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1. Introduction 
Sinclair Knight Merz (SKM) has been commissioned by the Department of Sustainability and 
Environment (DSE) to provide comment on a storage proposal presented as an alternative to 
decommissioning Lake Mokoan.  This proposal, by a group of Broken System irrigators operating 
under the banner of Justice for the Broken Valley, was formulated in collaboration with 
Murrumbidgee Irrigation Limited (MIL) ("the proponents").  The review is based on 
documentation titled "The Mokoan Wetlands Project" provided by the proponents and included as 
Appendix B. The proposal is centred around the provision of a major new storage within the 
existing Lake Mokoan site and will be referred to in this report as the "Modified Lake Mokoan" 
proposal. 

1.1 The study area 
The Broken River and Broken Creek are located in North East Victoria.  The Broken River flows 
into the Goulburn River at Shepparton, which then flows into the Murray River.  The Broken Creek 
flows into the Murray River upstream of the Murray’s confluence with the Goulburn River.  Two 
major storages currently service the Broken River and Broken Creek systems: Lake Nillahcootie 
and Lake Mokoan. 

Lake Mokoan is an off-stream storage in the Broken River valley near Benalla.  It has a capacity of 
365,000 ML, a surface area of about 7,880 ha and a maximum depth of 7.3 m.  Lake Mokoan was 
formed in 1972 by the construction of an embankment to inundate a series of wetlands, the largest 
being Winton Swamp. 

1.2 The Decommissioning Lake Mokoan Program 
In 2004, New South Wales, Victoria, South Australia, the Australian Capital Territory and the 
Commonwealth Government signed an intergovernmental agreement to address water over-
allocation in the Murray-Darling Basin.  The Victorian Government formulated its commitment to 
returning water to the Murray (and Snowy) River in 2004, with its White Paper Securing Our 
Water Future Together: Our Water Our Future (DSE, 2004). This commitment included 
decommissioning Lake Mokoan.  

A major works program has been commissioned to reduce losses, provide alternate sources of 
supply and increase the operating efficiency of the Broken basin water supply system (DSE, 2004).  
This program to maintain security of supply to Broken System irrigators has been termed the 
“Offset Package”.  The Project to decommission Lake Mokoan is being implemented by Goulburn-
Murray Water (G-MW). 
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The Government’s commitment is for the offset package to achieve a reliability of supply of at 
least 91%.  Four offset package options, that achieve this requirement, are currently under 
consideration and these are detailed on the Lake Mokoan web site (www.lakemokoan.com – Fact 
Sheet 11, Attachment 1 – ref: G-MW, 2006).     

1.3 Report context 
A group of local irrigators are claiming existing reliability of supply is 97% and have presented an 
alternative proposal for a modified Lake Mokoan to achieve this claim.  The proponents are 
claiming that the Modified Lake Mokoan proposal will provide considerable water savings and a 
reliability of supply that is acceptable to Broken River irrigators. 

Following an initial meeting with the proponents, DSE requested that SKM provide a brief report 
documenting SKM’s review of aspects of the Modified Lake Mokoan proposal. 

The proponents presented their final proposal at a second meeting held at DSE on 11 May 2007.  
An initial response to the proponents’ proposal was provided at a third meeting at DSE on 7 June 
2007. Subsequently, additional information important to the review was provided in late June and 
July. 

This report has been developed in response to the 3.5m deep storage.  It should be noted that earlier 
considerations were given to a much larger storage. 

Following completion of this report, the proponents presented an alternative embankment design. 
The review of the revised embankment has been undertaken by SKM and is documented in an 
addendum to this report titled: “Addendum to Review of Modified Lake Mokoan Proposal” 

1.4 Structure of the report 
The early sections of this report provide a summary of the Modified Lake Mokoan proposal 
(Chapter 2).  A review of water resource modelling undertaken for the project has been presented 
as Chapter 3. Consideration to critical design and construction issues has also been made and 
documented as Chapter 4.  

The capital costs for the Projects Associated Infrastructure (flood pumping station, outlet structure 
and channel, spillway etc) are outlined in Chapter 5 with the operational and maintenance costs 
discussed in Chapter 6.  

The final chapter (Chapter 7) of the report provides conclusions which relate to feasibility of the 
Modified Lake Mokoan design from a geotechnical, cost and water resources modelling 
perspective. 
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2. Modified Lake Mokoan 
The following summary of the Modified Lake Mokoan proposal is based on material provided to 
DSE by the design’s proponents and does not constitute material produced, or endorsed, by SKM.  
Details of this proposal have been provided as Appendix B. The following Section 2.1 provides an 
overview of the design 

In line with SKM’s project scope, further assessment and documentation of this design is limited to 
geotechnical and associated cost assumptions (refer Section 2.3), water resource assumptions (refer  
Section 2.2) and other associated infrastructure such as the flood pump station, channels and 
spillways. 

An assessment of the operational and maintenance costs associated with the Modified Lake 
Mokoan proposal is outlined in Section 6. 

2.1 The Proposal 
As shown on Figure 1, the Modified Lake Mokoan proposal consists of a storage on Winton 
Swamp created by two major embankments.  The proposal also includes the following: 

• Associated infrastructure including an outlet channel, flood pumping from Greens Swamp into 
the storage, outlet and overflow structures; 

• Supply pipelines and channels servicing diverters directly from Lake Mokoan; 

• committed offsets that  are common to the Lake Mokoan decommissioning proposal, including 
Tungamah domestic and stock pipeline, Mawsons/Burnbrae entitlement purchase, improved 
system monitoring and, the rain rejection storage; 

• Mid-Murray Storage; 

• Limited works decommissioning (breaching embankment and removal of existing outlet 
structure); and, 

• Entitlement purchase for Murray/Goulburn reliability requirements. 

The Modified Lake Mokoan design uses the natural contours of the Lake Mokoan site, and 
constructed embankments, to confine the water storage to the former Winton Swamp area.  The 
former Sergeants Swamp area, west of the storage would be drained and the former Greens 
Swamp, to the east of the storage would be rehabilitated as a natural feature.   

Water is proposed to be transferred into the Wetlands Storage from the existing Lake Mokoan inlet 
channel and from Greens Swamp via flood pumping. 
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 Figure 1 Proposed configuration of the Modified Lake Mokoan Design (MIL, 2007).  

 

The details of the proposed Wetland Storage are outlined below in Table 1 below: 

 Table 1  Elements of the Modified Lake Mokoan Design (MIL, 2007). 

 Wetland Storage 

Area 2,096 ha 
Design storage capacity 62.0 GL 
Dead Storage capacity 13.0 GL 
Full Supply level 163.5 m AHD 
Dead storage level 161.0m AHD 
Water depth 3.5 m 
 

The most significant works of the Modified Lake Mokoan are the embankments for the Wetland 
Storage (refer Table 2). 
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2.2 Water Resource Claims 
The proponents have claimed that the Modified Lake Mokoan proposal will achieve water savings 
of 44.4 GL consisting of: 

 water savings through reduced evaporative losses of 33.5 GL/yr; 

 offset water savings of  7.4GL/yr;  

 water savings benefit of 3.5 GL/yr by “deeming” the 20% Sales Sacrifice which has been 
excluded from the agreement on Sales Sacrifice for the larger northern irrigation areas 

Also, a reliability of supply to Broken system irrigators of 95% to 97% is claimed.  

2.3 Geotechnical and Cost Assumptions 
The design and costing of Modified Lake Mokoan embankments are based on the Barren Box 
Swamp (BBS) example from the Murrumbidgee catchment in New South Wales, as detailed in 
Table 3.  Barren Box Swamp is the major recycle point for the Murrumbidgee Irrigation Area 
(URS, 2003).  MIL has recently partitioned Barren Box Swamp with a view to conserving water, 
improving operating efficiency and restoring the former ephemeral wetland.  It is understood that 
the BBS embankments were constructed “in the dry” using ramped embankment construction 
methods and utilising scrapers for placement and compaction.  The proponents have assumed the 
similar construction methods can be utilised for the construction of the Lake Mokoan 
embankments, with some localised coffer dam and dewatering measures now proposed as detailed 
in Appendix B. 

 Table 2  Modified Lake Mokoan embankments. 

Name Approx 
length (km)* Purpose 

P1 – P2 2.5 To act as a partitioning embankment between the Wetland 
Storage and the Sergeants Swamp area. 

P2 – P3 1.6 To contain the south-western boundary of the Wetland 
Storage  

P3 – PX 2.6 Extension of the Lake Mokoan Inlet Channel, to prevent 
inundation of reclaimed land  

P7 – P8 2.0 To act as a partitioning embankment between the Wetland 
Storage and Greens Swamp. 

P8 – P9 1.4 To contain the north-eastern boundary of the Wetland 
Storage 

* Total embankment length is 10.1km rather than 11.8km as estimated by the proponents. 
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 Table 3  Modified Lake Mokoan embankment specifications, based on Barren Box 
Swamp (MIL, 2007). 

Component Specifications 
Crest width 5 m 

Embankment batter slope 2.5H:1V and 3H:1V 
Freeboard 1.5 m 

Compaction standard 95% SMDD at +/- 2% of OMC 
Sand filter Vertical (600 mm width, 4.7m high), horizontal (1500 x 500mm at 100 m c/c) 

Gravel Toe Drain Horizontal (1500 x 500mm) 
Upstream protection 600 mm thick graded Riprap on geofabric  

Downstream protection 2% Gypsum and Hydro mulch 
Stripping depth 0.2 m 

Cut off depth 0.3 m (below stripping depth)  
Cut off width 4.0m at base, with 1v:1.5h side slopes 

 

The proponents of the Modified Lake Mokoan design have estimated that the cost of constructing 
embankments would be $11 million.  This cost excludes contingencies, and survey, design, project 
management and contract administration costs, which were assumed to be 40% (contingencies) and 
10% (remaining costs) of total capital expenses, respectively (MIL, 2007). 

The available documentation does not specify the source of embankment material and it is assumed 
they propose re-using material excavated on site.  The following summary of work was provided: 

 Approximately 11.8 km of embankment (with no spit embankment) 
 46,000 m3 of stripping 
 450,000 m3 of soil required for construction 
 52,000m3 of rock rip rap 
 19,000 m3 of sand for sand filter  
 13,000 m3 borrow for coffer dam (MIL, 2007) 

The proposal assumes that construction can be done “in the dry” using scrapers for 
excavation/placement using “ramped” embankment construction methods.  
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3. Water Resource System Modelling 
SKM was required to undertake water resource modelling to simulate the hydrology of the 
Modified Lake Mokoan proposal.  This chapter provides background information to the hydrology 
of the Broken River system (refer Section 3.1.1) and an introduction to the Goulburn Simulation 
Model (GSM, Section 3.1.2).  The chapter also provides a summary of the modelling method 
adopted for this project, detailed in Section 3.1.3, with model results shown in Section 3.1.4.  The 
final section of this chapter discusses the modelling information in the context of the assumptions 
(and therefore hydrologic feasibility) of the Modified Lake Mokoan proposal (refer Section 3.2). 

3.1 Background 

3.1.1 The Broken River System 
Overview 
Operation of the regulated Broken system for in-valley requirements is based on meeting 
commitments to the primary entitlement holders and minimum flow rules defined in the Broken 
System Bulk Entitlement (BE). 

The water resource available to primary entitlement holders is derived assuming: 

1. Maximising harvesting from Broken River and Holland’s Creek to Lake Mokoan subject to: 
 Tributary inflows downstream of Lake Nillahcootie; 
 Channel capacity constraints; 
 Minimum flow requirements as defined by the BE; and, 
 Maximum rate of rise of the lake.  

2. Satisfying demand downstream of Casey's Weir from Lake Mokoan resources, subject to 
resource availability and operational constraints (refer below for detail).   

Lake Mokoan Current Operational Constraints 

Lake Mokoan was commissioned in 1971 and is currently operated to supply irrigation demands in 
the Broken River valley and to supplement the Lower Goulburn and River Murray. Rules have 
been implemented to limit the rate of rise and fall of the storage to maintain water quality and 
thereby reduce likelihood of blue-green algae (BGA) blooms. At times when BGA outbreaks 
occur, releases from the Lake are not made. At these times the Broken River allocation is reviewed 
and adjusted downwards if there is insufficient resource available to meet the announced allocation. 

Goulburn and Murray Supplements 
Resources from Lake Mokoan have been used to supplement flow requirements downstream of 
Shepparton and/or downstream of McCoy’s Bridge in the Goulburn system.  Releases from the 
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storage have also been used to alleviate channel capacity problems and to boost water availability 
in the Murray system.  This additional supply from Lake Mokoan is available if regulated licence 
and sales entitlement in the Broken System are already met in that season. 

Allocation Policy 
The allocation policy for the private diverters in the Broken system is based on the total available 
resource, assuming Lake Mokoan is either on or off line.   

Bulk Entitlement Minimum Flow Requirements 
Bulk entitlement minimum flow requirements are specified at Moorngag, Broken Weir, Holland's 
Weir and Gowangardie Weir. 

3.1.2 The GSM Model 
G-MW and DSE maintain a monthly model of the irrigation supply system on the Goulburn River 
called the Goulburn Simulation Model (GSM).  GSM is a REALM (REsource ALlocation Model) 
model.  REALM is a water supply system simulation package.  Any water supply system can be 
configured in REALM as a network of nodes and carriers representing reservoirs, demand centres, 
waterways, pipes, etc.  System changes (e.g. new operating rules, physical stream modification) 
can be quickly and easily configured and investigated in REALM. The GSM simulation period is 
1891-2005. 

The base case against which the proposed Modified Lake Mokoan proposal has been compared is 
the system operation as described above. This relates to system operation prior to the 
commissioning of the new Tungamah domestic and stock pipeline system. It includes rules which 
limit the rate of rise and fall of the lake and simulates lake closure due to BGA constraints. 

3.1.3 Modelling Method 
The Modified Lake Mokoan proposal was assessed by applying a number of changes to the Base 
Case Model.  These changes are described below and summarised in Table 4 below. 

The storage capacity–area table for the Wetland Storage in the model was included based on 
calculations provided by the proponents.  This was reviewed and considered satisfactory. 

