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GLOSSARY 

A glossary of terms is given hereunder. 

Term Definition  
ANCOLD Australian National Committee on Large Dams 

Abutment That part of the valley side against which the dam is constructed 

Annual Exceedance 
Probability (AEP) 

Probability at which an event of specified magnitude will be equalled or 
exceeded in any year, normally used in relation to floods and earthquakes.  

Annual Recurrence 
Interval (ARI) 

A statistical estimate of the average period in years between the occurrence 
of a flood of a given size. For example, the 10 year ARI event will occur on 
average once every 10 years: this is equivalent to a 10 year ARI having a 10% 
probability (AEP) of occurring in any given year. 

Catchment The land surface area which drains to a specific point such as a reservoir 

Consequence Category Classification to categorise a dam for the potential consequences associated 
with failure. It is used to determine aspects such as the level and frequency 
of surveillance of a dam, and magnitudes of load cases to be used in the 
design and analysis of a dam.  

Dam Crest Flood (DCF) The flood which can be passed through the spillway with the reservoir level 
at the dam crest.  

Design Flood The flood for which the dam is designed to safely operate with appropriate 
freeboard. 

Factor of Safety (FOS) Ratio of acting to resisting loads  - indicative of the level of safety 

Failure The uncontrolled release of the contents of the dam/weir through collapse 
of the dam/weir or some part of, or the inability of a dam to perform its 
design functions such as water supply  

Flood Hazard The potential loss of life, property and services which can be directly 
attributed to a flood. 

Freeboard The vertical distance between a stated water level and the top of the dam. 

Foundation The material of the valley floor and abutments on which the dam is 
constructed. 

Full Supply Level, (FSL) The maximum normal operating water surface level of a reservoir when not 
affected by flood 

Height of Dam Normally the maximum height from the lowest point of the general 
foundation area to the top of the dam 

Gigalitre (GL) A unit of volume equivalent to 109 litres 

Left and Right hand 
direction 

The left and right hand directions when looking downstream at the dam 
site.  

Megalitre (ML) A unit of volume equivalent to 106 (one million) litres 

Minimum Operating 
Level (MOL) 

The level in the reservoir where extraction of water will cease – typically the 
lowest level at which the pumps can operate 

Outlet Works The combination of intake structure, conduits, tunnels, flow controls and 
dissipation devices to allow the release of water from a dam 

Population at Risk (PAR) All people who would be directly exposed to floodwater assuming they take 
no action to evacuate 
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Term Definition  
Probable Maximum 
Flood, (PMF) 

The flood hydrograph resulting from the probable maximum precipitation 
and, where applicable, snowmelt, coupled with the worst flood-producing 
catchment conditions that can be realistically expected in the prevailing 
meteorological conditions. 

Probable Maximum 
Precipitation (PMP) 

The theoretical greatest depth of precipitation for a given duration that is 
physically possible over a particular drainage basin. 

Relative Level (RL) Elevation in Australian Height Datum 

Storage An artificial reservoir, lake or basin for storage, regulation and control of 
water 

Spillway A structure designed to permit discharges from the storage under normally 
flood or in anticipation of floods 

Tailwater  The water at the downstream side of the dam 

Toe of Dam The junction of the downstream (or upstream) face of the dam/weir with 
ground surface (foundation) 

Top (Crest) of Dam The elevation of the uppermost surface of a dam/weir not taking into 
account any camber allowed for settlement, kerbs, parapets, crest walls, 
guardrails, or other structures that are not a part of the main  water 
retaining structure.  This elevation maybe a roadway, walkway or the non-
overflow section of a dam/weir. 

United States Army Corps 
of Engineers (USACE) 

One of the world’s leading dam authorities 
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1 INTRODUCTION

SMEC was engaged by Towong Shire Council (TSC) to undertake Phase One of The Narrows Project 
Feasibility Study, to assess the technical feasibility of constructing a water control structure across 
Lake Hume, on the Mitta Mitta arm, west of Tallangatta. 

It is understood that the lower water level in the Mitta Mitta arm of Lake Hume, between the 
months of November and April, impacts on potential recreation and tourism opportunities for the 
township of Tallangatta.  To this end it is envisaged that a water control structure would enable 
water levels to be maintained at a functional level during this period. 

It is intended that The Narrows Project be undertaken in three phases as follows: 
 Phase One – Literature review, identification of known physical constraints and preliminary 

cost estimate for the capital works 
 Phase Two – Preliminary feasibility assessment; and 
 Phase Three – Detailed option assessment. 

This report details the outcomes of Phase One of this project and includes: 
 Literature Review 
 Project History 
 Hydrological Assessment 
 Development of Geological Model 
 Legislation, Planning and Cultural Heritage 
 Options Development and Concept Design 
 Preliminary Cost Estimates for Capital Works 

The recommended concept design would provide the technical definition of The Narrows Project.  As 
such it should be highlighted that aspects including the economic benefits or social impacts resulting 
from The Narrows Project have not been considered.  
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2 AVAILABLE INFORMATION 

The following details the list of documents and background information utilised by SMEC for the 
study: 
 Photographs taken during site visit 
 Harold Corey (2000) Summary of Project History document entitled “History” 
 Woodward-Clyde (1995) Narrows Project Pre-feasibility Study 
 National Institute of Economic & Industry Research (1987) The Impact of ‘Bad Seasons’ on Lake 

Hume on Tallangatta Expenditure Levels 
 River Murray Commission (1985) Options for Maintaining Water Levels at Tallangatta for 

Recreation 
 Loder and Bayly et al, (1979) Lake Hume Recreational Capacity Study 
 State Rivers and Water Supply Commission (1949) Water Resources Investigation, Enlargement 

of Hume Reservoir, Effect on Township of Tallangatta 
 GMW (2014), Upper Murray Groundwater Management Area: Local Management Plan, 

DM# 3747717, Goulburn Murray Water, Victoria.    
 Stakeholder List and Business Contacts 
 Hume Dam – Storage Capacity Table 
 River Flow gauge data 
 Flood Frequency Data document entitled “Hume & Dartmouth Dams – Flood Frequency Data 

for Narrows Preliminary” 
 Various Document Extracts document entitled “Document Extracts” 
 Survey 

- 5m LiDAR (2007) 
- Bathymetric data (2007) 
- 10m ARC GIS files 

 Geological Survey of Victoria (1979), Hume: First Edition, 8325-IV Zone 55, Scale 1:50,000.  
 Geological Survey of Victoria (1976), Tallangatta: First Edition, Sheet SJ 55-3, Scale 1:250,000. 
 Geological Survey of Victoria (1997), Tallangatta: Second Edition, Sheet SJ 55-3, 1:250,000 

Geological Map Series.  
 O’Shea, PJ (1976), Explanatory Notes on the Hume 1:50,000 Geological Map, Geological Survey 

of Victoria Report 39 (1976/5), Department of Mines, Victoria. 
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3 PROJECT BACKGROUND 

3.1 Project Site 
The site of the proposed water control structure is located at a section of the Mitta Mitta River 
between the township of Tallangatta and Lake Hume.  Colloquially this section of the Mitta Mitta 
River is known as the Narrows.  A plan identifying the location of The Narrows is presented below in 
Figure 3.1 

 
Figure 3.1: The Narrows – Locality Plan 

Source: Department of Environment, Land, Water and Planning  
http://services.land.vic.gov.au/maps/pmo.jsp 

3.2 Project History 
In the late 1940’s a decision was made to increase the storage capacity of Hume Dam.  As a direct 
result of this increase in capacity the township of Tallangatta would have been inundated and hence 
provision needed to be made to ‘protect’ the town.  To this end it was agreed that the township 
would be relocated.  Two locations were considered namely Toorak and Bolga.  

It is understood that originally Toorak was the site preferred by Tallangatta residents but that 
authorities considered the move to Toorak undesirable due to the site being located at the extreme 
upstream end of Lake Hume.  At this location the backwaters of the reservoir were known to recede 
significantly when irrigation commenced and would have resulted in the township of Tallangatta 
facing mud flats over the summer months.  

In the early 1950’s it was agreed that the township would be relocated to Bolga.  This site was 
selected as Lake Hume was deeper at this location and it was expected that when the reservoir was 
drawn down the riverbed and mud flats would be observed less frequently.  In 1952 the Victorian 

http://services.land.vic.gov.au/maps/pmo.jsp
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Premier noted that the waters of Lake Hume would provide a great tourist attraction.  It is 
understood that Tallangatta residents took this to mean that only rarely would the mud flats be seen 
in front of the new Tallangatta township.  

In years that followed the relocation there were many occasions, namely at the end of February in 
the years 1956, 1957, 1958, 1962 and 1968, where the mud flats were visible and there was no water 
frontage for Tallangatta.  A drought in 1968 resulted in the near emptying of Lake Hume by the end 
of the irrigation season.  This prompted discussion about construction of a new dam upstream of 
Lake Hume (now known as Dartmouth Dam).  It became apparent that construction of another dam 
would result in more frequent low water levels at Tallangatta.  

In March 1968 local member T.W Mitchell raised with the Minister for Water Supply the possibility of 
the construction of an earth wall across “The Narrows” at a height sufficient to hold water for safe 
boating at Tallangatta.  At this time the State Rivers and Water Supply Commission (SR&WSC) said 
that an earth wall would not be satisfactory, as it would need to sustain the full ‘brunt’ of floods in 
the Mitta Mitta River and that the cost of a rock wall substantial enough to withstand such floods 
would be out of all proportion to the benefits. 

By 1970 a decision to build Dartmouth Dam seemed certain, and the SR&WSC wrote to the Shire of 
Tallangatta cautioning that an impact from the construction of Dartmouth Dam would be that the 
levels in Lake Hume would be ‘lower than average’.  Shire President Jim Harvey remarked that it 
appeared that after the completion of Dartmouth Dam there would be a fairly large area of mud flats 
in front of Tallangatta, and a lot earlier in the season than had previously been the case. 

In 1974 during the construction of Dartmouth Dam the Shire requested that a minimum operating 
level for Hume Dam be set.  Subsequently in 1978 the Chief Executive of the River Murray 
Commission (RMC) advised the Shire that the intention for Dartmouth Dam was to operate the dam 
as a backup dam with water only being released when it became apparent that there would be 
insufficient water in Lake Hume to last until the end of that particular irrigation season.  In addition it 
was noted that to release water from Dartmouth earlier, or to use it to maintain water in Lake Hume 
for recreation, would impact on the quantity of water available for irrigation in future years. 

In 1979, Loder & Bayly were commissioned by the Lake Hume Recreation Coordinating Committee to 
undertake a recreational study of Lake Hume.  Some of the key findings of this report related to the 
feasibility of constructing a dam near Tallangatta and included the following: 
 at a level of RL181.5m AHD there is no useable water off Tallangatta and the town ceases to 

become a viable centre for water-based recreation. 
 the current operation of Dartmouth and Hume Dams conflicts with recreational activities 

within Lake Hume; 
 alternative water operating policies for Dartmouth and Hume Dams to reduce fluctuations in 

water levels in Lake Hume during the recreational season would potentially increase the risk of 
irrigation shortfall, and potentially reduce hydropower generation at Dartmouth Dam. 

In 1982 the idea of constructing a dam at “The Narrows” was revisited with the Tallangatta Shire 
Council and the Tallangatta District Promotions Committee proposing to the Hon. Lou Lieberman that 
an embankment (“Lock”) be constructed to retain water at Tallangatta for boating during the 
Summer/Autumn recreation season.  The Rural Water Commission (RWC) undertook a brief review 
of the proposed “Lock” in March 1982 and suggested that a rock-faced earth embankment about 
11 metres in height and 430m long could be built within “The Narrows”.  The dam would hold back 
water at RL182mAHD or approximately 50% capacity of Hume Dam.  The cost to construct the 
structure was estimated at around $3 million.  Subsequently in 1983 Tallangatta Shire Council 
suggested that a structure at RL187mAHD should also be considered. 

A severe drought struck the region in the summer of 1982/83 resulting in the water level in Lake 
Hume dropping to similar levels to those experienced during the 1968 drought.  This level occurred in 



Project Background 

The Narrows – Technical Feasibility Study Report – Phase One  |  5 

spite of the fact that water had been released from Dartmouth Dam at the maximum carrying 
capacity of the Mitta Mitta River. 

In 1985 River Murray Commission (RMC) was commissioned to evaluate proposals for improving the 
availability of water for recreation in Lake Hume at Tallangatta.  The objective of the study was to 
determine if enhanced recreational opportunities could be obtained with little or no effect on the 
existing primary users of the resources, namely irrigation and hydroelectricity generation.  The three 
strategies that were investigated were: 
 Strategy A: Releasing water from Dartmouth Reservoir to maintain water in Lake Hume at 

Tallangatta until the end of February. 
This strategy gave satisfactory conditions for recreation at Tallangatta in 74% of all years, an 
increase over current conditions of 19%. 

 Strategy B: Releasing water from Dartmouth Reservoir to maintain water at Tallangatta but 
restricting Dartmouth releases to that water that had a 75% chance of spilling before the 
following November. 

This strategy gave satisfactory conditions for recreation at Tallangatta in 62% of all years, an 
increase over current conditions of 7%. 

 Strategy C: Constructing an embankment with Full Supply Level (FSL) RL182mAHD across the 
Mitta Mitta Arm of Lake Hume to maintain water for recreation. 

This strategy gave satisfactory conditions for recreation at Tallangatta in 100% of all years. 

The study indicated that the loss of irrigation supplies was small for all three strategies tested but 
that the losses to hydro electricity generation were significant.  When these costs were taken into 
account it was concluded that the strategies involving modifications to the Dartmouth releases 
resulted in significant improvements in the number of “good” recreation years (good year classified 
as water levels above RL182mAHD) but at a cost of around $1.6 million for Strategy A and $2.3 
million for Strategy B for every extra “good” year.  

The proposal to construct an embankment at a capital cost of $3 million (RWC, 1983) was considered 
the most cost effective for the Tallangatta area.  However if no provision was made for  adequate 
outlet facilities in the embankment then the extra dead storage behind the dam would result in an 
average cost to irrigation industry of $90,000/year, and that the cost of each additional good year 
would be $0.63-0.90 million.  In addition the cost to hydropower generation resulting from 
construction of a dam was estimated to be insignificant at about $1000/year.  The report did not 
provide an economical assessment of whether or not constructing a dam was viable. 

In 1987 the National Institute for Economic Research was engaged by the Shire of Tallangatta to 
investigate the impact of low levels in Lake Hume on tourism and income levels within Tallangatta.  
The results of the study showed that the economic loss to Tallangatta for a year where there is no 
water in summer for recreation was estimated at between $100,000 and $200,000. 

Later in 1987 a recreation consultant, Carl Malmberg, was appointed to prepare a recreation study 
for the whole of the Tallangatta Shire, based on the premise that a weir across the Narrows was not 
economically viable.  The outcomes of this study are not available. 

In general the impact of the lack of guaranteed recreational facilities was seen as not only being 
limited to tourism at Tallangatta.  The Albury-Wodonga growth centre also saw the lack of 
guaranteed facilities as a “major obstacle to their objectives”.  In 1988, in response to public 
agitation, Pak-Poy Kneebone were commissioned by the Murray Darling Basin Commission (MDBC) 
(formerly the River Murray Commission) to undertake an economic study.  The study aimed to make 
a comparison between economic gain over the whole of Lake Hume, including Albury-Wodonga, in 
operating the two dams so as to ensure the maximum possible water availability for recreation, and 
the economic loss to irrigation and power generation of such an action. 
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The study found that if the two dams were operated such that Lake Hume never fell below 85% 
capacity (NOTE: At RL189.5mAHD Lake Hume is approximately at 85% capacity), there would be a 
possible economic gain to the whole region of $2.2 million.  The economic loss would be: 
 Irrigation $67 million 
 Electricity generation $0.8 million 
 Salinity $2.8 million 

Following the release of this report it is understood that MDBC modified the operating regime of the 
two dams such that releases from Dartmouth commenced in the early summer months, rather than 
waiting to see if Lake Hume would be able to supply irrigation water for the prevailing season before 
commencing releases from Dartmouth dam. 

In 1994 the Shires of Tallangatta and Upper Murray were amalgamated to form Towong Shire 
Council.  Prior to election of the councillors for the amalgamated council, three interim 
Commissioners were appointed, and based on the sentiment that the economic future of the 
Tallangatta township was dependent on the construction of a weir at the Narrows, the interim 
Commissioners commissioned a prefeasibility study.  To this end in 1995 Woodward Clyde were 
engaged to investigate the feasibility of constructing an embankment at The Narrows to provide 
constant upstream water level of RL192mAHD (100% capacity of Lake Hume).  The key findings of 
this report were as follows: 
 With Lake Hume at approximately RL182m AHD the boat ramp becomes unusable and water 

skiing and power boating activities decrease by 50%. 
 When levels in Lake Hume drop from 100% to 85% capacity (NOTE: At RL189.5mAHD Lake 

Hume is approximately at 85% capacity), there appears to be no change in recreational use of 
Lake Hume.  When the reservoir drops from 85% to 50% (NOTE: At RL183mAHD Lake Hume is 
approximately at 50% capacity), there is a fall of 10% in the recreational use of the reservoir. 

 Storage volume of the dam at the Narrows (at Point Packer) with a FSL of RL192mAHD is about 
2.75% of Lake Hume or 83.5GL 

 Results of geotechnical investigations undertaken as part of the study indicated that the 
foundation of the dam is likely to be founded on silt and clay, with rock observed in the 
boreholes in the centre of the valley at around RL140mAHD (35m to 40m below natural 
surface). 

 Investigations also identified possible suitable sources of earth and rockfill material in the 
abutments at the proposed site. 

 The study concluded that to construct an armoured single zone embankment dam across the 
Narrows with a FSL of 192mAHD could be economically viable if the following assumptions 
were met: 
- A 4MW hydropower project was included in the project and power was sold in 

accordance with prices set out in co-generation agreement 1988; 
- Water supply authority contributed to the capital cost of the dam, an amount equivalent 

to the avoided capital cost of a new water treatment plant and associated works; 
- The State Government contributes to the capital cost of the wall an amount equivalent to 

the estimated rate revenue foregone which has been lost as a result of the historic Hume 
Dam expansion; and 

- Developer contributions from subdivision of lakeside real estate and increased rate 
revenue would be attributed directly to the project.  

The scheme proposed by Woodward-Clyde was dependent on a subsidy being available for the 
power generated under a renewable energy incentive scheme.  When it became apparent that the 
subsidy could not be obtained, the scheme was shelved at the end of 1996. 
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Since the prefeasibility study was undertaken a water treatment plant was built at Tallangatta to 
improve the quality of town’s water supply, particularly when drawing off water from Lake Hume 
when the reservoir level is drawn down. 

