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Abstract 

Australia relies heavily on irrigation channels to supply water to farms away from natural 

water sources. Water is a precious resource for these remote communities, so water lost to 

channel seepage is money lost. Many channels already have seepage mitigation measures 

such as a polymer membrane lining or compacted clay, but there is some speculation into the 

cost effectiveness of implementing such measures. There is a knowledge gap in Australian 

channel projects into the end result of cost effectiveness for seepage mitigation. This project 

aims to help fill that gap to give planners a more comprehensive guide on seepage mitigation 

options. 

This study focuses on the creation of a model to analyse seepage in supply channels and the 

associated costs with implementing various seepage mitigation methods. Seepage is analysed 

in three different ways for easy comparison which are, seepage values for soil types found 

from existing research, a seepage estimate from the U.S. created Moritz formula and finally 

the a site specific seepage value which can be measured or calculated by other means. The 

model seeks to find any net benefits gained from implementing seepage mitigation.  

Three case studies were chosen in this study for the purposes of testing the model in a real 

world scenario. Two Queensland channels were chosen, one in the Bundaberg region and one 

near the township of St George, and one channel was chosen in Victoria near the town of 

Birchip.  

From the testing of the case studies, it was found that there were large inconsistencies 

between the estimated values for seepage and the measured values on site. The model 

overestimated seepage losses by a factor of 10 or more in most cases. It was concluded that 

desktop approaches for seepage estimation should not be used for Australian channels until 

more sufficient seepage data exists. It is essential to have a measured seepage value for a 

proposed site before any seepage mitigation is considered. 

The cost effectiveness results of the tested case studies all presented with very high negative 

net benefits. No costs were found to be any lower than at least $10,000 per ML of water 

saved. Significant economic gains would have to be found elsewhere for any of the case 

studies to be considered as an economically viable project for seepage mitigation. 
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1 Introduction 

1.1  Overview 

Supply channels are used throughout Australia, to distribute water to farms away from rivers. 

Channels are preferred over pipes for long distance water distribution due to their lower cost 

and ease of construction. However, channels also come with a number of disadvantages, the 

most relevant being water losses through evaporation and seepage. Much research has been 

done into how these losses can be reduced and a commonly used solution for seepage control 

is a channel liner. These linings come in many forms such as plastic, stones, clay, concrete or 

simply compacting the soil during the channel’s construction. Lining a channel is a costly 

option and one that should be considered carefully when constructing a new channel. 

Sometimes it is not always cost effective option to line a channel due to size, volume of water 

or even how much evaporation occurs in the area. Some channels would have little to no gain 

in water recovery from the addition of a liner or any other mitigation measure. This project 

seeks to investigate how cost effective seepage mitigation options are in any given channel.  

 
Figure 1.1: A typical irrigation channel in the Goulburn Murray Region (GMW 2015) 
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1.2  Need for the Study 

There is a need in Australia for more current research into channel seepage mitigation. Many 

irrigation channels in Australia have undergone treatments for seepage mitigation, but little 

research has been done into the effectiveness of these linings and the costs saved. Millions of 

dollars are being spent across the country on new channel projects such as the government 

funded project in Trangie, New South Wales. A capital cost of $115 billion is being spent to 

line the channel network with a flexible membrane for seepage mitigation (Australian 

Government 2010). 

This project will address the current needs for more information regarding seepage mitigation 

in Australia and seek to justify the costs of projects such as the channels in Trangie. 

 

1.3  Aims 

The aim of this project was to develop a tool which can evaluate the cost effectiveness of 

installing seepage mitigation in any proposed channel. The end goal was to have some form 

of model (such as an Excel document) which can take the variables of a proposed channel 

and output a report of a number of mitigation options, channel shapes and the cost 

effectiveness of each. This tool can then be used in the development of new supply channels 

to analyse options for seepage mitigation and determine if they are a wise financial 

investment. 

 

1.4  Project Objectives 

The objectives for this project are: 

1. Identify appropriate desktop approaches to estimate channel seepage losses. 

2. Review possible channel seepage mitigation methods and costs. 

3. Develop a modelling tool that incorporates seepage loss estimates, costs of various 

seepage mitigation methods and the associated benefits. 

4. Investigate the viability of mitigating seepage for a number of case studies. 
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1.5  Project Outcomes 

Eventuating from this project will be a new model to help determine the cost effectiveness of 

seepage mitigation options in any given channel. Whilst some models already exist to for this 

purpose, this model will assist in adding to the existing knowledge of channel seepage 

mitigation feasibility. The main difference of this model will be its ability to assess channel 

seepage with different techniques such as existing soil data and the use of equations. This 

may aid professionals in seepage mitigation assessment for distribution channels or even 

farmers considering a possibility of lining on-farm channels.  

As well as adding to the existing knowledge base on channel seepage mitigation, this 

completed model also serves the purpose of personal development. Through the process of 

formulating an idea, research, data collection and model creation, a substantial amount of 

personal development will be gained. A discussion paper which sparked the formulation of 

this research project was written by a mechanical engineer in Victoria by the name of Kevin 

Long. His paper titled ‘The Channel Lining and Pipeline Deception in Victoria’s Northern 

Foodbowl Project’ discusses how the Victorian government’s scheme to create water savings 

in the channel network through use of linings and other methods is economically flawed. 

Long states that the water savings are not substantial enough to justify the high costs of lining 

channels (Long & Poynton 2009). The proposed model from this research project could 

potentially evaluate the validity of Long’s claims. This would further personal development 

and interest in the field.  
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2 Literature Review 

This chapter gives a brief coverage of the literature reviewed which was relevant for the 

study. The literature has been sorted into relevant sections rather than the source it was 

derived from. 

2.1   Overview 

Research was conducted into previous studies on irrigation channels to first gain an idea of 

the typical seepage losses found in various soil types. Different mitigation methods were then 

investigated and findings reported to assess their suitability for inclusion in the project. The 

findings of water savings were varied, but all came to the conclusion that substantial savings 

are gained when a channel is lined.  

 

2.2   Seepage Losses 

2.2.1 Factors Affecting Seepage 

Seepage is not a constant value in channels across the world. Generally, our seepage rates in 

Australia have been much less than the rates found in the USA where the majority of seepage 

research has been conducted (Smith 1982). These differing rates across channels are due to a 

number of factors at work. 

Seepage is defined as water passing through the sides of and bed of a channel at a uniform 

rate. This is most commonly due to soil which is not adequate for channel construction 

(ANCID 2004). Seepage is mainly a factor of hydraulic conductivity of the soil and also the 

hydraulic gradient (Sonnichsen 1993). Generally it can be found that where there is low 

conductivity of the soil, there are high seepage losses. However this does not always apply 

and sometimes further research is required in the field (Akbar et al. 2013). The factors which 

can affect hydraulic conductivity include the soil type (this includes surface and sub-surface), 

temperature and porosity. Hydraulic gradient however is affected by atmospheric pressure, 

water depth, slope of channel and chemistry of soil and water (Sonnichsen 1993). 

How much seepage is observed in a channel will usually be proportional to the permeability 

of the soil (defined by the listed factors above). In some cases, the amount of suspended 

solids in the water can affect seepage as the particles will create a natural lining over time and 
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fill gaps within the soil. Finally, the depth of water can also affect the amount of seepage 

observed. As a general rule, the deeper the water, the higher the seepage rate (ANCID 2004). 

2.2.2 Typical Seepage Values 

SKM (2001) reported that seepages losses amount to 6% of the total water conveyed in the 

Northern Goulburn Murray district (Marsden Jacob Associates 2003). ANCID (2004) found 

from various surveys that the total water losses due to seepage were around 4% on average of 

the supplied water. 

Much research has been conducted on seepage, especially in the United States of America. 

Sonnichsen (1993) constructed a graph showing how seepage changes for different soil types 

or linings (see Figure 2.1). 

 
Figure 2.1: The relationship between soil type/lining and seepage rates (Sonnichsen 1993). 

The values of seepage rates for soil varied from 6 to 60 L.m
-2

.day
-1

. Some have found 

however that the seepage rates found in USA are much greater than those observed in 

Australia. Smith (1982) observed that the Goulburn Murray district had seepage rates of less 

than 15 L.m
-2

.day
-1

. In 1975, values between 13 and 15 L.m
-2

.day
-1

 were observed in the area 

of Kerang and Shepparton which amounted to 210,000 ML per year (Smith 1982). 

2.2.3 Estimating Seepage 

To gauge an accurate value for seepage, measurements can be taken in the field using a 

variety of techniques. The most accurate of which is generally the ponding method (Fairley 
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2015). The ponding method involves damming both ends of a channel section and observing 

the drop in water head over time, taking evaporation into account to calculate seepage (Kinzli 

et al. 2010).  However, it is not always possible to measure seepage due to time constraints, 

costs, or sometimes the channel is only in the planning stage. Rather than a direct 

measurement, sometimes an estimation method is needed. Many researchers have proposed 

formulae for estimating seepage within a channel.  

Davis and Wilson 

Davis and Wilson (1952) proposed a formula which could estimate the seepage losses in a 

lined canal (Bakry & Awad 1997) (Kraatz 1977). 

 L    .  C 
P  L

        3     V
 H 

 
3 

(2.1) (Kraatz 1977) 

Where SL is Seepage losses  [m
3
.m

-1
.day

-1
] 

 L is Length of canal [m] 

 PW is Wetted perimeter [m] 

 HW is Water depth in the canal [m] 

 V is Velocity of flow [m.s
-1

] 

C is Constant value depending on lining: 10cm Concrete (1), 15cm Mass clay (4), 

Light asphalt (5), 7.6cm Clay (8), Asphalt or cement mortar (10) 

Moritz Formula 

The US Bureau of Reclamation also proposed a formula after extensive measurements on a 

network of local canals. This formula is commonly referred to as the Moritz formula. 

     .2C 
 

V
 

(2.2) (Kraatz 1977) 

Where S is Seepage losses  [cusecs.mile
-1

] 

 Q is Discharge  [cusecs] 

 V is Velocity [ft.s
-1

] 

C is Constant value for soil type: Cemented gravel and hardpan with sandy loam 

(0.34), Clay and clayey loam (0.41), Sandy loam (0.66), Volcanic ash (0.68), Sand or 

volcanic ash or clay (1.20), Sandy soil with rock (1.68), Sandy and gravelly soil 

(2.20) 
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U.S.S.R. Formula 

The former Soviet Union also had a formula for which seepage was calculated.  

    
 .  

 
  q

r
 

(2.3) (Kraatz 1977) 

Where S is Loss as percentage of discharge per km 

 Q is Canal discharge [m
-3

.s
-1

] 

 K is Saturated permeability [m.day
-1

] 

qr is Reduced specific seepage loss, i.e. ratio of seepage velocity to saturated 

permeability of soil 

Bouwer 

Bower (1969) proposed a seepage formula for cases where the soil was uniform and deep, 

had a shallow impermeable layer and soils that lay over a shallow aquifer (Smith 1982). 

I    
   D 

  loge 
 L
  

 

(2.4) (Smith 1982) 

Where IS  is Seepage rate 

 K is Hydraulic conductivity 

 DW is Depth to the water table from water surface 

 WS is Width of channel at water surface 

 L is Distance from centreline of channel to horizontal watertable point 

2.2.4 Other Losses 

As well as seepage, a number of other factors can contribute to the overall conveyance losses. 

One of the most prominent losses is evaporation, but is also one of the most difficult to 

mitigate. Other losses can occur through inaccurate meter readings from sometimes outdated 

equipment. Mechanical Detheridge wheels while simple, cheap and require little 

maintenance, often measure less than the actual volume of water being conveyed (Marsden 

Jacob Associates 2003). Many regions of Australia such as central west NSW are in the 

process of replacing these outdated Detheridge wheels with more accurate automated systems 

(Asghar et al. 2011). 
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2.3  Seepage Mitigation Methods 

2.3.1 Earthen Lined Channels 

Overview 

Earthen lined channels are one of the easiest channel linings to implement as sometimes no 

extra material is required. Channels can be compacted in situ to create a more effective seal. 

Low permeability materials such as clay can be imported from other areas such as to line a 

gravelly channel with clay (ANCID 2004). 