Greens Swamp storage capacity-area table and FSL have been derived based on digital elevation 
model data for Greens Swamp.  The limits of Greens Swamp are generally as shown in Figure 1.   
The elevation at which the surface area of water extends significantly beyond this area was 
estimated using a storage elevation curve for Greens Swamp prepared by GHD (2007).   

The elevation at which the surface area rapidly changes is 161.26 m AHD. This height is also in 
accordance with the inundated area plots prepared by SKM for this project which show that at 
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161.5 m AHD there is significant area to the east of Greens Swamp which is inundated, but this is 
not the case at 161.0 m AHD. 

The area and volume of Greens Swamp at 161.26 m AHD according to GHD (2007) revised 
capacity table are 678 ha and 3,833 ML respectively. It is noted that this area is smaller than the 
1,000 ha which is documented in the proposal, however, it is assumed that the intent of the 
proposal is to maintain the wetland within the area shown on their map, that is 678 ha. 

In the GSM, there is one inflow representing the entire Lake Mokoan catchment. As the modified 
Lake Mokoan Proposal separates the Wetland storage from Greens Swamp, the inflow has been 
split into two components to represent inflow to Greens Swamp and inflow to the Wetland Storage. 
This split has been done on the basis of contributing catchment area. The inflow to Sergeants 
Swamp is a negligible component of the existing Lake Mokoan catchment inflow, given that the 
contributing catchment area is insignificant. 

 Table 4  Assumptions included in the GSM model to simulate the Modified Lake Mokoan 
proposal. 

Model component Assumptions of the model 

Green’s Swamp  - Full Supply Volume  of  3,833 ML with surface area of 678 ha 
 - No planned diversion in or out, other than flows above full supply volume passed to 

Wetland Storage 
 - 48% of natural flows to Lake Mokoan directed to Greens Swamp 

Wetland Storage - Full Supply Volume  of  62,040 ML with surface area of 2,096 ha  
 - 52% of natural flows to Lake Mokoan directed to Wetland storage 
 - Planned diversion via inlet channel limited to channel capacity and no release below 

dead storage of 13,029 ML 
 - Receives flow from Greens Swamp via flood pumping 
 - No BGA rules assumes unrestricted response to demand 
 - No rise/fall limit forced 
 - Annual storage (no planned carry over) 

Sergeants Swamp - No evaporation or losses from Sergeants Swamp has been assumed 
Other Offset(s)  - No other offsets taken into account 
EGM supply - No supplement to the EGM  
 

3.1.4 Model Results 

3.1.4.1 Net Evaporation 
The changes in evaporation losses for Decommissioning and the Modified Lake Mokoan proposal 
both referenced to the Base Case were determined through modelling.  These changes to net 
evaporation are summarised in Table 5 below. 
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 Table 5  Change in Net Evaporation. 

Waterbody 
Decommissioning Mokoan  

(GL/year) 
Modified Mokoan Proposal  

(GL/year) 

Removal - reduction in evaporation 
Existing Lake 
Mokoan Storage 

-47.8 -47.8 

Addition - increase in evaporation 
Winton Swamp +13.8 
Greens Swamp +3.4 
Sergeants Swamp 

 
+14.4 

0.0 
Lake Nillahcootie +0.1 +0.6 
Net Change -33.3 -30.1 

 

As shown in Table 5, the major changes are: 

• For Decommissioning the complete removal of Lake Mokoan as a storage results in an 
average reduction of 47.8 GL/year in evaporation.  However, the remaining wetland 
(Sergeants, Winton and Greens Swamp) has an average evaporation of 14.4 GL/year resulting 
in net reduction in evaporation of an average of 33.3 GL/year. 

 
• For the Modified Lake Mokoan proposal, the removal of Lake Mokoan as a storage results 

in an average reduction of 47.8GL/yr in evaporation.  However there is an increase in 
evaporation due to the new storage of 13.8GL/yr and 3.4GL/year in the remaining Greens 
Swamp wetland.  Also, Nillahcootie evaporation increases by 0.6GL/year as it will operate on 
average at higher levels.  This results in net reduction in evaporation of an average of 
30.1GL/year.  

The net evaporation of the Modified Lake Mokoan Proposal is therefore 3.2GL/year greater than 
the Decommissioning. 

3.1.4.2 Offsets 
The offsets can be grouped into three categories, namely: 

 Demand reduction offsets;  

 Transmission loss reduction offsets; and, 

 Operational loss reduction offsets.  
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All of these categories provide reliability of supply benefit.  However, only demand reduction 
offsets and transmission loss reduction offsets achieve water savings. Offsets relating to operational 
loss reduction do not provide water savings however they do provide improved reliability of supply 
as they improve the efficiency of releases from storage to meet irrigation demand in the Broken 
River system.  

The Modified Lake Mokoan proposal incorporates offsets 1 to 6 and 8.  The water savings 
associated with these offsets shown in Table 6. 

 Table 6 Offset Water Savings 

Offset Water Savings 

(GL) 

Operational Loss Reduction 
(GL) 

Tungamah D&S pipeline 4.3  
Mawson/Burnbrae 1.0  

Improved system monitoring and 
remote operation (including real 
time monitoring of diversions) 

 1.0 

Rain rejection storage  1.1 
Total 5.3 2.1 

 

The improved system monitoring and remote operation including real time monitoring of irrigation 
flow meters will reduce operational losses by at least 1.0 GL/year and therefore contribute to 
increasing reliability of supply.  It should be noted that real time monitoring of diversions is 
considered important as it contributes to the effectiveness of the other monitoring and remote 
operation offsets. 

The rain rejection storage which will also reduce operational losses by 1.1 GL/year and will also 
increase the reliability of the supply but not water savings. 

In summary the offsets included in the Modified Lake Mokoan provide 5.3 GL/year of  water 
savings and 2.1 GL/year of operational loss reduction that increases reliability of supply.   

3.1.4.3 Proposed 80/20 Sales Sacrifice 
The 80/20 sales sacrifice which the proponents have suggested would yield 3,500 ML has not been 
included in the modelling. The maximum historical usage of sales is 3,800 ML. 20% of this volume 
is 760ML/yr. Based on current usage of sales in the Broken River system, an estimate of the likely 
available long term average is around 400ML/yr (pers comm. Barry James, DSE, 2007). Hence, the 
equivalent water savings benefit of this proposed sales sacrifice is 0.4 GL/year. 
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3.1.4.4 Total Water Savings 
The review of the Modified Lake Mokoan proposal shows that a total of 36.3 GL/year water saving 
would be achieved comprising: 

• 30.6 GL/year due to reduction in evaporation; 

• 5.3 GL/year due to offsets; 

• 0.4 GL/year due to sales sacrifice. 

 

As shown in Table 7, the difference in water savings is 11.2 GL/year less than the 47.5GL/year 
water savings achieved by decommissioning Lake Mokoan..   

 Table 7  Change in total water savings 

Decommissioning Lake Mokoan 
(GL/year) 

Modified Lake Mokoan Proposal 
(GL/year) 

47.5 36.3 
 

3.1.4.5 Reliability 
The reliability of the simulated Modified Mokoan Proposal excluding offsets, was calculated to be 
at least 93% compared to 91% for Lake Mokoan Decommissioning. The inclusion of offsets is 
expected to increase reliability to between 95% and 97% without consideration of any blue-green 
algae problems.   

The occurrence of blue-green algae blooms in the Modified Lake Mokoan would reduce the 
reliability of supply.  The closure of the storage arising from blue-green algae outbreak reduces the 
ability to meet demand and also increases evaporation in the idle reservoir. 

3.1.4.6 Goulburn and Murray Entitlement Reduction 
This has not been modelled within the scope of this project. The figure of 4,500 ML entitlement 
purchase would need to be confirmed following modelling of offsets. As the total flow saving at 
McCoys Bridge is 36.3GL/yr compared to 47.5GL/yr for decommissioning, the total Goulburn and 
Murray entitlement reduction required is likely to be greater than 4,500ML for the modified 
Mokoan proposal.  

3.2 Summary 
The water savings provided by the Modified Lake Mokoan proposal has been estimated.  
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The total water savings for the Modified Mokoan proposal is estimated to be around 11.5 GL/year 
less than Lake Mokoan decommissioning and 8.1 GL/year less than has been claimed for the 
proposal.  The breakdown of the water savings is presented in Table 8 below. 

 Table 8 Summary of Water Savings 

Item Decommissioning 
(Package D) 

Modified Mokoan 
Proposal Claimed 

Modified Mokoan 
Review 

Evaporation Savings 33.3 33.5 30.1 

Demand offsets 12.9 7.4  5.3 

Changes in losses and 
Goulburn flow 

1.3 0.0 0.5 

Sales Sacrifice N/A 3.5 0.4 

Total Water Savings 47.5 44.4 36.3 
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4. Design and Construction Methodology 
This chapter presents a review of the geotechnical, design, construction methodology and costing 
assumptions adopted by the proponents for the preliminary design of embankments for the 
Modified Lake Mokoan proposal (3.5m depth option).  This chapter draws on SKM’s previous 
experience working on the Lake Mokoan Spit Embankment Pre-Feasibility Study (SKM, 2004; see 
Appendix E for the SKM embankment design).  The key issues of project risk and design adequacy 
are highlighted in this section. 

4.1 Geotechnical Issues and Embankment Design and Construction 

4.1.1 Geotechnical Issues 
The key geotechnical conditions for consideration are: 

 Likely significant depth of soft silt and clay deposits and extensive organic deposits as 
evidenced by the dead trees and previous land use prior to flooding.  The study (SKM 2004) 
found that local soil deposits generally comprise saturated alluvial sand, clay and silt.   

 Clay sourced from this area is proven to be highly dispersive in nature, as evident in the 
continuing erosion/piping problems of the main dam embankment and as detailed in existing 
geotechnical reports (Wrigley Dillon, 2006) 

 The Spit Bank has been assessed to be a lunette formation and therefore likely to have sections 
with high sand content and therefore high permeability. 

On the basis of this understanding of the geotechnical conditions applying to the area, a number of 
critical concerns are raised regarding the Modified Lake Mokoan proposal.  These concerns are as 
follows:  

 The proposal assumes the site materials can be re-used for embankment material with no 
moisture conditioning or treatment (save for mixing with 2% gypsum on the downstream face) 
and the use of untreated site material has resulted in continuing erosion/piping issues with the 
existing dam embankment.   

 The saturated nature of the soils at the embankment alignments is likely to result in delays 
during construction due to the required moisture conditioning (drying) as well as restricting 
access to this area. 

 There is no formal geotechnical data to support the proposed design and construction 
methodology.  The proposal assumes geotechnical conditions similar to Barren Box Swamp 
but without any supporting information.  Informal investigations (limited hand augering) are 
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not regarded as sufficient or adequate information to support the assumptions utilised in the 
proponents’ design and construction methodology.  

 

4.1.2 Embankment Design 
The Modified Lake Mokoan embankment design (refer Table 3) is not based on the anticipated 
geotechnical conditions.  There are a number of aspects of this design which are of significant 
concern and represent major risks.  These design inadequacies are: 

 Depth of stripping and cut-off trench – respectively at 200mm and at 300mm below 
stripping level is inadequate provision against potential seepage below the embankment due to 
either sandy layers or desiccation cracking in clay soils.  Therefore there are considerable risks 
associated with both the proposed stripping and cut-off trench depths. 

 Downstream protection - a provisional 200mm thick layer treated with 2% gypsum.  Both the 
depth of this layer and the percentage of gypsum used (assuming it will be mixed into the soil 
with agricultural equipment) appears inadequate. The topsoil layer is proposed as a 200mm 
thick (over the 200mm thick gypsum stabilised layer) and treated with fertiliser and 
hydromulched to revegetate the slope.  It is not clear where this topsoil material will be 
sourced.  Given this material is unlikely to be available on site, there is a significant transport 
cost risk for this.  It is also noted that this downstream slope treatment will not be adequate for 
areas where water will be temporarily impounded against the downstream face and protection 
with rip rap and geofabric to above the water level will be required.  

 Vertical sand filter – as this filter does not extend into the foundation or up to crest level, it 
provides only nominal protection against piping along the foundation interface or caused by 
storage levels above FSL permeating either through the embankment or through desiccation 
cracks above FSL.   

 Horizontal filter drain - the proposed horizontal sand filter drain, comprising a discontinuous 
1.5m wide, 0.5m thick layer at 100m intervals is not considered adequate as it will not prevent 
piping along the embankment / foundation interface between drain locations.  If a 
discontinuous horizontal drain is proposed, the clay fill above the foundation should be 
stabilised with lime to reduce the likelihood of piping. 

 Degree of compaction - the specified degree of compaction (95% SMDD and moisture 
conditioning at +/- 2% of Optimum Moisture Content, OMC) is not considered suitable for 
dispersive soils as the compaction should be performed at a higher standard (minimum of 97% 
SMDD) and moisture conditioning must be at OMC or higher (preferably 2-3% over OMC). 

In summary, whilst the overall embankment geometry is satisfactory, the embankment stripping 
and cut-off depths are not considered to be prudent provision for these conditions.  This highlights 
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the risks associated with taking an embankment design used elsewhere (i.e. Barron Box Swamp) 
without giving sufficient consideration of the geotechnical conditions expected at the new site (i.e. 
Lake Mokoan.  In particular, the lack of consideration of the dispersive soils at Lake Mokoan in the 
compaction and treatment of the earthfill and incomplete filter details raises significant concerns 
regarding the adequacy of the embankment design for the Lake Mokoan site in relation to piping 
failure, especially considering the high consequence of failure downstream compared with Barren 
Box Swamp (which had significantly lower consequence of failure). 

