landscape units? 
An outcome of the 2002 ACARP project (Hardie and Lucas 2002) was that watercourse diversions should perform and 
function as natural stream systems. Evaluation of diversion performance highlighted that diversions can function as 
natural streams if designed appropriately. Two examples were identified of diversions that have been constructed since 
2000 that are progressing towards the objective of functioning like a natural stream (Figure 6). In both of these cases, 
the ACARP criteria was used and underpinned by geomorphological principles and hydraulic design. Quick and effective 
vegetation establishment limited the extent of bank erosion and adequate overland flow drainage reduced the extent of 
rill erosion and piping occurring on the batter banks. Both diversions have been tested by 1 in 50 year ARI or greater flow 
events and although erosion and deposition occurred, it was at a similar rate to the adjoining natural system. Both 
diversions recovered quickly after the floods demonstrating development of natural resilience. 

However, for the majority of diversions assessed, many are still designed and maintained in isolation from the wider 
landscape. This is partly due to diversions being considered by mine staff as temporary features that may be re-diverted 
in the future if the mine plan changes (Markham 2012). The continuity of geomorphic process in terms of sediment 
transfer is generally not adequately addressed in diversion design nor is the lateral connection of the diversion with the 
surrounding mine landscape. These are important when considering ecosystem function and the longer term objectives 
of mine closure.  

Figure 6 Example of diversion in 1999 (left) (pre rehabilitation in 2000) and in 2012 (right) on a trajectory of a self-
sustainable and functioning river landscape unit 
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Refinement of diversion design 
There have been considerable Australian and international developments in the science and planning of river 
rehabilitation over the past 10 years that can inform the rehabilitation of existing watercourse diversions and the design, 
operation and monitoring of new diversions. Based on the outcomes of the diversion performance evaluation and a 
literature review of constructed channel design (White et al 2014), a refined design approach for watercourse diversions 
in Central Queensland has been developed.  This includes an update of the hydraulic and geomorphic criteria developed 
in 2002 and some additional elements: 

• Alluvial channel design that includes explicit consideration of sediment supply to the watercourse diversion 

• Threshold channel design to: 
o Protect the system and increase the confidence in success over the vegetation establishment phase 
o Protect adjoining infrastructure from extreme events 

• Explicit inclusion of channel and planform variability in the design and construction of watercourse diversions. 

The alluvial channel design element is used to design the sediment transport function of the waterway, while the 
threshold approach is applied to channel form. The alluvial channel design parameters are based on systems with high 
and low sediment supply. These parameters were developed based on the outcomes of the 2014 ACARP research and 
further interrogation of the 2002 ACARP diversion design project. The revised criteria also recommend that the range 
(25th to the 75th percentile) of stream powers in the proposed diversion lie within the typical values range (Table 2). The 
modified design approach also requires the sediment bed load transport capacity of the diversion to be compared with 
the natural adjoining reaches. The annual bed load capacity of the diversion reach is recommended to be within +/- 20 % 
of the natural adjoining reaches. 

 

Table 2.  Typical values for dependent variables identified for sample stream reaches (revised from 2002 ACARP study) 

Stream type Sediment transport group Stream power (W/m2) 

  2 year ARI 50 year ARI 

Alluvial Supply limited 15 – 35 50 – 100 

 Transport limited 35 – 60 80 – 150 

Bedrock controlled n/a 50 – 100 100 – 350 

The review of diversion performance found evidence of major channel change in diversions if a (or multiple) flood 
event(s) occurred soon after diversion construction i.e. prior to the establishment of stabilising vegetation. The limited 
data set of constructed diversion performance prevented a full empirical analysis of this issue. As an alternative, this 
issue was explored through a statistical analysis of the cumulative likelihood of flood related scour over a nominal 10 
year vegetation establishment phase.  The assessment was based on the assumption that the resilience of the stream 
system increases with increasing vegetation development.  

A cumulative probability assessment demonstrated that diversions that are resistant to a 1 year ARI event immediately 
following construction and a 20 year event after 10 years of vegetation development, have an 88% chance of an event 
occurring that exceeds the resistance of the vegetation ( i.e. a 12% chance of success) (Table 3). By increasing the 
resistance to a 10 year ARI event at the time of commissioning the diversion, this decreases the likelihood of the 
threshold being exceeded over a 10 year vegetation phase to 50%.  