Effectiveness 

Akbar et.al (2013) found that compaction of earthen channels in-situ could decrease the 

seepage losses by up to 74%. However ANCID (2004) found that a compacted earth lining 

can reduce seepage by 70 to 90% with an indicative liner permeability of 0.5 to 2 L.m
-2

.day
-1

, 

but only when using an imported clay material.  Sonnichsen (1993) also found a reduction in 

seepage to below 24.4 L.m
-2

.day
-1

 when using compaction methods.  

Costs 

The upfront costs of compacting the soil in-situ is $10.m
-2

 while lining the channel with 

compacted clay costs $17.m
-2

. 

Ongoing Considerations 

It is predicted that the life of a compacted earthen channel will be around 20 years or up to 30 

years when using imported clay. They would be a suitable choice for an area which is not 

irrigated all year round as earthen channels do not suffer the same wear and tear as other 

linings would during different climate conditions (Sonnichsen 1993) (ANCID 2004). Over 

time it has been observed that natural earthen lined channels form their own lining. Some 

evidence even proposes that the natural lining formed over time is almost equivalent to 

artificial linings. Some artificial linings can aid in this process of a natural lining being 

formed. (Smith 1982) 

2.3.2 Hard Surface Linings 

Overview 

Channels lined with hard surfaces may include concrete, tiles, bricks or even asphalt. These 

linings have the advantage of low permeability and high durability. This technique for lining 
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channels is more common in urban areas rather than regional channel networks due to the 

large costs associated with lining extensively long sections.  

Effectiveness 

It is estimated that a concrete lining can reduce seepage by 70 to 95% with an indicative liner 

permeability of less than 0.5 L.m
-2

.day
-1

 (ANCID 2004). The USBR (United States Bureau of 

Reclamation) defines a benchmark of 20 L.m
-2

.day
-1

 for a channel lined with concrete and 

made watertight with sealed joints, however they recommend using an assumed seepage rate 

of 30.4 L.m
-2

.day
-1

 to allow for the cracking that may occur through temperature changes 

overtime (Sonnichsen 1993) (ANCID 2004). Sonnichsen (1993) found that a concrete lining 

(unreinforced of thickness 76.2 mm) has a seepage rate of 21.3 L.m
-2

.day
-1 

when new, 

however the temperature changes in the ground caused cracking of the concrete which led to 

a new seepage rate of 73.1 L.m
-2

.day
-1

. Asphalt linings have been found to reduce seepage by 

up to 90% (ANCID 2004).  

Kahlown and Kemper (2005) conducted their own study in Pakistan with hard surface linings 

of bricks, concrete and tiles. They found the most effective lining combination was to 

construct the channel with vertical walls from 34 cm brick masonry and the bed from 8 cm 

brick masonry with 10 cm of concrete underneath. They achieved savings of 0.09 lps per 

100 m initially and 0.46 lps per 100 m after 24 years of conveyance (Kahlown & Kemper 

2005).
 

Costs 

The cost of lining a channel with concrete formwork comes in reasonably expensive at 

$52.50.m
-2

. Asphalt linings are significantly cheaper at only $35.m
-2

 (ANCID 2004). 

 ahlown and  emper’s combination of bricks and concrete costs around  83 Indian Rupees 

per m, or $3.75 Australian Dollars (Kahlown & Kemper 2005). This is unusually cheap 

compared to the cost of channel linings in Australia, therefore the cost may be more of a 

factor of cheaper labour or materials comparatively.  

Ongoing Considerations 

The main issue with any hard lined channel as discussed before is cracking. This is more 

prone in areas where there is significant swelling and shrinking of the soil. This also makes 

them less suitable for regions in which the channel does not operate throughout the whole 

year as there is greater exposure to the elements (ANCID 2004). Concrete channels can run 

into issues if not constructed properly such as large gaps between joints. However, this can be 
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easily overcome by plastering the joints during construction (Kahlown & Kemper 2005). If 

well constructed and well looked after, a concrete lining can have an expected life of up to 50 

years, while asphalt will only last 15 (Sonnichsen 1993) (ANCID 2004). Concrete is one of 

the most durable options for lining a channel, but is also one of the most expensive. It is 

therefore important to assess the area for suitability before deciding on any channel lining. 

2.3.3 Flexible Membrane Linings 

Overview 

Flexible membranes are a common lining material throughout the world. They have the 

advantage of low cost, low permeability and ease of construction. Among commonly used 

materials are High Density Polyethylene (HDPE), Polyvinyl Chloride (PVC), Very Low 

Density Polyethylene (VLDPE) and Flexible Polypropylene (FPP), the most common of 

which is HDPE. Flexible membranes may either be exposed (placed right on the channel bed) 

or covered (buried under a layer of soil or concrete). Covered linings are particularly 

advantageous, as a thinner material can be used and there is less exposure to the elements 

(ANCID 2004). 

 
Figure 2.2: A channel being lined with a HDPE (ANCID 2004). 
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Effectiveness 

Lining a channel with an impervious lining such as a flexible membrane can reduce the 

seepage by 60 to 80% depending on a number of factors such as the losses before lining and 

also the type of membrane (Smith 1982). ANCID (2004) however estimates that a 

geomembrane liner will reduce seepage by 85 to 95% with an indicative liner permeability of 

0-0.5 L.m
-2

.day
-1

.  

Costs 

The cost of lining the entirety of the channel network with a membrane in the Goulbourn 

Murray District is $20,000 to $50,000 per ML of water saved. This is due to many of the 

channels having very low seepage rates and therefore less water saved overall (Marsden 

Jacob Associates 2003). ANCID gives the costs of lining a channel with a HDPE as in the 

range of $7.1 to 13.69.m
-2

 depending on the thickness (ANCID 2004). A consideration in the 

cost of lining a channel with a flexible membrane is that the lining is likely to overlap, 

meaning that the cost per square metre may not relate directly to the amount of area to be 

covered (ANCID 2004).  

Ongoing Considerations 

Flexible membranes have the advantage of moving independently to the soil, therefore 

cracking is not an issue in areas where the soil often shrinks and swells. HDPE is the most 

commonly used material for flexible membrane lining applications as it is highly cost 

effective, has a high UV and chemical resistance and is therefore a good selection for an 

exposed lining. It is however less flexible than other options so requires well graded channels 

and needs to have its seams welded on site (ANCID 2004). 

2.3.4 Low Cost Linings 

Overview 

A study was conducted in 2013 on alternative ‘low-cost’ materials to line channels. This 

study was conducted in the Southern Murray-Darling Basin and involved first identifying 

areas of high seepage by measuring the electrical conductivity of the soil. Two methods for 

seepage reduction were investigated by sealing the channel with either rice hull ash or water 

treatment plant sludge. These waste materials were assessed for any environmental hazard, 

but were found to be safe (Akbar et al. 2013). 
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Effectiveness 

The waste materials were found to be surprisingly effective, decreasing seepage losses by 55 

to 65% for waste water treatment sludge and 50 to 65% for rice hull ash. Rice hull ash was 

found to be particularly advantageous as it kept the soil moist while the channel was not in 

operation, preventing some soil shrinkage (Akbar et al. 2013). 

Costs 

The cost to reduce seepage with waste materials is $400 to $500 per ML for up to 20 GL. 

After that the costs become $600 per ML up to 32 GL for sludge and 28 GL for rice hull ash 

(Akbar et al. 2013). These costs were worked in reverse to find that for rice hull ash there is 

an average cost of $3.86.m
-2

. 

Ongoing Considerations 

Rice hull ash is a very feasible and cost effective option for the region of the Southern 

Murray-Darling Basin as it is abundantly available in the area. Both the waste water materials 

however do not have a very long expected life (Akbar et al. 2013). For the purposes of the 

project, an expected life of 10 years was assumed for rice hull ash as it is half the life of a 

compacted channel. 

2.3.5 Alternative Mitigation Methods 

An alternative to a lining can be to create another path for the water to follow. Interceptor 

drains can be placed along the channel to encourage seepage into the drains rather than the 

soil. The water from these drains is fed back into the channels to recover the water rather than 

losing it to the soil. They have found to be effective under the right circumstances but can be 

rather expensive to construct due to the amount of drains needed (Smith 1982). Changing the 

channel geometry can also reduce seepage losses in some cases.  

 

2.4  Cost Benefit Analysis 

To understand the value of each proposed mitigation method, a cost benefit analysis must be 

carried out. A cost benefit analysis will compare the costs of channel seepage mitigation with 

the benefits they present. This may be the profit for each ML of water saved or other factors 

such as the lifespan of the mitigation.  
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2.4.1 Quantitative Analysis 

To carry out a quantitative analysis, the costs of mitigation must be compared to the costs of 

the purchased water. Water is usually purchased in two ways, leased or purchased outright. 

Sunwater (2016) provides the latest values of water purchase prices. These prices for 

example can range from $176.50 per ML leased price per year in the Bundaberg region to 

$806.41 per ML from the Chinchilla Weir (Sunwater 2016). 

2.4.2 Qualitative Analysis 

Seepage mitigation selection often involves factors which are difficult to analyse 

mathematically. ANCID (2004) constructed a ranking system for different seepage 

mitigations and selection factors to give users of their own tool an idea of the available 

options (see Figure 2.3). A simple three level rating system is used to convey the suitability 

of each mitigation method for a number of different factors. This tool was not intended to be 

used solely for selecting a seepage mitigation method, but rather as a guide to where each 

might be most effective. 
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Figure 2.3: ANCID’s rating system for channel seepage mitigation techniques (ANCID 2004) 

2.4.3 Channel Maintenance Costs 

The 2004 ANCID channel seepage decision tool report contained values for ongoing 

maintenance costs relating to each seepage mitigation method. These costs were listed in 
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$.year
-1

, however these costs were specific to a previously analysed site (ANCID 2004). This 

made the results very unusable for a predictive mathematical seepage model. Each site to be 

analysed will have unique costs specific to that area making prediction of realistic 

maintenance costs unfeasible. These listed maintenance costs in the ANCID report were 

therefore used to aid in the creation of the ranking system for a qualitative analysis. 
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3 Methodology 

This chapter outlines the steps involved in the creation of the seepage analysis model. It 

includes all thought processes and planning in the model creation, as well as all formulas. 

3.1   Overview 

This methodology takes the information from the literature review to create a new approach 

for modelling channel seepage. The model was created using Microsoft Excel and has been 

designed to run autonomously with programmed formulas. All formulas used in the creation 

of the model are listed in detail.  

 

3.2  Developing a Model for Analysis 

A number of models have been developed by various organisations to determine the 

suitability of a channel lining due to factors such as flow time and channel geometry 

(Kahlown & Kemper 2004). One such example is the ANCID Channel Seepage Decision 

Support Tool which runs in Microsoft Excel. This tool is designed to analyse the cost of 

installing a channel lining given set soil type and channel geometry. The tool is very in-depth 

and allows the user to input the exact profile of the channel with RL’s and select how much 

of the profile should be lined (ANCID 2004). This model is very focused on analysing only 

one option at a time and is completely dependent on soil type. Through this project a new 

model for seepage analysis has been developed and has a range of options to calculate 

possible seepage. The new model will be able to estimate a value for seepage based on the 

literature and also based on seepage formulae. With this range of seepage values, a range of 

mitigation options can then be calculated with their estimated costs.  

 

3.3 Seepage Calculator 

The first part of the analysis model is the seepage calculation tool. This tool gives a 

reasonable estimate of existing seepage in any given channel so that on site measurements are 

not necessarily required. This tool also has an option for the user to enter a site specific value 

for seepage to be analysed along with seepage estimates. The tool therefore can give three 

values for seepage found from: 



17 

 

 Seepage values from the literature based on soil type 

 Estimate of seepage from a formula 

 Site specific value for seepage as entered by the user 

All seepage rates will be in L.m-
2
.day

-1
 and apply to the entire length of the channel section. 

3.3.1 Soil Type Analysis 

From numerous case studies in Australia and overseas, seepage values for a range of different 

soil types can be found. As there is a wide spectrum of measurements across each different 

soil type, an upper and lower limit is listed and used in this model. This gives a final range of 

seepage to expect in the channel rather than a single value. All seepage rates are per area of 

channel. This is not how all the case studies have presented the data, but those with differing 

units were converted for simplicity. Table 3.1 lists the soil types to be analysed and the 

seepage range to be used. 