4.1.3 Embankment Construction 
The Modified Lake Mokoan embankment construction methodology (as detailed in Appendix B) is 
based on the assumption that construction can be done “in the dry” using scrapers for 
excavation/placement using “ramped” embankment construction methods as used at Barren Box 
Swamp.  There are two principal issues with respect to this assumption, namely: 

1. Adequacy of the Coffer Dam proposals 
The details on the proposed dewatering and coffer dam arrangement (received 13 July 2007) 
include: 

 Drain Sergeant’s Swamp via the outlet channel and limit inflows to Green Swamp to the level 
of the Gould/Swamp Road embankment 

 Construct a coffer dam across P0 (unknown point) to P1 to P2 using local borrow material.  A 
total coffer dam volume of 13,000m3 is specified with contradicting crest elevations of 
RL161.5/162.0 for this coffer dam  

 Drain Winton Swamp to expose the embankment alignment P7 to P8 to P9 and install a 
temporary culvert structure 

 No formal coffer dam is proposed to protect the P7 to P9 alignment however the use of 
“stripped material” to create a temporary bund to protect these works is noted. 

In relation to the proposed construction sequence, insufficient detail has been provided on the 
proposed coffer dam construction between P0 to P1 to P2 (embankment size/dimensions, stripping, 
slope protection etc) to enable its viability to be assessed.  Similarly, the suitability of the Gould / 
Swamp Road embankment (which is frequently submerged and has a bridge crossing) to retain 
inflows to the east of Green Swamp has not been established.  The proposal to construct a 
temporary bund to protect the P7 to P9 embankment construction area using “stripped material”, 
which will likely comprise saturated dispersive silts and clays with a high organic content, is not 
considered to be suitable.  No basis has been provided to establish the suitability of these measures 
to prevent flood water inflows from impacting the works. 

2. Soil Compaction Requirements 
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In relation to the construction of the proposed embankments, the saturated cohesive soils in the area 
to the north of the spit will most likely preclude the use of scrapers and fill placement and 
compaction using ramped construction (i.e. non-horizontal fill layers) is not deemed suitable for a 
properly engineered embankment built to satisfy ANCOLD requirements.  In our experience, 
ramped construction methods lead to variable moisture conditioning and compaction and it is very 
difficult to achieve the required compaction levels even if the material is at OMC when excavated 
(which is unlikely to be the case at Lake Mokoan with material that has been underwater for over 
35 years). 

The proposal assumes the sloping fill layers will be 200mm thick and laid by scraper on an 
approximate 1 to 15 slope, placed and compacted to 95% SMDD and +/-2% of OMC – as outlined 
above, this degree of compaction and moisture conditioning is not deemed appropriate for the 
dispersive soils at Lake Mokoan. 

In summary, the proposed construction techniques are not considered applicable or appropriate for 
construction of the embankments at Lake Mokoan which are required to be built to a high standard 
given the nature of the dispersive soils and the significant downstream consequences of failure.   

4.2 Embankment Cost Estimates 
Embankment costs have been estimated as part of the review of the Modified Lake Mokoan design.  
The approach makes use of the assumptions of the SKM (2004) study and is outlined in Appendix 
A.  A comparison of the proponents’ cost estimate and that undertaken as part of this review is 
presented in Table 9 below. 

 Table 9  Estimated Modified Lake Mokoan embankment costs. 

Estimate 

# Name 
Design and cost assumptions 

Total 
estimated cost 

to construct 
($million) 

1 MIL 

The volume of required materials has been estimated based on 
    Barren Box Swamp example 
No costs included for coffer dams 
Unit material costs have not been verified for site 
Contingencies 40% & Survey and Design rates 10% 
No provision to limit leakage through Spit 

16.2 

2 SKM Review 
Estimate 

The volume of required materials has been estimated based on 
    SKM (2004) design with provision for coffer dams 
Unit material costs from SKM (2004) 
Contingencies and survey and design rates as typically adopted  
    by G-MW (40% & 15% respectively) 
No provision to limit leakage through Spit 

38.3 

2.1 Spit 
Embankment 

If required, construction methodology and cost to be confirmed, 
indicative upper limit cost for a fully engineered contour 
embankment with coffer dam is $11.4M 

49.7 
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The proponents for the Modified Lake Mokoan design have estimated that the total cost to 
construct the embankments to be $16.2 million (Estimate 1), compared with an estimated cost 
determined as part of SKM’s current review of $38.3 million (Estimate 2).   

Under this review, the estimated costs for embankments, built to accepted engineering standards 
and to meet ANCOLD risk guidelines is $38.3 million.  The key differences in the cost estimates 
between the two designs for capital cost items are summarised in Table 10 below (based on 
information provided by the proponents on 18 June 2007). 

 Table 10  Cost Estimate Differences (Capital Cost Items) 

Element 
MIL Alternative Proposal 

Design 
(x$1000) 

SKM Review Design  
(x$1000) 

Stripping $90 $1,400 
Coffer Dams See below $1,900 
Coffer Dam Settlement Allowance N/A $1,800 
Embankment Construction $2,000 $11,300 
Sand Filter Drains $1,450 $6,100 
Rip Rap $2,315 $2,200 

Downstream embankment protection 
$844 Included in 

Embankment 
Construction 

Road Base for embankment 
$428 Included in 

Embankment 
Construction 

Clearing of dead trees, dealing with 
water (inclusive of coffer dams), 
replacement of dead trees into borrow 
pit, clearing of site on completion) 

$3,671 Included in Stripping, 
Coffer Dams, Coffer 

Dam settlement 
Allowance, 

Embankment 
Construction 

Capital Cost TOTAL $10,798 $24,700 

The main reasons for the difference in capital costs for key design elements are as follows: 

 The proponent’s quantity estimates for embankment volumes are significantly less than those 
calculated by SKM.  MIL's volumes for these sections was 437,000m3 (not including the cut-
off trench as this was costed using a different method in another part of the MIL spreadsheet).  
SKM's spreadsheet, using MIL's embankment design dimensions (without cut-off trench) 
produced an equivalent unbulked volume of 637,000m3. This discrepancy was investigated and 
included a thorough and independent review of the SKM spreadsheet.  The investigation 
focussed on key sections of the embankments of P1 to P2; P2 to P3; P3 to PX; and P7 to P8 
to P9, and assumed that no significant coffers dams apply (as per MIL’s assumptions). While 
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not every calculation made by MIL was cross-examined, the following 
observations/conclusions can be made: 

 The lateral grades across the embankment alignment are relatively flat in the sections of 
P7-P9, P3 to PX and half of P1 to P2. Hence any minor changes in alignment in this area 
would have minimal effect on volumes (at least not sufficient to explain the difference).  
This would mean that the majority of the volume difference would have to come from 
changes in alignment along half of P1-P2 and all of P2- P3, but it is not feasible to reduce 
the volumes based on minor changes to the alignment, and maintain a similar FSL 
(evaporative) area. 

 On investigation, it was discovered that the average the height of MIA's embankment, 
used to calculate their volumes is about 800mm less than SKM's (excluding PX-P4 and P5 
- P7), despite the embankment crest elevation being the same (EL 165). 

 MIL's spreadsheet uses 19 natural surface data points with a natural surface definition of 
0.5m (eg 0.5m increments) to calculate the height of the embankment (relative to the fixed 
crest level of EL165).  Furthermore, the average cross section areas for each section of 
embankment, based on the average of the heights at either end, are applied to lengths of up 
to 2km to determine the volume.  The average length between NS data points is 600m.  
The average heights were also adjusted via a lookup table and it is not clear how the 
figures in the lookup table were derived (could not be verified). 

 SKM's spreadsheet uses 78 data points and has a natural surface definition of 0.1 to 0.5 
feet (ie 30mm to 150mm – sourced from Keele and Drape spot levels and contours) for 
lengths up to 360m, with an average length of 140m.  The embankment heights are 
determined simply from subtracting natural surface levels from the bank crest elevation, a 
calculation which can be easily checked. A comparison of earthworks calculations is 
presented below in Table 11. 

 
 Table 11  Earthwork Calculation Comparison 

Method NS Data 
Points 

NS 
Definition 

Average 
Embankment 

Height 
Max Length 
of Volume 

Section 

Average 
Length of 
Volume 
Section 

Comparative 
Volume* 

MIA 19 0.5m 2.75m 2000m 600m 437,000m3 

SKM 78 0.15m 3.67m 360m 140m 637,000m3# 

* Excluding cut-off volumes, and for sections P1 to P2; P2 to P3; P3 to PX; and P7 to P8 to P9; not including bulking 
factor  

# applying MIA’s dimensions and design to the SKM spreadsheet 

From this review, we advise the following:  
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 Our conclusion is that the difference in volumes arises primarily from the accuracy and detail 
of the natural surface profiles adopted by SKM and the proponents; 

 The proposal unit rates for several components were revised (typically increased) from 
previous advice, however the rates for stripping ($1.95/m3) and placement and compaction of 
borrow material ($4.29/m3) still appear to be too low given the likely soil conditions that will 
be encountered.  It is not clear whether the proposal assumed rates include contractors’ 
establishment costs or profit margins; 

 The MIL proposal does not allow for a bulking factor in the quantity estimates and this will 
have an impact on their embankment construction costs; 

 The proposed revised construction methodology includes temporary embankments / coffer 
dams in some areas but no specific costs or details have been included to permit assessment of 
these measures.  The review design allows for the construction of properly constructed coffer 
dams to protect the construction site from the existing dead storage and flood inflows; 

 The proposal design incorporates an incomplete filter system and no soil stabilisation. The 
review design has allowed for an engineered filter system and stabilisation of the fill material 
to protect against piping in the highly dispersive soils; and 

 The proposal allowance for stripping of top soil / unsuitable material and cut-off trench depth 
is minimal in contrast to the review design which allows for substantial stripping of top 
soil/unsuitable material and a deeper cut-off trench in the light of the anticipated foundation 
conditions. 

The current variation in estimated project costs for the embankments is summarised as follows: 

 Proponent’s cost estimate - $16.2 million 

 Cost estimate using proponent’s volumes and SKM unit rates - $28.8 million 

 SKM design - $38.3 million 

The differences in embankment construction costs relate to significant differences in the volume 
calculations for the embankments, lack of consideration of the embankment design requirements 
dictated by the soil conditions and the higher design standard required to meet ANCOLD 
requirements for downstream consequence of failure (particularly the adjacent munitions factory 
and highway) and current best practice.  The review estimate also includes sufficient allowances 
(e.g. bulking factors, and design and survey fees) as adopted by G-MW for similar projects at this 
stage of development. 

From review of the proposed Modified Lake Mokoan design and supplied documentation, it 
appears the Barren Box Storage embankment design and construction methodology was adopted 
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without due regard for the nature of the soil conditions at Lake Mokoan or the high consequence of 
failure on downstream infrastructure.   

4.3 Sensitivity Testing 
Sensitivity testing of capital cost estimates for the embankment, southern contour bank and outlet 
channel works were undertaken using @RISK for Microsoft Excel. @RISK uses a simulation 
technique to combine the uncertainties assigned to each parameter into an overall risk profile. The 
two key uncertainties with the embankment and channel works are earthworks volumes and unit 
rates. 

The earthwork quantities are most likely to be affected by soft foundation conditions. The SKM 
cost estimates presented in the previous sections assume a likely stripping depth of 1.0 m. 
However, a variation of between 0.8 m and 1.2 m stripping depth was considered in the @RISK 
simulation. The lower, likely and upper earthworks volume estimates (refer Table 12 below) were 
included in the model to reflect the possible variation in stripping depth. 

 Table 12 Embankment - Lower and upper bound earthworks quantities 

Earthworks Quantities (x1000m3) 

Item Lower Likely Upper 

Proponent 
Estimate 

(m3) 

Stripping 140 180 210 46 
Compacted Bank/Clay Lining 710 750 800 450 
Rip Rap/Rock Armour 54 54 54 52 
Filter 110 110 120 19 
Coffer Dam 127 127 127 13 

Coffer Dam – Settlement Allowance 64 129 194 N/A 

The current cost estimates are based on limited geotechnical data and site investigation. Hence, to 
reflect this and to reflect possible variations in transport costs of bringing in suitable material from 
remote locations lower, likely and upper bound unit rates were used in the model. 

The adopted rates are shown in Table 13 below. 
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 Table 13 Lower and upper bound unit rates 

Unit Rate ($/m3) 

Item Lower1 Likely2 Upper3 

Proponent 
Unit Rate 

($/m3) 

Stripping 4 8 12 1.95 
Compacted Bank/Clay Lining 10 15 20 4.29 
Rip Rap/Rock Armour 35 40 45 44.52 
Filter 45 55 75 76.35 
Coffer Dam 10 15 20 N/A 

Coffer Dam – Settlement Allowance 10 15 20 N/A 
Note: 

1. Lower unit rates represent  favourable geotechnical and site conditions 
2. Likely  unit rates are for the expected geotechnical and site conditions 
3. Upper unit rates represent unfavourable geotechnical and site conditions 

The 5th percentile and 95th percentile @ RISK model outputs for the three works components that 
were modelled are summarised in Table 14 below. The 5th and 95th percentile provide an indication 
of likely upper and lower bounds of total capital cost.  

 Table 14 @ RISK Output 

Capital Cost ($ million) 

Component 5% Percentile 95% Percentile 

Embankment $34.2 million $43.8 million 
Outlet Channel  $3.4 million $4.2 million 

 

Further detail of the @Risk outputs is provided in Appendix D.  

Sensitivity testing of the proponents’ cost estimate could not carried out due to the unavailability of 
sufficiently  detailed information to enable an @Risk assessment to be carried out. 
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5. Associated Infrastructure 

5.1 Capital Costs 
Capital costs for associated infrastructure requirements including the flood pump station, outlet 
structure and Sergeant’s Swamp outlet channel has been reviewed and commented on in the sub-
sections below.  The Modified Lake Mokoan proposal has provided very little detail of the 
associated infrastructure, thus it is difficult to assess where allowances have been made.  This lack 
of detail should be reflected by an increased contingency allowance. 

