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1. 	SU4MARY AND CONCLUSIONS 

A new major water source will 
proposed Pinjar development to 
the Perth water supply system. 

be required after the currently 
meet the increasing demand on 
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The Water Authority's water conservation programme now being 
actively implemented will delay the need for the next major 
source as long as possible but demand may still require 
development of a new major source as early as 1993. 

After reviewing the full range of water supply options, four 
alternatives were identified as the most feasible for 
development as the next major source for the Perth metropolitan 
region. The four alternatives were: the raising of Mundaring 
Weir (referred to in this report as 'Raised Mundaring'), the 
raising of Canning Dam ('Raised Canning'), the construction of 
a dam at South Canning or the construction of a dam at North 
Dandalup near the site of the existing pipehead facility. 

The four alternatives were investigated by a series of 
"in-house" studies to determine the key water supply and 
economic factors of each. 

The results of the water supply studies were used to evaluate 
and rank the alternatives according to their ability to provide 
the most reliable and best quality water supply source to meet 
the next increment in metropolitan demand. From a water supply 
viewpoint the ranking was concluded to be: North Dandalup, 
followed by Raised Canning, Raised Mundaring and South Canning. 

The results of the economic studies were used to separately 
evaluate and rank the alternatives according to their ability 
to provide the required additional water supply at minimum 
long-term monetary cost to the community. From an economic 
viewpoint the ranking was concluded to be: North Dandalup, 
followed by South Canning, Raised Canning and Raised Mundaring. 
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2. 	INTRODUCTION 

	

2.1 	THE PLANNING PROCESS 

The Water Authority's planning process is outlined in the 
report "Planning Future Sources for Perth's Water Supply" 
(Mauger, 1987). A diagram illustrating the planning and 
decision-making process is reproduced in Figure 1. 

The Water Authority has prepared a Source Development Plan 
(SDP) to meet future demands by developing sources which are 
most cost-effective within known environmental and social 
constraints. The lowest-cost long-term programme for the 
sequence of development of these sources is the Source 
Development Timetable. The current SDP (described in Mauger. 
1987) provides three different source development timetables to 
meet "maximum", "most likely" and "minimum" projections of 
increasing demand on Perth's water supply over the next 25 
years. The "most likely" timetable identifies the need for a 
new major source (after the currently proposed Pinjar project) 
for commissioning by 1993. Table 1 provides a revised "most 
likely" timetable which takes account of recent improvements in 
source yield estimates (see section 3.3 below). 

Although the Urban Water Conservation programme will help to 
delay the need for a new source (see 3.3), planning must 
proceed in order to ensure that source development can occur 
when it is required for continuity of Perth's water supply. 

Having identified the need and likely timing of the next major 
source from the SDP, the next step in the planning process is 
the commencement of project planning. This is carried out in 
two stages: 

assessment planning to select a source (see 2.2): and 
implementation planning, which involves preparation of 
detailed design and management plans for the selected 
source and gaining environmental approval to proceed to 
construction (Figure 1). 

The Water Authority is currently in the assessment planning 
stage for the next major source after Pinjar. 

	

2.2 	THE ASSESSMENT PLANNING STAGE 

The objectives for this stage are to: 

determine from a broad-based (multi-objective) assessment 
of the alternatives, the most satisfactory new public 
water supply source for commissioning by 1993 if required 
by the observed growth in Perth's water supply demand; 

seek environmental approval in principle for development 
of the recommended source through preparation of a Stage 
1 Environmental Review and Management Programme (ERMP) 
which will facilitate Environmental Protection Authority 
(EPA) and public review. 
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The SDP identifies North Dandalup Dam (a new storage dam to 
replace the existing pipehead dam on the North Dandalup River) 
as the most economically attractive option for the next major 
source. A wide range of water supply options have been 
examined to determine a smaller number of viable alternatives 
which meet the same requirements as North Dandalup Dam (see 
sections 4.1 and 4.2). These alternatives (including North 
Dandalup) have been investigated by a series of "in house" and 
external studies instigated by the Water Authority. The "in 
house" studies, which were carried out from mid 1986 to mid 
1987, dealt with water supply and economic considerations and 
are the subject of this report. The external studies, which 
were carried out by consultants, dealt with the natural 
environment and social environment considerations and have been 
reported on separately (Dunlop et al., 1987; Feilman, 1987; 
Havel Land Consultants, 1987; O'Connor, 1987; Veth, 1987). 

The results of these studies were used as a basis for 
evaluation of the alternatives and the overall most beneficial 
water supply source for Perth was selected after discussions 
with relevant agencies and community groups. An internal 
working report (Stone & Pound, 1987) summarised the evaluation 
process and the conclusions reached. 

A Stage 1 ERMP based on the multi-objective assessment of 
alternatives and incorporating the results of the discussions 
will be prepared and submitted to the EPA. This will allow 
review of the results and conclusions of the investigations by 
the general public and EPA. 