The analysis confirmed the high likelihood of scour to occur in the early years of diversion operation and highlighted the 
importance of providing a level of system robustness prior to the opening of a diversion to stream flows and flood 
events.  
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Table 3.  Summary table of designed resilience and resulting ‘likelihood of success’  

System Resilience Likely Outcome 

Flood event that diversion is 
resilient to at opening 

Flood event that diversion is 
resilient to after 10 years 

Likelihood of threshold exceedence 
over 10 year period (e.g. stripping 

of vegetation/ scour) 

Likelihood of not being exceeded 
over 10 year period (i.e. likelihood 

of successful vegetation 
establishment) 

1 year ARI 20 year ARI 88% 12 % 

10 year ARI 20 year ARI 50% 50 % 

1 year ARI 50 year ARI 77% 23 % 

10 year ARI 1 50 year ARI1 35% 65 % 

20 year ARI 100 year ARI 19% 81% 
1 Proposed minimum design performance standard for vegetation establishment phase in diversions Note: The analysis assumes a linear increase in the 
event that exceeds the threshold for mobilisation over the vegetation establishment phase 

Mine industry perceptions of diversion design 
Interviews with mine staff highlighted that all interviewees recognised the industry standard of ACARP design criteria 
and monitoring framework. All interviewees identified the overall objective for a new and existing diversions is to 
operate like a natural watercourse with 96% indicating that diversions under their management still had some way to go 
to achieving this. Several interviewees indicated that the recent flood events (2008, 2009) had stripped vegetation from 
diversions and initiated erosion while the adjoining natural reaches had suffered less damage.  

One of the key outcomes from the interviews was that most mines are in operation phase and mine closure is not on the 
immediate horizon. Consequently, the industry is mainly concerned with ensuring that diversions are in a condition that 
enables safe, efficient and continued mine operations. Time and resources are not being allocated to rehabilitating old 
diversions for licence relinquishment as mine plans may change requiring diversions to be re-diverted in the future. 
However, mine closure can also be brought forward due to changing economic conditions and in this scenario, the long 
lead in times for establishment of a diverse vegetation community could delay licence relinquishment for 15 years or 
more. While this was acknowledged by some mine staff, it was not considered an immediate issue for the majority of 
those interviewed. 

Despite this, relinquishment of a diversion licence for mine closure was identified through the interview process as an 
objective for many mines as it represents the transfer of future responsibility and liability to the state government. 
Inability of a mine to relinquish a diversion licence represents a financial obligation for ongoing monitoring and 
maintenance of a diversion. Discussions with representatives of the government regulators have highlighted that a 
diversion licence could be relinquished once it is demonstrated that the diversion is operating as a natural watercourse. 
However, the process for how this will be determined and the associated criteria is yet to be agreed by the industry and 
the regulators. Clear performance standards linked to diversion design and monitoring criteria would enable the mining 
industry, regulators and stakeholders to track diversion condition and understand the measures required to continue on 
an acceptable trajectory toward licence relinquishment. 

The evaluation also revealed that only one diversion in the Bowen Basin is currently considered by the government 
regulator as potentially operating as a natural watercourse and therefore at the point where licence relinquishment 
could be considered. This diversion is over 30 years old although was rehabilitated in the early 2000’s based on ACARP 
design criteria and best practice. No diversions constructed pre ACARP criteria are currently in a suitable condition in 
which the regulator would consider licence relinquishment (White et al 2014). Many of these diversions were 
constructed over 20 years ago. This suggests that a ‘Do Nothing’ strategy for these diversions will not enable licence 
relinquishment to be achieved in the future and some form of intervention will be required. 
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Conclusions 
The design evolution of watercourse diversions in Central Queensland has left a legacy of natural reaches being replaced 
by constructed diversion channels. ACARP funded research in the early 2000s sought to provide guidelines for the design 
of new diversions that incorporated the regional characteristics and natural processes of streams.  

Evaluation of diversion performance ten years after the development of the ACARP design criteria found that in the 
incorporation of design elements such as geomorphology, vegetation, weed management and overland flow drainage in 
new diversions has improved compared with older diversions. This is beginning to translate into improvements in short 
term and intermediate outcomes such as vegetation recruitment, reduction in reliance of physical structures in providing 
stability and improved overland flow drainage.  

However a substantial proportion of diversions are in poor to moderate condition and it is clear that management 
intervention is required to move them forward on an improving condition trajectory.  Whilst the ACARP research has 
developed a refined approach to diversion design, the mining industry is unclear about determining the condition 
trajectory of diversions or the criteria for licence relinquishment. This is partly due to mines largely still being in 
operation phase and also due to the lack of criteria and associated performance standards being available for licence 
relinquishment. Performance standards, developed from both scientific and social inputs, can provide an agreed basis at 
licence application for eventual licence relinquishment.   

This will enable mines to more clearly understand the level of intervention that is likely to be required and the 
timeframes over which licence relinquishment or agreement of financial provisions for ongoing maintenance and 
monitoring could be achieved.  
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