5.1.1 Flood Pumping 
The project cost prepared by the proponents for the Modified Lake Mokoan proposal includes 
provision of a 200 ML/d capacity flood pump to provide flood relief for Green Swamp by pumping 
flood water into the wetland storage.  An allowance of $1.0 million (or $1.5 million including 
survey, design and 40% contingency allowance) has been included in the cost estimate for 
provision of this pump station.  The cost estimate is understood to be based on a similar pump 
station constructed by Murrumbidgee Irrigation.  No other details were provided 

SKM has compared this cost with a similar type of pump station (160 ML/d) that is being built by 
G-MW.  If electricity was readily available and site conditions were favourable, then the 
proponents cost allowance would appear reasonable.  However it is understood that electricity is 
not available at the site.  Therefore total cost could increase by as much as 25%, assuming site 
conditions are favourable. In the event of unfavourable site conditions, the total cost could increase 
by as much as 50% including provision of electricity to the site. Therefore, the total cost is 
expected to be around $2.25 million.  

5.1.2 Outlet Structure 
An outlet structure is proposed to release water from the wetland storage into the proposed outlet 
channel. The design capacity of this structure is 1,200 ML/d. The proponents project cost includes 
an allowance of $ 0.75 million (or $1.13 million including survey, design and 40% contingency 
allowance) for this structure. The proposal does not include any details on this structure and the 
cost estimate is understood to be based on similar size regulators built by Murrumbidgee Irrigation. 

SKM has reviewed this cost using similar capacity regulators built by G-MW and considers that the 
cost estimate is reasonable provided that site conditions are favourable. In the event of 
unfavourable site conditions, the total cost could increase by as much as 25%. Therefore, the total 
cost is expected to be around $1.4 million. 
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5.1.3 Wetland Outlet Structure 
The proponents have included an outlet structure release water to Green Swamp with a design 
capacity of 100 ML/d at a cost of $0.2 million (or $0.3 million including survey, design and 40% 
contingency allowance) for this structure. No details on this structure and the cost estimate are 
provided but it is understood to be based on similar size regulators built by Murrumbidgee 
Irrigation. 

SKM has reviewed this cost using similar capacity regulators built by G-MW and considers that the 
cost estimate is reasonable provided that site conditions are favourable. In the event of 
unfavourable site conditions, the total cost could increase by as much as 25%. Therefore, the total 
cost is expected to be around $0.4 million. 

5.1.4 Sergeants Swamp Outlet Channel 
A 3.3 km long outlet channel (1,200 ML/d capacity) at a cost of $0.5 million (or $0.75 million 
including survey, design and 40% contingency allowance) is proposed by the proponents to 
connect the wetland swamp to the existing outlet channel.  

The current design/cost estimate prepared by the proponents allows for construction of a 25 m wide 
channel with 2:1 batters without any banks. It assumes that the excavated material could be left 
adjacent to the channel within the swamp area. This is not the standard G-MW practice and leaving 
the material adjacent to the channel within the swamp area will not be environmentally acceptable.  
Further, the site is known to have highly dispersive soils and would require clay lining and/or 
treatment. This was not included in the cost estimate. 

SKM updated the design and cost of the channel to the current G-MW standards. The revised 
design includes: 

 Stripping to 0.6 m depth 
 24 m wide channel bed with 3:1 batters 
 Water depth of 1.5 m 
 600 mm bank – comprising of a minimum compacted bank of 450mm with a further 150 mm 

top soil cover. The design water level is expected to be below the base of the swamp and hence 
bank requirements are minimal.  

 Clay liner - 450 mm thick clay lining of the waterway  
 Batter protection - 150 mm thick rock armour on the batters. 
 Disposal of all surplus materials off-site to the satisfaction of G-MW. 

The revised base cost of the channel is expected to be $2.5 million (or $3.8 million including 
survey, design and 40% contingency allowance). This cost estimate was prepared based on historic 
contour (0.5 m interval) information provided by G-MW. 
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5.1.5 Preliminaries and Water Diversion Costs 
The proponents have included a cost item described as “Preliminaries Water diversion etc.” with a 
cost of $200,000. No further details for this item have been provided. As the SKM design includes 
coffer dams to allow construction at the site to proceed when there are catchment inflows, no 
further cost for water diversion is required at this stage. The proponent's design includes some 
allowance for coffer dams but insufficient details are provided to allow formal assessment of these 
measures.  However, based on the limited information provided, the allowance of $200,000 appears 
to be quite low given uncertainty surrounding required works to allow construction in wet 
conditions.  

5.1.6 Spillway 
The Australian National Committee on Large Dams (ANCOLD) provides guidelines on dam safety 
and spillway requirements for Australian Dams.  ANCOLD provide a deterministic fallback 
provision for determining the acceptable flood capacity (AFC) in lieu of a detailed risk analysis, in 
which the AFC is a function of the Hazard category of the dam. The Hazard category is assigned 
based upon the population at risk from dam failure, the potential for loss of life and the severity of 
damage which accounts for business criticality, social and environmental considerations. 

It is understood that the Hazard rating for the existing Mokoan embankment is ‘High A’ and based 
upon the ANCOLD fallback provisions, this would suggest that the AFC is the PMP Design Flood. 

The Modified Lake Mokoan Proposal assumes that the current Lake Mokoan embankment would 
be breeched. It would be expected that the Hazard rating for the proposed western embankment 
would be similar (or even slightly less) than that assigned to the current embankment. However, it 
would need to be assessed for the proposed western embankment.   

There is currently insufficient information to fully assess the need and configuration of any 
required spillway for the wetland storage.  However, it would be expected that any such spillway 
would be of earthen construction with some rock protection to reduce erosion during flow events.  
For the purposes of providing an indicative cost, it has been assumed that the required outflow 
capacity is approximately 2,300 m³/s assuming that the existing embankment would be breached. 
This would require a spillway approximately 800 m wide (assuming a head of 1.5 metres and a 
discharge coefficient of 1.6). 

The proponents have assumed that the cost to construct spillways (“2 No Rock fill Reno mattress / 
Gabion Structure”) would be $400,000, excluding contingencies and survey, design, project 
management and contract administration.  SKM has reviewed this estimate and considers it as too 
low.  The revised base cost of the spillway is expected to be around $1.2 million (or $1.85 million 
including survey, design and 40% contingency allowance). However, the AFC, required spillway 
configuration and hence cost would need to be revisited when further information is available. 
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6. Operation and Maintenance Costs 
The Modified Lake Mokoan proposal includes an estimate for operation and maintenance costs 
including pumping costs for flood, irrigation and stock and domestic pumps. No details or 
breakdown of these costs was provided. This estimate has been reviewed as detailed below.  

The estimate of O&M costs has also been compared with the cost of operating and maintaining the 
existing Lake Mokoan system and decommissioning Lake Mokoan including associated reliability 
of supply offsets.  These estimates are based on current G-MW practices for operating and 
maintaining different components of the proposed works.  

For all the considered scenarios the operation and maintenance costs have been prepared under 
three major headings: 

 Administration, Storage operation, Surveillance (including retained assets) 
 Offset Measures (including the Modified Lake Mokoan storage)  
 Mokoan diverter pipeline 

A summary of the estimates for the considered scenarios is provided in Table 15. A detailed 
operating and maintenance cost breakdown is provided in Appendix C. 

 Table 15 Operation and Maintenance costs 

Operation and Maintenance costs (000$/year) 

Decommissioning Lake Mokoan with 
offset packages1 

Component 

Existing 
Mokoan 
System A B C D 

Modified 
Lake 

Mokoan 
Proposal 

Modified 
Lake 

Mokoan – 
Review 

Administration, 
Storage 
operation, 
Surveillance 
(including 
retained assets) 

6032 295 295 295 295 516 4583 

Offset Measures  
(including the 
Modified Mokoan 
Storage) 

0 204 195 285 315 159 279 

Mokoan diverter 
pipeline 

0 134 134 134 134 87 124 

Total 603 633 624 714 744 762 861 
Note: 

1. Sourced from G-MW Mokoan Fact Sheet 16 
2. Based on Lake Mokoan 2004 report with the cost adjusted to 2006/07 by applying CPI escalation 
3. Assumes existing Mokoan embankment is breeched  
4. O&M costs for Lake Nillahcootie and Broken River are not included in this table.  
5. Renewal costs are not included in the above costs 
6. Offset Packages A, B, C & D are summarised in Appendix B. 
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As can be seen, there are some significant differences in operating and maintenance costs between 
the different scenarios. These differences are explained below: 

 Administration, storage operation, surveillance operation and maintenance costs include 
administration, grazing, dam safety and operation and maintenance costs for the inlet channel, 
existing embankment, outlet channel.  

 All of these costs have been included for the existing system.  

 Lake Mokoan offset packages (i.e. decommissioning) would eliminate the need 
for storing water within Lake Mokoan and has a significantly reduced cost. 

 Modified Mokoan proposal involves breaching the existing embankment and 
constructing new embankments resulting in a net increase of embankment length 
and hence no significant reduction in costs. 

 For decommissioning, the difference in operation and maintenance costs for the offset 
measures is due to the difference in adopted works for the different scenarios (i.e. different 
offline storage sizes and pipeline layouts). 

 The difference in operation and maintenance costs for Modified Lake Mokoan Proposal 
($159,000/year) compared with the review ($279,000/year) is largely due to the difference in 
the capital cost of the following four items: embankments, outlet channel, wetland outlet 
structure and spillways. As operation and maintenance costs are calculated based on the capital 
cost of the item, the difference is due largely to the difference in capital cost of the review 
compared to the Modified Lake Mokoan Proposal for the embankments, outlet channel, 
wetland outlet structure. Furthermore, the Modified Lake Mokoan Proposal does not allow for 
any operation and maintenance costs of the spillways. 

 Difference in operation and maintenance costs for the diverter pipeline for Modified Lake 
Mokoan Proposal ($87,000/year) compared with the review ($124,000/year) is due to:  

 The different design concept being adopted by the proponents under the Modified 
Lake Mokoan proposal; and,  

 No allowance for pipeline operation costs in Modified Lake Mokoan proposal. 
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7. Conclusions 

7.1 Water Resource System Modelling 
SKM has estimated the water savings achieved by the Modified Lake Mokoan Proposal. The 
findings of this assessment are: 

 The estimated water savings of the proposal are 36.3 GL/year. 

 The proposal provides reduced water savings of the order of 11.5 GL/year compared with 
decommissioning Lake Mokoan.  

 The reliability of the proposal was calculated to be in excess of 93% or after inclusion of the 
offsets, in the range of 95% to 97%.  If blue green algae blooms were to develop in the storage, 
a considerably lower reliability of supply can be expected. 

7.2 Geotechnical, Construction and Cost Considerations 
The Modified Lake Mokoan proposal geotechnical design and construction provisions are 
considered to be generally inadequate.  The following are the key geotechnical, construction and 
cost issues of significance to this review of the Modified Lake Mokoan proposal: 

 The depth of organic/soft sediment on the submerged portion of the embankment alignment 
will directly affect the required stripping depth and depth of cut-off and will impact the 
magnitude of settlement during construction.  Based on available site information, it is 
considered that the depth of stripping and cut-off required are significantly underestimated.  
Also, no geotechnical investigations or other information is presented to support the minimal 
assumed stripping and cut-off depths. 

 The proposed embankment construction methodology assumes dewatering of the alignment 
area and construction “in the dry” using scrapers.  No supporting case was presented to justify 
this assumption other than it was successful for construction of the Barren Box Swamp storage 
for Murrumbidgee Irrigation.  The saturated and possibly silty nature of the foundation soils 
would preclude the use of scrapers in most areas and SKM regards the assumed construction 
methodology as imprudent and a significant project cost and delay risk.  The ramped method 
of embankment construction utilising scrapers for placement and compaction is not 
recommended for the construction of embankments to meet ANCOLD risk requirements.   

 Available information indicates that embankment construction would require the construction 
of coffer dams to allow construction “in the dry” to provide effective moisture conditioning 
and to minimise the risk of flooding on the construction works.  Whilst informal coffer dams 
are now proposed, these are not considered to be adequate based on the supplied information. 

 The rip rap provision is inadequate for the downstream sides of embankments where water will 
be impounded and a continuous horizontal sand filter drain should be used along the 
downstream foundation interface. 
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 The proposal assumes the site materials can be re-used with minimal preventative measures 
against piping (vertical sand filter drain and intermittent horizontal sand filter drain) despite 
these clay materials being dispersive in nature (highly dispersive in some areas).  

 The proposed vertical sand filter does not extend into the foundation or above FSL to protect 
against piping.  These design features, combined with the lack of upstream protection against 
piping (no filters under rip rap, no lime/gypsum stabilisation of the upstream batter) and the 
inadequate compaction and moisture specification (95% at +/- 2% of OMC using ramped 
construction and scrapers) raises concerns about the long term performance of the proposed 
embankments. 

 The specified treatment rate of 2% gypsum and depth of 200mm on the downstream face is 
considered inadequate, especially as it is likely to be placed using agricultural machinery with 
associated mixing inefficiencies. 

 The contingency rates adopted by the proponents have been revised (to 40%) but include items 
which the proponents have not considered in detail e.g. the impact of geotechnical conditions 
on their design which, when fully costed, would exceed the contingency allowance. 

The proposal has been based on the embankment design and construction methodology from 
Barren Box  Swamp without due regard for the conditions at Lake Mokoan and the significant 
downstream consequence of failure.  Hence the proposed embankment design and method of 
construction has a significant project cost risk.  Also, proposed flood management measures 
including informal coffer dams are not detailed or justified.   

In view of the above, and on the basis of available information, an appropriate cost estimate for the 
construction of embankments is at least $38.3 million, excluding the cost of the Spit Bank 
treatment and $49.7 million including the Spit Bank treatment  This significantly exceeds the $16.2 
million cost estimate endorsed by the proponents of the Modified Lake Mokoan design (MIL, 
2007).  It is our view after considered review that the proposal cost and construction risks are 
significantly underestimated for building these embankments to the required engineering standard. 

7.3 Operation and Maintenance Costs 
The Modified Lake Mokoan proposal includes an estimate of $762,000 for operation and 
maintenance costs including pumping costs for flood, irrigation and stock and domestic pumps. 
This estimate was reviewed by SKM. The revised operation and maintenance cost is $861,000, 
which is about 12% higher than the proponent’s estimate. 
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Appendix A Modified Lake Mokoan embankment 
costs 

A.1 Introduction 
Section A.2 documents the method used to produce a first order estimate of costs to construct 
embankments for the Modified Lake Mokoan proposal, designed and promoted by Broken System 
irrigators in collaboration with Murrumbidgee Irrigation Limited (MIL), and presented on Friday 
11th May 2007. 