2.3 	PURPOSE OF REPORT 

This report has the following purposes: 

to summarise the "in house" investigations and study 
results for future reference; 
to provide supporting information to the Stage 1 ERMP on 
engineering matters, in particular the planning, water 
supply and economic considerations. 

This report provides technical background to the ERMP and 
therefore necessarily uses some technical engineering and water 
supply terminology. Definitions of technical terms are 
provided in Glossaries in the ERMP and in Mauger (1987) and 
readers are referred to these reports. 
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3. 	THE NEED TO DEVELOP A NEW MAJOR WATER SOURCE 

	

3.1 	THE EXISTING SUPPLY SYSTEM 

The Water Authority has the responsibility for managing the 
water resources of Western Australia for the continuing benefit 
of the community and for providing satisfactory public water 
supplies. The Metropolitan Water Supply Scheme (MWS) provides 
a water service of suitable quantity, quality and reliability 
for the population of the Perth metropolitan region, from 
Wanneroo to Mandurah. 

The existing MWS has been carefully planned and developed to be 
operated as a single "system" to gain maximum benefits. Thus 
29 individual supply sources of different types (seven storage 
dams, two pipehead dams, two pumpbacks, fourteen artesian bores 
and four groundwater treatment plants) are harnessed together 
to meet the overall public water supply demands of the 
metropolitan population. The maximum demand that the system 
can sustain is called the "system yield". Adding a new source 
to the system will increase the system yield and the increase 
is called the "system yield benefit" of the proposed scheme. 
The yield benefit may be greater than the water produced from 
the new source if its inclusion results in greater overall 
efficiency of the system. 

The MWS system is currently designed to allow for some level of 
general supply restriction in 10% of years. The system could 
be designed for no restrictions, but this would be considerably 
more expensive and require the development of a number of new 
water sources. 

The report "Planning Future Sources for Perth's Water Supply" 
(Mauger. 1987) provides details on historical and projected 
demand for water from Perth's public water supply. In broad 
terms, demand is driven by two factors: population growth and 
the increase in water use per person. 

During the 1960s and early 1970s, water use from the MWS 
increased at a rate considerably in excess of the population 
growth, i.e. water use per person was increasing. The below 
average rainfalls since the mid 1970s required the imposition 
of water restrictions from July 1977 to May 1979 and coincided 
with the introduction of 'pay-for-use' in 1978. This resulted 
in a very significant drop in the demand for water from the MWS 
and a large increase in the number of private wells in the 
metropolitan area. 

However, the resulting surplus system yield of the MWS over 
demand has been steadily diminishing since 1979 due to 
continued population and per capita growth in demand. It is 
expected that unrestricted demand on the MWS will exceed the 
current system yield of 276 Mm3/yr by the early 1990s. 
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Three demand projections have been developed - "minimum", "most 
likely" and "maximum". The "most likely" demand projection 
assumes that overall metropolitan water use per person will 
continue to increase until the late 1990s, up to the level of 
consumption per capita reached prior • to the introduction of 
water restrictions in 1979, and will then remain constant at 
that level. This increasing per capita demand would cause a 
growth of about 2% per year in the total metropolitan demand 
over this period. Population growth would cause a further 2% 
per year increase in demand. Thus the total increase in demand 
assumed by the "most likely" demand projection is about 4% per 
year until the late 1990s. The "minimum" demand projection 
assumes an increase close to the population growth figure of 2% 
per year. 

The "minimum". "most likely" and "maximum" source development 
timetables of January 1987 (Mauger. 1987) have been revised as 
a result of an analysis carried out for this study. Improved 
estimates of the time to develop full yield were determined for 
each of the alternative water supply sources (see section 10.6) 
and the timetables revised accordingly. The revised timetables 
presented in Tables 1, 2 and 3 and Figure 2 differ from those 
presented in Mauger (1987) mainly in the timing of sources 
after the next major source, which is still required for 
commissioning by 1993 on the "most likely" timetable. 

3.3 WATER CONSERVATION 

The Water Authority's policy since 1987 has been to "actively 
promote throughout the community the adoption of efficient 
practices in the utilisation of fresh water" (Water Authority. 
1987). The Authority is committed to undertaking an active 
programme to produce a gradual and permanent reduction in the 
per capita demand for water from both public and private 
sources. Domestic consumers now pay for water used based on a 
tariff structure with progressively more expensive unit costs 
as consumption increases. 

The initial conservation target for the Perth metropolitan area 
is to contain the average per capita demand to the 1986/87 
level of 190 kilolitres per annum by 1991/92 (Water Authority 
of Western Australia. 1987) i.e. to prevent the current 2% per 
annum growth in the per capita demand for water. A detailed 
action plan is currently being prepared and will be implemented 
shortly. When the programme is under way and the expected 
effects on future demand can be estimated with some confidence, 
the demand projections will be revised accordingly. Even then, 
it will take some years for the actual effects of the programme 
to be measurable. 