Table 3.1: A list of different soil types and their typical seepage values 

Soil Type Lower Seepage 

Limit [L.m
-2

.day
-1

] 

Upper Seepage 

Limit [L.m
-2

.day
-1

] 

Reference/s 

Clay and Clayey 

Loam 

125a 150b (Houk 1956)a 
    

(Swan 1978)b 

Sandy Loam 201a 250b (Houk 1956)a 

(Swan 1978)b 

Gravelly Sandy 610 762 (Davis 1952) 

Silty Loam 229a 341b (Davis 1952)a 

(ICID 1967)b 

Sand and Clay 229a 366b (Davis 1952)a 

(Houk 1956)b 

Very Gravelly 914 1829 (Davis 1952) 
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Impervious Clay 

Loam 

76 107 (Davis 1952) 

Sandy with rock 512  (Houk 1956) 

 

To convert all the seepage rates for the individual channel sections to a loss in ML.m
-1

.day
-1

, 

the Equation 3.2.1 is used. 

        
   

       
 

(3.2.1) 

Where VlDSL is Daily volume lost over the section per length [ML.m
-1

.day
-1

] 

 S is Seepage Rate [L.m
-2

.day
-1

] 

 P is Wetted Perimeter [m] 

To obtain a value for the volume lost over each channel section, the resultant from Equation 

3.2.1 is multiplied by the section length. This is demonstrated in Equation 3.2.2. 

               
 

(3.2.2) 

Where VlDS is Daily volume lost over the section  [ML.day
-1

] 

VlDSL is Daily volume lost over the section per length [ML.m
-1

.day
-1

] 

LS is Section length [m] 

The volume lost over the entire channel length can then be calculated by taking the sum of 

the volumes lost for each channel section. Equation 3.2.3 shows this simple relationship. 

             

(3.2.3) 

Where  VlDE is Daily volume lost over entire channel   [ML.day
-1

] 

 VlDS is Daily volume lost over each channel section  [ML.day
-1

] 

3.3.2 Moritz Formula  

A number of different formulae were listed in the literature in Section 2.2.3 and all have 

different applications for seepage estimation. The Davis and Wilson formula, while simplistic 

would not be a suitable choice for this model as the varying constant C is better suited for 

already lined channels. Bower’s formula for seepage takes in a number of important factors, 

but relies too heavily on the depth of the water table, which would not be known in some 

cases for the application of this model. The former Soviet Union equation would be a suitable 

choice, but would still require some measurement of saturated permeability before the 



19 

 

equation could be used. The equation also requires a ratio of seepage velocity to 

permeability, both of which would need to be measured in field and would defeat the purpose 

of this model. The final equation analysed was proposed by the U.S. Bureau of Reclamation 

and included components for discharge, velocity and a constant for soil type. This equation is 

the simplest and most applicable one to estimate seepage for the model. All the units in the 

USBR formula are in imperial measurements, so were converted so that metric units could be 

inputted and the resultant in ML.m
-1

.day
-1

 to compare with other seepage rates. Equation 

3.2.4 shows the Moritz formula converted to work in metric units. 

     .2      .      
3      2     . 2383  8

        .         
 

(3.2.4) 

Where  S is Seepage rate [ML.m
-1

.day
-1

] 

 C is Constant value for soil type 

 A is Cross sectional area of channel section  [m
-2

] 

3.3.3 Measured Value 

For comparison in the model, the user is also able to enter a site specific value for seepage. 

This can either be a measured or calculated value for the best approximation of seepage in the 

area of the proposed channel. This can not only test the accuracy of the model, but can also 

give the user a comparison of how the seepage would compare if other soils were used in 

construction. Equations 3.2.1, 3.2.2 and 3.2.3 are all applied in the same way as in Section 

3.3.1 to the users inputted seepage values.  

3.3.4  Model Application 

During the construction of the model, different naming conventions were used to represent 

the three types of seepage analysis. Due to the large task of rebuilding the entire model for 

the sake of name changes, the model has been left in the original convention. All screenshots 

of the model listed in Section 4 and the Appendices will have the original naming convention 

for the seepage analysis types. For reference, the following naming convention has been 

used: 

Seepage Analysis Name  Model Convention 

Soil Type Analysis = Literature 

Moritz Formula = Moritz Formula 

Measured Value = Expected Value 
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3.4 Mitigation Effectiveness 

The next part of the model is the mitigation measurement tool. This part of the model takes 

all the calculated values for seepage from the seepage calculation tool and analyses them 

against different mitigation methods. The effectiveness of each mitigation method has been 

found from the literature. The seepage range is calculated against the effectiveness of each 

mitigation method to come up with a final range of water saved per day.  

Table 3.2: The effectiveness and cost of each selected mitigation method 

Mitigation 

Method 

Lower 

Effectiveness 

Limit [%] 

Upper 

Effectiveness 

Limit [%] 

Cost 

[$.m
-2

] 

Reference/s 

Compaction 

(in-situ) 

55a 74b 10a (ANCID 2004)a 

(Sonnichsen 1993)b 

Compaction of 

imported clay 

70 90 17 (ANCID 2004) 

Concrete 70 95 52.5 (ANCID 2004) 

Asphalt 90 90 35 (ANCID 2004) 

HDPE (2mm) 93 93 12.12 (ANCID 2004) 

LDPE 

(1.5mm) 

94 94 16.54 (ANCID 2004) 

Rice Hull Ash 50 60 3.86 (Akbar et al. 2013) 

 

Firstly, the volume lost needs to be calculated over the entire year. Not all channels operate 

365 days per year. Some only deliver water during the time when water is needed for the crop 

(irrigation season) and the channel remains dry for the rest of the year. Equation 3.3.1 applies 

the number of days the channel is irrigating to the volume lost. 

 

 

 



21 

 

                 
(3.3.1) 

Where  VlSLB is Yearly volume lost over the section per length before mitigation  

         [ML.year
-1

.m
-1

] 

 VlDSL is Daily volume lost over the section per length  [ML.m
-1

.day
-1

] 

 ID is Number of irrigation days per year  [days.year
-1

] 

To find how effective each mitigation method is, the following formula is used. This is 

applied to the upper and lower limits of the soil type. The upper effectiveness value is applied 

to the lower seepage value and vice versa to give the worst case scenario for seepage and a 

broad range of values. Equation 3.3.2 shows how the effectiveness is applied to the seepage 

values. 

 VlSLA = VlSLB (1 – E) 

(3.3.2) 

Where VlSLA is Yearly volume lost over the section per length after mitigation 

         [ML.year
-1

.m
-1

] 

VlSLB is Yearly volume lost over the section per length before mitigation  

         [ML.year
-1

.m
-1

] 

 E is Effectiveness of mitigation method [%] 

The volume saved by using mitigation can then be found using Equation 3.3.3. 

 VsSL = VlSLB – VlSLA 

(3.3.3) 

Where VsSL is Yearly volume saved over the section per length [ML.year
-1

.m
-1

] 

VlSLA is Yearly volume lost over the section per length after mitigation 

         [ML.year
-1

.m
-1

] 

VlSLB is Yearly volume lost over the section per length before mitigation 

        [ML.year
-1

.m
-1

] 

To obtain a value for the volume saved over each channel section, the resultant from 

Equation 3.3.3 is multiplied by the section length. This is demonstrated in Equation 3.3.4. 

             
 

(3.3.4) 

Where  VsS is Volume saved over the section [ML.year
-1

] 

VsSL is Volume saved over the section per length  [ML.year
-1

.m
-1

] 

LS is Section length [m] 

The volume saved over the entire channel length can then be calculated by taking the sum of 

the volumes saved for each channel section. Equation 3.3.5 shows this simple relationship. 
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(3.3.5) 

Where  VsE is Volume saved over entire channel   [ML.year
-1

] 

 VsS is Volume saved over each channel section   [ML.year
-1

] 

 

3.5 Cost Analysis 

The cost analysis tool is used to determine which of the mitigation methods from the previous 

section is the most cost beneficial. To do this, the capital cost of each material needs to be 

known (listed in Table 3.2). These capital costs are the upfront costs associated with 

installing the channel. This includes the costs of materials, machinery, labour and others. This 

is all included in the mitigation costs ($.m
-2

) given by ANCID (2004). Calculating the yearly 

cost of each mitigation method over the entire channel is done with the Equation 3.4.1.  

       
    

   

 
   

  

 

(3.4.1) 

Where  CCL is Yearly capital costs of mitigation per length  [$.year
-1

.m
-1

] 

 MC is Mitigation capital cost [$.m
-2

] 

 P is Wetted perimeter  [m] 

 MEL is Mitigation expected life [years] 

 MMC is Mitigation maintenance costs [$.year
-1

] 

 LS is Section length [m] 

As reported in the literature review, the mitigation maintenance costs found in the literature 

were channel specific and were excluded from this model. However, the capability is still 

available as shown in Equation 3.4.1 for the user to enter maintenance costs if desired. 

To have a better understanding of how beneficial in terms of dollars each mitigation method 

is, the cost per ML of water saved is calculated. Comparisons can then be drawn to find 

which mitigation method gives the lowest cost per ML saved. Equation 3.4.2 is used to 

determine the cost per ML saved each year. 

      
   

    
 

(3.4.2) 

Where CSL is Cost per ML saved per length [$.ML
-1

.m
-1

] 

 CCL is Yearly capital costs of mitigation per length  [$.year
-1

.m
-1

] 

 VsSL is Yearly volume saved over the section per length [ML.year
-1

.m
-1

] 
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To obtain a value for the cost per ML saved over each channel section, the resultant from 

Equation 3.4.2 is multiplied by the section length. This is demonstrated in Equation 3.4.3. 

           
 

(3.4.3) 

Where  CS is Cost per ML saved over the section  [$.ML
-1

] 

CSL is Cost per ML saved per length [$.ML
-1

.m
-1

] 

LS is Section length [m] 

The cost per ML saved over the entire channel length can then be calculated by taking the 

sum of the volumes saved for each channel section. Equation 3.4.4 shows this simple 

relationship. 

         

(3.4.4) 

Where  CE is Cost per ML saved over the entire channel  [$.ML
-1

] 

 CS is Cost per ML saved over the section  [$.ML
-1

] 

 

3.6 Benefit Analysis 

3.6.1 Quantitative Analysis 

The benefit tool compares the costs associated with channel mitigation with the value of the 

water saved. Due to the different types of ways water is purchased, two equations are used to 

compare the costs per ML saved and cost of the water. When the water is leased, Equation 

3.5.1 is used. 

             
(3.5.1) 

Where  NS is Profit or loss per ML saved [$.ML
-1

] 

 WC is Water cost  [$.ML
-1

] 

 CS is Cost per ML saved over the section [$.ML
-1

] 

When the water is purchased outright, the costs need to be calculated over the expected 

lifetime of the chosen mitigation method. Equation 3.5.2 shows this. 
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(3.5.2) 

Where  NS is Profit or loss per ML saved [$.ML
-1

] 

 WC is Water cost  [$.ML
-1

] 

MEL is Mitigation expected life [years] 

 CS is Cost per ML saved over the section [$.ML
-1

] 

The profit or loss per ML saved over the entire channel length can then be calculated by 

taking the sum of the profits or losses for each channel section. Equation 3.5.3 shows this 

simple relationship. 

        

(3.5.3) 

Where  N is Profit or loss per ML saved over the entire channel [$.ML
-1

] 

 NS is Profit or loss per ML saved [$.ML
-1

] 

 

3.6.2 Qualitative Analysis 

Other factors can also be considered when looking at the benefits of any seepage mitigation 

method. Factors such as ease of installation, effect on environment, temperature differences 

or exposure to the elements cannot always be analysed mathematically, but are still important 

in the decision making process. Table 3.3 has been created to analyse these factors 

qualitatively with weightings for each factor and mitigation method. This table is to be used 

as an addition to the model to aid the user in the decision making process for seepage 

mitigation. The table rates each factor between 1 to 5, with 1 being the least suitable choice 

and 5 being the most suitable. 
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Table 3.3: Weighting factors for a qualitative benefit analysis with 1 being the worst and 5 the best 

 
Factors 

Mitigation Method E
a

se
 o

f 

In
st

a
ll

a
ti

o
n

 

In
fr

eq
u

en
t 

C
h

a
n

n
el

 U
se

 

M
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in
te

n
a

n
ce

 

C
o

st
s 

H
ig

h
 V

el
o
ci

ty
 

C
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a
n

n
el

s 

D
a

m
a

g
e 

R
es

is
ta

n
ce

 

T
em

p
er

a
tu

re
 

C
h

a
n

g
es

 

Asphalt 3 2 2 4 4 2 

Compaction (in-situ) 4 3 5 2 4 4 

Compaction of imported clay 4 3 4 2 5 3 

Concrete 3 1 1 2 4 1 

HDPE (2mm) 1 3 5 3 3 3 

LDPE (1.5mm) 1 3 4 3 2 3 

Rice Hull Ash 4 2 3 1 4 4 

 

Table 3.3 was created with aid of the factors given by ANCID (2004) in Figure 2.3 and 

acquired knowledge of the behaviour of each mitigation method.  