In 2003, URS put forward a range of options for the re-development of Lake Mokoan (URS, 2003).  
The following year, SKM was engaged to review Option 2B3 – the construction of an embankment 
across the lake from the Southern spit to the north shore, generically known as the “spit 
embankment” option.  More specifically, SKM was engaged to assess the practicality and to further 
quantify and qualify the feasibility, risks and costs associated with Option 2B3, based on available 
information (SKM, 2004).  Information and assumptions from these two studies was used for the 
purpose of developing this cost estimation method. 

In Section A.3 the results of the cost estimation exercise are presented. 

A.2 Calculation Method 

A.2.1 Scope 
Following SKM (2004), the items that were included in cost estimates are: 

 Cofferdams 
 Stripping 
 Earthfills 
 Filter Material 
 Riprap 
 Silt Curtains 
 G-MW Management and Design 

A.2.2 Unit Costs 
The scope of the SKM (2004) study did not include the detailed assessment of local materials for 
use in the embankment’s construction.  However, the following observations were made: 

 “If local clay is used for the embankment’s construction, it should be stabilised with lime to 
reduce the potential for dispersion and to improve its engineering properties”; 

 “Rock for cofferdam construction or rip rap for the proposed embankment should be sourced 
from Mawson’s quarry at Glenrowan”; and  
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 “Costs for excavating the borrow and delivering material to the embankment site will increase 
with haulage distance” (SKM, 2004, p.8). 

 
Hence, it is assumed that the authors broadly considered issues relating to the source and transport 
of construction material in cost estimations, but costs remain provisional.  The unit prices used by 
SKM (2004) were adopted for this exercise.  These are: 

 Table A.1  Unit costs 

Item Cost ($/m3) 

Stripping 8 

Borrow for compacted bank 15 

Rip Rap 40 

Filter 50 

Borrow for coffer dam 35 

 

Note that these cost estimates were made in early 2004.  It is possible that these prices would have 
increased substantially, as construction prices have increased at a rate faster than the Consumer 
Price Index (CPI) in recent years.  For example, G-MW has used unit rates higher than these in cost 
estimates for Cairn Curran Interim Risk Based Upgrade (filters & bank raise). 

A.2.3 Contingencies 
In line with G-MW policy 40% contingencies were included in all cost estimates.  A higher 
contingency rate could be used given that the embankments will be constructed on potentially 
unstable former swampland.  A rate of 15% was assumed for survey, design, project management 
and administration. 

A.2.4 Embankment Alignment 
Embankment alignments were estimated from MIL (2007).  Contour information was obtained 
from SR&WSC Plan No. 95269.  This plan plots bed elevation in units of feet.  In line with 
calculations undertaken by URS, contour information was converted to m AHD by converting feet 
to metres and applying a correction factor of -0.1m. 

Embankments labelled “Optional” by the proponents were included in this assessment, so that the 
summary of work provided in MIL (2007) could be directly comparable to the results of this 
exercise. 
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In the proponents design, a lunette would be used to contain water within the Wetland Storage.  
The lunette is thought to be formed of wind-borne sand, a permeable material.  The cost of 
constructing an embankment along the P5-P6-P7 alignment was also calculated to understand how 
this additional expense would impact on the total cost of the project. 

A.2.5 Embankment Design 
The assumed maximum operating level of the Wetland Storage of the Modified Lake Mokoan 
design was 163.5 metres, as specified in MIL (2007).  The crest level was assumed to be 165.0, 
hence the freeboard was assumed to be 1.5m. 

The embankment designs presented in Figure 2 of SKM (2004) were adopted.  Note that the SKM 
(2004) study was a pre-feasibility study.  The exact geometry and construction method of the 
proposed embankments would need to be confirmed by detailed design. 

The “Integrated Coffer Dam Embankment Cross Section” was used where the embankment (or 
sections) would be constructed below the dead storage EL of 160.65.  These embankments include: 

 P1-P2-P3 
 P7-P8-P9 
 P4-P5 

The “External Coffer Dam Embankment Cross Section” (minus the coffer dam) was used where 
the whole embankment would be constructed above the dead storage EL.  These embankments 
include: 

 P3-PX 
 PX-P4 

Of course, non-partitioning embankments require rip rap and filter material on one side only.  In 
the case of embankment P1-P2 only half rip rap has been adopted for the western side. 

Compared to the design described by the proponents (2007): 
 Embankment slope is slightly steeper, but on one side only (MIL - 3H:1V, SKM – 2.5H:1V). 
 Crest width is slightly narrower (MIL – 5m, SKM – 4m). 
 The sand filter has a different configuration, but width is approximately the same. 

SKM (2004) has assumed that a stripping depth of 1.5m beneath a spit embankment would be 
required.  For this estimate, a stripping depth of 1.0m has been assumed.  Stripping depths in this 
range are appropriate, given that the properties of the lake bed are relatively unknown. 
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A.3 Results 
The calculation method described in Section A.2 was used to calculate the embankments cost 
estimates for the Modified Lake Mokoan proposal (Estimate 2) for comparison to the cost estimate 
endorsed by the proponents (Estimate 1).  These cost estimates are shown in the following tables. 

Note that these cost estimates are provisional only.  They represent first order estimates for 
embankment costs and should be used only for the purpose of understanding how design and cost 
assumptions have a profound effect on the apparent feasibility of the Modified Lake Mokoan 
proposal. Note also these costs summaries do not include associated items for “preliminaries, water 
diversion” or “spillways”. 

 Table A.2  Modified Lake Mokoan embankments cost estimate 1 

Estimate 1: MIL (2007) design and cost assumptions used 
 The volume of required materials has been estimated based on Barren Box Swamp example 
 However, no provision for coffer dams 
 Unit material costs have not been verified for site 
 Contingencies less than recommended by G-MW 
 Optional Southern Contour Bank not included in design 
 No contour bank to replace spit 

MATERIAL 
 

Stripping 
Borrow for 
compacted 

bank 
Rip Rap Filter Coffer 

Dam 

Coffer Dam – 
Settlement 
Allowance 

Volume of required materials (m3) 46,000* 466,000* 52,000* 19,000* 13,000* 

Bulking factor N/A N/A N/A N/A N/A 

Total volume x bulking factor (m3) 46,000 466,000 52,000 19,000 13,000 

Unit cost ($/m3) $1.95 $4.29 $44.52 $76.35 N/A 

Cost ($million) $.09 $2.0 $2.3 $1.5 N/A 

N/A 

 Sub-Total ($million) 5.9 
 Clearing Trees, Dealing with Water, d/s protection, Road Base etc 4.9 
 Total 10.8 
 Survey, Design, Project management and contract administration 10% 
 Contingencies 40% 
 Grand Total ($million) 16.2 

* From MIL (2007). 
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 Table A.3  Modified Lake Mokoan embankments cost estimate 2 

Estimate 2:  
 The volume of required materials has been estimated based on SKM (2004) design with provision for coffer dams 
 Unit material costs from SKM (2004) 
 Contingencies and survey and design rates as recommended by G-MW 
 Southern Contour Bank included in design 
 No contour bank to replace spit 

MATERIAL 
 

Stripping 
Borrow for 
compacted 

bank 
Rip Rap Filter Coffer 

Dam 

Coffer Dam – 
Settlement 
Allowance 

Volume of required materials (m3) 180,000 630,000 54,000 110,000 106,000 107,000 

Bulking factor 1 1.2 1 1 1.2 1.2 

Total volume x bulking factor (m3) 180,000 750,000 54,000 110,000 127,000 129,000 

Unit cost ($/m3) 8 15 40 55 15 15 

Cost ($million) 1.4 11.3 2.2 6.1 1.9 1.9 

 Sub-Total ($million) 24.7 
 Survey, Design, Project management and contract administration 15% 
 Contingencies 40% 
 Grand Total ($million) 38.3 
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Appendix B Modified Lake Mokoan Proposal 
 

 



Lake Mokoan Project

Embankment Section

5.0 m

Crest Level 165.0

FSL 163.5 1

(varying depending NSL) 1 Vertical Sand Filter 600 mm X 4700 mm shifted 1.0 m from CL

Dead Storage 161.0

NSL Strip width 200 mm Horizontal Sand Filter 1500 mm X 500 mm @ 100m C/C

U/S Rip Rap Protection 600 mm thick 4.0 m Core trench depth 300 mm from strip level with S:S 1:1.5

D/S 2% Gypsum Treatment ( if required) 200 mm thick

D/S Hydraulic Treatment 200 mm thick

Gravel Filter Drain at Toe 
1500mm X 500mm

H
2.5

3



Lake Mokoan Project

Bill Of Quantities

Item Description
Zero Contour Level 160 m AHD
FSL 163.5 m AHD
Embankment Top Level 165 m AHD
Top Width 5 (m)
U/S Slope 1 on 2.5 Conservative 2
D/S Slope 1 on 3 Conservative 2.5
Removal of Top soil 200 mm
Core Trench Width 4 m
Core Trench Depth from Strip Level 300 mm
Core Trench Slope 1on 1.5
Embankment
Vertical Sand Filter Width 600 mm
Vertical Sand Filter Clearance from Top embankment 300 mm
Vertical Sand Filter displacement from Centreline 1 m
Horizontal sand filter collector drain width at 100m C/C 1500 mm
Horizontal sand filter collector drain height at 100m C/C 500 mm
Filter drain Gravel Outlet width at 100 m C/C 1500 mm
Filter drain Gravel Outlet depth at 100 m C/C 500 mm
U/S Rock Rip Rap Thick 600 mm
D/S 2% Gypsum Treatment Thick 200 mm
D/S top soil  and hydro mulch Thick 200 mm
NSL m AHD 159 159.5 160 160.5 161 161.5 162 162.5 163 163.5 164 164.5 165 165.5 166 166.5
Height of Embankment m 6 5.5 5 4.5 4 3.5 3 2.5 2 1.5 1 0.5 0 0 0 0
Stripping Width m 39.1 36.35 33.6 30.85 28.1 25.35 22.6 19.85 17.1 14.35 11.6 8.85 0 0 0 0
Vegetation and Dead tree Removal  100 m width 100 3 Sqm/ Km 100000 100000 100000 100000 100000 100000 100000 100000 100000 100000 100000 100000 0 0 0 0
Sediment Stripping ( foot print 1.77 Cum/ Km 7820 7270 6720 6170 5620 5070 4520 3970 3420 2870 2320 1770 0 0 0 0
Core trench 1.77 Sqm/ Km 4450 4450 4450 4450 4450 4450 4450 4450 4450 4450 4450 4450 0 0 0 0
Foundation Preparation ( Proof Roll, Tyne, Compact ) 0.7 Sqm/ Km 39100 36350 33600 30850 28100 25350 22600 19850 17100 14350 11600 8850 0 0 0 0
Excavate Unsuitable material from foot print ( provisional sum 25%) 25% 2.5 Cum/ Km 1955 1818 1680 1543 1405 1268 1130 993 855 718 580 443 0 0 0 0
Replace Unsuitable material with Good embankment material ( 
provisional sum 25%) compact to 95% SMDD 25% 4 Cum/ Km 1955 1818 1680 1543 1405 1268 1130 993 855 718 580 443 0 0 0 0

Borrow area for Embankment Fill Excavate and haul 1.72 Cum/ Km 136710 117848 100360 84248 69510 56148 44160 33548 24310 16448 9960 4848 0 0 0 0
Unsuitable material from Borrow area ( Provisional allowance 5%) 5% 3.61 Cum/ Km 6836 5892 5018 4212 3476 2807 2208 1677 1216 822 498 242 0 0 0 0
Place compact embankment material 95% SMDD with ± 2% OMC 1.47 Cum/ Km 136710 117848 100360 84248 69510 56148 44160 33548 24310 16448 9960 4848 0 0 0 0
Vertical sand Filter 66.82 Cum/ Km 3540 3240 2940 2640 2340 2040 1740 1440 1140 840 540 240 0 0 0 0
Horizontal sand Filter 88.13 Cum/ Km 286 265 245 224 203 183 162 141 121 100 80 59 0 0 0 0
Gravel Toe filter 231.75 Cum/ Km 7.5 7.5 7.5 7.5 7.5 7.5 7.5 7.5 7.5 7.5 7.5 7.5 0 0 0 0
Geofabric 2.63 Sqm/ Km 18694 17348 16001 14655 13309 11963 10616 9270 7924 6577 5231 3885 0 0 0 0
Rock Rip Supply 20 Cum/ Km 10016 9209 8401 7593 6785 5978 5170 4362 3554 2746 1939 1131 0 0 0 0
Rock Rip Haul and Place 14.95 Cum/ Km 10016 9209 8401 7593 6785 5978 5170 4362 3554 2746 1939 1131 0 0 0 0
 2 % Gypsum Treatment D/S 2.28 SQ/ Km 19606 3605 3289 2973 2656 2340 2024 1708 1391 1075 759 443 0 0 0 0
Spread top Soil for Hydro mulch D/S 1.83 SQ/ Km 19606 3605 3289 2973 2656 2340 2024 1708 1391 1075 759 443 0 0 0 0
 Hydro mulch D/S & fertilise 3.5 SQ/ Km 19606 3605 3289 2973 2656 2340 2024 1708 1391 1075 759 443 0 0 0 0
Road Base 200 mm Thick Gravel  for the crest width 70 Cum/ Km 1000 1000 1000 1000 1000 1000 1000 1000 1000 1000 1000 1000 1000 1000 1000 1000

Conservatism : U/S and D/S slope, Vegetation and Dead tree removal width 100m and Horizontal filter length

Unit Rate 
($)