In 1998 Victorian Premier Jeff Kennett visited Tallangatta to meet Shire representatives and a 
community advocate for the Narrows Project to discuss the current proposed option.  At this time 
the proposal had been scaled back following the 1995 study to comprise a weir of sufficient height to 
hold water at Tallangatta at a level equal to 76% of lake capacity.  (NOTE: At RL188mAHD Lake Hume 
is approximately at 76% capacity).  The cost of this structure was estimated to have been $5.2million.  
At the end of 1998, the Shire unsuccessfully applied under the Commonwealth and Federal Cultural 
and Heritage Project for $5.2 million to undertake construction of the weir.  Subsequent to the 1998 
funding rejection, the Shire has been advised that an application for public funding is unlikely to be 
successful unless an economic study accompanies the application, and unless such a study shows 
that the expenditure is justified.  

It is understood that since 1998/99 no further investigation has been undertaken with regard to the 
Narrows project. 
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4 FUNCTIONAL REQUIREMENTS 

4.1 General 
In order to determine an appropriate weir arrangement for The Narrows a functional design criteria 
was developed to meet the project objectives.  The Functional Design Criteria memo was prepared to 
confirm Towong Shire Council’s (TSC), and the Project Steering Committee’s (PSC) functional 
requirements for the structure.  The criteria was based on SMEC’s understanding of the project 
drivers from discussions with TSC and utilising information from previous studies.  It was intended 
that any gaps in understanding be identified at an early stage and alignment be reached as to key 
functional requirements such that these requirements could be incorporated into concept design. 

To this end the functional design criteria memo was prepared and issued to TSC and the PSC for 
comment.  A copy of the functional design memo is presented in Appendix 4.1 along with a table 
summarising comments from TSC and the PSC, and associated SMEC response. 

4.2 Functional Design Arrangements 

4.2.1 General 

Based on review of the previous reports and discussions with the TSC a list of the key functional 
objectives are summarised below in order of decreasing importance:   

1. To maintain consistent water levels in Lake Hume at Tallangatta township over the peak tourist 
season (December to February) each year to encourage recreational water activities.  It is 
noted that the following water activities need to be accommodated: 
- Boating (including power boats) 
- Water skiing 
- Fishing 

2. To provide an alternative road access to the north side of the Mitta Mitta arm to the west of 
Tallangatta 

3. To provide improved water frontage and amenity in vicinity of the township 

4.2.2 Functional Criteria 

The following functional design criteria requirements provided a basis for which the concept was to 
be developed: 

1. Low maintenance 
It is intended that the structure essentially be an unregulated structure with no routine 
operational or maintenance requirements.  Normal river flows would pass over the dam, 
rather than be regulated through an outlet. 
Consideration would also be given to aspects such as floating debris/rubbish control. 

2. Flood Afflux 
Ensure minimal affect upstream of the weir as a result of the afflux caused by the 
construction of a weir across the river channel.  The structure would be designed such that 
the flood afflux at the 1 in 100 year event would be nominally zero.  The results of the afflux 
study are presented in Section 5.4. 

3. Flooding 
The structure needs to be capable of passing flows generated by the upstream catchment as 
well as Dartmouth Dam releases and spill flows via overtopping of the weir.  The structure 
will be designed to allow for overtopping in the upstream/downstream direction (Mitta 
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Mitta Flows).  Consideration will also be given to a requirement to allow for overtopping 
flows from Hume Dam in the downstream/upstream direction, albeit scenarios for such a 
situation are difficult to contemplate. 

4. Outlet 
The outlet would be designed to meet dam safety emergency drawdown requirements.  The 
maximum transfer from Dartmouth to Hume is 10,000ML/day.  It is also noted that during a 
flood, flows in the Mitta Mitta River may be greater than 10,000ML/day.  It was not 
considered feasible to design the outlet to pass either the maximum transfer between 
Dartmouth and Hume or these ‘run of river’ flood flows as the outlet would need to be of 
considerable size to pass 10,000ML/d.  As such it was judged that a smaller outlet would be 
suitable noting that once the storage is full inflows would be passed via the spillway 
increasing the overall discharge capacity of the structure. 
The durability of the outlet is an aspect that would be considered in the design, noting that 
the outlet would be submerged for all but infrequent periods. 

5. Road Access 
As the structure is to be designed to be overtopped, road access across the weir would 
require construction of a bridge/culvert.  The criteria proposed by TSC comprises two lane 
two way access, with access available when Hume Dam is at FSL.  As such it is expected that 
the bridge would also need to pass flood flows, as for any similar TSC road bridge in the 
Shire. 

6. Construction 
Sequence of construction was considered in terms of the requirement for passing of flows 
during construction and the timing of construction in general, with factors such as drawing 
down of Lake Hume (if possible) and construction in water considered. 

7. Operation of the Narrows (impact on Lake Hume) 
The structure would be designed to that ensure that if required The Narrows could be 
dewatered and the storage drained.  Dewatering of the storage would be undertaken via the 
outlet.  However, it should be noted that the ability to dewater the storage is a function of 
the inflows and as discussed previously it is not considered feasible to design the outlet to 
pass either the maximum transfer between Dartmouth and Hume or ‘run of river’ flood 
flows. 
It is understood that for inflows into Lake Hume up to 600,000ML/day (in the order of a 1 in 
60,000 year event) the storage level of Lake Hume is held around FSL by the spillway gate 
operation.   

8. Recreational Use 
It is understood that the ski-able water level at Tallangatta is RL184.1mAHD (Lake Hume 
storage volume equal to 55%) and that this level is 1m above the bottom of the Tallangatta 
boat ramp. 
It is not proposed to incorporate a lock for boat transfer across the structure.  However it is 
noted that depending on the height of the structure boat transfer across the structure would 
be possible given that the crest level of the dam could be several metres below the FSL of 
Lake Hume. 

9. Other aspects that would need to be considered at a later stage of the overall project 
include: 
- Siltation 
- Water quality 
- Erosion protection works i.e. due to flow and wave action 
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- Signals, signage and barriers for road closure, access to the dam generally, and boat 
navigation in the vicinity of The Narrows weir 

4.3 Consequence Category 
In establishing the functional design criteria for the Narrows project consideration was given to the 
likely Consequence Category for the dam should it fail.  Consequence Categorisation assists the dam 
owner in selection of design and operation criteria appropriate to the dam.  Such criteria could 
include design flood capacity, seismic stability criteria, operation and maintenance requirements and 
surveillance requirements. 

An initial assessment of the consequence category of the weir was undertaken using ANCOLD, 2012, 
Guidelines on the Consequence Categories for Dams.  As the weir is upstream of Hume Dam, and 
within the water body of Lake Hume, the severity of damage and loss resulting from a dam failure is 
likely to be minor to medium, essentially associated with damage to The Narrows structure itself.  
The dambreak would only involve water flowing into the existing Hume Lake, and the main loss will 
be the loss of the recreational facility created by the Narrows dam.  With regard to population at risk 
(PAR), it is judged that the only people potentially at risk during a dam failure are either water users 
within the reservoir or those users immediately downstream of the dam at the time of failure.  As 
such, a conservative assumption of PAR between 1 and 10 is considered reasonable.   Based on this 
initial assessment the weir would be classified as a ‘Significant’ consequence category dam. 
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5 HYDROLOGY 

5.1 General 
The construction of a weir within the Mitta Mitta arm of Lake Hume has the potential to alter the 
existing hydrological conditions upstream of the location of the structure.  In order to assess the 
feasibility, of the project the possible changes to existing hydrological conditions needed to be 
assessed.  To this end the following hydrological modelling was undertaken: 
 Evaporation Loss – Water loss in the storage due to evaporation. 
 Flood Afflux – The impact of the weir on flooding upstream. 

In addition, storage relationships for the new storage created by The Narrows Weir were calculated 
for use in the evaporation loss study and for information in general.   

Assessments of evaporation loss within the storage and the flood afflux resulting from construction 
of the new weir were undertaken for a number of weir heights and comprised the following weir 
crest elevations: 
 EL 184 (8m below Hume FSL) 
 EL 186 (6m below Hume FSL) 
 EL 188 (4m below Hume FSL) 
 EL 190 (2m below Hume FSL) 

For the purposes of the hydrological investigations, the weir embankment was assumed to be 
located at the most constricted river section of The Narrows as indicated on Appendix 5.1. 

The following sections detail the methodology and results of the hydrological assessment 
undertaken.  

5.2 Storage Relationships 
Storage relationships, comprising Elevation-Storage (Volume) and Elevation-Area curves, were 
developed for The Narrows Storage utilising available survey information.  The survey data was 
imported into the 12d software package and the topography of the storage modelled such that 
volumes and surface areas could be estimated. 

The storage relationships for The Narrows are presented below in Figures 5.1 and 5.2.   Based on 
these curves and the Storage-Elevation Curve for Lake Hume, a table presenting water depth, weir 
height and details on storage capacity for both Lake Hume and The Narrows, for each weir crest 
elevation is presented in Table 5.1. 
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Figure 5.1: The Narrows – Elevation-Storage Volume  

  
Figure 5.2: The Narrows – Elevation-Area Relationship 
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Table 5.1: Storage Relationships 

Weir Crest 
Elevation 

Depth below 
Hume FSL  

Indicative Capacity of Lake 
Hume 

Indicative 
Height of Weir 

Capacity of 
The Narrows 

(mAHD) (m) (GL) (% FSL) (m) (GL) 

EL184 8 1645 55 8 28 

EL186 6 1940 65 10 45 

EL188 4 2265 75 12 70 

EL190 2 2620 87 14 100 
(1) Assumed foundation level of EL176mAHD 

5.3 Evaporation Loss Estimate 
Evaporation loss is the volume of water within a storage that is lost due to evaporation and is a 
function of surface area and depth of water in storage.  For the purposes of this study it has been 
assumed that water depths are sufficient such that depth does not materially impact on evaporation 
for the weir options modelled.  As such the volume of evaporation loss from a water storage has 
been estimated based on the product of the surface area of the storage and the measured 
evaporation per unit area.   

The construction of The Narrows Weir will create a new water storage in the Mitta Mitta arm of Lake 
Hume and will result in a higher water level in the arm for a longer period of time resulting in a 
greater surface area and hence greater evaporation loss, compared with historic water levels in the 
arm in late summer and autumn.  

An increase in evaporation loss would only occur when the water level in Lake Hume drops below the 
crest elevation of the weir; this would be the point at which the weir begins to alter the surface area 
of Lake Hume.  For the purposes of assessing the evaporation loss estimate, it was assumed that the 
water level within The Narrows Storage would be held at top water level with the water level in Lake 
Hume dropping independently of The Narrows Storage.    

An estimate of the incremental evaporation loss that could be expected from The Narrows Storage 
was made utilising the daily evaporation data recorded by the ‘Hume Reservoir Met Station’.    

Average daily evaporation rates were calculated for each month and were multiplied by the number 
of days in the relevant month. The resulting average monthly evaporation rates are presented in 
Table 5.2. 
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Table 5.2: Average Monthly Evaporation for Lake Hume 

Month 
Number 

Month Average Monthly 
Evaporation (mm) 

1 January 245 

2 February 195 

3 March 160 

4 April 90 

5 May 45 

6 June 30 

7 July 35 

8 August 50 

9 September 75 

10 October 120 

11 November 170 

12 December 215 

Surface areas for The Narrows Storage for the various weir crest levels were obtained from the 
Elevation-Area chart presented in Figure 5.2.  The surface areas were then used along with the 
average monthly evaporation rates given in Table 5.2 to determine the average monthly total 
volume losses due to evaporation for The Narrows storage.  The results are presented in Figure 5.3. 
These total evaporation losses expressed as percentages of the storage volumes are presented in 
Figure 5.4.  

 
Figure 5.3: Evaporation Loss from The Narrows Storage 
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Figure 5.4: Percentage Evaporation Loss from The Narrows Storage 

 

As seen in Figures 5.3 and 5.4 the total evaporation loss increases with weir crest elevation. 
Conversely, the percentage evaporation loss decreases with weir crest elevation. 

However as discussed previously, an increase in evaporation loss will only occur when the water level 
in Lake Hume drops below the crest elevation of The Narrows weir.  Figure 5.5 shows the percentage 
of time that the water level in Lake Hume has dropped below nominal weir elevation over the past 
35 years (since the construction of Dartmouth Dam).  

 
Figure 5.5: Percentage of Time the Water Level in Lake Hume is Below The Narrows Weir FSL 
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Figure 5.6 shows the estimated incremental increase in the volume of evaporation loss for each weir 
crest elevation based on the historic water levels in Lake Hume.  It can be observed that the largest 
incremental increase in evaporation occurs over the months of November to April when the water 
level in Lake Hume are the lowest, The Narrows Weir is in operation (for a significant duration) and 
the differential water level between Lake Hume and The Narrows storage is the greatest.   

 
Figure 5.6: Potential* Incremental Evaporation Due to Construction of The Narrows 

*Based on Historic Water levels for Lake Hume: Years in Data Set (1979 - 2015) 

 

The average total incremental evaporation summed over a 12 month period is detailed in Table 5.3 
below. 

Table 5.3: Volume of Annual Incremental Increase in Evaporation Loss for Different Weir Crest Levels 

The Narrows Crest Level  Total Average Annual Incremental Evaporation 

(mAHD) (ML) (GL) 

190 10800 10.8 

188 7800 7.8 

186 4800 4.8 

184 2800 2.8 

 

It should be noted that the amount of evaporation loss represents a volume of water ‘lost’ to the 
Murray-Darling system, hence has potential to impact on security of supply in the system.   
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5.4 Flood Afflux 

5.4.1 General 

The introduction of a weir at The Narrows has the potential to impact on the extent of flooding and 
inundation upstream of the new structure under moderate and potentially extreme flood flows in 
the Mitta Mitta catchment.  In order to assess the potential upstream impact resulting from 
construction of the weir a hydraulic model was developed to estimate the incremental increase in 
flood depth above Hume Dam FSL, referred to as ‘flood afflux’.  

5.4.2 Model Setup 

The Narrows hydraulic model encompasses sections of the Mitta Mitta River and Tallangatta Creek.  
The modelling was undertaken utilising the HEC-RAS (USACE HEC Version 4.1.0 January 2010) 
software program.  This watercourse was divided further into three sections and denoted as follows: 
 Lake Hume (section of the Mitta Mitta River downstream of the confluence with Tallangatta 

Creek) 
 Mitta Mitta River (section of the Mitta Mitta River upstream of the confluence with Tallangatta 

Creek) 
 Tallangatta Creek 

A layout of the watercourse identifying these sections is presented in Appendix 5.1. 

The HEC-RAS model requires a variety of inputs namely: 
 water course geometry; 
 hydraulic inputs; and 
 boundary conditions. 

A description of the input required and value of the parameter adopted are presented in Table 5.4. 
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Table 5.4: HEC-RAS model parameters 

HEC-RAS Model 
Parameters 

Value 

Watercourse 
geometry 

The lengths of the three river reaches in the watercourse are given below: 
 Lake Hume – 13.3 km  
 Mitta Mitta River – 6.6 km 
 Tallangatta Creek – 7.1 km 

The weir is located 4.5 km upstream of the end of the Lake Hume river reach.  

Cross sections were generally placed at intervals of 500 m. The downstream 
cross section was placed at the confluence of the Mitta Mitta River and the 
Hume Reservoir.  

The layout of the watercourse and locations of cross sections are presented in 
Appendix 5.1. 

Structure (Weir) The Narrows Weir structure was modelled as a broad crested weir, with a 10 m 
wide crest and vertical upstream and downstream faces. A coefficient of 
discharge of 1.5 was adopted.  A number of weir levels were modelled namely, 
with crest levels of EL184m, EL186m, EL188m and EL190m.  

Manning’s ‘n’ 
Roughness 
Coefficient 

Manning’s roughness coefficients (n) were adopted for the watercourse cross 
sections as follows: 
 n = 0.035 – low flow channel and floodplain 
 n = 0.04 – river banks 

Downstream 
Boundary 
Condition 

The downstream boundary of the model was set at a constant water level of 
EL192mAHD, the FSL of Hume Dam.  It is understood that the Hume Dam 
spillway gates are operated such that the water level in Lake Hume is 
maintained at FSL up to a 1 in 60,000 AEP flood event.  It is noted that a 1 in 
60,000AEP event is approximately equal to an inflow to Hume Dam of 600,000 
ML/day (total inflow from the Mitta Mitta, Murray and tributaries) 

Upstream 
Boundary 
Conditions 

Normal depth was adopted for the upstream boundary condition.  In order to 
set this boundary condition the bed grade of the channel needed to be 
nominated.  Based on the survey data average slopes (S) of the river reaches 
were adopted as follows: 
 S = 0.001 Mitta Mitta River (1000H:1V) 
 S = 0.002 Tallangatta Creek (500H:1V) 
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5.4.3 Model Inflows 

A number of inflows to the proposed Narrows Storage were modelled.  Based on the original data set 
a correlation between flow and return period was not able to be confirmed.  As such a number of key 
flows were selected for modelling.  These flows along with an explanation for the selection of the 
flows is presented in Table 5.5. 

Table 5.5: Flows Modelled Down the Mitta Mitta River 

Mitta Mitta River 
Flow (ML/day) 

Explanation 

10,000 The normal maximum transfer rate from Dartmouth Dam to Lake Hume  

30,000 The flood of record on the Mitta Mitta River (since the construction of 
Dartmouth Dam)  

100,000 The flood of record on the Mitta Mitta River (since the construction of Hume 
Dam) recorded at the Tallandoon river gauging station on the Mitta Mitta River 

300,000 A flow equivalent to half the inflow to Lake Hume for the 1 in 60,000AEP event.  
As noted previously for events up to 1 in 60,000AEP the water level in Lake 
Hume is controlled by the spillway gates with FSL in the Lake maintained.  

Historical streamflow records indicate that the flows down Tallangatta Creek are approximately 
equal to 5% of the flows down the Mitta Mitta River. As such the flows modelled down the 
Tallangatta Creek were taken to be equal to 5% of the flows down the Mitta Mitta River.  

5.5 Results and Discussion  
The HEC-RAS model was first run for the ‘no weir’ condition to assess the case for water levels in the 
watercourse based on the existing conditions.  Subsequently modelling was undertaken for the 
various weir elevations being investigated.   Flood affluxes were assessed based on the difference in 
water levels when compared to the existing conditions outputs.   