 

3.7 Case Studies Selection 

To test the reliability of the model, case studies have been selected for comparison with the 

model outputs. The case studies will show how accurate the estimation of seepage is before 

and after applying seepage mitigation. This can give a benchmark of how useful the model is 

and will flag any problem areas which will need to be further researched. Two case studies 

were selected in Queensland, one in the Bundaberg area and one in the St George area. One 

case study was also selected in Victoria near the township of Birchip. It is expected that there 

may be little to no gains for the Queensland studies as the seepage is already very low. The 

channel in Victoria may benefit from some seepage mitigation as it has higher losses and 

many channels in Victoria have already undergone these processes with positive results.   

3.7.1 Buckinbah B2/2 Channel 

Fairley (2015) conducted an investigation into channel seepage in the St George area using 

the ponding method. Three sites were chosen, but only one site yielded useable results. These 

were from the Buckinbah B2/2 channel. This channel is part of a network which mainly 

irrigates for cotton farming and is fed by Beardmore Dam and the Balonne River. The St 
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George irrigation area lies in the northern region of the Murray-Darling Basin (Fairley 2015). 

Sunwater (2015) gives the price per ML as $103.88 when the water is leased. 

Table 3.4: Channel characteristics of Buckinbah B2/2 (Fairley 2015) 

Soil Type Sand and clay 

Lining type Compacted earth 

Channel Shape Trapezoidal with H/V of 2 

Bed width [m] 5.5 

Water Depth [m] 1.1 

Channel length [m] (Used in testing) 1393 

Expected seepage [L.m-
2
.day

-1
] 8 ± 2 (95%) 

Irrigation days [days.year
-1

] 365 

 

This channel already has a compacted earth lining in situ with the materials on site. 

Therefore, this study can be used to determine how well the model estimates seepage when 

using compacted earth. 

3.7.2 Booyan Main Channel 

The area of Bundaberg is known for its sugarcane, however the area does not receive enough 

rainfall annually for the crops. The Queensland government proposed a two part water supply 

scheme in the 1970s to supply water for existing farms in the area. This was a unique scheme 

for Queensland as a large scale network such as this one had never been constructed for 

established farms. Other crops grown in the area include melons, zucchini, tomatoes, 

macadamias, avocadoes, capsicum and beans. The major dams for the supply scheme are 

Fred Haigh and Paradise which supply much of the channel network (Sunwater 2015). The 

scheme also supplies water to urban areas such as the city of Bundaberg and other local 

communities.  

The Booyan Main Channel is made up of many different sections of piped and earthen lined 

channels. Data was available for eight different sections of earthen channel all with varying 
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depths and lengths. As the model is capable of analysing multiple sections, all eight were 

included in analysis. 

Table 3.5: Channel characteristics of a Booyan MC section (GHD 2001) 

Section 1 2 3 4 5 6 7 8 

Soil Type Clay and Clayey Loam 

Lining type None 

Channel shape Trapezoidal with H/V of 2 

Bed width [m] 4 4 4 4 4 4 4 4 

Water depth [m] 1.64 1.36 1.5 1.22 1.22 1.22 1.22 1.22 

Section length 

[m] 

450 1710.3 708 548.4 1384.6 691 394 815 

Expected seepage 

[L.m-
2
.day

-1
]  

10.6 10.6 10.6 10.6 10.6 10.6 10.6 10.6 

Irrigation days 

[days.year
-1

] 

365 365 365 365 365 365 365 365 

 

3.7.3 Donald Main Channel, High Loss Sections 

The Donald Main Channel was constructed in 1912 and lies within the Birchip district in 

Victoria serviced by Wimmera Mallee Water. The channel is designed for a capacity of 

245ML.day
-1

 supplying around 30,000ML.year
-1

 and is fed by Lake Batyo Catyo. In 1998, 

Wimmera Mallee Water and Sinclair Knight Merz conducted a study into two sections of the 

Donald MC which were known to have high seepage losses named Ralstons and Sheridans.  

This channel was selected primarily to be a contrast to the other two case studies as it is only 

irrigated 273 days per year and has higher measured losses than the Queensland sites. 
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Table 3.6: Channel characteristics of two sections in the Donald MC (Wimmera Mallee Water and 

Sinclaire Knight Merz 1998) (ANCID 2003) (Long & Poynton 2009) 

Section Ralstons Sheridans 

Soil Type Sand and Clay 

Lining type None 

Channel Shape Trapezoidal with H/V of 3.23 

Bed width [m] 7 7 

Water Depth [m] 1.2 1.2 

Section length [m]  3500 2500 

Expected seepage [L.m-
2
.day

-1
] 25 to 67 25 to 67 

Irrigation days [days.year
-1

] 273 273 
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4 Model Capability 

This chapter demonstrates the capability of the created model to analyse seepage and the 

associated costs with mitigation. It contains screenshots from the model direct from 

Microsoft Excel to showcase the inputs and outputs of a sample analysis.  

4.1 Overview 

This model was developed as part of this dissertation for the purposes of analysing the case 

studies listed in Section 3.7.  

4.1.1 Model Description 

The model has been setup to analyse multiple sections of the same channel. This was done 

due to the often large variations in channel dimensions, water depths or even soil types along 

the length of the channel. There is currently a capacity of 10 sections that can be analysed 

within the model, but this could easily be modified to account for more. Each section is 

analysed individually throughout the model, as well as values for the entire channel easily 

accessible by summing each section. Formula’s are permanently stored within the model and 

work seamlessly with any values entered by the user.  

The simple colour coded format of the model makes clear to the user where data should be 

entered and where the resultants of formulas appear. All green cells are where user data entry 

is required, yellow cells are the formula results and cells without a colour are either labels or 

blank cells.  

Throughout the model, upper and lower limits are used when a range of values exist. For 

example, there were a range of values for seepage found in the literature for similar soil 

types; hence an upper and lower limit was adopted for each to give a broad range of results. 

The upper and lower limits are then carried throughout the model to give a final range of 

costs. These upper and lower limits are always represented by ‘ ’ for upper and ‘-’ for lower. 

4.1.2 Model Environment 

This model was created with Microsoft Excel (2007 edition) due to the relative ease of use of 

the program. Excel is a powerful tool for the creation of mathematical models due to the 

input of formulas available. This seepage model has been created to work autonomously, 

only requiring the user to enter the channel characteristics, proposed mitigation and the price 

of water in the area. 
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Provision has been made for 10 individual channel sections to be analysed, however the 

model could be easily modified to incorporate more. Any user with knowledge of Microsoft 

Excel could be instructed how the model can be expanded, which further justifies the 

selection of this program for the model creation.   

4.2 Site Characteristics 

The first part of the model is the site characteristics where the user enters all the necessary 

information about the channel into the interface shown in Figure 4.1. 

 
Figure 4.1: A screenshot of the model interface to enter the site characteristics 

The first steps are to select the soil type and if there is any existing mitigation for each 

section of the channel to be analysed (see Figure 4.2). Any number between 1 and 10 sections 

may be chosen for analysis. If less than 10 sections are chosen, any following sections must 

be left blank for the model to work correctly.  
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Figure 4.2: A demonstration of the drop down menu to select the soil type in each channel section 

The user is then required to enter the side slope, bed width, water depth, section length, 

irrigation days per year and the upper and lower limits for expected seepage (if any). The 

expected seepage value is not required for the model to work, however only the literature and 

Moritz formula values for seepage will be calculated. This will sometimes be the case if no 

seepage data exists for the area yet. As mentioned earlier in the chapter, green cells are where 

the user may enter values and yellow cells are the formula resultants. Figure 4.3 shows how a 

typical data entry may look for a channel of three sections. 

 
Figure 4.3: A typical data entry for a channel of three sections 
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4.3 Seepage Calculations 

The next part of the model calculates the seepage in the channel using the three methods as 

described in Section 3.2. These are the soil type analysis, Moritz formula and the measured 

value. The literature value is the estimated value for seepage based on the soil type from data 

found by research, the Moritz formula is an estimate of seepage from the USBR proposed 

formula and the estimated value is the seepage from a site measured seepage value. Figure 

4.4 shows how the model looks before any data is entered.  

 
Figure 4.4: The seepage calculation section before any data is entered 

When data is entered into Section 1 of the model, the seepage calculations are automatically 

calculated. It takes into account the soil type for the Moritz formula and selects the constant 

value accordingly. Values are shown for the volume lost over the section per length, the 

entire section and the entire channel for all three methods of seepage calculation. Figure 4.5 

shows how the model might look with data entered for three sections of channel. 
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Figure 4.5: The seepage calculations from the values entered in Figure 4.3. Note: the expected value is 

zero in the 3
rd

 section because no expected values were entered for that section in the site 

characteristics. 

 

4.4 Mitigation Calculations 

Mitigation calculations are carried out in the next section of the model depending on the 

selection by the user. The effectiveness values for each mitigation were found from the 

literature and the full details are listed in Table 3.2. The mitigation calculations part of the 

model without any data entered is shown in Figure 4.6. 
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Figure 4.6: The mitigation calculations section of the model before any data has been entered 

The user may select a different mitigation method for each section using the drop down menu 

provided (see Figure 4.7). 

 
Figure 4.7: A demonstration of the drop down menu in the mitigation calculations section. 



35 

 

Any combination of mitigation methods may be selected to find the optimal conditions to 

prevent channel seepage. Again this is done for all three methods for channel seepage and 

displays the volume lost before and after mitigation and the volume saved per length, over 

the entire section and over the entire channel. Figure 4.8 shows how the mitigation 

calculations section would look with the values entered from Figure 4.3 and some proposed 

mitigations selected. 

 
Figure 4.8: The mitigation calculations from the values entered in Figure 4.3 
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4.5 Cost Analysis Calculation 

The cost analysis calculation section takes all the volumes saved and compares them to the 

costs of mitigation. Figure 4.9 shows how this section would look before data entry has 

occurred. 

 
Figure 4.9: The cost analysis calculations before any data has been entered 

This section requires no user input and displays the costs per ML saved from the previous 

section. This is again done for each seepage calculation method and displays results per 

length, over the section and over the entire channel. Figure 4.10 demonstrates how this 

section calculates the costs. 
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Figure 4.10: The cost analysis calculations from the values entered in Figure 4.3 

 

4.6 Cost Benefit Analysis 

The cost benefit analysis section compares the costs of the water against the costs of 

mitigation. Before the user enters any data, the cost benefit analysis section resembles Figure 

4.11. 

 
Figure 4.11: The cost benefit analysis section before any data is entered 
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The user must enter the price of water relevant to the area where the proposed or existing 

channel lies. As water is purchased in two different ways, the user has the option to enter if 

the water is purchased outright or leased by use of a drop down menu (see Figure 4.12). 

 
Figure 4.12: A demonstration of the drop down menu in the cost benefit analysis section 

The model then automatically calculates whether a profit or loss is made for each ML of 

water with mitigation in mind. Figure 4.13 shows how the cost benefit analysis section would 

look with the data from Figures 4.3, 4.5 and a selected water cost in the model. 

 
Figure 4.13: The cost benefit analysis section with data from Figures 4.3 and 4.5 

 

4.7  Model Discussion 

The model works well as it is fully autonomous, requiring only the user inputs of a proposed 

scenario. Results are given for all seepage analysis types and any desired seepage mitigation. 

Microsoft Excel is a good choice of program for the model to run in as it is simple to use and 

many users already have some familiarity with the its operation.  
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The model is currently limited to analyse 10 sections or less, but could be easily modified to 

incorporate as many sections as desired. Another limitation with the model is the lack of 

graphical output. Many cells full of numbers can be difficult to analyse for some users and 

graphs would help in making the outputs easier to read. This is something that could be easily 

incorporated in future iterations. 
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5 Case Study Results 

This chapter contains a summary of the results for the selected case studies. For ease in 

reading, the results over the entire channel are displayed rather than every individual section. 