5/06/2007 Embankment Design
Prepraed By : B. Manics
Checked By : X.Yzzzzz



Lake Mokoan Project

Estimates

NSL m AHD 159 159.5 160 160.5 161 161.5 162 162.5 163 163.5 164 164.5 165 165.5 166

Height of Embankment m 6 5.5 5 4.5 4 3.5 3 2.5 2 1.5 1 0.5 0 0 0

Stripping Width m 39.1 36.35 33.6 30.85 28.1 25.35 22.6 19.85 17.1 14.35 11.6 8.85 0 0 0

Vegetation and Dead tree Removal  100 m width 100 3 Sqm/ Km 300.0 300.0 300.0 300.0 300.0 300.0 300.0 300.0 300.0 300.0 300.0 300.0 0.0 0.0 0.0

Sediment Stripping ( foot print 1.77 Cum/ Km 13.8 12.9 11.9 10.9 9.9 9.0 8.0 7.0 6.1 5.1 4.1 3.1 0.0 0.0 0.0

Core trench 1.77 Sqm/ Km 7.9 7.9 7.9 7.9 7.9 7.9 7.9 7.9 7.9 7.9 7.9 7.9 0.0 0.0 0.0

Foundation Preparation ( Proof Roll, Tyne, Compact ) 0.7 Sqm/ Km 27.4 25.4 23.5 21.6 19.7 17.7 15.8 13.9 12.0 10.0 8.1 6.2 0.0 0.0 0.0

Excavate Unsuitable material from foot print ( provisional sum 25%) 25% 2.5 Cum/ Km 4.9 4.5 4.2 3.9 3.5 3.2 2.8 2.5 2.1 1.8 1.5 1.1 0.0 0.0 0.0
Replace Unsuitable material with Good embankment material ( 
provisional sum 25%) compact to 95% SMDD 25% 4 Cum/ Km 7.8 7.3 6.7 6.2 5.6 5.1 4.5 4.0 3.4 2.9 2.3 1.8 0.0 0.0 0.0

Borrow area for Embankment Fill Excavate and haul 1.72 Cum/ Km 235.1 202.7 172.6 144.9 119.6 96.6 76.0 57.7 41.8 28.3 17.1 8.3 0.0 0.0 0.0

Unsuitable material from Borrow area ( Provisional allowance 5%) 5% 3.61 Cum/ Km 24.7 21.3 18.1 15.2 12.5 10.1 8.0 6.1 4.4 3.0 1.8 0.9 0.0 0.0 0.0

Place compact embankment material 95% SMDD with ± 2% OMC 1.47 Cum/ Km 201.0 173.2 147.5 123.8 102.2 82.5 64.9 49.3 35.7 24.2 14.6 7.1 0.0 0.0 0.0

Vertical sand Filter 66.82 Cum/ Km 236.5 216.5 196.5 176.4 156.4 136.3 116.3 96.2 76.2 56.1 36.1 16.0 0.0 0.0 0.0

Horizontal sand Filter 88.13 Cum/ Km 25.2 23.4 21.5 19.7 17.9 16.1 14.3 12.5 10.6 8.8 7.0 5.2 0.0 0.0 0.0

Gravel Toe filter 231.75 Cum/ Km 1.7 1.7 1.7 1.7 1.7 1.7 1.7 1.7 1.7 1.7 1.7 1.7 0.0 0.0 0.0

Geofabric 2.63 Sqm/ Km 49.2 45.6 42.1 38.5 35.0 31.5 27.9 24.4 20.8 17.3 13.8 10.2 0.0 0.0 0.0

Rock Rip Supply 20 Cum/ Km 200.3 184.2 168.0 151.9 135.7 119.6 103.4 87.2 71.1 54.9 38.8 22.6 0.0 0.0 0.0

Rock Rip Haul and Place 14.95 Cum/ Km 149.7 137.7 125.6 113.5 101.4 89.4 77.3 65.2 53.1 41.1 29.0 16.9 0.0 0.0 0.0

 2 % Gypsum Treatment D/S 2.28 SQ/ Km 44.7 8.2 7.5 6.8 6.1 5.3 4.6 3.9 3.2 2.5 1.7 1.0 0.0 0.0 0.0

Spread top Soil for Hydro mulch D/S 1.83 SQ/ Km 35.9 6.6 6.0 5.4 4.9 4.3 3.7 3.1 2.5 2.0 1.4 0.8 0.0 0.0 0.0

 Hydro mulch D/S & fertilise 3.5 SQ/ Km 68.6 12.6 11.5 10.4 9.3 8.2 7.1 6.0 4.9 3.8 2.7 1.5 0.0 0.0 0.0

Road Base 70 Cum/ Km 70.0 70.0 70.0 70.0 70.0 70.0 70.0 70.0 70.0 70.0 70.0 70.0 70.0 70.0 70.0

Sub Total Cost / Km 1704.5 1461.7 1342.9 1228.8 1119.3 1014.4 914.2 818.6 727.6 641.3 559.6 482.5 70.0 70.0 70.0

Total With CPI Variation for 2 Years - Conservative Variation of 10% 1874.9 1607.9 1477.2 1351.7 1231.2 1115.9 1005.6 900.42 800.36 705.39 615.52 530.74 77 77 77

Unit Rate 
($)

5/06/2007 Earth Work Estimates
Prepared By : B .Manics
Checked By : X.Yzzzzz



Lake Mokoan Project

Data from Contour Map 

Intended 
FSL

Freeboard 
(m)

Dead Storage 
(m)

Dead Storage 
(GL)

Average 
Foot Print 
Area (ha)

Assumed 
Lake 
Evaporation

2km = 48 mm 3.5 1.5 1 13.0 2096 0.7

E/W Riprap Filter

Start End mm Km Embankment 
length (Km) Start End

P1 P12-1 7 0.292 0.292 10 2 3.0 1.5 206                           4.80 0.80 0.27 0
P12-1 P12-2 12 0.500 0.208 2 1 4.0 3.5 232                           11.70 1.25 0.47 0.25 0.5
P12-2 P12-3 28 1.167 0.667 1 0 5.0 4.5 946                           56.17 5.06 1.94 0.5 0.5
P12-3 P12-4 40 1.667 0.500 0 1 4.0 4.5 710                           42.12 3.80 1.45 0.75 1
P12-4 P12-5 44 1.833 0.167 1 2 3.0 3.5 186                           9.36 1.00 0.37 1 1
P12-5 P2 60 2.500 0.667 2 2.5 2.5 3.0 670                           29.44 3.45 1.28 1.25 1.5
P2 P23-1 66 2.750 0.250 2.5 2 3.00 3.0 251                           11.04 1.29 0.48 1.5 1.5
P23-1 P23-2 85 3.542 0.792 2 2 3.00 3.0 796                           34.96 4.09 1.52 1.75 2
P23-2 P3 110 4.583 1.042 2 3 2.0 2.5 938                           34.95 4.54 1.65 2 2
P3 PX 160 6.667 2.083 3 9 0.0 1.0 1,282                        20.75 4.04 1.24 2.25 2.5
PX P4 212 8.833 2.167 9 3 2.0 1.0 1,334                        21.58 4.20 1.29 2.5 2.5
P4 P45-1 230 9.583 0.750 3 2 3.0 2.5 675                           25.16 3.27 1.19 2.75 3
P45-1 P45-2 242 10.083 0.500 2 2 3.0 3.0 503                           22.08 2.58 0.96 3 3
P45-2 P45-3 252 10.500 0.417 2 5 0.0 1.5 294                           6.85 1.14 0.39 3.25 3.5
P45-3 P5 262 10.917 0.417 5 10 0.0 0.0 32                             0.00 0.00 0.00 3.5 3.5
P5 P56-1 270 11.250 0.333 10 7 0.0 0.0 26                             0.00 0.00 0.00 3.75 4
P56-1 P56-2 277 11.542 0.292 7 7 0.0 0.0 22                             0.00 0.00 0.00 4 4
P56-2 P56-3 282 11.750 0.208 7 7.5 0.0 0.0 16                             0.00 0.00 0.00 4.25 4.5
P56-3 P56-4 304 12.667 0.917 7.5 7 0.0 0.0 71                             0.00 0.00 0.00 4.5 4.5
P56-4 P6 320 13.333 0.667 7 5 0.0 0.0 51                             0.00 0.00 0.00 4.75 5
P6 P7 342 14.250 0.917 5 2 3.0 1.5 647                           15.08 2.52 0.85 5 5
P7 P78-1 346 14.417 0.167 2 2 3.0 3.0 168                           7.36 0.86 0.32 5.25 5.5
P78-1 P8 382 15.917 1.500 2 1 4.0 3.5 1,674                        84.22 8.97 3.37 5.5 5.5
P8 P89-1 392 16.333 0.417 1 1 4.0 4.0 513                           28.96 2.83 1.07 5.75 6
P89-1 P89-2 407 16.958 0.625 1 2.5 2.5 3.5 697                           35.09 3.74 1.40 6 6
P89-2 P89-3 417 17.375 0.417 2.5 2 3.0 3.0 419                           18.40 2.15 0.80 6.25 6.5
P89-3 P9 427 17.792 0.417 2 10 0.0 1.5 294                           6.85 1.14 0.39 6.5 6.5

17.8 Km 13,653$          526.92 62.724 22.663 6.75 7

16.0 Km Reduced length due to no embankment in Spit 7 7

11.8 Reduced length if no embankment in Southern end 10,815$          451.24 51.523 18.846 7.25 7.5
7.5 7.5

7.75 8
8 8

8.25 8.5
8.5 8.5

8.75 9
9 9

9.25 9.5
9.5 9.5

Net Yield

35.0

Embankment Cost ($ 
000)

Location
Required 

Embankment 
height (m)

Average 
height of 

Embankment 
(m)

Full Supply 
Storage 
Volume ( 

GL)

Chainage NSL
Operational 

Storage 
Volume

Annual 
Evaporation 

Loss

Refinement in estimate is possible by 
using GIS with contours

62.0 49.0 14.0

5/06/2007 Option AA EW estimates
Prepared By: B. Manics
Checked By : X.Yzzzzz



Attachment 1
MOKOAN - RETURN TO WETLANDS
SUMMARY OF OFFSET PACKAGES TO PROVIDE AT LEAST 91% RELIABILITY
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1 Tungamah Pipeline(incl. 140ML earthen storage, pump station from the East Goulburn Main Channel and 360 
km pipelinedistribution system, supplying 650 services over an area of 63,000 ha) ●●●● 1.40 2.90 17.00 62 17.9

2 Mawson/Burnbrae Entitlement Purchase(incl. purchase of 1000ML of entitlement from a property at Nalinga in 
2004) ●●●● 1.00 1.30 1.3

3 Remote Control and Monitoring of L.Nillahcootie(incl. remote monitoring of storage inflows and outflows and 
remote control of the Nillahcootie outlet valveoperation) ●●●● 3.1

4 Remote Control and Monitoring of Broken River Weirs(incl. remote monitoring of inflows and outflows and 
remote control of regulating structure operation atBroken Weir, Hollands Weir, Casey's Weir) ●●●●

5 Remote Control and Monitoring of Broken Creek Weirs(incl. remote monitoring of inflows and outflows and 
remote control of regulating structure operation atFlynn's, Trewin's, Waggarandall Weirs) ●●●●

6 Flow Monitoring of Catchment Streams(incl. provision of remote monitoring of flows at Moorngag, Lima East 
Creek and Orrvale) ●●●●

7 Dynamic Real-time Monitoring of Irrigation Diversion Flow Meters(incl. provision of up to 100 upgraded flow 
meters complete with remote sensing and alarming capability) ●●●● 1.30

8

Rain rejection storage Lake Mokoan inlet channel (300ML capacity)(incl. provision of a new regulating weir on 
the Inlet Channel near Hollands Weir, modifications to existingchannel structures and remote monitoring and 
control equipment. Provides 300 ML storage capacity whichcan capture "surplus" river flows during the 
irrigation season and release these at a later time, rather thanrelease from Nillahcootie. System includes 
retention of Broken and Holland's Weirs and utilises both weirpools for temporary storage purposes)

●●●● 1.10 2.10 27 2.5

9
Supply into Broken River downstream of EGM(incl. a new 30ML/d regulating structure located adjacent to the 
existing Broken River Outfall on the EastGoulburn Main Channel, to supply 14 diverters between the EGM and 
Shepparton) ●● ● 0.90 1.00 1 1.0

10 Pump Station and Pipeline to supply irrigation diversions 2km upstream ofEGM to Violet Town Boundary Rd 
from EGM(incl. supply to 3 diverters, 2.1 km of pipeline up to 375 dia at 24 ML/d) ● 1.00 2.40

11 Piped of Supply to Major Creek Area(incl.pump station from the Broken Creek and 2.6 km pipeline distribution 
system, supplying 3 services) ● 0.40 2.10

12 Off-line Storage within Broken Creek System(Below ground off-line storage with capacity of 100 ML near 
Trewins Weir. This includes inlet channel andstructure, a pump station at the outlet and an outlet channel) ● 0.45 2.70 44 3.4

13 Off-line Storage within Broken Creek System(Below ground off-line storage with capacity of 200 ML near 
Trewins Weir. This includes inlet channel andstructure, a pump station at the outlet and an outlet channel) ● 0.76 3.30

14 Supply to diverters d/s of EGM via Shepparton Irrigation Area channel system(incl options of gravity pipelines, 
pumped pipeline, farm channel extensions or upgrades, all from variousexisting SIA supply channels). ● 0.77 3.70

15 Supply of 1000ML of Operational Loss from EGM rather than Lake Nillahcootie(provides for minimum 
operating flows required by lower Broken diverters to be released from the EGM,rather than Nillahcootie) ● 1.00 1.00 1.00 1.0

16 Pump Station and Pipeline to supply irrigation diversions 6.5 km upstream ofEGM to Keally's Rd from the 
EGM(incl. pump station to supply to 15 diverters, 8.4 km of pipeline up to 750 dia at 60 ML/d) ● 3.60 11.60

17

Pump Station and Pipeline to supply irrigation diversions 6.5 km upstream ofEGM to Keally's Rd from the EGM
and Pump Station and Pipeline to supplyirrigation diversions 7 km downstream of Gowangardie Weir from 
GowangardieWeir.(incl. pump station to supply to 15 diverters, 8.4 km of pipeline (u/s of EGM) up to 750 dia at 
60 ML/d andpump station to supply to 9 diverters, 16.9 km of pipeline (d/s of Gowangardie) up to 600 dia at 44 
ML/d.Also includes, provision for the pump station to supply water into the East Shepparton D&S channel 
atGowangardie Weir and possible extension of upstream diversion pump suctions)