Results from the HEC-RAS model are presented in Table 5.6.  
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Table 5.6: HEC-RAS Afflux Model Results (Incremental Depth of Water above the No-Weir Water 
Depth) 

Model Location 
(River/Station) 

Description Weir EL 
184mAHD 

Weir EL 
186mAHD 

Weir EL 
188mAHD 

Weir EL 
190mAHD 

 10,000 ML/day Afflux (mm) 
All cross sections n/a 0 0 0 0 

 30,000 ML/day Afflux (mm) 
All cross sections n/a 0 0 0 0 

 100,000 ML/day Afflux (mm) 
Lake Hume/4500 At The Narrows 5 5 5 15 
Lake Hume/8000 At Tallangatta  5 5 5 15 
Lake Hume/13000 Downstream of River Junction 5 5 5 15 
Mitta Mitta/14200 At Murray Valley Hwy Bridge 5 5 5 15 
Mitta Mitta/15000 At Tallangatta East 5 5 5 15 
Mitta Mitta/17500 At Spring Valley Rd Junction 5 5 5 14 
Tallangatta/2462.13 At Old Tallangatta 5 5 5 15 
Tallangatta/3987.13 South of George’s Creek 5 5 5 15 
 300,000 ML/day Afflux (mm) 
Lake Hume/4500 At The Narrows 7 7 33 343 
Lake Hume/8000 At Tallangatta  7 7 33 342 
Lake Hume/13000 Downstream of River Junction 7 7 33 335 
Mitta Mitta/14200 At Murray Valley Hwy Bridge 8 8 33 342 
Mitta Mitta/15000 At Tallangatta East 7 7 30 313 
Mitta Mitta/17500 At Spring Valley Rd Junction 5 5 24 254 
Tallangatta/2462.13 At Old Tallangatta 7 7 34 345 
Tallangatta/3987.13 South of George’s Creek 6 6 27 292 

 

As detailed in Table 5.4, the downstream boundary condition for all models was set at the FSL of 
Hume Dam.  This assumption relies on the premise that inflow equals outflow at the cross section at 
the downstream end of the model.  This assumption is valid for all modelled inflows, however as 
inflow increases, the influence of the downstream boundary condition on the upstream water levels 
decreases.  In essence, the watercourse itself begins to exhibit a backwater effect on the weir.  This 
backwater effect indicates that the model is no longer controlled by the downstream boundary 
condition, with the inflows instead dictating the behaviour of the model.  It is under this second 
scenario, with the upstream boundary condition controlling, that afflux occurs.  

It can be seen from Table 5.6 that there was no afflux for the various weir elevations for the smaller 
flows of 10,000ML/day and 30,000ML/day.  This result was due to the downstream condition 
controlling the water level far enough upstream for there to be no afflux.  

The ‘no weir’ results for the larger floods of 100,000 ML/day and 300,000 ML/day showed water 
levels that were increasingly exhibiting backwater effects as the flows increased. Hence afflux occurs 
naturally, even without the weir.  

The results for the 100,000 ML/day and 300,000 ML/day flows indicated affluxes for all weir 
elevations.  
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In summary the range of affluxes for each weir level for the flows modelled are presented in 
Table 5.7. 

Table 5.7: Summary of Afflux Investigation. 

Weir Elevation (mAHD) Flood Afflux 

184 0 to 10mm 

186 0 to 10mm 

188 0 to 35mm 

190 0 to 345mm 

 

Following the afflux investigation, SMEC received two flood frequency curves, namely: 
 Inflow and outflow frequency curves for Dartmouth Dam; and 
 Inflow frequency curve for Hume Dam. 

A copy of these charts is presented in Appendix 5.2.  The data was provided to assist in determining a 
relationship between the flows modelled and return period.  However neither chart provided 
sufficient data for a rigorous relationship to be developed. The flood frequency curve for Dartmouth 
Dam was not used to correlate the modelled inflows for The Narrows to return period as the flow 
increase/decrease between Dartmouth Dam and The Narrows was not consistent.  In some cases 
based on the flood gauge data there was a reduction in flows between Dartmouth Dam and The 
Narrows.  It was therefore considered appropriate to utilise the inflow flood frequency curve for 
Hume Dam to estimate likely return periods for inflows to The Narrows.  However, noting that the 
inflows to Hume Dam included flows from both the Mitta Mitta River and Murray River catchments, 
it was necessary to ascertain the percentage of flow that the Mitta Mitta tributaries contribute to the 
Hume Dam inflows.  In order to estimate the percentage of flow the gauge flow data (post 
construction of Dartmouth Dam) in the Mitta Mitta River and Murray River was combined to give an 
estimate of the total inflows to Lake Hume.  Utilising this data it was assessed that the Mitta Mitta 
River contributes on average 25% of the flow into Lake Hume.  At high flows, the Mitta Mitta River’s 
contribution decreases to 20%. However for the flood of record in the Mitta Mitta River it was 
assessed that the contribution from the Mitta Mitta River alone rose to 43%. In general terms it is 
judged that on average the Mitta Mitta River contributes between 25% and 45% of the inflows to 
Hume Dam during a regional storm event.   

In generating an inflow flood frequency curve for The Narrows the peak storm event for Hume Dam 
was selected as it provides the most conservative estimate.  As such for flows less than a 
1 in 10,000AEP event the 72 hour storm was adopted.  For flow greater than a 1 in 10,000AEP event 
the 24 hour storm was adopted.  The peak inflows into the Mitta Mitta Arm were then calculated by 
multiplying the peak inflows from the Hume Dam flood frequency curve by the contribution 
percentage.  Figure 5.7 presents an estimated flood frequency curve for The Narrows for a range of 
percentage contributions. 
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Figure 5.7: Estimated Flood Frequency Curves for The Narrows 

It should also be noted that the inflows into Lake Hume do not exclusively comprise the Murray Arm 
and Mitta Mitta Arm inflows, as surface flows would also enter Lake Hume directly. Therefore the 
Mitta Mitta flows calculated from the flood frequency curve are likely to be conservative. 

An estimate of approximate return period for the modelled flows based on The Narrows inflow flood 
frequency curve is presented in Table 5.8.  

Table 5.8: Correlation of Modelled Flows to AEP Events and Corresponding Maximum Afflux 

Mitta Mitta River Flow 

(ML/day) 

Total Flow Modelled(1) 

(m3/s) 

Approximate Return 
Period 

(1 in AEP) 

Afflux(2) 

(mm) 

10,000 120 < 1 in 10 0 

30,000 365 < 1 in 10 to 1 in 50 0 

100,000 1,215 1 in 50 to 1 in 4000 5 – 15 

300,000 3,650 > 1 in 10,000 5 – 345 
(1) Mitta Mitta River + Tallangatta Creek Flows 

(2) All weir heights 

 

Overall it can be concluded from the results presented in Tables 5.8 and Table 5.9 that significant 
affluxes are not experienced for events less than a 1 in 10,000AEP flood event, with results indicating 
a maximum modelled afflux of 345mm for a weir crest level set at EL190mAHD.  Should the weir 
height be set 2m lower at EL188mAHD the afflux would be less than 50mm. 

Again, based on the estimated flood frequency curve for The Narrows, the results of the model 
predict that for the 1 in 100AEP flood event, the maximum afflux for all weir levels modelled is 
15mm. 
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6 GEOLOGY

6.1 General 
A geological review of the proposed site for the Narrows was undertaken to allow for a preliminary 
geological model to be developed.  The review was undertaken utilising the following available 
information: 
 Regional geological maps and associated explanatory notes 
 Test pit investigations undertaken as part of Woodward-Clyde (1995) study 
 Bore construction details and logs obtained from Department of Environment and Primary 

Industries (DEPI) Victoria investigations undertaken in vicinity of the site  

6.2 Regional Geology 

6.2.1 General 

The Narrows is a slender section of the Mitta Mitta arm immediately upstream of Lake Hume, 
approximately 3km west of the town of Tallangatta.  When the water level in Lake Hume is low, the 
site of The Narrows reveals the old Mitta Mitta River and floodplain.  The Narrows extends 
approximately 4km in length and the river flats are on average approximately 500m wide.   

6.2.2 Geological Setting 

A number of Geological Survey of Victoria Maps were referenced in order to gain an appreciation for 
the geological setting.  These included: 
 Geological Survey of Victoria (1979), Hume: First Edition, 8325-IV Zone 55, Scale 1:50,000.  
 Geological Survey of Victoria (1976), Tallangatta: First Edition, Sheet SJ 55-3, Scale 1:250,000. 
 Geological Survey of Victoria (1997), Tallangatta: Second Edition, Sheet SJ 55-3, 1:250,000 

Geological Map Series.  

A copy of these Geological Maps along with the associated explanatory notes are attached in 
Appendix 6.1. 

With reference to Tallangatta (1976) the river banks have been formed in alluvial flats described as 
clay, sand, sandy clay and gravel with swamp deposits of grey-black clay.  These alluvial flats are 
reported as being of Recent Quaternary age and part of the Coonambidgal Formation.  This material 
is likely underlain by gneiss described as ‘gneissic pegmatite, minor schist’.  The gneiss is documented 
as being of Upper Ordovician age.  Reference to Tallangatta (1997) indicates that the river banks 
have a fluvial, lacustrine geology which is described as ‘clay, sand and sandy clay’ and part of the 
Coonambidgal Formation.  The material is documented as being of Mostly Holocene- Quaternary 
age.  The surrounding hills are shown to comprise gneiss of Lower Ordovician age and assigned as 
part of the Omeo Metamorphic Complex.  The geology within Lake Hume itself is not specified 
however it is likely that the alluvial materials along the river banks extend into the river channel and 
overlies the metamorphic rocks at depth. The two maps indicate similar geology, although the 
Second Edition map is not as descriptive as its predecessor.  

The Hume (1979) map is at a larger scale of 1:50,000 compared to the Tallangatta maps and provides 
more detail on the geology in the area surrounding Lake Hume.  This map indicates that the site is 
likely underlain, at depth, by Rubyview Gneiss described as ‘grey, fine to coarse-grained gneiss, 
banded or massive, poorly foliated, granitic in composition’.  The Rubyview Gneiss is of Lower 
Ordovician to Silurian age and is shown on the map as abutting the Mitta Mitta arm of Lake Hume. 
The geology within the lake itself is not specifically documented.  Along the banks of the river, the 
map indicates that there are deposits of colluvium described as ‘hillwash and scree deposits, red to 



Geology 

The Narrows – Technical Feasibility Study Report – Phase One  |  24 

yellow silt, sand and gravel poorly sorted, red-brown soil’.  The colluvium is of Pleistocene to Recent 
Quaternary age. The Shepparton Formation alluvials are documented along the creeks that flow into 
the Mitta Mitta arm of Lake Hume, including First Bay Creek, Washaway Creek and Jarvis Creek. 
These creeks are close to the site of The Narrows and the alluvial deposits are described as ‘buff to 
yellow-brown clay, silt, sand and gravel, soil grey-buff to red-brown’.  Given these Shepparton 
Formation alluvial deposits exist in the creeks it is likely that this same material is deposited in the 
Mitta Mitta River.  

According to the explanatory notes on the Hume (1979) map (O’Shea, 1976), the area surrounding 
Lake Hume contains Ordovician gneisses and schists that are intruded by granites and overlain by 
Tertiary and Quaternary alluvium in the river valleys.  The map area represents the northernmost 
part of the north-eastern metamorphic belt of Victoria.  The major fault in the Lake Hume area 
shown on the geological map of Hume is the north-east trending Talgarno Fault that runs from Sandy 
Inlet in the south to the Murray River in the north. The broader view of the area indicates that 
regional faults tend to strike either northwest-southeast or southwest-northeast.  Such a trend of 
smaller structures, such as foliation or local shears may occur throughout the metamorphic rocks.  
Other faults exist within Lake Hume and to the south of the Mitta Mitta arm of Lake Hume.  
Tallangatta (1976) indicates an inferred fault near the western end of the arm, trending southwest to 
northeast.  It appears to follow the general direction of First Bay Creek but is shown to terminate in 
the upper reaches some 3-4 km from the reservoir shoreline at the Narrows.  No other faults are 
documented within the Mitta Mitta arm itself. In general, the faults in the Hume area are likely to be 
quartz-filled and are generally aligned with creeks.  

Based on the information gained from the Geological Survey of Victoria maps, the site of the 
proposed weir at The Narrows is likely to be founded on alluvium in the river channel and colluvium 
at the abutments.  The adjacent hills are documented as comprising gneiss and it is likely that the 
alluvium and colluvium in the Mitta Mitta arm of Lake Hume is underlain by the same gneiss at 
depth.  The geological maps also indicate that the immediate site does not intersect any known 
faults.  

6.2.3 Hydrogeology 

The site of The Narrows is located within the Upper Murray Catchment.  GMW (2014) indicates that 
the groundwater resources in the catchment occur within two aquifer types. These include: 
 Basement Bedrock (Highlands) 
 Alluvial Aquifer (Sedimentary Plains) 

The alluvial aquifers are located within the Coonambidgal Formation that is associated with the 
Murray and Mitta Mitta Rivers.  The aquifers consist of gravel, sand and silt sediments that were 
deposited along the valley by the ancestral Murray and Mitta Mitta Rivers.  The alluvial aquifer is 
typically 20m to 50m thick along the flood plain of the river and can produce bore yields of 5-10 L/sec 
due to the permeable, unconsolidated material that comprise the aquifer.  
The sequence of groundwater flow within an alluvial aquifer is detailed in a Figure 6.1 below, sourced 
from GMW (2014).  
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Figure 6.1: Groundwater Flow through an Alluvial Aquifer (Figure 6, GMW 2014). 

6.3 Past Investigations 

6.3.1 General 

The extent of subsurface investigations undertaken in the vicinity of The Narrows site has been 
limited to the following: 
 Drilling of 4 boreholes in 1992 and 1 borehole in 1995 
 Excavation of 3 test pits and laboratory testing in 1995  

The locations of these field investigations are presented in Appendix 6.2. 

6.3.2 Drilling Investigations 

It is understood that these drilling investigations were undertaken by Hydrotechnology (Rural Water 
Corporation) in relation to the assessment of groundwater reserves in the Tallangatta region.  The 
results of these investigations are documented in reports entitled ‘Tallangatta Township Water 
Supply Investigation of a Groundwater Source, Part 1’, dated 1993 and 1995.  These Hydrotechnology 
reports were not available for this review however bore construction details and logs were able to be 
sourced from the Water Measurement Information System operated by DEPI Victoria (now known as 
the Department of Environment, Land, Water and Planning).   A copy of the raw data is attached in 
Appendix 6.3. 

Overall, five boreholes were drilled, four (4) boreholes from 7th May to 4th June 1992 and a further (1) 
borehole on 17th June 1995.  These boreholes were drilled upstream of The Narrows across the width 
of the floodplain.  Information on the locations, elevations, depths and drilling techniques of the 
boreholes are documented in Table 6.1.  
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Table 6.1: Summary of Drilling Investigations 

Location 
ID 

Easting Northing Elevation       
(mAHD) 

Depth (m) Method of 
Investigation 

Year of 
Investigation 

111316 517445.4 5992768.3 188.53 11 Cable Tool 1992 

111317 517475.4 5993036.3 181.37 44 Cable Tool 1992 

112526 517509.4 5993213.3 185.18 31 Cable Tool 1992 

112527 517395.4 5992976.3 182.8 40 Cable Tool 1992 

125933 517490.4 5993032.3 181.4 41.5 Cable Tool 1995 

The results of the borehole drilling generally indicate that the site comprises a mixture of silt with 
variable degrees of sand and clay near the surface, followed by gravels with variable amounts of sand 
and/or ligneous sand with seams of silt and ligneous silty clay.  Depth to bedrock at the centre of the 
river channel appears to be approximately 40m, reducing in depth closer to the abutments.  

An interpreted geological profile across the floodplain is presented in Appendix 6.4.   

It can be seen from the profile that the reported ground elevations of the boreholes do not match 
the LiDAR survey of the area; in some cases there is a difference of several metres. According to 
information obtained from the Water Measurement Information System, the borehole ground 
elevations were surveyed in November 2011. The LiDAR survey was reportedly taken in 2007. The 
reason for the discrepancy in elevations has not been established. However for this level of study the 
discrepancy is not critical. 

6.3.3 Testpit Investigations 

6.3.3.1 General 

Testpit investigations were completed as part of the ‘Narrows Project – Pre Feasibility Study’ 
undertaken by Woodward-Clyde.  The investigations comprised excavation of three (3) test pits, test 
pit scrapings and laboratory testing.  In addition, a 2-dimensional hydrogeological model was 
developed to investigate the potential for leakage beneath the proposed embankment.  

6.3.3.2 Fieldwork 

The tests pits were excavated over two days between the 31st May and 1st June 1995.  At the time of 
the fieldwork, the water level in Lake Hume was approximately EL177 – 178mAHD. 
The test pits were excavated at the proposed site of The Narrows embankment.  The locations of 
these test pits investigations are presented in Appendix 6.2. 

The test pits were logged by engineers from Woodward-Clyde.  A copy of these logs are presented in 
Appendix 6.5.  A summary the investigations is presented in Table 6.2 
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Table 6.2: Summary of Test Pit Investigation  

Test Pit 
ID 

Depth (m) Material 
Encountered 

Groundwater 
Inflow 

Samples 
Taken 

Method of 
Investigation 

TP1 0 – 0.6m 

0.6m – 3m 

Sandy SILT 

Silty CLAY 

At 3.0 m, rising 
slowly 

- Backhoe 

TP2 0 – 0.03m 

0.03 – 1.0m 

1.0 – 2.0m 

2 – 2.1m 

SILT 

Sandy SILT  

SILT 

Silty SAND 

At 1.6 m, rising 
slowly 

0.05-0.2 m Backhoe 

TP3 0 – 2.4m 

2.4 – 2.5m 

SAND 

SILT 

At 1.5 m, rising 
slowly 

- Backhoe 

 

The test pits revealed a non-continuous sequence of silts with varying amounts of sand as well as 
silty clays and sand.  TP3 towards the centre of the valley encountered 2.4 m of sand, indicating likely 
alluvial channels sediments.  It was noted that both test pits near the middle of the river flats (TP2 
and TP3) were terminated due ‘cave in’ likely due to groundwater inflow at depths of 1.5-2 m. The 
test pit near the right abutment, TP1, remained stable to a depth of 3m after which the test pit was 
terminated due to the limited reach of the backhoe.   

A number of test pits (scrapings) were also excavated on the right abutment in the vicinity of the 
proposed embankment to ascertain the likely conditions at the abutment/embankment interface. It 
is understood that excavation was not undertaken on the left abutment due to access constraints.  
Two lines of test pits were excavated to effective refusal at an area of exposed bedrock up to the 
Hume FSL.  Effective refusal was recorded between approximately 0.25 to 1m depths at slope 
distances of approximately 0 to 30m respectively below the estimated Hume FSL contour. The 
residual soil overlying the bedrock was observed to contain several less weathered rock fragments 
that increased in frequency with depth.  The depth to effective refusal varied between the test pits 
and in some cases within the test pit.  Effective refusal was encountered as a gradual change in 
material properties that increasingly hindered excavation, rather than as a discreet change in 
properties.  