Graphs have also been provided for further analysis. 

5.1 Buckinbah B2/2 Channel 

5.1.1  Analysis Overview 

The Buckinbah B2/2 channel was analysed according to the three seepage calculation options 

as outlined in Section 3.3, soil type analysis, Mortiz formula and the site measured seepage 

values. All mitigation measures were considered individually and the results are shown in the 

tables and figures listed within Section 5.1. The full results as shown by the seepage model 

are listed in Appendix B. A qualitative benefit analysis was also considered to aid in the 

selection of a suitable seepage mitigation measure.  

5.1.2 Seepage Losses Before Mitigation 

A range of seepage losses before mitigation were determined for each analysis type over the 

Buckinbah channel section. These results are shown in Table 5.1. 

Table 5.1: Seepage losses before mitigation for Buckinbah B2/2 

Seepage Calculation Volume Lost [ML.day
-1

] 

Soil Type Analysis 0.864 to 2.39 

Moritz Formula 1.26 to 2.18 

Measured Value 0.0871 to 0.145 

 

It is clear to see from Table 5.1 that the soil type analysis and Moritz formula have similar 

results, but the measured value has a much lower loss.  

5.1.3 Effects After Mitigation 

The effects on the channel after mitigation in Buckinbah B2/2 were compared to the volumes 

lost to obtain a range of volumes saved for each mitigation measure and seepage analysis 

type. The costs were then calculated and compared to the price of water to obtain either a 

profit or loss for each scenario. These results are shown in Table 5.2. 
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Table 5.2: Effects after mitigation for Buckinbah B2/2 

  Mitigation Measures 

Seepage 

Calc. 

Unit Asphalt Compaction 

(in-situ) 

Compaction 

of Imported 

Clay 

Concrete HDPE 

(2mm) 

LDPE 

(1.5mm) 

Rice Hull 

Ash 

Soil Type 

Analysis 

Volume Saved Over 

Channel [ML.year
-1

] 

283.88 to 

785.27 

233.41 to 

479.89 

283.88 to 

610.77 

299.65 to 

610.77 

293.34 to 

811.45 

296.5 to 

820.17 

189.25 to 

436.26 

Cost per ML Over 

Channel [$.ML
-1

] 

60,076 to 

$166,182 

$21,066 to 

$43,310 

$18,758 to 

$40,358 

$34,758 to 

$70,846 

$10,066 to 

$27,845 

$20,386 to 

$56,393 

$17,889 to 

$41,237 

Profit or Loss per ML 

Over Channel [$.ML
-1

] 

-$166,078 to 

-$59,972 

-$43,206 to 
_
$20,962 

-$40,255 to 

-$18,654 

-$70,742 to 

-$34,654 

-$27,741 to 

-$9,962 

-$56,289 to 

-$20,283 

-$41,133 to 

-$17,785 

Moritz 

Formula 

Volume Saved Over 

Channel [ML.year
-1

] 

414.32 to 

717.09 

340.66 to 

438.22 

414.32 to 

557.73 

437.33 to 

557.73 

428.13 to 

740.99 

432.73 to 

748.96 

276.21 to 

398.38 

Cost per ML Over 

Channel [$.ML
-1

] 

$65,788 to 

$113,864 

$23,069 to 

$29,675 

$20,542 to 

$27,653 

$38,063 to 

$48,542 

$11,023 to 

$19,079 

$22,325 to 

$38,639 

$19,590 to 

$28,255 

Profit or Loss per ML 

Over Channel [$.ML
-1

] 

-$113,761to 

-$65,684 

-$29,571 to 

-$22,965 

-$27,549 to 

-$20,438 

-$48,438 to 

-$37,959 

-$18,975 to 

-$10,919 

-$38,536 to 

-$22,221 

-$28,151 to 

-$19,486 

Measured 

Value 

Volume Saved Over 

Channel [ML.year
-1

] 

28.607 to 

47.679 

23.522 to 

29.137 

28.607 to 

37.084 

30.197 to 

37.084 

29.561 to 

49.268 

29.879 to 

49.798 

19.072 to 

26.488 

Cost per ML Over 

Channel [$.ML
-1

] 

$989,447 to 

$1,649,078 

$346,949 to 

$429,779 

$308,950 to 

$400,490 

$572,466 to 

$703,028 

$165,789 to 

$276,316 

$335,765 to 

$559,609 

$294,629 to 

$409,207 

Profit or Loss per ML 

Over Channel [$.ML
-1

] 

-$1,648,974 

to -$989,343 

-$429,675 to 

-$346,845 

-$400,387 to 

-$308,846 

-$702,924 to 

-$572,362 

-$276,212 to 

-$165,685 

-$559,505 to 

-$335,661 

-$409,103 to 

-$294,525 
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All the costs in Table 5.2 appear to be very high in terms of a price per ML. No available 

options return a profit when compared to the price of water in the St George area. 

Figure 5.1 shows a graph of the volume saved using seepage mitigation in the Buckinbah 

B2/2 channel. For comparison, all three seepage calculations have been included for each 

available mitigation. This data was plotted from the information in Table 5.2. The upper and 

lower limits of the volumes saved have been plotted as a range on the chart. 

 
Figure 5.1: Possible range of volume saved for Buckinbah B2/2 

Figure 5.1 magnitudes the difference between the estimated seepage values and the measured 

values for seepage. The plotted ranges help to compare different mitigation options and 

determine which is the most effective.  
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Figure 5.2 shows a graph of the installation costs of various mitigations in the Buckinbah 

B2/2 channel. For comparison, all three seepage calculations have been included for each 

available mitigation. This data was plotted from the information in Table 5.2. The upper and 

lower limits of the costs saved have been plotted as a range on the chart. 

 
Figure 5.2: Possible range of mitigation costs for Buckinbah B2/2 

Figure 5.2 is huge a contrast to Figure 5.1, as the measured values have now translated to the 

highest installation costs. Some mitigation measures like asphalt clearly stand above the rest 

for high costs, as there was less deviation between mitigations when no costs were 

considered.  

5.1.4 Qualitative Benefit Analysis 

As HDPE is the most cost effective mitigation measure, it is analysed further in Table 5.3 in 

accordance with some of the factors listed in Table 3.3. The weighting factors are to compare 

with the other available seepage mitigation options ranging from 1 being the lowest to 5 

being the highest. 
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Table 5.3: A qualitative benefit analysis on HDPE in Buckinbah B2/2 

Factor Weighting Comment 

Ease of Installation 1 This low ranking is due to poor malleability of the 

material and the necessity for all joins to be heat 

sealed. HDPE is also difficult to install in wet or 

windy conditions or where there are extreme 

temperatures either hot or cold (ANCID 2004). 

The St George area can experience high winds and 

extreme heat, so these factors should be taken into 

account when scheduling installation. 

Infrequent Channel Use 3 Infrequent channel use is unlikely to pose an 

issue, as the Buckinbah B2/2 channel is irrigated 

throughout the entire year. 

Maintenance Costs 5 HDPE has one of the lowest maintenance costs 

making it not only the cheapest during 

construction, but also during its lifetime. 

High Velocity Channels 3 High velocities are also unlikely to cause concern, 

as the channel has a very low capacity of  

0.34 m.s
-1

 allowing for a maximum velocity of 

0.0267 m.s
-1

 when the channel is flowing full 

(Fairley 2015). 

Temperature Changes 3 Temperature changes may also be an issue for the 

extreme heat often experienced in the St George 

area, however HDPE compares well to other 

available options. 

 

HDPE has relatively positive weighting factors compared to other mitigation options. Some 

of the factors can also be discarded due to the characteristics of the channel such as the high 

velocity or infrequent channel use. From both the quantitative and qualitative analyses, 

HDPE would still be the most suitable option for mitigating seepage in the Buckinbah B2/2 

channel. The lowest installation and maintenance costs are at an advantage as well as the long 

life and durability of the material.  
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5.2 Booyan Main Channel 

The Booyan Main Channel was analysed according to the three seepage calculation options 

as outlined in Section 3.3, soil type analysis, Mortiz formula and the site measured seepage 

values. All mitigation measures were considered individually and the results are shown in the 

tables and figures listed within Section 5.2. All earthen sections of the Booyan Main Channel 

were included for this analysis and the listed results show the outputs over the entire channel. 

The full results as shown by the seepage model are listed in Appendix C. A qualitative 

benefit analysis was also considered to aid in the selection of a suitable seepage mitigation 

measure.  

5.2.1 Seepage Losses Before Mitigation 

A range of seepage losses before mitigation were determined for each analysis type over the 

Booyan Main channel for all sections. These results are shown in Table 5.4. 

Table 5.4: Seepage losses before mitigation for Booyan MC 

Seepage Calculation Volume Lost [ML.day
-1

] 

Soil Type Analysis 8.22 to 9.93 

Moritz Formula 8.08 

Measured Value 0.701 

 

Again the Moritz formula result falls within the range of the estimated seepage from soil type 

analysis, but the measured value is well below these estimates.  

5.2.2 Effects After Mitigation 

The effects on the channel after mitigation in the Booyan MC were compared to the volumes 

lost to obtain a range of volumes saved for each mitigation measure and seepage analysis 

type as well as the costs and profit/loss margin. These results are shown in Table 5.5. 
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Table 5.5: Effects after mitigation for Booyan MC 

  Mitigation Measures 

Seepage 

Calc. 

Unit Asphalt Compaction 

(in-situ) 

Compaction 

of Imported 

Clay 

Concrete HDPE 

(2mm) 

LDPE 

(1.5mm) 

Rice Hull 

Ash 

Soil Type 

Analysis 

Volume Saved Over 

Channel [ML.year
-1

] 

2717.1 to 

3260.5 

1992.5 to 

2234.1 

2536 to 

2717.1 

2536 to 

2868.1 

2807.7 to 

3369.2 

2837.9 to 

3405.4 

1811.4 

Cost per ML Over 

Channel [$.ML
-1

] 

$317,329 to 

$380,794 

$99,242 to 

$111,271 

$92,479 to 

$99,084 

$162,339 to 

$183,597 

$53,171 to 

$63,805 

$107,684 to 

129,221 

$94,491 

Profit or Loss per ML 

Over Channel [$.ML
-1

] 

-$379,382 to 

-$315,917 

-$109,859 to 

-$97,830 

-$97,672 to 

-$91,067 

-$182,185 to 

-$160,927 

-$62,393 to 

-$51,759 

-$127,809 to 

-$106,272 

-$93,079 

Moritz 

Formula 

Volume Saved Over 

Channel [ML.year
-1

] 

2654.2 1622 to 

2182.3 

2064.4 to 

2654.2 

2064.4 to 

2801.6 

2742.6 2772.1 1474.5 to 

1769.5 

Cost per ML Over 

Channel [$.ML
-1

] 

$390,061 $101,657 to 

$136,775 

$94,729 to 

$121,795 

$166,289 to 

$225,678 

$65,358 $132,366 $96,791 to 

$116,149 

Profit or Loss per ML 

Over Channel [$.ML
-1

] 

-$388,649 -$135,363 to 

-$100,245 

-$120,383 to 

-$93,317 

-$244,266 to 

-$164,877 

-$63,946 -$130,954 -$114,737 to 

-$95,379 

Measured 

Value 

Volume Saved Over 

Channel [ML.year
-1

] 

230.41 140.81 to 

189.45 

179.21 to 

230.41 

179.21 to 

243.21 

238.09 240.65 128.01 to 

153.61 

Cost per ML Over 

Channel [$.ML
-1

] 

$4,490,499 $1,170,304 

to 

$1,574,591 

$1,090,550 

to 

$1,402,135 

$1,914,371 

to 

$2,598,074 

$752,417 $1,523,835 $1,114,285 

to 

$1,337,142 

Profit or Loss per ML 

Over Channel [$.ML
-1

] 

-$4,489,087 -$1,573,179 

to 

-$1,168,892 

-$1,400,723 

to 

-$1,089,138 

-$2,596,662 

to 

-$1,912,959 

-$751,005 -$1,522,423 -$1,335,730 

to 

-$1,112,873 
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All the costs in Table 5.5 again appear to be very high in terms of a price per ML. No 

available options return a profit when compared to the price of water in the Bundaberg area. 