●● 4.50 18.50 179 21.2

X Additional Broken Entitlement Purchase (ML) 

46
40

31
60

16
00

11
50

Y Budget Required for Reliability Offset Package 

36
.5

38
.0

45
.0

45
.5 1.00 6.90 2.90 4 45.7 0.38 51.4
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Murrumbidgee Irrigation
Mokoan Wetlands Project

Cost Estimate for Pipeline supply 15 ML/day

1 ML in 100 days with 7 day storage at Swamp to accommodate daily peaking

Costing Sheet                                          Project:    Mokoan Wetland

                                      Location: Mokoan Wetland

L.O. Number:

Job Number:

Item Category WORK ITEM Dia (mm) No. each Unit Rate Sub-Total Category Total
A Supply & Delivery of Pipes of various diameter

5 uPVC Pipe 150mm Dia - PN6 150 0 Km $12,500 $0 
6 uPVC Pipe 200mm Dia - PN6 200 0 Km $22,530 $0 
7 uPVC Pipe 225mm Dia - PN6 225 0 Km $27,690 $0 
8 uPVC Pipe 300mm Dia - PN6 300 0 Km $43,850 $0 
9 uPVC Pipe 375mm Dia - PN6 375 0 Km $73,280 $0 
9 uPVC Pipe 450mm Dia - PN6 450 10 Km $100,250 $1,002,500 

B Pipe Laying  & related Structure construction
5 uPVC Pipe 150mm Dia - PN6 150 0 Km $44,130 $0 
6 uPVC Pipe 200mm Dia - PN6 200 0 Km $45,160 $0 
7 uPVC Pipe 225mm Dia - PN6 225 0 Km $48,460 $0 
8 uPVC Pipe 300mm Dia - PN6 300 0 Km $51,150 $0 
9 uPVC Pipe 375mm Dia - PN6 375 0 Km $58,300 $0 
9 uPVC Pipe 450mm Dia - PN6 450 10 Km $61,910 $619,100 

C Additional Pipes Specials Item Sum 10%  $                   100,250 

D Structures - ISV, AV, SV, Anchors Blocks & Pigging Item Sum 20%  $                   324,320 

E Pumping Station & accessories

1 Pumping Station 1 @ Active cell- Civil , Mech & Elec  ( 1500 ML supplied in 100 days) with 
7 day storage for peaking 15 ML/day $6,000 $90,000 

3 Pumping Station - Remote control & data Logging 30%  $                     27,000 
4 Transformer to the sites  & Establishment 1 No  $          15,000 $15,000 
5 From Transformer to the sites  1- Cable connection 0.5 Km  $          25,000 $12,500 

F Enroute Storage at Tail end 7 days capacity

1 Storage ( reinstate the existing embankment) 105 ML $1,500 $157,500 
2 Inlet and escape structure 2 No $75,000 $150,000 

G Outlet Metering Unit @ Diversion to Farms

1 Doppler Meters 4 No $8,000 $32,000 

Sub Total $2,530,170 

H Contingencies Item Sum 30% 759,051

I Investigation, Design & Survey Item Sum 10.0% 253,017

J Project management and Contract administration Item Sum 10.0% 253,017

GRAND TOTAL PROJECT COST: $3,795,255 

Annual Operational cost with total pumping head of  30 m 1500 ML @ 60c/ML/m  $                     27,000 

Annual Maintenance Cost at 1.5% water supply projects  $                     56,929 

Total NPV Cost  for Operation and maintenance @ 7% for 50 years Life 14.77     1,239,360 
Total Life Cycle cost $5,034,615 

Design Basis 
3m Residual head at Farm boundary where storage supply is not available for ON Farm Pumping

Mainline

1,265,085

$484,000 

$2,046,170 



Murrumbidgee Irrigation
Mokoan Wetlands Project

Cost Estimate for S & D Pipeline supply  for Lake diverters
3 Km @ 0.23 

ML/d PS2 3Km @ 0.20 ML/day PS3

26 ML + 20 ML 90 mm PS1 90 mm 30 ML + 20 ML 90 mm 20ML + 20 ML

1 ML in 200 days with 4 day storage at Farm boundary
20m Residual head at Farm boundary

1 ML in 100 days for 70 ML irrigation Diversion on the Spit embankment side

Costing Sheet
8 ML + 20 ML 80 ML + 50 ML

L.O. Number:

Job Number:

Item Category WORK ITEM Dia (mm) No. each Unit Rate Sub-Total Category Total
A Supply & Delivery of Pipes of various diameter

5  PE pipe PBB 10 - 50 - 150 50 0 Km $2,190 $0 
6  PE pipe PBB 10 - 75 - 200 75 0 Km $4,880 $0 
7  PE pipe PBB 10 - 90 - 100 90 15 Km $7,010 $105,150 
8  PE pipe PBB 10 - 180 -  20QE 180 5 Km $28,110 $140,550 

B Pipe Laying (vibrating Plough)  & related Structure construction
5  PE pipe PBB 10 - 50 - 150 50 0 Km $6,000 $0 
6  PE pipe PBB 10 - 75 - 200 75 0 Km $7,000 $0 
7  PE pipe PBB 10 - 90 - 100 90 15 Km $8,000 $120,000 
8  PE pipe PBB 10 - 180 -  20QE 180 5 Km $20,000 $100,000 

C Additional Pipes Specials Item Sum 10%  $                     24,570 

D Structures - ISV, AV, SV, Anchors Blocks & Pigging Item Sum 20%  $                     93,140 

E Pumping Station & accessories

1 Pumping Station 1 @ Active cell- Civil , Mech & Elec  ( 8 l/s) 7 l/s $2,000 $14,000 

2 Pumping Station 2 @ Existing Outlet Sump- Civil , Mech & Elec  ( 2 l/s) 5 l/s $2,000 $10,000 

3 Pumping Station 3 @ Existing Spit on Southern Corner of active cell- Civil , Mech & Elec  ( 1
l/s) 12 l/s $2,000 $24,000 

4 Pumping Station - Remote control & data Logging 30%  $                     14,400 
5 Transformer to the PS 3sites  & Establishment ( already included in irrigation pump for PS2) 1 No  $         15,000 $15,000 
6 From Transformer to the sites  1- Cable connection 2 Km  $         20,000 $40,000 
7 Filtration Unit Arkel with 30% redundancy 31.2 l/s  $              400 $12,480 

F Enroute Storage at Tail end  for 70 ML DV @ 7 days capacity

1 Storage ( reinstate the existing embankment) 5 ML $2,000 $10,000 
2 Inlet and escape structure 2 No $25,000 $50,000 

G Outlet Metering Unit @ Diversion to Farms

1 Magflow meter with FCV for 2ML DV outlet 44 No $1,200 $52,800 

2 Magflow meter with FCV for 10 ML DV outlet 3 No $5,682 $17,045 

3 Magflow meter with FCV for 70 DV outlet 1 No $7,914 $7,914 

Sub Total $851,050 

H Contingencies Item Sum 30% 255,315

I Investigation, Design & Survey Item Sum 10.0% 85,105

J Project management and Contract administration Item Sum 10.0% 85,105

GRAND TOTAL PROJECT COST: $1,276,575 

Annual Operational cost with total pumping head of  50 m 290 ML @ 60c/ML/m  $                       8,700 

Annual Maintenance Cost at 1.5% water supply projects  $                     19,149 

Total NPV Cost  for Operation and maintenance @ 7% for 50 years Life 14.77         411,235 
Total Life Cycle cost $1,687,809 

Note Minimum diameter used for Stock and Domestic is 90 mm
 Note PS1 may be split into 2 PS with saving in pipe cost but extra Power line cost to be further 
investigated.

6 Km @ 0.25 ML/day

425,525

$267,640 

3 K
m

 @
 0.14 M

L/day
90 m

m
 dia

Mainline $583,410 

5 K
m

 @
 1.0 M

L/day
180 m

m
 dia

Design Basis 



Modified Mokoan Wetland Project

Cost estimate 

Costing Sheet
Item WORK ITEM Rate Cost ( $000)

A Embankment
1 Active cell Ref Est. 10815
2 Preliminaries Water diversion etc. 200
3 Spillways.( 2 No Rock fill Reno mattress / Gabion Structure) LS 400

B Structures
1 Outlet Structure to Stock Creek 1200 ML/day  LS                           750 
2 Outlet Structure to Wetland 100 Ml/day  LS                           200 
3 Flood Discharge PS from Wetland to Active cell  200 Ml/day (Transformer, Electric cable provided in Irrigation Pumps)  LS                        1,000 

C Channel Earth Work - Outlet Channel to Existing Outlet Structure - 1200 Ml/day 3 Km                           500 

D Eastern End Wetland Restoration  URS                        1,000 

E Irrigation Pipeline System ( 1500 ML irrigation DV on NE Corner) 15 ML/day PS  Ref Est.                        2,530 

F S & D Pipeline System ( including 70 ML irrigation DV on Southern side)  Ref Est.                           851 

X Sub Total               18,247 
G Contingencies ( includes preliminaries ) 40% 7299
H Survey , Design ,Project management and Contract administration 10% 1825

Y Grand Total 27,370         

Without 
Southern Contour 

Embankment 
(Total length of 
embankment = 

11.8Km) 

5/06/2007 Main Estimates
Prepared By: B.Manics
Checked By:  X.Yzzzzz



Modified Mokoan Wetland Project
Electrical Tariff ( based on Contested rate) 60 c/MLm

Cost estimate  and NPV Cost Comparison Flood Pumping Volume 1 in 5 yrs 30 GL

Flood Pumping head (m) 6 m

Economic factor 7% at 50 Yrs 14.77

Costing Sheet
URS Table 7.2 

section 7.4 
Cost

MI - 
Maintenance % 
on Capital cost

MI - 
Maintenance 

Cost 

MI - Energy 
Operation Cost MI - Total Cost Modified Option

Item WORK ITEM Rate Cost ( $000)

A Embankment

1 Active cell Ref Est. 11415 66 0.5% 86 86 1.26

B Structures

1 Outlet Structure to Stock Creek 1200 ML/day  LS                                            750 1.0% 11 11 0.17 Existing outlet Structure to be used for NO Mokoan

2 Outlet Structure to Wetland 100 Ml/day  LS                                            200 1.0% 3 3 0.04

3 Flood Discharge PS from Wetland to Active cell  200 Ml/day (Transformer, Electric cable provided in Irrigation Pumps)  LS                                         1,000 7 1.5% 23 22                    44 0.65

C Channel Earth Work - Outlet Channel to Existing Outlet Structure - 1200 Ml/day 2Km  LS                                            500 1.0% 8 8 0.11

D Eastern End Wetland Restoration  URS                                         1,000 10 - 20 1.0% 15 15 0.22

E Irrigation Pipeline System ( 1500 ML irrigation DV on NE Corner) 15 ML/day PS  Ref Est.                                         2,530 1.5% 57 27 84 1.24

F S & D Pipeline System ( including 70 ML irrigation DV on Southern side)  Ref Est.                                            851 1.5% 19 8.7 28 0.41

G Existing Embankment Rehabilitation

H Existing Embankment , Weirs and Supply Channels 516 516 7.62
Channel supply Required ( reverse) for S& D 
pipeline. Part of diversion Channel required for 
Operational enroute storage.

I Tungamah Pipeline - Off set measures 80 80 1.18

X Sub Total                             18,247 

J Contingencies 40% 7299

K Survey , Design ,Project management and Contract administration 10% 1825

Y Grand Total 27,370                     12.91

Required for Both modified and No Mokoan 
Options but it is expected high foe No Mokoan 
options as source of supply is different.

Annual Cost $ 000

Comment
Without Southern Contour 
Embankment (Total length of 

embankment = 11.8Km) 

5/06/2007 NPV Comparision
Prepared By: B.Manics
Checked By:  X.Yzzzzz



Modified Mokoan Wetland Project
Modified Lake ( Active and Wetland Cells)
Assumptions , Issues and Comments

Item Main details Detail Description
1 Annual Average Total River Flow in Broken System is 285 GL

2 Annual Average Holland River Flow into Broken System is 95 GL

3 Annual Average Harvesting Potential of Lake Mokoan from Broken River and natural inflows from its catchments is 150 GL

4 Intended Modified Lake Mokoan ( Active  and Wetland) Storage 93.5GL = 4m depth active + 1m depth dead in active Cell FSL spread area of  2200 ha 

5 Total Irrigation Demand ( Licence Diverters) is 25 GL. Out of this approximately 1GL has purchased by the Govt.

6 Total S& D Demand ( Licence Diverters) is approximately  8 GL out of which Tungamah pipeline 1.4 GL Transferred to EGM.

7 Intended Diversion from Modified Lake Mokoan ( Active & Wetland) to EGM is approximately 25 GL by constructing a Weir and Pump station

8 Approximate capacity of EGM diversion PS is 400 ML/day ( 100% of 25 GL will be supplied in 60 days). Note Original design was 800 ML/day.

9 Evaporation Loss in Active and Wetland cells ( Total 19.0 GL) are included in the Modified option but not the operational loss.

10 Annual Total demand is assumed as 55 GL ( 33 + 25 - 4.3 -1.4 ) for all option calculation. 

11 Annual Total Requirement is 74.0 GL ( 55 + 19.0). Recommended modified storage option is 81.7 GL. > 74.0 GL + Portion of OL and TL shared by Nillahcottie. 

12 Average Nett Evaporation is 700mm / annum ( little Conservative). Requires monthly modelling.

13 Annual Average Evaporation Loss in Full Lake under present operating conditions ( limiting rise and fall) is 48 GL from modelling results . 