6.3.3.3 Laboratory Testing 

One representative sample was taken during the fieldwork for geotechnical laboratory testing of 
dispersion characteristics.  The Emerson test was carried in accordance with AS1289.C8.1-1980.  

The sample selected for testing was taken from TP2 logged as a sandy silt.  The test pit log indicates 
that the sample material was moist, with low plasticity, dark brown and with fine-grained dark brown 
sand.  Reportedly, the purpose of the Emerson test was to ‘determine the potential dispersiveness of 
the upper alluvial material once subject to inundation after dam construction’.  

The results of the laboratory test classified the sample as Emerson Class 7 – ‘the air-dried crumbs of 
soil shall remain coherent in water and shall swell’.  The result indicated that the sample of sandy silt 
was not dispersive.  In addition Woodward-Clyde concluded that it is unlikely that suspended soils 
that affect water colour and turbidity would be generated by the immersion of these surface soils.  
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6.3.3.4 Hydrogeological Model 

A 2-dimensional hydrogeological numerical model of the proposed embankment was prepared by 
Woodward-Clyde to assess the potential for leakage beneath the dam.  

Input sources for the model included existing topographic information, the conceptual design cross 
section, lithological and hydrogeological information from Hydrotechnology investigations, in 
addition to estimated or assumed parameters.  

The embankment was modelled as being founded on a layer of silt which is underlain by sands and 
gravels and finally bedrock.  A depth to bedrock of 40m was adopted.  A constant flow was modelled 
as entering the sand/gravel aquifer.  The hydraulic conductivity of the sand/gravel aquifer was 
specified on the results of the testing undertaken by Hydrotechnology as part of the assessment of 
groundwater reserves in the Tallangatta region.  

The initial modelling indicated significant leakage through the sand/gravel aquifer due to its 
considerable thickness in the paleo valley.  Subsequently a second embankment was modelled that 
included a partially penetrating cutoff wall aimed at decreasing the leakage beneath the 
embankment. The results of this modelling under steady state conditions indicated the following: 
 Seepage in the order of 0.2m3/day (per metre width of embankment) would occur from the 

new reservoir through the silt layer and into the sand/gravel aquifer.  
 A partially penetrating cutoff wall would reduce the amount of leakage by less than 1%. 
 There would be no significant reduction in leakage unless the cutoff wall is fully penetrating 

(i.e. keyed into the bedrock). 
 The total depth of sand/gravel in the model would be unlikely to influence the leakage from 

the impounded water body.  

6.4 Interpretation of Subsurface Conditions 
The soil profiles encountered during the previous geotechnical investigations are generally consistent 
with the published geological information for the area.  

Although the borehole investigations were undertaken approximately 4km upstream of the site of 
The Narrows, it is judged to be representative of materials likely to be encountered at The Narrows 
site.  The regional geology identifies that the bed of the Mitta Mitta arm of Lake Hume comprises 
alluvial materials underlain by the bedrock into which the ancestral Mitta Mitta River was cut.  This 
was supported by the results of the drilling investigations.  Furthermore, the materials encountered 
in the test pits are consistent with the materials logged during the drilling investigations.  

In general, the subsurface conditions at the weir site are likely to comprise an upper layer of silt, with 
variable amounts of sand and/or clay to a depth of approximately 3-5m.  This layer is likely to be 
underlain by gravel and sand mixtures, with some intermittent seams of silty clay, down to bedrock. 
The materials overlaying the bedrock are likely to be Shepparton Formation alluvials.  The depth to 
bedrock is judged to be in the order of 40m near the centre of the river channel, decreasing closer to 
the abutments to meet the exposed rock at the hillsides.  The regional geology indicates that the 
bedrock is gneiss of Upper Ordovician age and is described as gneiss with a ‘granitic composition’.  

The geological profile of the river channel as attached in Appendix 6.4 is consistent with the 
description of the alluvial aquifer systems that are common in the Upper Murray Catchment, as 
reported in GMW (2014) and shown in Figure 6.1.  The groundwater inflows experienced during the 
test pit investigations further support the existence of an alluvial aquifer in the Mitta Mitta valley.  
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7 ENVIRONMENTAL AND CULTURAL ANALYSIS

7.1 General 
This section of the report sets out the legislation and approvals that may be applicable to the project 
and informs the need for specialist investigations that would be required.  The town planning 
approvals for the various project components have been reviewed, as well as a desktop review to 
identify areas of Aboriginal Cultural Heritage Sensitivity and Heritage Overlays, and the associated 
requirements.  

7.2 Relevant Legislation 
The legislation and associated approvals that may apply to the project are summarised in Table 7.1. 
The specific approvals and their requirements would be informed by specialist investigations 
required for the project. The various project components that have been considered include: 
 Development of a dam across The Narrows; 
 A new road to access the dam to the south of The Narrows (although not across the dam); 
 Drilling investigations (locations yet to be determined); and  
 Disposal of excess material in the dam or elsewhere in the study area (locations yet to be 

determined).     

A map of the indicative project components are shown in Figure 7.1.   

 
Figure 7.1: Project Area 

Source: Department of Environment, Land, Water and Planning  
http://services.land.vic.gov.au/maps/pmo.jsp 

http://services.land.vic.gov.au/maps/pmo.jsp
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Table 7.1: Legislation and Associated Approvals 

Act Approval Agency Statutory Approval  
(if required) 

Requirement/Trigger Reviews/Assessments Required 

Land Use and Development 

Planning and 
Environment Act 
1987  

 

(Towong 
Planning Scheme) 

Towong Shire Council Planning permit  

 

 

Planning scheme amendment   

Permit triggers are outlined in Section 7.3.2 of 
this report.   

 

Determine whether a Public Acquisition Overlay 
will need to implemented for the purposes of the 
access road through a planning scheme 
amendment, in addition a number of planning 
approval exemptions could be sought by 
amending the schedules (further investigation 
would be required for this)  

Planning assessment report to support 
planning permit application 

Flora and fauna assessment, including 
any offset requirements in accordance 
with Permitted clearing of native 
vegetation – Biodiversity assessment 
guidelines 

Traffic Impact Assessment and Traffic 
Management Plan  

Historic Heritage Assessment 

Cultural Heritage Assessment 

Cultural Heritage Management Plan 

Environmental Management Plan 

Dam Operations 

Aquatic and Waterway Assessment 

Native Title Act 
1993 

Department of 
Environment, Land, 
Water and Planning 
(DELWP) 

Native Title Future Acts Determine whether the works are on Crown land 
and whether Native Title may exist on the land.  

If required, determine whether the future acts 
are permissible under the Native Title Act.  

Identification of land tenure within the 
project area  

Land Act 1958 

Crown Land 
(Reserves) Act 
1978 

DELWP Application for lease and 
cancellation of existing 
licences that may be affected 
by the project   

Determine whether the works are on Crown 
land. 

Identify whether there are any existing licences 
that may be affected by the project.  

Identification of land tenure within the 
project area 
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Act Approval Agency Statutory Approval  
(if required) 

Requirement/Trigger Reviews/Assessments Required 

Environmental  

Environment 
Protection and 
Biodiversity 
Conservation 
(EPBC) Act 1999 
(Commonwealth) 

Department of 
Environment  

EPBC referral, if required Determine whether there are potential impacts 
on a matter of national environmental 
significance. 

Flora and Fauna Assessment 

Environment 
Effects Act 1978 

 

 

 

 

DELWP Environmental effects referral  

 

Determine whether there are potential impacts 
on the environment of a regional or State 
significance as listed in the referral criteria of the 
Ministerial guidelines for assessment of 
environmental effects under the Environment 
Effects Act 1978; there is a need for an 
integrated assessment; and normal statutory 
processes are not considered sufficient for the 
project. 

 

Various information should to be 
submitted, if applicable, as part of an 
environmental effects referral, including 
project description, land tenure, 
alternative project designs/locations, 
known or potential approvals, project 
implementation, preliminary 
environmental information (potential 
effects and mitigation measures), study 
program  and consultation plan.  

The Minister may require the proponent 
to provide additional information.   

Various studies may be required, 
including Flora and Fauna Assessment, 
Aquatic Assessment,   Waterways 
Assessment, Social Impact Assessment, 
Traffic Impact Assessment, Cultural 
Heritage Assessment, Cultural Heritage 
Management Plan, Historic Heritage 
Assessment, Geotechnical investigations  

Flora and Fauna 
Guarantee (FFG) 
Act 1988 

DELWP FFG Act Permit Impacts on threatened species or listed 
communities or undertaking a potentially 
threatening process.  

Flora and Fauna Assessment 

Aquatic Assessment 

Waterway Assessment 
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Act Approval Agency Statutory Approval  
(if required) 

Requirement/Trigger Reviews/Assessments Required 

Wildlife Act 1975 DELWP Authorisation   Determine whether native fauna will need to be 
captured and relocated. 

Flora and Fauna Assessment 

Fisheries Act 
1995 

DELWP Permit  Determine whether native fish will need to be 
captured and relocated. 

Aquatic Assessment 

Catchment and 
Land Protection 
Act 1994 

DELWP  

North East 
Catchment 
Management 
Authority 

 Determine whether noxious weeds need to be 
removed and whether the construction vehicles 
travel through areas of noxious weeds.  

Identification of land tenure within the 
project area 

Review of zones to determine whether it 
is a public use  

Flora and Fauna Assessment 

Conservation, 
Forests and Lands 
Act 1995 

DELWP  

 

Referral for comment 
pursuant to a planning permit 
application to removal, 
destroy or lop native 
vegetation defined as a high 
risk-based pathway or on 
Crown land which is occupied 
or managed by the 
Responsible Authority.   

Determine whether construction of the dam 
potentially interferes with the passage of fish. 

Flora and Fauna Assessment 

Waterway Assessment 

Aquatic Assessment 

Water Act 1989 

 
 

Water Act 2007  
(Murray-Darling 
Basin Agreement 
and Basin Plan) 
(Commonwealth) 

 

 

Goulburn-Murray 
Water 

 

Murray Darling Basin 
Authority  

 

Licence to construct works, 
including bores 

 

Murray Darling Basin 
Authority are to be informed 
of new proposals.  

The works will be within the bed and banks of 
the waterway. 

 

The public authority shall inform the Authority of 
the proposal and provide all necessary 
information to permit it to assess the anticipated 
effects of the proposal on flow, use, control or 
quality of water in the upper River Murray. 

Waterway Assessment 

 

 
Impacts Assessment Study 
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Act Approval Agency Statutory Approval  
(if required) 

Requirement/Trigger Reviews/Assessments Required 

Cultural Heritage  

Aboriginal 
Heritage Act 
2006  

Aboriginal Affairs 
Victoria/ Registered 
Aboriginal Party 

Cultural Heritage 
Management Plan/Cultural 
Heritage Permit  

Determine whether there are high impact 
activities within areas of aboriginal cultural 
heritage significance. 

Refer to Section 7.4.2 for findings from the 
desktop review.  
 

Due diligence assessment, Standard and 
Complex Assessments, Cultural Heritage 
Management Plan 

Heritage Act 
1995 

Heritage Victoria Permit to disturb a heritage 
object 

Determine whether works impact on objects or 
places of post-contact heritage that are listed on 
the Victorian Heritage Register.  

Refer to Section 7.4.3 for findings from the 
desktop review. 
 

Historic Heritage Assessment  

Other  

Road 
Management Act  

VicRoads/Towong 
Shire Council 

Consent  Determine whether works are required within a 
road reserve 

Determine whether a road will need to be 
opened 
 

Traffic Impact Assessment 

Local 
Government Act 
1989 

Towong Shire Council Declaration of a road 

Permit for drilling on Council 
land 

Determine whether works would be on Council 
owned land 

Determine whether the access road would be 
handed over to Council  
 

Identification of land tenure within the 
project area 

Land Acquisition 
and 
Compensation 
Act 1986 

Acquiring Agency Purchase of land or creation 
of easement 

Determine whether the works require purchase 
of land or creation of an easement 

Identification of land tenure within the 
project area 

Review of construction footprint 
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Act Approval Agency Statutory Approval  
(if required) 

Requirement/Trigger Reviews/Assessments Required 

Drilling investigations 

Local 
Government Act 
1989 

Towong Shire Council Permit for drilling on Council 
land 

Determine whether drillings would be on Council 
owned land 

Identification of land tenure within the 
project area 

- VicRoads Permit for drilling  Determine whether drillings would be on land 
within a VicRoads Road reserve  

Identification of land tenure within the 
project area 

- Relevant water 
authority  

Approval for drilling on land 
managed by the water 
authority 

Determine whether drillings would be on land 
managed by a water authority  

Identification of land tenure within the 
project area 

Water Act 1989 Goulburn-Murray 
Water  

Licence to construct a bore Determine whether this is applicable to the 
project 

Identify whether bores are required for 
investigating the potential to access 
groundwater  
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7.2.1 Land Use and Development Legislation 

The legislation associated with land use and development includes the following: 
 Planning and Environment Act 1987  
 Native Title Act 1993 
 Land Act 1958 
 Crown Land (Reserves) Act 1978 

The potential planning permit triggers are identified in Section 7.3.2 of this report. A planning permit 
application would need to be supported by a number of specialist reports, including a Flora and 
Fauna Assessment, and any offset requirements in accordance with Permitted clearing of native 
vegetation – Biodiversity assessment guidelines, Traffic Impact Assessment, Historic Heritage 
Assessment and Cultural Heritage (assessment and/or Cultural Heritage Management Plan).  

The land tenure of the project area would also need to be identified to determine whether Crown 
land will need to be developed and if Native title is present on this land.  

7.2.2 Cultural Heritage 

The legislation associated with cultural heritage includes:   
 Aboriginal Heritage Act 2006  
 Aboriginal Heritage Regulations 2007 
 Heritage Act 1995 

The cultural heritage legislation and requirements are detailed in Section 6.4 of this report.  

7.2.3 Other legislation 

Legislation to be considered associated with the construction of the road access includes the 
following: 
 Road Management Act  
 Local Government Act 1989 
 Land Acquisition and Compensation Act 1986 

The land tenure of the proposed road access alignment would need to be determined and whether 
the land would be acquired or an easement created. 

7.3 Planning Controls 
A desktop planning review of zones, overlays and particular provisions has been undertaken of the 
study area to identify the planning approvals that may be required for: 
 Development of a dam across The Narrows; 
 A new road to access the dam (but not across the dam); 
 Drilling investigations (locations yet to be determined); and 
 Disposal of excess material in the dam or elsewhere in the study area (locations yet to be 

determined).        

The following websites were used to identify the zones, overlays and areas of Aboriginal Cultural 
Heritage Sensitivity within the study area, as well as the need for a Cultural Heritage Management 
Plan (CHMP) associated with the various project components: 
 The Department of Transport, Planning and Local Infrastructure ‘Planning Maps Online’; and 
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 The Department of Premier and Cabinet Aboriginal Heritage Planning Tool to generate a report 
regarding the need to undertake a CHMP.   

The Towong Planning Scheme applies to the Narrows and the associated study area. The zones and 
overlays that apply, or may apply (depending on the project footprint), to the proposed location of 
the dam, new road and wider study area are shown Figure 7.2 and Figure 7.3, and are outlined in 
Table 7.2. Particular provisions that may apply to the project are also listed in this table. 

 
Figure 7.2: Zoning Map 

Source: Department of Transport, Planning and Local Infrastructure, Planning Maps 
Online, http://services.land.vic.gov.au/maps/pmo.jsp 

 
Figure 7.3: Overlays Map 

Source: Department of Transport, Planning and Local Infrastructure, Planning Maps 
Online, http://services.land.vic.gov.au/maps/pmo.jsp 

http://services.land.vic.gov.au/maps/pmo.jsp
http://services.land.vic.gov.au/maps/pmo.jsp
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Table 7.2: Applicable Zones, Overlays and Particular Provisions 

Project Area Zones, Overlays & Particular Provisions Locations 

Dam Public Use Zone 1 (PUZ1) – Service and 
Utility  

Applies to the waterbody  

Rural Activity Zone (RAZ)  Applies to areas abutting the Public Use 
Zone 1 to the north and south 

(further investigation would be required to 
determine whether the dam would be 
located in areas of the Rural Activity Zone) 

Significant Landscape Overlay - 
Schedule 1 (SLO1) – Lake Hume and 
Environs 

Applies to the waterbody and to land 
north and south of the waterbody 

Flood Overlay (FO)  Applies to the waterbody 

Clause 52.17 Native Vegetation Applies if native vegetation removal is 
required 

Access road  Rural Activity Zone (RAZ) Applies to land south of the waterbody 

Road Zone Category 1 (RDZ1) Applies to the Murray Valley Highway 

(a connection from the proposed access 
road to the highway may be required)  

Significant Landscape Overlay - 
Schedule 1 (SLO1) – Lake Hume and 
Environs 

Applies to the waterbody and to land 
north and south of the waterbody 

Heritage Overlay - Schedule 11 (HO11) 
and Schedule 70 (HO70) 

HO11 - Applies to the Cudgewa-Wodonga 
Rail Trail, located to the south of the 
waterbody and north of Murray Valley 
Highway 

HO70 - Applies to two Canary Island Date 
Palms at the Lakelands Caravan Park  

Clause 52.17 Native Vegetation Applies if native vegetation removal or 
destruction is required. 

Clause 52.29 Land Adjacent To A Road 
Zone, Category 1, Or A Public 

Acquisition Overlay For A Category 1 
Road 

Applies if a new access or alterations to an 
existing point of access to the Murray 
Valley Highway is required. 
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7.3.1 Land use definition  

A dam is defined as ‘utility installation’ pursuant to the Towong Planning Scheme. A utility 
installation is ‘land used: 

a) for telecommunications; 

b) to transmit or distribute gas, oil, or power; 

c) to collect, treat, transmit, store, or distribute water; or 

d) to collect, treat, or dispose of storm or flood water, sewage, or sullage. 

It includes any associated flow measurement device or a structure to gauge waterway flow.’ 

A ‘road’ is not defined in the Towong Planning Scheme. A common definition of a ‘road’ has been 
sourced from the Oxford dictionary. A road is ‘A wide way leading from one place to another, 
especially one with a specially prepared surface which vehicles can use’. 

Disposing of excess fill in the study area, land forming and revegetating the land would be considered 
as ‘earthworks’. The definition of earthworks in the Towong Planning Scheme is ‘Land forming, laser 
grading, levee banks, raised access roads and tracks, building pads, storage embankments, channel 
banks and drain banks and associated structures.’ 

Drillings for the purposes of geotechnical investigations is not considered to be a use or works, 
therefore no further discussion is included in this section.  

7.3.2 Planning permit exemptions  

Clause 62 of the Towong Planning Scheme provides the following exemptions: 
 The use of land for a Road except within the Urban Flood Zone and a Public Conservation and 

Resource Zone. 
 Buildings & works associated with a dam if a license is required to construct the dam or to take 

and use water from the dam under the Water Act 1989. 
 Buildings or works with an estimated cost of $1,000,000 or less carried out by or on behalf of a 

municipality. 