Figure 5.3 shows a graph of the volume saved using seepage mitigation in the Booyan Main 

Channel. For comparison, all three seepage calculations have been included for each 

available mitigation. This data was plotted from the information in Table 5.5. The upper and 

lower limits of the volumes saved have been plotted as a range on the chart. 

 
Figure 5.3: Possible range of volume saved for Booyan MC 

Some of the results from Table 5.5 were singular values rather than a range. This is why 

some of the columns in Figure 5.3 appear as thin lines, as they represent a single value for the 

volume saved. There appears to be more of a variance between mitigation options when 

looking at the effectiveness of each compared to the Buckinbah B2/2 channel. Again the 

magnitude of differences can be seen between the measured values and estimated seepage 

values. 
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Figure 5.4 shows a graph of the installation costs of various mitigations in the Booyan MC 

created from the data in Table 5.5. 

 
Figure 5.4: Possible range of mitigation costs for Booyan MC 

Asphalt again is the highest cost mitigation per ML of water saved and thus skews all other 

values on the graph. The singular value for the measured seepage of asphalt can be seen at 

around $4,500,000 per ML as thin orange line. It is difficult to see any of the other ranges for 

soil type analysis and the Moritz formula because of this skew, however it can be seen that 

the measured values clearly result in higher installation costs. 

5.2.3 Qualitative Benefit Analysis 

As HDPE is again the most cost effective mitigation measure, it is analysed further in Table 

5.6 in accordance with some of the factors listed in Table 3.3. The weighting factors are to 

compare with the other available seepage mitigation options ranging from 1 being the lowest 

to 5 being the highest. 
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Table 5.6: A qualitative benefit analysis on HDPE in Booyan MC 

Factor Weighting Comment 

Ease of Installation 1 The Bundaberg area can experience high 

temperatures, so should be considered during the 

installation process. 

Infrequent Channel Use 3 The Booyan MC is operational all year, so this 

factor will not be problematic in the decision 

making.  

Maintenance Costs 5 HDPE has one of the lowest maintenance costs 

making it not only the cheapest during 

construction, but also during its lifetime. 

Damage Resistance 3 Damage resistance is low compared to the other 

available mitigation options. Studies would have 

to be conducted to determine if the channel is 

prone to damage from animals or human 

interference.  

Temperature changes 3 Temperature changes may also be an issue for the 

Bundaberg area due to the heat experienced in the 

summer months. The changes from hot to cold 

throughout the year may have an effect on the 

Booyan Channel lining. However compared to the 

other available options, HDPE performs quite well 

in this area. 

 

HDPE has relatively positive weighting factors compared to other mitigation options. There 

are no factors which would discard HDPE from being a suitable option for this area. From 

both the quantitative and qualitative analyses, HDPE would still be the most suitable option 

for mitigating seepage in the Booyan Main Channel. The lowest installation and maintenance 

costs are at an advantage as well as the long life and durability of the material. 
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5.3 Donald Main Channel 

The Donald Main Channel was analysed according to the three seepage calculation options as 

outlined in Section 3.3, soil type analysis, Mortiz formula and the site measured seepage 

values. All mitigation measures were considered individually and the results are shown in the 

tables and figures listed within Section 5.3. The two high loss sections of the Donald Main 

Channel were included for this analysis and the listed results show the outputs over the entire 

channel. The full results as shown by the seepage model are listed in Appendix D. A 

qualitative benefit analysis was also considered to aid in the selection of a suitable seepage 

mitigation measure.  

5.3.1 Seepage Losses Before Mitigation 

A range of seepage losses before mitigation were determined for each analysis type over the 

Donald Main channel for the two sections. These results are shown in Table 5.7. 

Table 5.7: Seepage losses before mitigation for Donald MC 

Seepage Calculation Volume Lost [ML.day
-1

] 

Soil Type Analysis 20.8 to 33.2 

Moritz Formula 25.9 

Measured Value 2.27 to 6.08 

 

Although the measured seepage for the Donald MC was higher than the other two case 

studies, the volume lost for the measured value is still well below the estimated values.  

5.3.2 Effects After Mitigation 

The effects on the channel after mitigation in the Donald MC were compared to the volumes 

lost to obtain a range of volumes saved for each mitigation measure and seepage analysis 

type as well as the costs and profit/loss margin. These results are shown in Table 5.8. 
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Table 5.8: Effects after mitigation for Donald MC 

  Mitigation Measures 

Seepage 

Calc. 

Unit Asphalt Compaction 

(in-situ) 

Compaction 

of Imported 

Clay 

Concrete HDPE 

(2mm) 

LDPE 

(1.5mm) 

Rice Hull 

Ash 

Soil Type 

Analysis 

Volume Saved Over 

Channel [ML.year
-1

] 

5102.7 to 

8155.4 

4195.6 to 

4983.9 

5102.7 to 

6343.1 

5386.2 to 

6343.1 

5272.8 to 

8427.3 

5329.5 to 

8517.9 

3401.8 to 

4530.8 

Cost per ML Over 

Channel [$.ML
-1

] 

$155,683 to 

$248,821 

$54,590 to 

$64,847 

$48,611 to 

$60,428 

$90,074 to 

$106,076 

$26,086 to 

$41,692 

$52,831 to 

$84,437 

$46,358 to 

$61,743 

Profit or Loss per ML 

Over Channel [$.ML
-1

] 

-$248,716 to 

-$155,578 

-$64,742 to 

-$54,485 

-$60,323 to 

-$48,506 

-$105,971 to 

-$89,969 

-$41,587 to 

-$25,981 

-$84,332 to 

-$52,726 

-$61,638 to 

-$46,253 

Moritz 

Formula 

Volume Saved Over 

Channel [ML.year
-1

] 

6372.5 3894.3 to 

5239.6 

4956.4 to 

6372.5 

4956.4 to 

6726.6 

6584.9 6655.8 3540.3 to 

4248.4 

Cost per ML Over 

Channel [$.ML
-1

] 

$199,240 $51,925 to 

$69,863 

$48,387 to 

$62,212 

$84,939 to 

$115,274 

$33,384 $67,611 $49,440 to 

$59,328 

Profit or Loss per ML 

Over Channel [$.ML
-1

] 

-$199,135 -$69,758 to 

-$51,820 

-$62,107 to 

-$48,282 

-$115,169 to 

-$84,834 

-$33,279 -$67,506 -$59,223 to 

-$49,335 

Measured 

Value 

Volume Saved Over 

Channel [ML.year
-1

] 

557.06 to 

1492.9 

458.03 to 

912.35 

557.06 to 

1161.2 

588.01 to 

1161.2 

575.63 to 

1542.7 

581.82 to 

1559.3 

371.38 to 

829.41 

Cost per ML Over 

Channel [$.ML
-1

] 

$850,449 to 

$2,279,202 

$298,209 to 

$594,001 

$265,548 to 

$553,521 

$492,045 to 

$971,660 

$142,499 to 

$381,878 

$288,597 to 

$773,439 

$253,239 to 

$565,568 

Profit or Loss per ML 

Over Channel [$.ML
-1

] 

-$2,279,097 

to -$850,344 

-$593,896 to 

-$298,104 

-$553,416 to 

-$265,443 

-$971,555 to 

-$491,940 

-$381,793 to 

-$142,394 

-$773,334 to 

-$288,492 

-$565,463 to 

-$253,134 
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All the costs in Table 5.8 again appear to be very high in terms of a price per ML. No 

available options return a profit when compared to the price of water in the Birchip area. 

Figure 5.5 shows a graph of the volume saved using seepage mitigation in the Donald Main 

Channel. For comparison, all three seepage calculations have been included for each 

available mitigation. This data was plotted from the information in Table 5.8. The upper and 

lower limits of the volumes saved have been plotted as a range on the chart. 

 
Figure 5.5: Possible range of volume saved for Donald MC 

Again the magnitude of differences can be seen between the measured values and estimated 

seepage values. The ranges of volume saved appear to be smaller than those shown in the 

other two case studies. 
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Figure 5.6 shows a graph of the installation costs of various mitigations in the Donald MC 

created from the data in Table 5.8. 

 
Figure 5.6: Possible range of mitigation costs for Donald MC 

Asphalt again is the highest cost mitigation per ML of water saved and thus skews all other 

values on the graph. The range of costs for asphalt when analysed with the measured seepage 

values is greater than Buckinbah B2/2 or Booyan MC. HDPE appears to be the lowest cost 

option in all cases. 

5.3.3 Qualitative Cost-Benefit Analysis 

As HDPE is again the most cost effective mitigation measure, it is analysed further in the 

Table 5.9 in accordance with some of the factors listed in Table 3.3. The weighting factors 

are to compare with the other available seepage mitigation options ranging from 1 being the 

lowest to 5 being the highest. 
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Table 5.9: A qualitative benefit analysis on HDPE in Donald MC 

Factor Weighting Comment 

Ease of Installation 1 The Birchip area can experience high and low 

temperatures, so should be considered during the 

installation process. A mild day should be 

considered for installation. 

Infrequent Channel Use 3 The Donald MC is not operational all year around, 

so this factor should be considered with care. The 

other mitigation options however do not have any 

greater performance than HDPE in this area, 

making it a good selection for this channel.  

Maintenance Costs 5 HDPE has one of the lowest maintenance costs 

making it not only the cheapest during 

construction, but also during its lifetime. 

High Velocity Channels 3 HDPE performs relatively well in comparison 

with other options. However irrigation channels 

generally do not have high velocities.   

Temperature changes 3 Temperature changes may also be an issue for the 

Birchip area due to the heat experienced in the 

summer months and the high contrast of cold 

during the winter. However compared to the other 

available options, HDPE performs quite well in 

this area. 

 

HDPE has relatively positive weighting factors compared to other mitigation options. There 

are no factors which would discard HDPE from being a suitable option for this area. The 

main issue is the shutdown of channel operation throughout the year, however HDPE is still 

the best performer here. From both the quantitative and qualitative analyses, HDPE would 

still be the most suitable option for mitigating seepage in the Donald Main Channel. The 

lowest installation and maintenance costs are at an advantage as well as the long life and 

durability of the material. 
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6 Analysis and Discussion 

6.1 Measured vs Estimated Seepage Losses 

6.1.1 Case Studies Analysis  

The measured values for seepage losses were always much lower than the estimated values as 

given by soil types found from the literature and the Moritz formula. Fairley (2015) measured 

a field value for seepage in the Buckinbah B2/2 channel of 6 to 10 L.m
-2

.day
-1

. This is a very 

low seepage value, however it is already a compacted earth channel. When estimating 

seepage with literature soil type analysis values, compaction must be taken into account for 

the estimation. It was then found that the losses would be between 59.54 and 

164.7 L.m
-2

.day
-1

 which is higher than the measured values would suggest by a factor of 10. 

When the losses are calculated over the whole channel, the resultant is in ML.day
-1

. We can 

find that the soil type analysis method for seepage estimates around 0.86417 to 

2.3905 ML.day
-1

 where as the measured values give 0.087085 to 0.14514 ML.day
-1

 (as found 

in Table 5.1) which is 10 to 16 times smaller. The results of the Moritz formula are within a 

reasonable margin of the calculations based on soil type from the literature (with the average 

values within 7% of each other). This could suggest that a formula in some form has been 

used to derive the seepage values for a range of soil types rather than measured values. 

A similar problem exists for the Booyan Main Channel where a measured seepage loss exists 

of only 10.6 L.m
-2

.day
-1

. The channel has no existing seepage mitigation and yet an unusually 

low measured seepage loss where other studies have suggested that a clay and clayey loam 

channel could typically expect between 125 and 150 L.m
-2

.day
-1

. Again the Moritz formula 

derives a seepage value very close to what the literature suggests with the average seepage 

values being within 13% of each other. However as can be observed in Table 6.1, the Booyan 

MC measured value for seepage on the site is significantly less than the estimated methods. 