14 Annual Average Evaporation Loss when the Lake Mokoan is operated as Wetland is 13 GL. 

17 Annual Average Evaporation Loss on the proposed NE Wetland Cell is 4.3 GL (33% of the full Lake Mokoan Wetland). 

18 For accurate calculation of contour area ( 0,1m ) and embankment foot print area, GIS shape files are required

19 Decommissioning Lake Mokoan will provide a Nett Evaporation saving = 48 GL - 13 GL = 35 GL with Low Reliability of Water supply for existing Licence Diverters

20 Modified Options ( Active / Wetland)   Annual average Loss . ( 14.7  + 4.3 = 19.0 GL) with High Reliability of Water supply for existing Licence Diverters 30.5 GL and 25 GL for EGM.

21 Short fall in Modified Lake Evaporation alone ( 19.0 - 13 = 6.0 GL)

22 Short fall in Modified Lake Evaporation+ Tungamah S&D pipeline @ $17M with (4.3 - 1.4) = 2.9 GL saving  ( 19.0 - 13  - 2.9  = 3.1 GL)

23 Short fall in Evaporation + Tungamah S&D pipeline  @ $17M with (4.3 - 1.4) = 2.9 GL saving + Improvement in Operation efficiency @ $1M with 1GL saving  + Purchase of water @ $1.3M for 1GL ( 
19.0 - 13  - 2.9 - 1.0 - 1.0 = 1.1 GL)

25 Options considered a diversion of 25 GL to EGM in addition to the existing approximately 30.5 GL of  LV . Note we have used a base diversion requirement of 55 GL. ( Please refer the detail sheet for 
option comparison)

26 Depending on the Potential seasonal harvest and the height of active cell embankment  , further water will be available for distribution in the form of Sales Water or environmental surplus including 
Required 8 GL.( Please refer the detail sheet for option comparison)

27 Active cell is the main Supply and operated as annual storage --- with a foot print area of 2200Ha --- with 4.0m active height --- with a dead storage of 1.0 m high. Note the height variable need to be 
confirmed depending on the Cost and flexible airspace requirement for extra harvest instead of Lake Borgo online, Dry year mining and WQ.

28 An allowance of 1 m dead storage with a capacity of approximately 11.8 GL . ( Foot print area for 0,1,2 m contours and Embankment are 800,1700,1770,1944 Ha respectively) 

31 Structures Required are shown in the  Map

32 Tungamah S&D pipeline will reduce the demand in Broken system by about 4.3 GL ( 2.9 + 1.4) at a cost of $17 M. 

33 Direct Purchase of water 1GL

34 Improvement in Operation thorough efficient monitoring and  SCADA will save about 1 GL at an estimated cost of $1 M and online storage $1.2M for 1.GL saving.

35 Embankment design is based on a dispersive clay soil similar to recent Barren Box Swamp (BBS)  project. ( refer Photograph)

36 For BOQ calculation, reasonably accurate Lengths & heights of various sections of the embankment are required ( Need GIS shape files).

37 1.5m height is allowed for free board for wave action.

38 Unit rates used in the estimates are based on recent BBS rates with 10% CPI based up to 4.0 m height average height. For 4.5, 5,,5.5 ,6.0and 6.5m  a further increased in rates by 5, 7.5,10,12.5 and 
15% respectively. 

39 40% Contingency allowance and 10% for investigation , survey, design and contract management is used in the estimates

40 Allowance of $1.0M is allowed for rehabilitation of Wetland

41 No need to use the existing embankment 

42 An optional allowance of $ 2.9 M  is allowed in the estimate if Goulburn diversion required for a Low level weir with 400 ML/day Pump station. 

43 An estimate for S&D and Commercial LV around Lake Mokoan at a cost of $ 1.36 M

44 Supply 75ML of entitlement on Southern side of the Lake is included in the S&D estimate.

45 An estimate for Irrigation Pump NE corner at a cost of $ 4.05 M

46 With this Proposal ( Modified arrangement), the reliability will be high as the present operating rule of Lake Mokoan. However detailed monthly modelling with all available data is required to ascertain 
the reliability.

47 The allowed Dead storage height 1m with 12GL will satisfy WQ and Environmental issues.

49 The proposed Contour bank ( wherever natural slope is mild) and rip rap embankment will solve  the turbidity due to wind shear at a greater extent. 

52 Possible potential use of the existing embankment rip rap from the 7.0km embankment.O
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Lake Mokoan Project

Data Change

Item Description Unit Size
Dead Storage depth m 1 ( 1 OR 2)
Dead Storage Volume GL 13
FSL Storage Active depth m 2.5
Foot Print Area at FSL ha 2096
Total Storage Volume GL 62
Active Storage Volume GL 49
Free Board m 1.5
Zero Contour Level Storage Level m AHD 160.0
Dead Storage Level m AHD 161.0
FSL of Active Cell m AHD 163.5
Nett Evaporation Loss Active cell m 0.7
Nett Evaporation Loss Intermediate cell m 0.35



Lake Mokoan Project

Cost Comparison Summary

Option Foot Print 
Area ( ha)

Dead 
Storage 
Depth

Dead 
Storage 
Level

Active 
Storage 
Depth (m)

FSL (  m 
AHD)

Crest 
Level ( m 
AHD)

Dead 
Storage 
Volume 
(GL)

Total 
Storage 
Volume 
(GL)

Intermedia
te Storage 
Volume

Active 
Storage 
Volume 
(GL)

Evaporati
on Loss ( 
GL)

 Intermediate 
Evaporation 
Loss ( GL)

Wetland  
Evaporatio
n Loss 

Total 
Evaporati
on Loss A
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  Active cell Total Cost 

ONLY ($ M) with 
40% contingencies + 
10% survey, design and 
admin cost

 Total Project Cost 

without EGM 
diversion ($M)

BB - 2 2096 1.0 161.0 2.5 163.5 165.0 13.0 62.0 0.0 49.0 14.0 0.0 0.0 14.0 34.0 16.2 27.4



Lake Mokoan Project

Modified Lake (Active and Wetland Option)

Cost Comparison Summary ( with Provisional Items)

Average Annual Flow in Broken System 285.0 GL ( approximately)
Average Annual Flow in Holland River 95.0 GL ( approximately)
Harvesting Potential of Lake Mokoan from Broken River and natural inflows 150.0 GL ( approximately)
Base Supply Requirement 55.0 GL ( approximately) (33 LV + 25 EGM  - 4.3 T (33 LV + 25 EGM  - 4.3 T (33 LV + 25 EGM  - 4.3 Tungamah)
Full Swamp Loss 48.0 GL
Full Wetland Loss ( If No Mokoan) 13.0 GL
Target Saving 44.0 GL

Short fall in Decommissioning 9.0 GL
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BB - 1 1937 1.0 161.0 1.0 162.0 163.5 13.0 31.7 0.0 18.7 13.2 0.0 0.0 13.2 0.2 12.1 23.3
BB - 2 1997 1.0 161.0 1.5 162.5 164.0 13.0 41.6 0.0 28.5 13.5 0.0 0.0 13.5 0.5 13.2 24.4
BB - 3 2050 1.0 161.0 2.0 163.0 164.5 13.0 51.7 0.0 38.6 13.8 0.0 0.0 13.8 0.8 14.9 26.0
BB - 4 2096 1.0 161.0 2.5 163.5 165.0 13.0 62.0 0.0 49.0 14.0 0.0 0.0 14.0 1.0 16.2 27.4
BB - 5 2135 1.0 161.0 3.0 164.0 165.5 13.0 72.6 0.0 59.6 14.2 0.0 0.0 14.2 1.2 18.6 29.7
BB - 6 2167 1.0 161.0 3.5 164.5 166.0 13.0 83.4 0.0 70.3 14.3 0.0 0.0 14.3 1.3 20.4 31.6
BB - 7 2193 1.0 161.0 4.0 165.0 166.5 13.0 94.3 0.0 81.2 14.4 0.0 0.0 14.4 1.4 23.0 34.1
BB - 8 2212 1.0 161.0 4.5 165.5 167.0 13.0 105.3 0.0 92.3 14.5 0.0 0.0 14.5 1.5 25.1 36.3
BB - 9 2225 1.0 161.0 5.0 166.0 167.5 13.0 116.4 0.0 103.3 14.6 0.0 0.0 14.6 1.6 29.0 40.2

Notes

Capital Cost with 40% 
Contingencies 

Excluding $20.0 M 
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The Analysis is CAPEX only ( no life cycle cost) 

Columns Q and R does not include the allowance of $20.0 M for the Off set measures.

Selected Option - Based on No modelling, No Capture of summer flows and Rain rejection Flows to Modified Lake.

Annual Average Water saving ( Column P) need to be refined through monthly modelling with actual Flow, Evaporation, rainfall, demand  and losses. This will ascertain the reliability of supply .

Harvest potential of Modified Lake Mokoan is well below the 285 GL average annual inflow of the Broken System.

It is not understood clearly that how the 9GL ( 44 - 35 Evap ) saving is arrived. Is it annually or cumulative average of wet year flow only ?. If it is wet year flow average, still the Modified option will ful
the requirement in wet yers. In the worst case the Modified Lake Extra water ( column AE) OR sacrificing part of sales water.  

Potential additional saving of releasing of Minimum Passing Flow ≈ 20 ML/day (est.)  to the d/s reach for pumping access requirement to the river diverters will be taken up by the proposed EGM 
diversion weir. This will result in a Transmission loss saving of ( 20 est. * 30 * 3 months) = 1.80 GL

All BB - # options needs about 11.8 Km embankment. 

Estimates are based on recent Murrumbidgee Irrigation - BBS Cost with a Margin of 10% on Rates.

An allowance of $ 1.00 M is allowed for Wetland Restoration works 

An allowance of 40% Contingencies and 10% for Investigation , Design, Survey, Project and Contract Management.

5/06/2007 Option Comparision
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Mokoan Wetland Project  
 

Embankment Construction Sequence  
1. Commence construction EITHER during low rainfall months with 15 ML/day Pump and 

Pipeline System in place OR as soon as the irrigation season finishes. 

2. Drain / Detain / Divert  Inflow to avoid construction site initially by : 

� No diversion from Inlet Channel 

� Fully open the outlet channel and drain water in Sergeants swamp 

� Boggy, Eleven Mile and Show Creeks natural drainage (from upper catchments) to be 

contained to a level of Gould Rd (normally drowned and now it is exposed with visible 

cross culverts and overflow causeway arrangement).  

� Seven Mile Creek natural drainage arriving to Winton swamp to be diverted to Sergeants 

swamp. (Cost involved on diversion of this option need to be assessed based on its risk in 

allowing into Winton swamp, considering the item 3 in place). 

� Winton Creek to be directed into inlet channel and then to Sergeant swamp by gravity ( or 

if level permits to d/s  of existing embankment by gravity) 

3. As soon as  major portion of  P1 – P2  is exposed , Commence a small coffer dam ( using dump 

truck and access material nearby borrow material )  for approximately  1300m  with 3/ 900mm 

pipe at 159.5 m sill to drain water from Winton Swamp. Preferred crest level 161.5 m AHD 

with fish habitat depth of 0.5/ 0.75m . Risk factor to be considered for the sizing of culvert and 

crest top level of coffer dam depending on construction duration. Insurance premium at 

contractor’s risk. 

4. While coffer dam  construction is in progress excavate the Outlet channel from active cell ( 

Winton Swamp) to the existing Dam outlet structure to drain any water in Sergeant swamp and 

allow the water passage  ready for any minor rain event in the catchments. This channel should 

be used as the outlet channel later. Excavate a pilot channel at the design depth followed by 

Scrappers when soil is dry. 

5. When water level recedes in Winton swamp, excavate a connection channel between Winton 

swamp and Green swamp and commence construction of 200 ML/day Flood pump. 

6. When draining process continues, full embankment length “P1 – P2 – P3 – Px “and “P7 – P8 – 

P9” will be exposed. 

7. As soon as the embankment alignment is dry, clear dead trees, strip the soil for the embankment 

width and excavate the cut off trench. When Borrow material (good clay material available both 

side of the embankment) is ready for haul, construction of the embankment can proceed. 

8.  In parallel, construct 1200 ML/day outlet structure, 100 Ml/day outlet structure (optional) to 

Wetland (Green swamp) and all Irrigation (item1 above) and S&D Pump station. 

9. Note as soon as the 1200 ML/day outlet structure is completed, temporary diversion (3/900mm 

dia culvert) can be redirected through the outlet structure and connect the outlet channel as in 

item 4.  

10. Once all embankment works are completed, Reno mattress / Gabion Spillway structures with 

concrete crest for the two embankments could be constructed. The outfall channel from 

spillway shall be connected to the outlet channel leading from active cell. 

(Note: Capacity of structures and Length of Spillways provided for the options are based on limited 

data and therefore it is preliminary – Detailed investigation and design is required at a later stage. 

Issue on existing fish habitat required minimum water level with exposure level of Po – P1 refer 

item 3 on crest level of coffer dam).  

 

 



Lake Mokoan Project

Embankment Section ( Proposed similar to BBS)

Answer to DSE questions

Stripping Borrow for compacted 

bank

Rip Rap Filter Borrow for coffer dam Silt 

curtains

Total Estimate

Volume of required materials (m3)                            46,000                          466,000                            52,000                            19,000                            13,000 

Bulking factor

Total vol x bulking factor (m3)                            46,000                          466,000                            52,000                            19,000                            13,000 

Unit cost ($/m3) $1.95 $4.29 $44.52 $76.35 Ref comment

Cost ($M) $89,700 $1,999,140 $2,315,040 $1,450,650 $5,854,530

$3,671,250

$844,218

$428,313

$10,798,310

10%
$1,079,831

40%
$4,319,324

$16,197,466

Contingencies

TOTAL ($M)

D/S protection of embankment

Road base for embankment 

Sub-total ($M)

Survey, design, project management and contract administration

Costing Element Material

Measurements are based on work completed using design profile. We accept the work done on the embankment is to the 

bulked volume of earth dealt with individual tasks. We should stipulate in the tender so that the contractors can accommodate 

in their unit rate.

Clearing of dead trees , dealing with water ( inclusive of cofferdam) , Replacement of dead trees into borrow pit , cleaning of site on completion

Prepared By : B.Manics
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