The planning permit triggers for each project component are identified below and summarised in 
Table 7.3.  

7.3.3 Environmental Legislation 

The legislation associated with environment aspects of the project include:  
 Environment Protection and Biodiversity Conservation (EPBC) Act 1999 (Commonwealth) 
 Environment Effects Act 1978 
 Flora and Fauna Guarantee (FFG) Act 1988 
 Wildlife Act 1975 
 Fisheries Act 1995 
 Catchment and Land Protection Act 1994 
 Conservation, Forests and Lands Act 1995 
 Water Act 1989 (including Murray-Darling Basin Agreement and Basin Plan) 

A Flora and Fauna Assessment would be required to determine whether a referral is required 
pursuant to the EPBC Act for matters of national environmental significance or whether a permit is 
required pursuant to the FFG Act for impacts on threatened species or listed community or 
undertaking a potentially threatening process.  
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As part of the specialist investigations undertaken for the project, it is recommended further 
consideration is given to whether an environment effects referral is required. The Ministerial 
guidelines for assessment of environmental effects under the Environment Effects Act 1978 (2006) 
sets out the referral criteria.  

The FFG Act identifies potentially threatening processes (the Processes List), which included the 
following:  
 Alteration to the natural flow regimes of rivers and streams; and 
 Prevention of passage of aquatic biota as a result of the presence of instream structures.  

It is recommended that further investigations are undertaken for the above processes.  

Other environmental impacts that would need to be considered, includes thermal changes to water 
temperature.  This aspect is particularly relevant for The Narrows due to variability of inflows 
associated with releases from Dartmouth Dam.  Temperature of water in rivers is an important factor 
in determining habitat quality. Alternation to stream temperature regimes can have adverse effects 
on instream biota and native freshwater fishes.1    

In addition, pursuant to the Fisheries Act 1995, Section 119 ‘Passage of fish not to be blocked’ states: 

(1) A person must not, except as permitted by or under this or any other Act, set a net, netting 
or other material or otherwise create an obstruction across or within a bay, inlet, river or 
creek or across or around an inter-tidal flat so that— 

(a) fish will or could be blocked and left stranded; or 

(b) immature fish will or could be destroyed; or 

(c) the free passage of fish will or could be obstructed. 

The above must be considered in the design of the dam.  It would need to be determined whether 
there are any exemptions that may apply for fishways when there is a dam located further 
downstream that ultimately prevents the movement of fish.   

                                                             
1 Source: Department of Sustainability and Environment, Action Statement: Flora and Fauna Guarantee Act 
1988, No. 178, webpage: 
http://www.depi.vic.gov.au/__data/assets/pdf_file/0006/249954/Alteration_to_the_natrual_temperature_reg
imes_of_rivers_and_streams.pdf  

http://www.depi.vic.gov.au/__data/assets/pdf_file/0006/249954/Alteration_to_the_natrual_temperature_regimes_of_rivers_and_streams.pdf
http://www.depi.vic.gov.au/__data/assets/pdf_file/0006/249954/Alteration_to_the_natrual_temperature_regimes_of_rivers_and_streams.pdf
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Specific sections to note from the Water Act 1989 include Section 51 ‘Licence to take and use water’ 

(1) A person may apply to the Minister for the issue of a licence to take and use— 

(a) water from a waterway (including the River Murray); or 

(b) groundwater; or 

(c) water from a spring or soak or water from a dam (to the extent that it is not 
rainwater supplied to the dam from the roof of a building or water supplied to the 
dam from a waterway or a bore), for a use other than domestic and stock use; or 

(d) water, other than recycled water, from any works of an Authority; or 

(e) water, other than recycled water, from any works of a person holding a water 
licence, a water and sewerage licence or a water headworks licence issued under 
Division 1 of Part 2 of the Water Industry Act 1994. 

Section 67 ‘Licence to construct works etc.’ outlines: 

(1) An Authority or any other person may apply to the Minister for the issue of a licence to 
construct, alter, operate, remove or decommission— 

(a) any works on a waterway (including the River Murray), including works to deviate 
(temporarily or permanently) a waterway; or 

(b) a bore. 

The Murray Darling ‘Basin Plan’ is developed and enacted under the Water Act 2007. The plans intent 
is to provide a coordinated approach to managing the Murray-Darling Basin’s water resources. The 
Basin Plan requires that consideration to be given to matters such as water availability, evaporation 
and drought response etc. 

7.3.4 Planning approvals  

 Dam  

The following identifies the planning permit triggers for the development of the dam, including 
changes to the topography of land (e.g. the earthworks within the dam).   

Use 

The dam would be primarily located in the Public Use Zone 1. If the use of the dam is for ‘Service & 
Utility’ and is carried out by or on behalf of the public land manager, a planning permit would not be 
required.  

An application for a permit by a person other than the relevant public land manager requires written 
approval by the public land manager.  

If the dam structure is partially located in the Rural Activity Zone, a planning permit would be 
required for the dam in that zone.  

Buildings and works  

If a licence has been sought for the dam under the Water Act 1989, a planning permit for buildings 
and works would not be required for the dam.  The Planning and Environment Act 1987 provides a 
definition of works, which ‘includes any change to the natural or existing condition or topography of 
land including the removal, destruction or lopping of trees and the removal of vegetation or topsoil.’ 
The placement of excess fill within the dam is considered to be associated with ‘works’, by changing 
the existing condition or topography of the land. If the placement of excess fill in the dam is 
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associated with constructing the dam, a planning permit would not be required if a licence has been 
sought under the Water Act 1989.   

If earthworks are required in the Rural Activity Zone that changes the rate of flow or the discharge 
point of water across a property boundary, or increase discharge of saline groundwater, a planning 
permit would be required for earthworks. Earthworks are defined as ‘Land forming, laser grading, 
levee banks, raised access roads and tracks, building pads, storage embankments, channel banks and 
drain banks and associated structures.’ 

Vegetation removal  

Pursuant to the Significant Landscape Overlay, a planning permit is required for vegetation removal. 
Pursuant to Clause 52.17 ‘Native Vegetation, a planning permit is required for native vegetation 
removal or destruction. There are unlikely to be any applicable permit exemptions.  

A flora and fauna assessment could identify the approval requirements relating to the inundation of 
native vegetation. 

  Road  

Use 

A planning permit is not required for the use of land for a road.  

Buildings and works  

Pursuant to the Significant Landscape Overlay and Heritage Overlay, a planning permit is required for 
building and works to construct a road.  

The Significant Landscape Overlay requires all applications for use and development 200 metres of 
the full supply level of Lake Hume to prepare an Environmental Management Plan that contains 
details of land management principles and actions relevant to the site and water quality of Lake 
Hume.  

Vegetation removal  

Pursuant to the Significant Landscape Overlay, a planning permit is required for vegetation removal 
or destruction. Pursuant to Clause 52.17 ‘Native Vegetation, a planning permit is required for native 
vegetation removal or destruction. There are unlikely to be any applicable permit exemptions.  

Further investigation would be required to determine whether the two Canary Island Date Palms at 
the Lakelands Caravan Park would be impacted by the proposal. Pursuant to the HO70, tree controls 
apply to these palms.    

 Summary 

Table 7.3 provides a summary of planning approvals that may be applicable to the proposed dam, 
road and drilling.  
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Table 7.3: Summary of Planning Permit Triggers 

Permit Triggers 

 Use Buildings & 
Works Earthworks Vegetation 

removal/destruction 
Access to a Road 
Zone Category 1 

Dam 

PUZ1 No2 Exempt3 - - - 

RAZ Yes Exempt3  Yes4 - - 

SLO1 - Exempt3 5 - Veg 
removal/destruction6 

- 

FO - Exempt3 - - - 

Road 

RAZ Exempt No Yes4 - - 

RDZ1 Exempt No - - - 

SLO1 - Yes5 - Veg 
removal/destruction6  

- 

HO11 - Yes - No - 

52.29 - - - - Yes 

All  

52.17 - - - Native veg 
removal/destruction7 

 

                                                             
2 If the dam is for the purposes of Service & Utility and is carried out by or on behalf of the public land manager. 
An application for a permit by a person other than the relevant public land manager requires written approval 
by the public land manager. 
3 Buildings and works associated with a dam are exempt from a planning permit if a licence has been sought 
under the Water Act 1989, otherwise a planning permit would be required.  
4 If earthworks are proposed that changes the rate of flow or the discharge point of water across a property 
boundary, or increase discharge of saline groundwater. 
5 A permit application for use and development within 200m of the full supply level of Lake Hume will be 
required to prepare an Environmental Management Plan (Clause 5.0 of Schedule to SLO1). 
6 Unless a specific permit exemption applies under Clause 42.03-3.  
7 Unless a specific permit exemption applies under Clause 52.17-7. Any native vegetation will need to be 
assessed and offset in accordance with the Permitted clearing of native vegetation – Biodiversity assessment 
guidelines (Department of Primary Industries, September 2014). 
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7.4 Cultural Heritage 

7.4.1 Legislation  

Aboriginal Heritage Act 2006 

The Aboriginal Heritage Act 2006 provides for the protection and management of Victoria's 
Aboriginal heritage with processes linked to the Victorian planning system.  The Act provides for a 
system of Registered Aboriginal Parties that allows for Aboriginal groups with connections to areas of 
land to be involved in decision making processes around cultural heritage.  The Act establishes the 
requirements for Cultural Heritage Management Plans (CHMP) and Cultural Heritage Permit 
processes to manage activities that may harm Aboriginal cultural heritage.  

Aboriginal Heritage Regulations 2007 

The Aboriginal Heritage Regulations 2007 sets out the circumstances in which a CHMP is required for 
an activity or class of activity.  Regulation 6 sets out that a CHMP is required for an activity if: 

(a) all or part of the activity area for the activity is an area of cultural heritage sensitivity; and 

(b) all or part of the activity is a high impact activity.  

Regulation 23 outlines areas of cultural heritage sensitivity include, but are not limited to, the 
following: 
 A registered cultural heritage place is an area of cultural heritage sensitivity; 
 Land within 50m of a registered cultural heritage place is an area of cultural heritage 

sensitivity; 
 A waterway or land within 200m of a waterway is an area of cultural heritage sensitivity; 
 A prior waterway or land within 200m of a prior waterway is an area of cultural heritage 

sensitivity. 

Regulation 43 ‘Buildings and works for specified uses’ outlines: 

The construction of a building or the construction or carrying out of works on land is a high impact 
activity if the construction of the building or the construction or carrying out of the works— 

(a) would result in significant ground disturbance; and 

(b) is for or associated with the use of the land for any one or more of the following 
purposes— 

(xxiii) a utility installation, other than a telecommunications facility, if—  

(A) the works are a linear project that is the construction of an overhead 
power line with a length exceeding one kilometre or for which more than 10 
power poles are erected; or 

(B) the works are a linear project that is the construction of a pipeline with a 
length exceeding 500 metres; or 

(C) the works are a linear project with a length exceeding 100 metres (other 
than the construction of an overhead power line or a pipeline with a pipe 
diameter not exceeding 150 millimetres); or 

(D) the works affect an area exceeding 25 square metres. 

The above regulation may apply to the dam, as construction of the dam would affect an area 
exceeding 25 square metres. 

Regulation 4 identifies that Significant ground disturbance means disturbance of— 

(a) the topsoil or surface rock layer of the ground; or 
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(b) a waterway— by machinery in the course of grading, excavating, digging, dredging or 
deep ripping, but does not include ploughing other than deep ripping; 

Regulation 44 ‘Constructing specified items of infrastructure’ outlines: 

(1) The construction of any one or more of the following is a high impact activity if the construction 
would result in significant ground disturbance— 

(e) a road with a length exceeding 100 metres; 

As the proposed road would be greater than 100 metres in length, it would be considered a high 
impact activity.  

Regulation 49 ‘Extraction or removal of sand or sandstone’  

(1) The extraction or removal of sand or sandstone (other than extraction or removal that requires an 
earth resource authorisation) is a high impact activity if the extraction or removal would result in 
significant ground disturbance. 

(2) Sub-regulation (1) does not apply to the extraction or removal of sand or sandstone— 

(e) if the primary purpose of the excavation or removal is for the construction of the footings 
or foundations of a building or structure. 

The above exemption may not specifically apply to the drilling investigations, as the intent is for the 
construction of footing or foundations, whereas the drillings is primarily for investigation purposes.  

Regulation 53 ‘Dams’ outlines: 

The construction or alteration of a private dam, other than on a waterway, is a high impact activity if 
a licence is required under section 67(1A) of the Water Act 1989 for the construction or alteration of 
the private dam. 

It is considered that the above regulation does not apply to the proposed dam across the Narrows, as 
it would be a public dam on a waterway.  

Heritage Act 1995 

The Heritage Act 1995 provides for the protection and conservation of places and objects of cultural 
heritage (non-Indigenous) significance. Heritage places and objects that are of significance in Victoria 
include historic archaeological sites and artefacts, historic archaeological sites and artefacts, cultural 
landscapes and significant objects. The Act also establishes a Heritage Council and the Victorian 
Heritage Register.  
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7.4.2 Aboriginal Cultural Heritage  

Areas of Aboriginal Cultural Heritage Sensitivity have been identified within the study area using 
Planning Maps Online. Refer to Figure 7.4 for areas of Aboriginal Cultural Heritage Sensitivity. 

 
Figure 7.4: Areas of Aboriginal Cultural Heritage Sensitivity 

Source: Department of Transport, Planning and Local Infrastructure, Planning Maps 
Online, http://services.land.vic.gov.au/maps/pmo.jsp 

Areas of Aboriginal cultural heritage significance are identified at the Lake Hume water body, as well 
as smaller areas, which presumably would relate to registered cultural heritage places and land 
within 50m of a registered cultural heritage place. A review using the Aboriginal Heritage Planning 
Tool has been undertaken to determine whether further cultural heritage investigations are 
required.    

Dam  

Regulation 53 only applies to the construction of a private dam not on a waterway, and is considered 
to be a high impact activity. As the proposed dam would be a public dam and located on a waterway, 
it may not be considered a high impact activity. If this is the case, a review using the Aboriginal 
Heritage Planning Tool identifies that a CHMP is not required, although it is suggested that a 
voluntary CHMP could be undertaken. This would minimise risks associated with finding cultural 
heritage material during construction and potentially delaying works.  

Alternatively, the dam could be considered as a utility installation, as the works will affect an area 
exceeding 25 square metres. A review using the Aboriginal Heritage Planning Tool identifies that a 
CHMP is required for the utility installation.  

Additional investigations undertaken by an archaeological and cultural heritage advisor is 
recommended.  

http://services.land.vic.gov.au/maps/pmo.jsp
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Road (greater than 100m in length) 

The road is likely to traverse one or two areas of Aboriginal Cultural Heritage Sensitivity. A review 
using the Aboriginal Heritage Planning Tool identifies that a CHMP is required to construct a road 
greater than 100m in length and within areas of Aboriginal Cultural Heritage Sensitivity. 

Drilling investigations  

A review using the Aboriginal Heritage Planning Tool identifies that a mandatory CHMP is not 
required.   

7.4.3 Post – Contact Cultural Heritage  

There are two Heritage Overlays within the study area that may be affected by the proposal, which 
area HO11 and HO 70, refer to Figure 7.5. 

 
Figure 7.5: Heritage Overlay – Schedule 11 and Schedule 70 

Source: Department of Transport, Planning and Local Infrastructure, Planning Maps 
Online, http://services.land.vic.gov.au/maps/pmo.jsp 

 

Heritage Overlay Schedule 11 (HO11) is for the purposes of protecting the ‘Railway Reserve Precinct 
(part of former Wodonga-Cudgewa Railway)’ and applies to the Cudgewa-Wodonga Rail Trail, which 
abuts the Murray Valley Highway to the north. The HO11 will need to be crossed to develop the 
proposed road. The Schedule to the Heritage Overlay notes that the Railway Reserve Precinct is not 
included on the Victorian Heritage Register under the Heritage Act 1995. As identified in 
Section 7.3.2 of this report, a planning permit would be required for buildings and works within the 
HO11.   

Heritage Overlay Schedule 70 (HO70) is for the purposes of protecting two Canary Island Date Palms 
at the Lakelands Caravan Park. Pursuant to the HO70, tree controls applies. Further investigations 

HO70 

http://services.land.vic.gov.au/maps/pmo.jsp


Environmental and Cultural Analysis 
 

The Narrows – Technical Feasibility Study Report – Phase One  |  47 

would be required to determine whether the project through the inundation of water impacts on 
these palms.  

Decision guidelines 

Before the responsible authority makes a decision on an application, they must consider the 
following, as appropriate:  
 The significance of the heritage place and whether the proposal will adversely affect the 

natural or cultural significance of the place. 
 Any applicable statement of significance, heritage study and any applicable conservation 

policy. 
 Whether the location, bulk, form or appearance of the proposed building will adversely affect 

the significance of the heritage place. 
 Whether the location, bulk, form and appearance of the proposed building is in keeping with 

the character and appearance of adjacent buildings and the heritage place. 
 Whether the demolition, removal or external alteration will adversely affect the significance of 

the heritage place. 
 Whether the proposed works will adversely affect the significance, character or appearance of 

the heritage place. 

It is recommended that a study is undertaken by a cultural heritage advisor to address the above and 
the study would be submitted as part a planning permit application or other applicable approvals 
process.  

There are no heritage listed places on the Victorian Heritage Register in the vicinity of the project 
area. There are a number of  historical places that are recorded on the Victorian War Heritage 
Inventory in the vicinity of the site, however they are located within the Tallangatta Township and 
would not be affected by the proposal, refer to Figure 7.6.  They are as follows: 
 Tallangatta Memorial Hall; 
 Tallangatta Volunteer Air Observers Corps Memorial; and 
 Tallangatta War Memorial. 

 
Figure 7.6: Sites Listed on the Victorian War Heritage Inventory 

Source:  Heritage Council Victoria, Victorian Heritage Database 
http://vhd.heritagecouncil.vic.gov.au/  

 

 

 

http://vhd.heritagecouncil.vic.gov.au/


Options Development 
 

The Narrows – Technical Feasibility Study Report – Phase One  |  48 

8 OPTIONS DEVELOPMENT

8.1 General 
The location of the proposed site for The Narrows was investigated prior to comment of options 
development.  Consideration was given to the following aspects: 
 Minimising the overall volume of water in storage.  This could be achieved by locating the weir 

as far upstream as possible.   
 Limiting the overall length of the structure and hence volume of earthworks required.    
 Outlet location and alignment.  It was considered preferable to excavate the outlet structure 

through ‘rock’ rather than through alluvial foundation and also to align the outlet structure 
such that is suits the alignment of the existing water course 

 Grade of the abutments.  ‘Flatter’ abutments would allow easier access to the site for 
construction and ultimately if judged to be feasible improve the approaches for vehicle access 
across the weir. 