Table 6.1: A comparison of the volume lost before mitigation for all three case studies 

 Volume Lost [ML.day
-1

] 

Seepage Calculation Buckinbah B2/2 Booyan MC Donald MC 

Soil Type Analysis 0.864 to 2.39 8.22 to 9.93 20.8 to 33.2 

Moritz Formula 1.26 to 2.18 8.08 25.9 

Measured Value 0.0871 to 0.145 0.701 2.27 to 6.08 
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The 1998 case study by Wallaree Mallee Water and Sinclaire Knight Merz found greater 

seepage losses than what was measured in the Bundaberg and St George Regions. In the 

unmitigated sand and clay based Donald Main Channel, seepage varied between 25 and 

67 L.m
-2

.day
-1

. Existing studies have found this soil to generally seep between 229 and 

366 L.m
-2

.day
-1

, again more than the physical seepage measurement on site (in this case by a 

factor of 6), but closer than the two Queensland case studies.  

6.1.2 Supporting Research 

Smith (1982) conducted a study into channel seepage in the Murray-Darling Basin and found 

a general trend of much lower measured seepage rates in the region than those rates which 

were suggested by previous studies. Much of the study into channel seepage has been 

conducted overseas, primarily in the United States where seepage rates were found to be 

much higher than the Murray Darling Basin region (Smith 1982). Smith suggested that much 

of this data would not be relevant because of the significant differences. A suggestion of 

30 L.m
-2

.day
-1

 or less was made by Kraatz (1971) for an effective threshold for channel 

seepage after mitigation had been applied, but Smith (1982) reports that this value is already 

greater than the seepage typically observed in an unaltered channel in the Goulburn Murray 

Irrigation District. Whilst Smith has made this assumption for the channel situation in 

regional Victoria, the case studies analysed in Queensland suggest that this rule may be 

applied to other areas of Australia also.  

6.1.3 Aging of Channels 

Research has been conducted by various parties into the concept of channel aging. Channel 

aging is where over time a channel will begin to develop its own natural lining to mitigate 

seepage (Smith 1982). It has even been observed that natural linings can give comparable 

seepage mitigation rates to artificial methods.  

Smith (1973) conducted a case study into a channel in the Shepparton East region. It was 

found from mathematical modelling of the soils in the area that the channel had potential for 

seepage rates of 975 L.m
-2

.day
-1

, but measurements on site were only 38 L.m
-2

.day
-1

. Smith 

emphasised the importance of natural linings and suggested that this may be a cause for the 

large differences in seepage values.  

The case study by Smith (1973) helps to explain the observed differences in the proposed 

seepage model. The estimated seepages are always larger than the measured seepage values 
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on site for the tested case studies, sometimes by up to 16 times. The ageing of channels may 

account for some of the observed differences.  

6.1.4  Ongoing Investigation 

In all of the tested case studies (Buckinbah B2/2, Booyan MC, Donald MC), the estimated 

seepage from the soil type and the Moritz formula were all significantly higher than the 

values measured on site. As discussed in Section 6.1.2, much of the data for soil seepage has 

been conducted overseas where the seepage rates are typically higher than those observed in 

Australia. The natural ageing of channels also contributes to the large differences between 

measured and estimated seepage. Between these two factors, justification can be found for 

the observed differences, but other factors may also be involved.  

Further studies should be conducted in Australia to have a more comprehensive guide on the 

amount of seepage that can be expected between various soil types. From this, an Australian 

specific formula could be developed to more accurately estimate seepage values. The natural 

aging of channels could also be factored in to estimate how the seepage rate changes over 

time. With this further investigation, Australia would not have to depend on the existing 

research which far overestimates the actual seepage rates.  

 

6.2 Typical Water Savings for Mitigation Measures 

6.2.1 Case Studies Analysis 

Analysing the Buckinbah B2/2 channel case study, it can be found that LDPE seepage (when 

calculating seepage values with soil type analysis) has the highest volume saved of 296.5 to 

820.17 ML.year
-1

, however the concrete lining saves water in the range of 299.65 to 

610.77 ML.year
-1

 with the highest ‘lower limit’ comparable to the other methods.  

It can be observed with all the mitigation methods using soil type analysis that the range of 

volumes saved is quite broad (in some cases up to 500 ML.year
-1

 between the high and low 

ranges). The ranges of values for the volume saved also often overlap or are contained within 

one another (as shown in Figure 5.1 with the soil type analysis displayed in red) and are 

therefore difficult to analyse as ranges. When an average value is adopted for the range of 

volume saved in ML.year
-1

, the following ranking can be found (see Table 6.2). 
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Table 6.2: Ranking of most effective mitigation to least in Buckinbah B2/2 using soil type analysis 

Rank Mitigation Method 

1 LDPE (1.5mm) 

2 HDPE (2mm) 

3 Asphalt 

4 Concrete 

5 Compaction of Imported Clay 

6 Compaction (in-situ) 

7 Rice Hull Ash 

 

This trend continues through all the seepage calculations for Buckinbah B2/2, as well as for 

the other two case studies analysed. LDPE is always the most effective, followed by HDPE 

and asphalt as shown in Table 6.2.  

6.2.2 Most Effective Mitigation 

LDPE is always this most effective mitigation option, regardless of the channel or the method 

used to calculate seepage. This is due to the values of mitigation effectiveness as obtained 

from the literature (see Table 3.2). LDPE has an effectiveness of 94% which is the highest 

comparable to all the other options. Concrete mitigates seepage from 70 to 95%, which 

explains the higher ‘upper limit’ of the volume saved for concrete in the case study results. 

From these researched percentages it can be easily concluded that LDPE is 1% more 

effective than HDPE, 4% more effective than asphalt and up to 24% more effective than 

concrete.  

6.2.3 Other Observations 

Due to the way the saved volume is calculated, LDPE will always give the best average case 

for seepage mitigation. Existing research suggests that an expressed percentage for seepage 

mitigation effectiveness will always be constant, regardless of the soil or other conditions. 

The seepage model by ANCID (2004) also works in this way. Further research should be 
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carried out to determine if the effectiveness of the mitigation is reasonably consistent across 

various soil types.  

 

6.3 Typical Costs of Mitigation Measures 

6.3.1 Case Studies Analysis 

Looking at the proposed case studies, a clear pattern can be seen. Asphalt as a seepage 

mitigation method is always the most expensive option. For the Buckinbah B2/2 channel, 

asphalt works out to a cost of $989,447 to $1,649,078 per ML when using the onsite 

measured values for seepage. This is over $200,000 higher than the second most expensive 

option, concrete. Most other mitigation options are in the range of $200,000 to $500,000 per 

ML when using measured seepage values meaning that asphalt can be up to three or four 

times more expensive than other available options. This trend is easily seen in Figure 5.2 

where the costs for asphalt clearly stand above the other mitigation options for the measured 

seepage values (displayed as the orange columns). When seepage is calculated with the soil 

type analysis and Moritz formula, the same trend for asphalt is present. The costs for asphalt 

are double the costs for concrete and 3 or 4 times more than most of the other mitigation 

options. It is difficult to see this in Figure 5.2, as the high costs for asphalt with measured 

values skews the graphs lower values. 

For the Booyan and Donald main channels, it can also be observed that asphalt has the 

highest cost per ML saved. This difference is always around three or four times more 

expensive than most of the other seepage mitigation options. Concrete is also always the 

second most expensive option, being around half the cost of asphalt per ML of water saved.  

The most cost effective option is the High Density Polyethylene channel lining consistently 

for the three analysed case studies. It was estimated that the cost of lining the Buckinbah 

B2/2 channel with HDPE is $165,789 to $335,765 per ML saved when using measured 

seepage values. This is five times less than the most expensive option, asphalt. The Booyan 

and Donald channel case studies also show that HDPE is the cheapest option for mitigating 

channel seepage. 
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6.3.2 Lowest Cost Mitigation  

HDPE has been shown to be the most cost effective option for mitigating channel seepage 

under the simulated conditions in the case studies. LDPE which was the most effective 

seepage mitigation is now ranked much lower when costs are taken into account. Table 6.3 

shows the ranking of the most cost effective seepage mitigations as found by one of the case 

study scenarios. 

Table 6.3: Ranking of most cost effective mitigation to least in Buckinbah B2/2 using measured values 

Rank Mitigation Method 

1 HDPE (2mm) 

2 Rice Hull Ash 

3 Compaction of Imported Clay 

4 Compaction (in-situ) 

5 LDPE (1.5mm) 

6 Concrete 

7 Asphalt 

 

This ranking is the same for all of the case studies except for the Buckinbah B2/2 channel 

when soil type analysis is used to calculate seepage. In this case the ordering of ranks 2 and 3 

are swapped around.  

This ranking list in Table 6.2 contrasts Table 6.1 where the most effective mitigation options 

are listed. LDPE was previously found to always save the most water compared to the other 

available options however the ranking of LDPE has been dropped to a 5 when costs are 

considered. HDPE, while less effective than LDPE has a much lower cost at only $12.12 per 

square metre compared to the relatively higher cost of LDPE’s $  .   per square metre. 

HDPE also has an expected life 10 years longer than that of LDPE.  

6.3.3 Other Observations 

Another interesting difference to note between the most effective mitigation option and most 

cost effective option is the change of the rice hull ash position from 7 to 2. Whilst rice hull 
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ash was the poorest performer in terms of volume saved, the low cost of the material 

outweighs this factor and makes it one of the more suitable choices for seepage mitigation. 

Rice hull ash works out to only $3.86 per square metre, which is more than 60% cheaper than 

the next available option.  

The reasoning behind asphalt’s high installation costs is due to the expected life of the 

material. Asphalt lasts only 15 years and has a relatively high cost of $35 per square metre. 

Comparing this to concrete which has an expected life of 50 years and a cost of $52.50 per 

square metre, two applications of asphalt will be made within the lifetime of the concrete, and 

the concrete will still be a more cost effective option. As discussed earlier, concrete is usually 

twice as cheap as asphalt expressed in $.ML
-1

.  

 

6.4 Cost Benefit of Mitigation Measures 

6.4.1 Case Studies Analysis 

When first analysing the Buckinbah B2/2 channel, it is clear to see that there are negative net 

benefits with all the proposed mitigation options. In the case of the measured values for 

seepage, there can be a financial loss of up to $1.6 million dollars per ML when using 

asphalt. Whilst this is a ridiculous case and would never be funded, even the lowest values 

seen for this case study are still in the range of almost $-10,000 per ML. This figure is found 

for HDPE when seepage is calculated using the soil type analysis. There will always be 

negative net benefits for Buckinbah B2/2 due to the high mitigation costs and the 

comparative low value of water. Water in the St George area is leased for only $103.88 per 

ML, much lower than the costs of any of the mitigation options. The rankings for measured 

seepage from Table 6.2 will remain the same, as the costs are subtracted from the water 

values and thus do not affect the order of selections. This will be true for all cases. 

For the Booyan Main Channel, the costs are even higher than the Buckinbah channel. 

Financial losses range from $51,000 to $4.5 million dollars per ML across the various 

mitigation options. HDPE again has fewer losses than the other options with financial losses 

of $51,759 to $62,393 per ML with soil type seepage analysis, $63,946 per ML with the 

Moritz formula and $751,005 per ML using the measured site value. Bundagerg’s price of 

water is slightly higher than the St George area at $176 per ML when leased. This price 

however makes little difference when all the costs of mitigation are upwards of $50k per ML. 
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The Donald Main Channel also suffers huge potential economic losses when seepage 

mitigation is analysed. The worst cases can be seen when asphalt is selected using the 

measured seepage values with a financial loss of up to $2,279,097 per ML. The price of water 

in this area is $52.51 per ML leased, again far too low for any monetary gains when 

mitigating channel seepage.  

6.4.2 Most Cost Beneficial Mitigation 

HDPE continues to be the most cost effective option compared to all the other mitigation 

measures. As mentioned previously, the comparing the costs of the mitigation to the costs of 

the water will not change the order of cost effectiveness. While HDPE is the most cost 

effective option, it still has a very high cost, resulting in huge negative net benefits when 

analysed against the price of water.  

For HDPE to be a viable option, the price of water would need to be much higher than it 

currently is. In the Buckinbah B2/2 Channel, water would need to have a value of at least 

$165,790 per ML for any profit to be made when using the measured seepage values. This is 

almost 1,600 times more expensive than it currently is.  

6.4.3 Justification of Costs  

The losses in all the channel case studies were incredibly high for all the seepage mitigation 

options. The issue was not in the value of water, but rather the high installation costs. For 

savings to be made, the water costs would need to be around $10,000 per ML at a minimum 

in the Buckinbah B2/2 channel. No water will ever be this valuable, considering it works out 

to $10 per litre.  