On this basis the location as noted on Sketch 1 in Appendix 8.1 was selected, being the upstream 
entry to The Narrows. 

In order to identify the appropriate weir arrangement for The Narrows a number of options were 
considered and a preliminary options assessment undertaken.   

The following options were considered. 
 Option 1 – Rockfill structure with a core/cutoff 

This option would comprise a weir with rockfill shoulders and a nominally centrally located 
low permeability core and cutoff extending into the foundation.   

 Option 2 – Zoned earth and rockfill structure with a core/cutoff 
This option would comprise an earthfill structure with a centrally located low permeability 
core and cutoff extending into the foundation, filter/transition zone and rockfill beaching on 
the upstream and downstream shoulders for erosion protection. 

 Option 3 – Concrete Structure 
This option would comprise a mass roller compacted concrete (RCC) gravity structure. 

 Option 4 – Twin Walled Sheet Pile with Plunge Pool 
This option would comprise two parallel walls of sheet piles driven into the foundation, 
offset at least 5m, and backfilled above foundation level with conventional concrete.  The 
plunge pool would be constructed from conventional reinforced concrete. 

These options were evaluated in terms of a set criteria as well as benefits and limitations identified 
to determine the preferred option to be progressed.  A tiered approach was adopted: 
 Constructability (i.e. can it be constructed in water)  
 Technical 
 Design 
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8.2 Constructability 
A key aspect of the functional design requires that the weir be constructed in water.  For 
construction in water to be feasible it would be necessary to ensure that flows including daily 
transfers between Dartmouth Dam and Hume Dam could be passed through the site during the 
construction period.   

A typical approach would be to allow the flows to pass around the ‘end’ of the weir as the 
embankment is gradually extended out into the water course.  However ‘closure’ of the 
embankment would be difficult to undertake whilst still ensuring flows are passed through the site. 
As such, in order to manage flows during construction it is envisaged that the first task undertaken 
would comprise excavation of a trench through the left abutment for the outlet structure.  It is 
proposed that this ‘trench’ be utilised for diverting flows during construction.  It would be necessary 
to temporarily limit the maximum transfer between Dartmouth Dam and Hume Dam to less than 
5,000ML/day during the period that the diversion is in place.  Once construction of the embankment 
is completed the ‘trench’ would be cofferdammed to allow for construction of the outlet.  Flows 
would then be passed over the dam as for the proposed normal operation of The Narrows weir.  
Once the outlet is commissioned the cofferdams would be removed.  

On the basis that the outlet ‘trench’ would adequately pass flow, two approaches were considered 
for constructing a structure in water: 
 A – Design of a weir arrangement and selection of materials such that the weir can be 

constructed under water 
 B – Construction of cofferdam(s) and installation of a dewatering and river diversion systems 

to allow for placement of materials in the dry. 

For construction in the dry to be a realistic option it was judged that from both a practicality and an 
economic perspective, the cofferdams should be no more than 3m in height.  A review of the historic 
water levels in Lake Hume (post-Dartmouth, 1979-2015) was then undertaken to ascertain the 
frequency at which the water levels at The Narrows were up to 3m above foundation level 
(RL175mAHD).  This level equated to RL178mAHD.   

The results of the review of the historic water levels in Lake Hume since the construction of 
Dartmouth Dam is presented in Table 8.1 
 

Table 8.1: Summary of Historic Water Levels in Lake Hume (post 1979)  

Elevation RL175mAHD RL178mAHD 

Number of Occasions Below XXmAHD 20 20 

Average Consecutive Days Below XXmAHD 129 199 

Max. Consecutive Days Below XXmAHD 377 902 

Min. Consecutive Days Below XXmAHD 23 47 

Percentage of Days Below XXmAHD 20% 31% 

 

The results of this review indicate that there is likely to be a sufficient length of time over a three to 
five year period at which the water levels in Lake Hume will be below RL175mAHD.  This would allow 
for access to the dam foundation and hence construction of 3m cofferdams and commencement of 
construction of the weir.  Figures 8.1 and 8.2 show the duration and frequency at which water levels 
in Lake Hume are at or below RL175mAHD and RL178mAHD respectively.  It can be observed from 
Figure 8.2 that typically at least once in a five year period there is a 3 to 4 month construction 
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window between the months of April to July where construction of the weir could commence.  It is 
envisaged that although construction of the weir may not be completed within this period of time it 
would be reasonable to assume that the weir could be constructed to a level above RL178mAHD and 
hence allowing for construction of the dam to continue as the water levels in Lake Hume rise without 
impacting on the works in progress.  It should however be noted that with this approach it would be 
necessary to schedule the works to fit within this construction window.   

 

 
Figure 8.1: Frequency and Duration of Water Levels in Lake Hume to be below  

RL175mAHD (foundation level) 
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Figure 8.2: Frequency and Duration of Water Levels in Lake Hume to be below  

RL178mAHD (crest level of cofferdam) 

 

On the basis that both approach A and B would be acceptable, each option was assessed in terms of 
the requirement to be constructed in water.  Aspects relating to each option are discussed below. 
 Option 1 could be constructed in water.  Depending on the core/cutoff arrangement the 

rockfill could be placed first with the core/cutoff to follow by excavation through the rockfill, 
or alternatively the core/cutoff could be installed first from a barge and once in place the 
rockfill material could be placed either side.  A number of different core/cutoff arrangements 
could be considered including: 
- A: Sheet pile 
- B: Twin walled sheet pile backfilled with concrete 
- C: Reinforced concrete placed by secant pile techniques 
- D: Reinforced concrete placed by slurry trench techniques  
- E: Jet grout  
Conclude: OPTION 1 is Feasible 
 

 Construction of Option 2 would need to be undertaken in the dry as neither earthfill nor filters 
can be adequately placed and compacted in water.  In order to make the site ‘dry’ two 
cofferdams, one upstream and one downstream would need to be constructed, a dewatering 
system would need to be installed and a diversion pipe constructed to allow for flows to pass 
through the site during construction.    

Conclude: OPTION 2 is Feasible 
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 Option 3 would need to be constructed in the dry as it is not practicable to construct a 
concrete gravity weir in water.  As for Option 2, to make the site ‘dry’, installation of 
cofferdams, dewatering system and a diversion pipe would be required.   

Conclude: OPTION 3 is Feasible 
 

 Option 4, the twin-walled sheet pile structure could be constructed either under water or in 
the dry.  For underwater construction the sheet piles would first be driven from a barge and 
sealed at either end.  The void between the sheet piles would be pumped dry, the silt removed 
and the unreinforced concrete would be pumped into the ‘dry’ void providing mass for 
stability.  Unlike the other options a plunge pool would be required for energy dissipation 
(upstream to downstream only).  The reinforced concrete plunge pool would be constructed 
against the twin-walled sheet pile weir.  It is envisaged that a sheet pile cofferdam to the full 
height of the weir would be constructed around the perimeter of the plunge pool to allow 
dewatering of the pool area for placement of the concrete.  The sheet piles above the concrete 
would then be cut and removed, leaving only the sheet pile cut off around the perimeter of 
the plunge pool. 

Conclude: OPTION 4 is Not Feasible – Cost Prohibitive 
 

In summary it was assessed that although a construction methodology could be developed for all 
four options to allow for construction under water, it was judged that Option 4 would be cost 
prohibitive and for this reason was discounted from further consideration. 

8.3 Technical 
Following the constructability review a technical assessment of each option was undertaken.  
Primarily this assessment entailed evaluating the suitability and long term integrity of each option 
based on the foundation conditions of the site.  As discussed in Section 6 the interpreted geological 
profile of the lake bed comprises several metres of silt overlying 30 to 40m of alluvials before 
bedrock is encountered.   

A rock foundation is not considered realistic based on the depth of alluvials overlying bedrock. 
Founding the structure on the alluvials is considered acceptable but it is noted that this type of 
foundation is flexible and settlement of the structure are inevitable.   A rigid structure founded on 
alluvials would not be suitable as movement in the foundation could result in unpredictable 
performance of the structure.  In order to ensure integrity of a rigid structure such as the RCC gravity 
weir proposed for Option 3, it would be necessary to found the weir on structural piles to ensure 
predictable behaviour and manage settlement.   

It was assessed that Option 3 is cost prohibitive and hence the RCC weir was discounted from further 
consideration. 

Conclude: OPTION 3 is Not Feasible – Cost Prohibitive 
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8.4 Design 

8.4.1 General 

Options 1 and 2 were then compared taking into consideration the merits of each option with 
respect to the following aspects: 
 Serviceability – Durability and ability to meet the design intent. 
 Dam and Public Safety – Aspects which influence the safety of the structure or the safety of 

maintenance personnel or public. 
 Construction Duration, Risk and Constructability – The expected length of time associated with 

construction of the works, the possibility that the duration would exceed initial estimates and 
the risks associated with the construction duration being extended.  In addition the difficulties 
associated with the construction, safety risks during construction, constraints and limitations 
associated with construction.  

 Environmental Risk – Associated with construction activities such as noise, dust, contamination 
of waterways and on-going environmental risk. 

 Operation and Maintenance – Frequency and cost of on-going maintenance and operation 
difficulties (in particular safety) associated with maintenance and operation. 

 Cost* – Concept cost estimates have been prepared. These estimates should be used only to 
provide a comparison of relative costs between options and should not be used for budgeting 
purposes. 

* The unit rates adopted are based as far as possible upon recent experience with relevant 
similar works. Such rates can, however, vary significantly depending upon the prevailing 
business conditions at the time of construction. The actual unit rates for any particular task 
will be affected by many aspects such as perceived risks, availability of supplies, economic 
climate, competition etc.   
Cost estimates do not include an allowance for the following: 
- owner costs 
- land acquisition 
- water costs associated with incremental evaporation loss that could be expected from 

The Narrows Storage 
- traffic management and control 
- any restrictions on construction activities including hours of operation, truck movements, 

noise levels, etc. 
- delays in construction 
- on-going maintenance 
- architectural features 

A discussion on the details of the options and their evaluation is outlined below.  It should be noted 
that the geometry presented for each option is only that required for structural performance.  Each 
option can be modified to address public safety and amenity, essentially ‘architectural’ features, the 
cost of which has not been included in the evaluation.  Sketches showing the site layout and weir 
structure plan are presented in Sketches 1 and 2 in Appendix 8.1 
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8.4.2 Option 1 – Rockfill Dam with core/cutoff (See Sketch 3 – Appendix 8.1) 

This option has been developed on the basis that the water level at The Narrows would be above 
foundation level for duration of the works.  That is, the construction of the weir would be undertaken 
in-part under the water.  The construction sequence would be as follows: 

1. Construct outlet structure.  Assume 2m diameter, concrete encased, mild steel cement lined 
(MSCL) pipe with hydraulically actuated 2m x 2m vertical lift gate.  The outlet would likely be 
excavated into the south (left) abutment of the weir, largely in the dry.  An intake structure 
would be constructed to mount the gate and trash racks.  A discharge structure would also 
be constructed to provide a means for dissipating energy should The Narrows need to be 
dewatered and the storage drained with minimal tailwater level (Lake Hume at low level).   

2. Incrementally place Zone 3B rockfill downstream bund, sufficient width to cover the footprint 
of the downstream shoulder and for trucks to operate safely.  Assume angle of repose of 
dumped rock of 1.5H:1V. 

3. Incrementally place Zone 3A rockfill central core, width dictated by position of corewall within 
Zone 3A, and for trucks to operate safely.  Assume angle of repose of dumped rock of 1.5H:1V. 

4. Excavate downstream Zone 3B batter to flatten slope to 5H:1V to allow for overtopping of the 
weir.  The excavated rock would be placed on the upstream shoulder against the Zone 3A.  The 
upstream Zone 3B material would be placed on a slope of 3H:1V.   

5. Place Zone 4 rip rap for erosion protection on the upstream and downstream faces with a 
long-reach excavator. 

6. Install corewall and cutoff.  Cutoff would be required to extend to a nominal depth equal to 
the dam height into the alluvial foundation to form the foundation cutoff (actual depth to be 
determined in design phase).   

7. Place Zone 4 along crest of weir. 

8.4.3 Option 2 – Zoned Earth and Rockfill Dam core/cutoff (See Sketch 4 – Appendix 8.1) 

This option has been developed on the assumption that the zoned earth and rockfill dam could be 
constructed in the dry.   This would require the construction of the weir to be timed to suit a ‘dry’ 
sequence in terms of water levels in Lake Hume, and would also require construction of sacrificial 
upstream and downstream cofferdams.  The construction sequence would be as follows: 

1. Construct outlet structure.  The outlet for Option 2 would be as for Option 1.  Noting that for 
this option the outlet structure would be required to pass flows during construction of the 
weir.  Spoil from the excavation for the outlet would be used for upstream and downstream 
cofferdams and the weir generally. 

2. Construct Zone 1 core trench.  Assume a nominal 2m depth or equivalent to penetrate depth 
of silt in the foundation. 

3. Install cutoff.  Cutoff would be required to extend to a nominal depth equal to the dam 
height into the alluvial foundation to form the foundation cutoff.   

4. Progressively place in layers and compact Zone 1 earthfill core, Zone 2A and 2B blanket 
filters. 

5. Following completion of the blanket filter, progressively build the Zones 1, 2A, 2B, 3A and 3B 
materials up in layers to the top of the core.  Zones 1, 2A and 2B placed on a slope of 
0.5H:1V.  The Zone 3A material would be placed based on an assumed angle of repose of 
dumped rock of 1.5H:1V.  Placement slopes of the Zone 3B zones would be 3H:1V upstream 
and 5H:1V downstream. 

6. Progressively place Zone 4 for erosion protection on the upstream and downstream faces 
with a long-reach excavator. 

7. Cap the Zone 1 earthfill core with Zone 2A, 2B, 3A, 3B and Zone 4. 
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8.4.4 Options Assessment 

 Serviceability 
 Both options meet the design intent 
 Option 2 is a typical standards based design and hence is more robust with lower long term 

risk, whereas the arrangement for Option 1 is less typical with uncompacted rockfill and zone 
thickness determined primarily on constructability rather than technical requirements 

 As the dam is constructed on an alluvial, and hence potentially permeable, foundation, both 
options incorporate protection measures against foundation piping.  Option 1 provides for a 
‘deep’ cutoff, increasing the length of the seepage path whilst Option 2 provides a core trench 
through the silt layer, a ‘deep’ cutoff, and provides protection against piping through the 
foundation via a blanket filter.  It should be noted that it is not practicable to provide a 
foundation cutoff that extends to rock due to the depth of alluvials. 

 Dam and Public Safety 
 Dam safety requirements would be similar for both options.  Both options would require 

routine inspection in accordance with the ANCOLD Dam Safety Management Guidelines.  
Noting that inspection would be possible when the water level in Lake Hume is below The 
Narrows weir crest level. 

 The risks to public safety would be equal for both options. 

 Duration, Risk and Constructability 
 There is a risk associated with both options relating to exposure to flood during construction.  

It is envisaged that the risk could be reduced by programming the works during the ‘dry’ 
season.  However it is noted that an extreme flood during construction would have 
considerably less impact on the exposed weir for Option 1 than it would Option 2.  It is 
considered that should a flood occur during construction of Option 2 significant recovery and 
repair works could be required. 

 The total construction duration is expected to be longer for Option 2, noting the additional 
requirement to construct cofferdams and placement of earthfill and filter zones.   

 As discussed in Section 8.2 for Option 2 it would be necessary to time the works to fit within a 
specific construction window.  As such it could be several years before Option 2 could be 
constructed.  Construction of Option 1 could commence at any time that the water level is 
nominally 1m below weir crest level. 

 Option 1 in general is less weather dependent as there are fewer constraints on placement of 
rockfill compared to earthfill. 

 Environmental Risk 
 The footprint of both weir arrangements are nominally the same and hence any environmental 

impact on the watercourse or floodplain would be equal for both. 
 In terms of water security the impacts to MDBA are considered equal for all options. 
 It is considered likely that Option 2 would require a greater works area as material would need 

to be stockpiled on site for conditioning prior to placement 
 Risk to the environment in terms of noise, dust, contamination of waterways etc. are 

considered equal for all options. 
 In terms of aesthetics both options once constructed would be similar in appearance. 
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 Operation and Maintenance (O&M) 
 Both options require routine inspect and removal of debris and periodic inspection and 

operation of the outlet. 
 On the basis that the weir is assigned a consequence category of ‘significant’ an estimate of 

the net present value (NPV) over 50 years at 6% was estimated at $1.25M.  This amount is 
equivalent to an $80K annual budget. 

 Cost 
 It has been assumed that the earthfill, filters and rockfill could be sourced locally. 
 Concept cost estimates have been prepared to provide a comparison in relative costs.  The 

estimates are provided in Appendix 8.2.  The estimated capital works cost for each option with 
crest level of The Narrows weir at RL184mAD, inclusive of ancillary works and contingency 
costs, is as follows: 
- Option 1 = $64.7M 
- Option 2 = $52.7M 

 

8.5 Additional considerations 

8.5.1 Weir Crest Elevation 

In addition to dam type, consideration was also given to selection of a weir height.  Two options were 
considered: 
 Lowest crest elevation (RL184mAHD) 

It was considered that the lowest crest elevation would provide the most cost effective 
solution.  However it was necessary to ensure that at this level the viability of recreational 
use would not be affected.  RL184mAHD was selected as it is understood that this is the 
minimum water level that could still be ‘ski-able’. 

 Maximum water level (RL188mAHD) 
The maximum water level was judged to be the level that allowed for the deepest pool at 
The Narrows whilst ensuring the afflux for this level was acceptable.   
The results of the afflux study indicated that for weir height RL188mAHD the afflux would be 
no more than 35mm.  However beyond RL188mAHD the afflux increased to 345mm at 
RL190mAHD.  As such it was judged that a weir at RL188mAHD would provide the maximum 
benefit at The Narrows site with a lesser impact upstream. 

The estimated benefit during the months November to April of a weir at the Narrows for both crest 
elevations is presented in Table 8.2 below, based on historic Lake Hume water levels post Dartmouth 
(1979 to 2015). 