Another factor to be considered is that only installation costs have been calculated and no 

ongoing maintenance costs were included. Allowing for maintenance costs (which the model 

has the capability of doing) would escalate costs even further.  

There would have to be significantly more than monetary gains from seepage losses for any 

project like this to be approved. For example, a HDPE lining in the Buckinbah B2/2 channel 

would save around 29.9 to 49.8 ML per year (when using site measured seepage values) but 

the negative net benefits are in the range of $335,661 to $559,505 per ML saved, resulting in 

a total financial loss of $10,036,264 to $27,863,349 every year for the water saved with the 

lining. The Buckinbah and Donald Main Channels also have high economic losses when 

lined with HDPE with costs of $178,806,780 and $81,966,258 to $588,992,061 per year 
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respectively. None of these cases would be a worthwhile pursuit for seepage mitigation as a 

standalone project. Significant dollars would have to be saved elsewhere for any of these 

mitigation measures to be feasible.  

These installation costs may be significantly less if the seepage mitigation is considered as 

part of a channel upgrade or routine maintenance. Some channel remodelling would already 

be taking place and could therefore be subtracted from the capital costs of seepage mitigation. 

Costs would also be saved in the hire of equipment and employees.  

6.4.4  Measured Seepage Values 

It is clear from all of the case studies that although the measured values for seepage are well 

below the estimated values, there are still major monetary losses for all seepage analysis 

types. The fact that the model overestimates channel seepage by a factor of 10 makes little 

difference to profit or loss per ML of water saved. According to the three analysed case 

studies, there will always be a significant financial loss when installing measures to mitigate 

seepage. For any profit to be made in the Buckinbah B2/2 channel with water at the current 

pricing, the seepage losses would need to be upwards of 16,000 L.m
-2

.day
-1

. This figure more 

than eight times greater than seepage seen in very gravelly soil with an upper seepage limit of 

1829 L.m
-2

.day
-1

.  

 

6.5  Other Benefits 

6.5.1 Case Studies Analysis 

When HDPE was analysed against the other mitigation options for all the case studies, it was 

found to always be the most suitable option in regards to the listed factors in Table 3.3. These 

factors were ease of installation, infrequent channel use, maintenance costs, high velocity 

channels, damage resistance and temperature changes. The main factor where HDPE falls 

down is the ease of installation. This low ranking is due to poor malleability of the material 

and the necessity for all joins to be heat sealed. HDPE is also difficult to install in wet or 

windy conditions or where there are extreme temperatures either hot or cold (ANCID 2004). 
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6.5.2 Quantitative vs Qualitative Benefit Analysis 

The qualitative benefit analysis did not change the result of which mitigation option to use. 

All mitigations had their own advantages and drawbacks, but no single mitigation had a 

sufficient combination of weighting factors to justify it over the most cost effective option.  

If the results from the mitigation cost effectiveness had been within closer range of each other 

or there were profits instead of losses, a qualitative benefit analysis may have been a more 

important consideration in mitigation selection. The analysed case studies however make 

little difference with this qualitative analysis. 

6.5.3  Benefits to Justify Costs 

There may be other benefits to certain mitigations rather than cost savings for seepage which 

have not been discussed in this dissertation. Some mitigation may save costs in channel 

maintenance by preventing erosion. Materials like concrete would have a substantial effect on 

erosion prevention and materials like rice hull ash may have little impact. Other gains may be 

made in evaporation reduction, improvement of channel efficiency or greater safety for 

workers on site. Further work and research would need to be conducted into the possible 

additional benefits of seepage mitigation options.   
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7 Conclusions 

This chapter summarises all the work done for this dissertation and the main results found. It 

also proposes further work for future investigation into Australian channel seepage. 

7.1 Feasibility of Seepage Mitigation 

7.1.1  Estimated Seepage Inconsistencies  

From the results of this study, it can be clearly seen that there are major inconsistencies 

between the site specific measured seepage values and the seepage values estimated from the 

soil type analysis and Moritz formula. These methods overestimated the actual seepage 

values by a factor of 10 or more in most cases. The Donald Main Channel was the only 

exception to this rule, with seepage being overestimated by a factor of 6. 

Evidence from the literature suggests that the overestimation of seepage is due to insufficient 

soil data for Australian channels. Much of the research into channel seepage has been 

conducted in the United States where the seepage values are typically higher than Australia. 

Many of Australia’s irrigation channels are constructed in hard clayey soils where seepage is 

already very low (Smith 1982).  

This study found that measuring a seepage value on site is essential for any seepage 

mitigation project. The data available on estimated seepage for soil types is insufficient for a 

desktop analysis as it overestimates the actual seepage by a factor of 6 or more.  

7.1.2  High Installation Costs 

The analysed case studies showed that the cost of installation is always high for all types of 

mitigation. No analysed option had any costs less than around $10,000 per ML of water 

saved. Even considering that the estimated seepage values were too high for the proposed 

case studies, they did not make the proposed mitigation projects any more feasible. The 

installation costs were too high for all types of seepage analysis. 

Despite the high installation costs, one seepage mitigation option was always more cost 

effective than the rest. HDPE was the best performer in comparison with all the other seepage 

mitigation measures. 
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7.1.3 High Losses 

Due to the high installation costs, the financial losses were also very high. With the price of 

water ranging from around $50 to $200 per ML across the case studies, negative net benefits 

were always present when mitigation was considered. With mitigation costing thousands of 

dollars per ML saved, the result was millions of dollars to be potentially spent on recovering 

this lost water due to seepage.  

Using any of the analysed seepage mitigation measures to recover lost water would be 

unfeasible as a standalone project. Significant cost savings in associated channel operation 

and maintenance would need to be present for any of the mitigation options to be considered 

economically viable.  

 

7.2 Effectiveness of Model 

The model was not very accurate at estimating seepage for Australian conditions. This was 

due to the insufficient data available for seepage which could accurately represent Australian 

supply channels. Most of this existing data for seepage was obtained from studies conducted 

in the United States where the seepage is typically higher. The seepage model generally 

overestimates seepage by a factor of   , however the model’s ability to enter a site specific 

seepage value allowed for greater accuracy in mitigation calculations.  

The mitigation effectiveness calculations were seamless and accurate for the given seepage 

losses. The ability to select any seepage mitigation for each individual section gave the model 

a large amount of flexibility to find the most effective combination of mitigation options. 

Unfortunately this feature was not able to be tested on the selected case studies as there was 

not enough variance in the channel sections based on soil type or channel shape to gain an 

optimal combination. 

The cost analysis of the model worked very well and gave the user a clear result of a profit or 

loss for a proposed scenario. As costs are constantly changing, the stored cost data is easily 

changeable by the user to suit future scenarios.  

Overall the model was a successful pursuit. The model can autonomously calculate the 

seepage losses and associated costs for any given scenario, provided a site measured seepage 

value is used in the calculations. To improve the model accuracy for estimated seepage, 
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further studies should be done to obtain more meaningful seepage data for Australian 

conditions. Future iterations of the model could also include a qualitative benefit analysis 

component to analyse other factors alongside cost savings for greater ease of use. 

 

7.3 Further Work 

To improve the ability to estimate seepage losses in Australian channels, further studies 

should be done into the effect of channel ageing as proposed by Smith (1982). The available 

data on soil seepage is insufficient for the tested case studies as much of it has been 

conducted overseas where seepage losses are higher.  

Field surveys should be conducted on a range of soil types under Australian conditions to 

obtain a better data set of soil seepage values which could be used in the proposed model. 

From these field surveys, a new formula could be developed similar to the Moritz formula 

which could then be used for other applications beyond this model.  

As all the case studies found that there are negative net benefits for any proposed mitigation, 

more case studies should be tested with the model to find a more beneficial scenario. Some 

channels may exist where the values for seepage are much higher and water is a higher price. 

Scenarios like this may even turn a profit for mitigating seepage.  

 

7.4 Summary 

From this study it has been found that there were always financial losses when implementing 

any type of seepage mitigation. The model was developed to calculate the seepage losses and 

associated costs, but using a measured seepage value from the proposed site is essential. The 

estimated values for seepage from the model based on literature were too large by a factor of 

six or more when compared with site specific measured values.  

Further research needs to be conducted on other case studies in the model to find if any 

scenarios are profitable, as well as further research into the seepage generally found in 

Australian soils. 
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Appendix A 

ENG4111/4112 Research Project 

Project Specification 

For:   David Taylor  

Title:   Analysing the cost effectiveness of liners in irrigation supply channels 

Major:   Civil Engineering  

Supervisors: Justine Baillie  

Sponsorship: None  

Enrolment:  ENG4111 – ONC S1, 2016  

ENG4112 – ONC S2, 2016  

Project Aim:  The aim of this project is to develop a tool which can evaluate the cost 

effectiveness of installing a channel lining in any proposed channel. The end 

goal will be to have some form of model (such as an Excel document) which 

can take the variables of a proposed channel and output a report of a number 

of channel lining options, channel shapes and the cost effectiveness of each. 

This tool could then be used in the development of new supply channels to 

analyse options for channel linings and determine if they are a wise financial 

investment. 

 

Programme: Issue A, 16th March 2016  

1. Literature review to find the key variables in channel design.  

2. Further research these key variables to collect meaningful data from existing 

channels and case studies. 

3. Create the modeling tool using a computer program such as Matlab or Excel. 

4. Test  the model using existing case studies to check the validity of the outputs. 

5. Determine the cost effectiveness of channel linings for the case studies in question.  
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Appendix B 

Buckinbah B2/2 Results 

Listed are the results for the Buckinbah B2/2 channel for all available seepage mitigations as 

shown in the model. 

Site Characteristics 

 

Seepage Calculations 
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Mitigation Calculations 

Asphalt 

 

 

Compaction (in-situ) 
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Compaction of imported clay 

 

Concrete 
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HDPE (2mm) 

 

LDPE (1.5mm) 
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Rice Hull Ash 
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Cost Analysis Calculation 

Asphalt 

 

Compaction (in-situ) 

 

Compaction of imported clay 

 

Concrete 
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HDPE (2mm) 

 

LDPE (1.5mm) 

 

Rice Hull Ash 
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Cost Benefit Analysis 

Asphalt 

 

Compaction (in situ) 

 

Compaction of imported clay 

 

Concrete 
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HDPE (2mm) 

 

LDPE (1.5mm) 

 

Rice Hull Ash 
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Appendix C 

Booyan MC Results 

Listed are the results for the Booyan Main Channel for all available seepage mitigations as 

shown in the model. 

Site Characteristics 

 

Seepage Calculations 
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Mitigation Calculations 

Asphalt 

 

Compaction (in-situ) 
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Compaction of Imported Clay 

 

Concrete 
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HDPE (2mm) 

 

LDPE (1.5mm) 
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Rice Hull Ash 

 

 

Cost Analysis Calculations

Asphalt 
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Compaction (in-situ) 

 

Compaction of Imported Clay 

 

  



87 

 

Concrete 

 

HDPE (2mm) 

 

LDPE (1.5mm) 
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Rice Hull Ash 

 

Cost Benefit Analysis 

Asphalt 

 

Compaction (in-situ) 
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Compaction of Imported Clay 

 

Concrete 

 

HDPE (2mm) 
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LDPE (1.5mm) 

 

Rice Hull Ash 
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Appendix D 

Donald MC Results 

Listed are the results for the Buckinbah B2/2 channel for all available seepage mitigations as 

shown in the model. 

Site Characteristics 
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Seepage Calculations 
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Mitigation Calculations 

Asphalt  

 

Compaction (in-situ) 
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Compaction of Imported Clay 

 

Concrete 
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HDPE (2mm) 

 

LDPE (1.5mm) 
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Rice Hull Ash 
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Cost Calculations 

Asphalt 

 

Compaction (in-situ) 

 

Compaction of Imported Clay 

 

Concrete 

 



98 

 

HDPE (2mm) 

 

LDPE (1.5mm)

 

Rice Hull Ash 
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Cost Benefit Calculations 

Asphalt 

 

Compaction (in-situ) 

 

Compaction of Imported Clay 

 

Concrete 

 

HDPE (2mm) 

 

LDPE (1.5mm) 
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Rice Hull Ash 

 

 