Table 8.2: Estimated Benefit of The Narrows Weir for Nominated Elevations 

 RL184mAHD RL188mAHD 

Total Days (Nov - Apr)* 6356 6356 

Total Days Below XXmAHD (Nov - Apr) 3300 4557 

Percentage Below XXmAHD (Nov - Apr) 52% 72% 

*Years in Data Set (1979 - 2015) = 35.26years 
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In summary it can be seen that historically the water level in Lake Hume was below RL184mAHD 52% 
of the time during the months of November to April and below RL188mAHD 72% of the time.  This 
means that a weir at The Narrows at RL184mAHD would have been providing a pool level at The 
Narrows 52% of the time since the construction of Dartmouth Dam.  The other 48% of the time the 
weir would have been submerged with Hume Dam controlling the water level at The Narrows 
regardless.  If instead the weir at The Narrows had a crest elevation of RL188mAHD the weir would 
have been providing a pool level at the Narrows 72% of the time since the construction of Dartmouth 
Dam.  The weir would have been submerged for the other 28% of the time. 

It was considered that the increase in benefit during the months of November and April resulting 
from construction of a taller weir warranted further investigation.   To this end a cost estimate was 
prepared for a rockfill weir (Option 1) for the purposes of assessing whether the additional benefit in 
constructing a taller weir could justify the increased cost.  The capital works cost associated with 
constructing a rockfill weir (including ancillary works) at RL188mAHD was estimated at $99.6M.  The 
capital works cost associated with construction of weir (excluding ancillary works) at RL188mAHD is 
almost double the capital cost of construction of a weir at RL184mAHD.   

In addition it should be noted that in terms of storage capacity the taller weir height at RL188mAHD 
holds 2.5 times the volume of water as compared to RL184mAHD.  These volumes amount to 28GL 
for RL184mAHD and 70GL for RL188mAHD.  It is also noted that the amount of water in storage 
represents a volume of water ‘lost’ to the Murray-Darling system, hence has potential to impact on 
security of supply in the system.   

8.5.2 Road Access 

Consideration was given to providing vehicle access from one side of the weir to the other and 
providing a connection between Murray-Valley Highway and Tallangatta-Bethanga Road.  It is noted 
that TSC required two lane, two way access across the weir when Lake Hume is at FSL.  For both weir 
options and crest elevations the weir would be underwater when Lake Hume is at FSL.  As such in 
order to provide access a road bridge would be required.  The bridge could be constructed either 
over the weir with the piers embedded within the weir or as a completely independent structure.   

The bridge would be constructed on piles.  This work would be undertaken primarily from a barge.   

An estimate of cost to construct a bridge meeting the requirements of TSC has been prepared based 
on the following: 
 Two 3.5m wide lanes 
 0.6m shoulders  
 No emergency lane 
 No provision for pedestrians or cyclists 

On this basis the estimated cost for the construction of the bridge would be in the order of $25M. 

8.5.3 Fishway 

It is noted that the results of future flora and fauna and/or aquatic assessments may identify the 
requirement for fish passage.  Should a fishway be required it is envisaged that based on the likely 
head differential a vertical slot arrangement would be most suitable.  A typical arrangement for a 
weir with crest level at EL184mAHD would comprise the following: 
 Concrete channel (slope 1V:25H) with baffles 
 2.5m wide x 200m long 

 On this basis the estimated cost for the construction of a vertical slot fishway would be in the order 
of $5M. 
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o Boating (including power boats) 

o Water skiing 

o Fishing 

• To provide an alternative road access to the north side of the Mitta Mitta arm to the west of 
Tallangatta 

• To provide improved water frontage and amenity in vicinity of the township 

 

FUNCTIONAL CRITERIA 
Historical Review 

In developing the functional criteria a review of previous studies was undertaken.  Key aspects 
associated with these studies are listed below: 

• Loder and Bayly et al, 1979 

o When Lake Hume is at RL 181.5m AHD there is ‘no useable water’ off Tallangatta 

• River Murray Commission (RMC), 1985 

o A brief review into maintaining water levels at Tallangatta was undertaken, including 
the construction of an embankment across the Mitta Mitta Arm.  Top Water Level 
(TWL) was set at RL182mAHD.  The report stated that a water level of RL182mAHD 
would provide sufficient water for recreation at Tallangatta in all years. 

o In regard to hydropower generation a dam with a TWL of RL182mAHD, was expected 
to reduce hydropower revenue by less than 0.5%. 

• Woodward-Clyde, 1995 

o This report documents that in November 1983 the Tallangatta Shire Council put 
forward ideas for a ‘Lock’ at RL187mAHD. No reason for the change in TWL from 
RL182mAHD as previously suggested by the Rural Water Commission to RL187mAHD 
was provided. 

o A feasibility study into constructing a dam with a TWL at RL192mAHD was 
undertaken.  It is noted that this arrangement included road access across the dam 
and included hydroelectricity generation. 

o This report documents that at approximate RL182mAHD the boat ramp becomes 
unusable and water skiing and power boating activities decrease 50%. 

o When levels in Lake Hume drop from 100% to 85% of full capacity there appeared to 
be no change in recreational use of Lake Hume.  When the reservoir dropped from 
85% to 50% there was a fall of 10% in the recreational use of the reservoir 

o Storage volume of the dam with a TWL of RL192mAHD was about 2.75% of Lake 
Hume or 84GL if constructed at ‘Point Packer’. 

• In an abstract of the history of the Narrows Project, it was recorded that by May 1998 the 
council proposal for a weir at Tallangatta had been scaled back to comprise a weir of 
sufficient height to hold back water at Tallangatta at a level of RL188mAHD.  At RL188mAHD 
Lake Hume is approximately at 76% capacity.   

It can be seen that in the previous studies various water levels for the dam have been investigated 
ranging from RL182mAHD to RL192mAHD.  In determining an appropriate TWL for the Narrows Dam 
it was assessed that the water level should be set to allow the enjoyment of recreational activities 
including boating and water skiing without the potential dangerous hazard of trees and stumps 
discouraging or hindering the recreational activities.   
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Functional Design Arrangements 
The key function design requirements are detailed below: 

• Low maintenance 

It is proposed that the structure be an unregulated structure with no routine operational 
requirements.  It is intended that the only operational ‘rule’ would involve release of the 
Narrows storage via the outlet on request from the operators of Hume Dam.  It is envisaged 
that this release of the storage would be triggered at a particular water level in Lake Hume. 

• Flood Afflux 

Ensure minimal affect upstream of the weir as a result of the afflux caused by the 
construction of a weir across the river channel.   

• Flooding 

Structure needs to be capable of passing flows generated by the upstream catchment as well 
as Dartmouth dam spill flows via overtopping of the weir. 

• Outlet 

The outlet would be designed to meet dam safety emergency drawdown requirements.  It is 
noted that it is not intended that the outlet be operated for run of river flows.  

• Fishway 

Upstream and downstream fish migration requirements would be assessed as part of options 
development to determine if there is any requirement for a fishway. 

• Road Access 

As the structure is to be designed to be overtopped, road access across the weir would 
require construction of a bridge/culvert.  It is noted that TSC requires two-lane, two way 
access.  SMEC require input from the PSC on this aspect in regard to access requirements, 
including: 

o confirmation of road width i.e. assume 3.5m width lanes with shoulder and 
pedestrian/maintenance access on either side 

o access requirements i.e. how often is the road likely to be used? Would it be 
acceptable for the road to be closed when Lake Hume is at 100% or 75% of 50% 
capacity?  

• Other aspects that would need to be considered at a later stage of the overall project 
include: 

o Siltation 

o Water quality 

With consideration of the above requirements SMEC has developed two alternative functional design 
criteria for consideration.  Following PSC review it is envisaged that agreement would be reached on 
the preferred criteria before the options development phase commences.  It is recognised that the 
criteria may require amendment to incorporate any comments received from the PSC.  In particular, 
relating to the water depth requirements for the various recreational activities. 

The alternate functional design criteria are summarised below and in Table 1: 

• Option 1 – TWL = RL188mAHD  

This option has been nominated to further investigate the option proposed by the council in 
1998.  At this elevation it is expected that a suitable water level can be provided for 
recreational use whilst minimising the height of the weir required.   

It is noted that this at RL188mAHD the weir would be 4m below the FSL of Hume Dam and 
hence fully submerged.   Requirements of road access would need to be confirmed. 
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• Option 2 – TWL = RL 191mAHD 

This option has been proposed to maximise the water level at Tallangatta, whilst ensuring 
that the recorded inflows down the Mitta Mitta arm can be safely passed over the weir 
without exceeding the FSL of Hume Dam.   

It is noted that at RL91mAHD the weir would be 1m below the FSL of Hume Dam and hence 
fully submerged.   Requirements of road access would need to be confirmed.   

Table 1: Functional Design Criteria 

 Option 1 Option 2 

Weir Crest Level RL188mAHD  RL191mAHD  

TWL RL188mAHD  

(average water depth 12m) 

RL191mAHD  

(average water depth 15m) 

Foundation Level RL176mAHD (nominal) RL176mAHD (nominal) 

Outlet Invert Level RL176mAHD (nominal) RL176mAHD (nominal) 

 

In addition, in establishing the functional design criteria for the Narrows project consideration was 
given to the likely Consequence Category for the dam.  An initial assessment of the consequence 
category of the weir was undertaken using ANCOLD, 2012, Guidelines on the Consequence 
Categories for Dams.  As the weir is upstream of Hume Dam, and within the water body of Lake 
Hume, the severity of damage and loss resulting from a dam failure is likely to be minor to medium.  
The dambreak would only involve water flowing into the existing Hume Lake, and the main loss will 
be the loss of a local or possibly regional recreational facility.  With regard to population at risk (PAR) 
it is judged that the only people potentially at risk during a dam failure are either water users within 
the reservoir or those users immediately downstream of the dam at the time of failure.  As such, a 
conservative assumption of PAR between 1 and 10 is considered reasonable.   Based on this initial 
assessment the weir would be classified as a ‘Significant’ consequence category dam 

On the assumption that the weir has a Consequence Category of Significant the following design 
loadings as suggested by ANCOLD would be considered. 

 

Load Case Usual Unusual Extreme 

  Flood Earthquake 
(OBE) 

Flood Earthquake 
(MDE) 

Very low to 
Significant 
Consequence 
Category Dams 

1:50 AEP 
Flood but with 
FSL as a 
minimum case 

1:500 AEP  

 

1:475 AEP 1:1000 AEP 
to 1:10,000 
AEP 

1:1000 AEP 

 

Note:  OBE – Operating Basis Earthquake 

 MDE – Maximum Design Earthquake 



Functional Design 
Criteria Requirement 

TSC/PSC Comments Organisation SMEC Comment/Action 

Low Maintenance None n/a n/a 

Flood Afflux The flood afflux at 1:100 year event should be zero or close to as 
agreed with TSC 

G-MW  

(Graeme 
Hannan) 

The predicted inflow to the Narrows for the 1:100 event is not known.  
An estimated correlation has been made based on inflow/outflow data 
for Dartmouth and Hume Dams provided by MDBA.  More detailed 
assessment can be undertaken should project progress to the next 
phase 

The flood afflux should be estimated and reported for the other 
flood cases (1:50, 1:1000, 1:10,000) 

G-MW An exact correlation between inflow to the Narrows and return period 
could not be determined based on data provided.  Flood afflux was 
estimated for a number of meaningful flows.  An estimated correlation 
has been made between these flows and return period.  More detailed 
assessment can be undertaken should project progress to the next 
phase 

Flooding While an unlikely scenario, consideration should be given to 
downstream water level exceeding upstream in the event of a 
large Murray flood that is not matched by a flow on the Mitta 
Mitta.  This would be possible  if the adopted TWL is less than the 
FSL for Lake Hume 

MDBA  

(Andrew 
Reynolds) 

Noted – albeit consider that this Murray flood is an ‘extreme’ event 
and hence the weir does not require the same level of design as 
necessary for flows travelling in the upstream to downstream (Mitta 
Mitta flow) direction.  Intended operation for The Narrows would be 
that The Narrows is at top water level on all occasions except for when 
there are extreme low levels in Lake Hume.  As such a high Murray 
inflow would be absorbed into Lake Hume downstream of The 
Narrows.   

Outlet Do not understand the statement “run of river flows” G-MW The statement run of river flows was intended to convey that the 
outlet would not be designed to release flood flows on the Mitta Mitta 
River. 

The low level outlet will have capacity to meet the maximum 
transfer rate from Dartmouth to Hume, say 10,000ML/d 

The outlet would need to pass the maximum transfer from 
Dartmouth to Hume (say 10,000ML/d) with both the upstream 
and downstream pools drawn down to near empty.  This is 
necessary to protect downstream entitlements in severe drought. 

G-MW 
 

MDBA  

Disagree – The size of the outlet would need to be considerable to pass 
10,000ML/d.  Consider that a smaller outlet would be suitable noting 
that once the storage is full inflows would  be passed via the spillway 
increasing the overall discharge capacity of the structure 



Functional Design 
Criteria Requirement 

TSC/PSC Comments Organisation SMEC Comment/Action 

Maintenance access/dewatering capability must be provided with 
consideration that water levels may stay high for an extended 
period (in particular a low level outlet may be submerged for 
many years) 

MDBA Agreed – dewatering capability would be considered as part of 
establishing the size of the outlet, however not under high river flow 
scenario.  Should planned maintenance be required it is expected that 
releases from Dartmouth would facilitate this.  

Agreed – durability of the outlet would an aspect considered as part of 
the concept design, albeit considered most relevant for detailed design 

Fishway None n/a n/a 

Road Access If there is a road structure it will be available when Lake Hume is 
at FSL 

G-MW Noted – Based on this requirement a road bridge (similar to the Murray 
Valley Hwy bridge) would be required.  The elevation of the road 
bridge would be set such that the road would be accessible up to a 1 in 
100 event and permit recreational craft to safely navigate the lake. 

A means to close the road when lake levels are high is needed MDBA Agreed – However consider that this a requirement for Detailed Design 

Two lane, two way access is required TSC Noted 

Siltation None n/a n/a 

Water Quality Consider that water quality is a consideration for Phase One.  
Three items that would need addressing are: 

Increase in BGA counts 
Increase in turbidity 
Increase in Pathogen risk 

NEW Disagree – not in current scope.  Requirement is to provide technical 
definition only.  Agree that Water Quality is a factor that should be 
considered albeit at a later phase of the project 

Boat Access G-MW opinion is that a lock for boat transfer should not be 
provided 

G-MW Agreed – Although boat access will be available subject to Lake Hume 
water levels, as The Narrows weir would be below the FSL of Lake 
Hume 

If the embankment is to be submerged at higher lake levels then 
appropriate navigation warning infrastructure be provided  

MDBA Agreed – However consider that this a requirement for Detailed Design 

Operation of the 
Narrows 

As project progresses O&M requirements of the owner  (as yet 
defined) need to be defined 

G-MW Agreed – Consider appropriate for a later phase 

Provision for removal of debris from road bridge piers or culverts G-MW Agreed – However consider that this a requirement for Detailed Design 



Functional Design 
Criteria Requirement 

TSC/PSC Comments Organisation SMEC Comment/Action 

Within reason, the design should consider potential rates of rise 
and fall in the upstream pool noting that an 88GL storage could 
fill very quickly under flood scenarios, and depending on the 
operating protocols, could need to be drawndown quite rapidly in 
a dry sequence 

MDBA Agreed – The necessity for rapid drawdown for operational purposes 
needs to be explored in detailed design.  Regardless, rapid drawdown 
would be a consideration when developing the weir arrangement.  
Albeit that analysis of the weir for this load case would be undertaken 
as part of detailed design 

Crest Level Design Pool Level of 184mAHD for a cost effective solution G-MW  A range of levels will be considered with 184mAHD the lowest height 
option 

Recreational Use Ski-able water level is 184.1mAHD and equates to 1m above the 
bottom of the boat ramp 

G-MW Noted 

Land 
Ownership/Acquisition 

Land ownership to be identified at the selected site and an 
estimate of land acquisition costs provided in the design 

G-MW Agree that Land Ownership is a factor that should be considered albeit 
at a later phase of the project.  However, not in current scope.  
Requirement is to provide technical definition only.   

 

SMEC will need to evaluate the land impacts/acquisition including 
consideration of land below FSL that G-MW currently leases to 
adjacent landowners.  This will become less productive if it is 
inundated for long periods 

MDBA Agree that Land Ownership is a factor that should be considered, albeit 
at a later phase of the project.  However, not in current scope.  
Requirement is to provide technical definition only.   

 

Construction Construction method to be provided and suitable for inundation 
of the works 

G-MW Agreed 

Construction method must be sequenced such that flows pass the 
structure  are not impeded and the upstream water could be 
accessed should it be necessary to meet entitlements 

MDBA Agreed 

Erosion Protection The design of all works will minimise erosion at all site subject to 
flow and wave action 

G-MW Agreed – However consider that this a requirement for Detailed Design 

Impacts on hydro-
generation 

Impacts on downstream pool level as a result of operations will 
need to be assessed with consideration of impact on hydro 
generation at the existing Hume Power station.  Impact needs to 
be assessed noting that Hume power station is privately owned 

MDBA Agree that impact on hydro generation is a factor that should be 
considered, albeit at a later phase of the project.  However, not in 
current scope.  Requirement is to provide technical definition only.   
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APPENDIX 5.2 FLOOD FREQUENCY CURVES FOR 
DARTMOUTH AND HUME DAMS 

 

  



Extract from ‘Dartmouth Dam Spillway Adequacy Review’ report prepared by SKM for Goulburn-Murray Water (Final 2 – 29 January 2010) 

 

 

NB:  This information is provided for use in preliminary studies on the Narrows project only and is not to be distributed or used for any other purpose. 
 



 

Extract from ‘Hume Dam Assessment of Hydrologic Risk – Stages 4 and 5 – Derivation of Inflows and Outflows’ report by State Water NSW & SKM (Final 
April 2010) 

 

NB:  This information is provided for use in preliminary studies on the Narrows project only and is not to be distributed or used for any other purpose. 
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Site Details

Bore ID Type Latitude Longitude Easting Northing Zone

Distance to 
nominated 
point (m) Area

Date 
commenced

Date 
completed Use Total depth (m)

Elevation top 
of casing 
(mAHD)

Elevation 
ground level 
(mAHD) Date surveyed

Survey 
desc Surveyor name

Screen top 
(m)

Screen 
bottom (m) Artesian y/n

111316 DRILLED BORE -36.20976009 147.1940789 517445.4 5992768.3 55 277 Parish=BOLGA 7/05/1992 13/05/1992 GROUNDWATER INVESTIGATION 11 188.53 188.53 9/11/2011 DEM10 DSE-C/O SKM TATURA 6 9 N
111317 DRILLED BORE -36.20734308 147.1944068 517475.4 5993036.3 55 58 Parish=BOLGA 13/05/1992 28/05/1992 GROUNDWATER INVESTIGATION 44 181.37 181.37 9/11/2011 DEM10 DSE-C/O SKM TATURA 21 33 N
112526 DRILLED BORE -36.20574606 147.1947808 517509.4 5993213.3 55 193 Parish=BOLGA 21/05/1992 27/05/1992 GROUNDWATER INVESTIGATION 31 185.18 185.18 9/11/2011 DEM10 DSE-C/O SKM TATURA 14 19 N
112527 DRILLED BORE -36.20788509 147.1935178 517395.4 5992976.3 55 70 Parish=BOLGA 29/05/1992 4/06/1992 GROUNDWATER INVESTIGATION 40 182.8 182.8 9/11/2011 DEM10 DSE-C/O SKM TATURA 22 31 N
125933 DRILLED BORE -36.20737907 147.1945738 517490.4 5993032.3 55 73 RWC=GOULBURN-MURRAY WATER,Parish=BOLGA 17/05/1995 17/06/1995 GROUNDWATER INVESTIGATION 41.5 181.4 181.4 9/11/2011 DEM10 DSE-C/O SKM TATURA 30 36 N



Driller Log

Bore ID Date Interval from (m) Interval to (m) Description
111316 13/05/1992 0 5 SILT
111316 13/05/1992 5 8.5 LARGE GRAVELS
111316 13/05/1992 8.5 10 COARSE SAND LARGE GRAVELS(DIRTY)
111316 13/05/1992 10 10.5 WEATHERED GRANITE
111316 13/05/1992 10.5 11 FRESH GRANITE
111317 28/05/1992 0 3.5 SILT
111317 28/05/1992 3.5 7 LARGE GRAVELS DIRTY
111317 28/05/1992 7 8.5 SANDY GRAVELS DIRTY
111317 28/05/1992 8.5 9 GREY SILTY, SANDY CLAY
111317 28/05/1992 9 11.5 LARGE GRAVELS & MIXED SANMD
111317 28/05/1992 11.5 13.5 GREY SILTY CLAY
111317 28/05/1992 13.5 21 COURSE TO FINE SAND (GRAVEL)  WOOD
111317 28/05/1992 21 21.5 LIGNIOUS SILTY CLAY
111317 28/05/1992 21.5 32 LARGE GRAVELS & MIXED SAND WOOD
111317 28/05/1992 32 32.5 SILTY CLAY
111317 28/05/1992 32.5 35 LARGE GRAVELS & MIXED SAND
111317 28/05/1992 35 36 LIGNIOUS SILTY CLAY
111317 28/05/1992 36 41 LARGE GRAVELS & MIXED SAND BANDS OF CLAY
111317 28/05/1992 41 44 WEATHERED GRANITE
112526 27/05/1992 0 2 BROWN SILTY CLAY
112526 27/05/1992 2 4 BROWN SILT
112526 27/05/1992 4 8 LARGE WASHED ROCK & GRAVELS
112526 27/05/1992 8 10 SMALL GRAVELS & ROCK
112526 27/05/1992 10 13 COARSE GREY SAND
112526 27/05/1992 13 14 DARK GREY SILTY CLAY & SAND
112526 27/05/1992 14 19 MEDIUM GREY SAND
112526 27/05/1992 19 28 BROWN, GREEN , WHITE SILT SILVER FLAKES
112526 27/05/1992 28 31 GRANITE
112527 4/06/1992 0 3.5 BROWN SILT
112527 4/06/1992 3.5 7 LARGE DIRY GRAVELS
112527 4/06/1992 7 8.5 DIRTY SANDY GRAVELS
112527 4/06/1992 8.5 9 GREY SILTY SANDY CLAY
112527 4/06/1992 9 11.5 LARGE GRAVELS MIXED SAND
112527 4/06/1992 11.5 13.5 GREY SILTY CLAY
112527 4/06/1992 13.5 21 COARSE TO FINE SAND GRAVEL WOOD
112527 4/06/1992 21 21.5 LIGNEOUS CLAY
112527 4/06/1992 21.5 32 GRAVELS MIXED SAND & WOOD
112527 4/06/1992 32 32.5 GREY SILTY CLAY
112527 4/06/1992 32.5 35 LARGE GRAVELS MIXED SAND
112527 4/06/1992 35 36 SILTY LIGNEOUS CLAY
112527 4/06/1992 36 40 BEDROCK
125933 17/06/1995 0 1 BROWN & GREY SILTY CLAY
125933 17/06/1995 1 2.5 BROWN SILTY SAND
125933 17/06/1995 2.5 4 GREY SILTY SAND
125933 17/06/1995 4 8 SAND, COARSE GRAVEL & STONES
125933 17/06/1995 8 8.5 COARSE GRAVEL & CLAY
125933 17/06/1995 8.5 13 COARSE GRAVEL & STONES
125933 17/06/1995 13 27 FINE SAND, COARSE GRAVEL
125933 17/06/1995 27 39.5 FINE SAND, COARSE GRAVEL & STONES
125933 17/06/1995 39.5 41 COARSE GRAVEL & ROCKS
125933 17/06/1995 41 41.5 BEDROCK



Bore Construction

Bore ID Start date Component Material Interval from (m) Interval to (m) Construction method Out.Diam. (mm) Ins.Diam. (mm)
111316 13/05/1992 Hole 0 11 CABLE TOOL 152
111316 13/05/1992 Casing PVC 0 6 100
111316 13/05/1992 Screen PVC 6 9 114 100
111316 13/05/1992 Casing PVC 9 11 100
111317 28/05/1992 Hole 0 44 CABLE TOOL 152
111317 28/05/1992 Outer Lining CEMENT 0 2
111317 28/05/1992 Outer Lining SEAL 8.5 0 152
111317 28/05/1992 Casing PVC 0.5 21 100
111317 28/05/1992 Screen PVC 21 33 114 100
111317 28/05/1992 Casing PVC 33 44 100
112526 27/05/1992 Hole 0 7 CABLE TOOL 203
112526 27/05/1992 Hole 7 31 CABLE TOOL 152
112526 27/05/1992 Outer Lining CEMENT 0 0
112526 27/05/1992 Casing PVC CLASS 12 0 31 101
112526 27/05/1992 Screen PVC CLASS 12 14 19 100
112527 4/06/1992 Hole 0 14 CABLE TOOL 203
112527 4/06/1992 Hole 14 40 CABLE TOOL 152
112527 4/06/1992 Outer Lining CEMENT 0 0
112527 4/06/1992 Casing PVC 0 40 101
112527 4/06/1992 Screen PVC 22 31 100
112527 4/06/1992 Screen SLOTTED PVC 33 36 100
125933 17/06/1995 Hole 0 41.5 CABLE TOOL 305
125933 17/06/1995 Casing PVC -1 30 203
125933 17/06/1995 Screen PVC 30 36 200
125933 17/06/1995 Casing PVC 36 41 203



Pump Test

Bore ID Start date Time Interval from (m) Interval to (m) Extraction method Draw down (m) Pumping rate (m3/day) Pumping time (hours) Recovery time (min) Yield (L/s) Pump level (m) Water sample taken Final level (m)
111316 13/05/1992 14:00:00 6 9 NKN FALSE
111317 28/05/1992 14:00:00 21 33 BAL TRUE
112526 27/05/1992 14:00:00 14 19 BAL FALSE
112527 4/06/1992 14:00:00 22 36 NKN FALSE
125933 17/06/1995 13:00:00 30 36 PUM 8 2 2 30 TRUE 1.5
125933 17/06/1995 14:00:00 30 36 AIR 20 2 TRUE



Field Chemistry

Bore ID Date Time Interval from Interval to Collection method Volume of water purged (L) pH Temperature (C) EC (uS/cm) Dissolved Oxygen (mg/L) Redox potential (mV) Comment
111317 1899-12-30 0:00:00 21 33 NOT KNOWN 6.9
112526 1899-12-30 0:00:00 14 19 NOT KNOWN 7.1



Laboratory Chemistry

Bore ID Reading date Reading time Interval from (m) Interval to (m) Collection method Parameter name Parameter value Unit of measure Comment
111317 1899-12-30 0:00:00 21 33 NOT KNOWN Conductivity (µS/cm) 290 µS/cm @ 25°C
111317 1899-12-30 0:00:00 21 33 NOT KNOWN Total Alkalinity, as CaCO3 140 mg/L
111317 1899-12-30 0:00:00 21 33 NOT KNOWN Calcium, as Ca 18 mg/L
111317 1899-12-30 0:00:00 21 33 NOT KNOWN Chloride, as Cl 9 mg/L
111317 1899-12-30 0:00:00 21 33 NOT KNOWN Hardness, as CaCO3 (calc.) 91 mg/L
111317 1899-12-30 0:00:00 21 33 NOT KNOWN Potassium, as K 5.2 mg/L
111317 1899-12-30 0:00:00 21 33 NOT KNOWN Sodium, as Na 28 mg/L
111317 1899-12-30 0:00:00 21 33 NOT KNOWN Nitrate & Nitrite, as N(0.15de 0.05 mg/L
111317 1899-12-30 0:00:00 21 33 NOT KNOWN Silica, total as SiO2 27 mg/L
111317 1899-12-30 0:00:00 21 33 NOT KNOWN Sulphate, as SO4 4.7 mg/L
111317 1899-12-30 0:00:00 21 33 NOT KNOWN Iron (Undigested), as Fe 5.2 mg/L
111317 1899-12-30 0:00:00 21 33 NOT KNOWN Magnesium, as Mg 11 mg/L
111317 1899-12-30 0:00:00 21 33 NOT KNOWN Total Soluble Salts (Summation 247 mg/L
112526 1899-12-30 0:00:00 14 19 NOT KNOWN Conductivity (µS/cm) 230 µS/cm @ 25°C
112526 1899-12-30 0:00:00 14 19 NOT KNOWN Total Alkalinity, as CaCO3 110 mg/L
112526 1899-12-30 0:00:00 14 19 NOT KNOWN Calcium, as Ca 18 mg/L
112526 1899-12-30 0:00:00 14 19 NOT KNOWN Chloride, as Cl 4 mg/L
112526 1899-12-30 0:00:00 14 19 NOT KNOWN Hardness, as CaCO3 (calc.) 73 mg/L
112526 1899-12-30 0:00:00 14 19 NOT KNOWN Potassium, as K 2.3 mg/L
112526 1899-12-30 0:00:00 14 19 NOT KNOWN Sodium, as Na 23 mg/L
112526 1899-12-30 0:00:00 14 19 NOT KNOWN Nitrate & Nitrite, as N(0.15de 0.05 mg/L
112526 1899-12-30 0:00:00 14 19 NOT KNOWN Silica, total as SiO2 34 mg/L
112526 1899-12-30 0:00:00 14 19 NOT KNOWN Sulphate, as SO4 2.3 mg/L
112526 1899-12-30 0:00:00 14 19 NOT KNOWN Iron (Undigested), as Fe 6.7 mg/L
112526 1899-12-30 0:00:00 14 19 NOT KNOWN Magnesium, as Mg 6.8 mg/L
112526 1899-12-30 0:00:00 14 19 NOT KNOWN Total Soluble Salts (Summation 191 mg/L
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APPENDIX 8.2 COST ESTIMATE 

 

  



Compiled: LJB File: 30041148
Checked: RJW Date: 16-Nov-15

Item Description of Works Quantity Unit Rate
$

1 ESTABLISHMENT
1.01 Establishment 1 L.S. 1000000 1,000,000

1,000,000                 
2 TEMPORARY WORKS

2.01 none 0 m3 0 0
-                              

3 WEIR
3.01 3A - Supply and Place 72,900 m3 40 2,916,000
3.02 3B - Supply and Place 171,200 m3 40 6,848,000
3.03 4 - Supply and Place 72,800 m3 120 8,736,000
3.04 Cutoff 9,500 m2 1000 9,500,000

28,000,000               
4 OUTLET

4.01 Pipe (diameter 2m) 200 m 7200 1,440,000
4.02 Concrete encasement 1,200 m3 1500 1,800,000
4.03 Gate/Valve (2m x 2m) 2 tonne 45000 90,000

3,330,000                 

DIRECT COST (DC) 32,330,000               
Minor Items 20% of DC 6,466,000                 

Procurement and Construction Risk 10% of DC 3,233,000                 
PRIME COST (PC) 42,029,000               

Contingencies 40% of PC 16,811,600               
CONTINGENT COST (CC) 58,840,600               

5 MANAGEMENT
5.01 Investigation and Design 10% of DC L.S. 3,233,000
5.02 Studies, Planning and Approvals 1 L.S. 1,000,000
5.03 Construction Management 5% of DC L.S. 1,616,500 5,849,500                 

TOTAL DESIGN AND CONSTRUCTION COST (TCC) for 64,690,100               
say 64,700,000$             

Notes:
Cost estimates do not include an allowance for the following:
-  road bridge (if required)
-   fish passage (if required)
-   owner costs
-   land acquisition
-   water costs associated with incremental evaporation loss that could be expected from The Narrows Storage
-   traffic management and control
-   any restrictions on construction activities including hours of operation, truck movements, noise levels, etc.
-   delays in construction
-   on-going maintenance
-   architectural features

The Narrows Project

Option 1 - Rockfill Weir (FSL 184mAHD)
Rockfill Weir with Cut off constructed in the wet

Cost
$

I:\Projects\30041148\2.4 2.5 Concept and Preliminary Design\Cost Estimates - The Narrows (for Final Report).xlsxCost Estimates - The Narrows (for Final
Report).xlsx16/11/2015



Compiled: LJB File: 30041148
Checked: RJW Date: 16-Nov-15

Item Description of Works Quantity Unit Rate
$

1 ESTABLISHMENT
1.01 Establishment 1 L.S. 1000000 1,000,000

1,000,000               
2 TEMPORARY WORKS

2.01 Cofferdams 32,000 m3 15 480,000
480,000                   

3 WEIR
3.01 1 - Supply and Place 31,600 m3 25 790,000
3.02 2A - Supply and Place 26,900 m3 60 1,614,000
3.03 2B - Supply and Place 26,700 m3 60 1,602,000
3.04 3A - Supply and Place 41,300 m3 40 1,652,000
3.05 3B - Supply and Place 85,600 m3 40 3,424,000
3.06 4 - Supply and Place 68,200 m3 120 8,184,000
3.07 Nib Wall 500 m4 1500 750,000
3.08 Sheet Pile 500,000 m3 5 2,500,000

20,516,000             
4 OUTLET

4.01 Pipe (diameter 2m) 200 m 7200 1,440,000
4.02 Concrete encasement 1,200 m3 1500 1,800,000
4.03 Gate/Valve (2m x 2m) 2 tonne 45000 90,000

3,330,000               

DIRECT COST (DC) 25,326,000             
Minor Items 20% of DC 5,065,200               

Procurement and Construction Risk 15% of DC 3,798,900               
PRIME COST (PC) 34,190,100             

Contingencies 40% of PC 13,676,040             
CONTINGENT COST (CC) 47,866,140             

5 MANAGEMENT
5.01 Investigation and Design 10% of DC L.S. 2,532,600
5.02 Studies, Planning and Approvals 1 L.S. 1,000,000
5.03 Construction Management 5% of DC L.S. 1,266,300 4,798,900               

TOTAL DESIGN AND CONSTRUCTION COST (TCC) for 52,665,040             
say 52,700,000$           

Notes:
Cost estimates do not include an allowance for the following:
-  road bridge (if required)
-   fish passage (if required)
-   owner costs
-   land acquisition
-   water costs associated with incremental evaporation loss that could be expected from The Narrows Storage
-   traffic management and control
-   any restrictions on construction activities including hours of operation, truck movements, noise levels, etc.
-   delays in construction
-   on-going maintenance
-   architectural features

The Narrows Project

Option 2 - Zoned Earth and Rockfill Weir (FSL 184mAHD)
Earth and Rockfill Embankment constructed in the dry with u/s and d/s cofferdams

Cost
$

I:\Projects\30041148\2.4 2.5 Concept and Preliminary Design\Cost Estimates - The Narrows (for Final Report).xlsxCost Estimates - The Narrows (for Final Report).xlsx16/11/2015
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Option Serviceability Dam and Public Safety Duration, Risk and Constructability Environmental Operation and Maintenance Cost

Weighting 3 1 2 0.5 1 2.5
1 - Rockfill Weir • Design intent meet

• Weir arrangement is driven by 
construtability aspects rather than a 
standards based design
• To reduce and control seepage a cut off 
has been incorporated into the design

• Routine inspections would be required 
in accodance with the ANCOLD Guidelines 
on Dam Safety Management when the 
water level in Lake Hume is below The 
Narrows weir crest level.
• Risks to public safety minimal, it is 
envisaged that navigation warning system 
would be required
• Elevation of bridge would be set such 
that road would be accessible  up to a 1 in 
100 event.  A means of closing the road if 
required would also be provided.

• Risk associated with potential exposure 
to flood during construction
• A flood during construction would have 
less impact than Option 2
• Construction duration expected to be 
less than Option 2 as cofferdams are not 
required
• As weir can be constructed in water, 
construction of the weir could commence 
anytime that the water level is nominally 
1m below weir crest level
• Less weather dependent than Option 2 
as less contraints required for placement 
of rockfill

• Environmental impact on the 
watercourse  or floodplain similar for both 
options
• Risk to environment in terms of noise, 
dust, contamination of waterways similar 
for both options
• In terms of aethetics, once constructed 
both weirs would be similar in appearance

• Routine inspections would be required 
in accodance with the ANCOLD Guidelines 
on Dam Safety Management
• Routine removal of debris would be 
required
• Periodic testing/operation of the outlet 
required

$64.7M

2 - Zoned Earth and Rockfill Weir • Design intent meet
• Zoned earth and rockfill dam is a 
standards based weir arrangement
• To reduce and control seepage a core 
trench, cut off and filter blanket has been 
incoporated into the design

• Routine inspections would be required 
in accodance with the ANCOLD Guidelines 
on Dam Safety Management when the 
water level in Lake Hume is below The 
Narrows weir crest level.
• Risks to public safety minimal, it is 
envisaged that navigation warning system 
would be required
• Elevation of bridge would be set such 
that road would be accessible  up to a 1 in 
100 event.  A means of closing the road if 
required would also be provided.

• Risk associated with potential exposure 
to flood during construction
• A flood during construction would have 
greater impact than Option 1
• Construction duration expected to be 
greater than Option 1 as cofferdams are 
required
• Timing of works needs to fit within a 
specific construction window to ensure 
works can (as much as can be planned) be 
completed in the dry
• More weather dependent than Option 1 
as increased requirements in terms of 
placement and conditoning of earthfill

• Environmental impact on the 
watercourse  or floodplain similar for both 
options
• Risk to environment in terms of noise, 
dust, contamination of waterways similar 
for both options
• In terms of aethetics, once constructed 
both weirs would be similar in appearance
• Larger hardstand area required for 
stockpiling of earthfill on site for 
conditioning prior to placement

• Routine inspections would be required 
in accodance with the ANCOLD Guidelines 
on Dam Safety Management
• Routine removal of debris would be 
required
• Periodic testing/operation of the outlet 
required

$52.7M

Options Comparison Matrix
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