The Source Development Timetable is sensitive to small changes 
in the growth in demand. For instance, if average household 
water use could be kept at the current level and demand only 
grew by the population growth rate of 2% per year, demand would 
approximate the "minimum" curve and the need for development of 
new sources (including the next major source) would be delayed 
by 5-10 years. 
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While water conservation can significantly delay the 
introduction of new sources, it cannot prevent the need for 
them altogether, because of the underlying population growth 
factor. Also, the more "structural" water conservation 
proposals, such as the introduction of dual flush toilets, may 
take some years to become fully effective and hence will affect 
the timing of development of longer-term rather than 
near-future sources. 

Thus, although water conservation will help to delay the next 
major source as long as possible, the short-term effectiveness 
of the water conservation programme has not been determined yet 
and prudent planning needs to proceed to meet a commissioning 
date of 1993 if required. 

3.4 	CLIMATE CHANGE 

The Water Authority is attempting to seriously address the 
long-term implications of the "Greenhouse Effect" for water 
supplies in this region. Many scientists expect rainfall in 
the south-west to decline over the next 50 years ("Greenhouse 
87" conference). Although the effect is not yet quantifiable, 
there is a very real possibility that reduced water supply 
yield due to climate change will offset any benefits of the 
water conservation programme in deferring source development in 
this region. The Authority is actively researching this issue 
and considering its future strategic implications. There is an 
expectation that some de-rating of the nominal yield of the 
metropolitan water supply system may already be appropriate 
because of changes to climate averages caused by the succession 
of dry years in the 1980s. 

3.5 THE CONSEQUENCES OF NO DEVELOPMENT ACTION 

If demand continues to grow at the present rate, demand will 
exceed the design capacity of the water supply system by 1992 
and require an additional 10 million cubic metres of water each 
year for the subsequent six years. 

If no new sources were developed and unrestricted demand 
conformed to the "most likely" timetable, the probability of 
restrictions to supply would increase from the normal design 
level of 10% to about 40% by 1998, i.e. nearly one chance in 
two of restrictions every year. The Water Authority believes 
that, although some review of restriction policy might be 
fruitful, such a high probability of restrictions would not be 
acceptable to the community or the government. The Authority 
also believes that a sustained water conservation programme is 
preferable to implementing restrictions to reduce water use. 
High levels of restrictions could induce a strongly increased 
demand for private wells with associated environmental 
implications. Climate change is an additional concern which 
could add to the above consequences of no development. 
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With lower levels of demand growth associated with water 
conservation, the process outlined above would take longer but 
the final result would be the same. Hence, "no source 
development" is not considered a viable option but rather the 
emphasis should be on effectively balancing water conservation 
and supply development. 
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4. 	POSSIBLE WATER SUPPLY OPTIONS 

	

4.1 	CRITERIA FOR SELECTING THE NEXT MAJOR SOURCE 

The requirements for a water source to be a feasible 
alternative for the next major source are: 

It must be a "major" source, i.e. provide a system yield 
benefit of more than about 10 million cubic metres of 
water per annum. 

Current demand projections indicate a growth in demand of 
approximately 10 million cubic metres per year until the 
late 1990s. Hence a "major" source is required to meet 
at least one year's growth in demand. The long planning 
and implementation lead times required for developing 
water supply sources make it impractical to deal with 
demand increments of less than one year's growth. 

It must be able to be developed and commissioned by 1993 
if required. 

Although urban water conservation strategies are intended 
to halt growth in per capita water use by the early 
1990s, the measures may not be sufficiently effective to 
delay the timing of the next major source. Hence, at 
this stage, prudent planning requires that a source would 
have to be able to be commissioned by 1993 to be 
considered a viable alternative for the next major source. 

It must be financially feasible in the current political 
and economic climate. 

The community expects efficient, low-cost public water 
supplies, particularly in the current economic climate. 
Hence there is a limit to the unit cost of water from a 
new public water supply source which would be considered 
acceptable to the community. 

All water supply sources (including desalination) have 
some environmental impacts and it does not follow that 
more expensive sources have fewer environmental impacts 
than cheaper ones. For the purposes of this assessment, 
it was considered that all water supply sources within 
the 25 year time frame of the current Source Development 
Timetable were financially feasible alternatives for the 
next major source. Sources at the end of this time frame 
had costs approaching 35 cents per cubic metre, which is 
about double the estimated cost of water from the 
existing sources. 

	

4.2 	SOURCE DEVELOPMENT OPTIONS 

A large number of source development options were considered 
and evaluated according to the above criteria to determine 



viable alternatives for the next major source. These options 
are listed in Table 4, with the reasons for their rejection or 
acceptance. For more details of these sources, see Mauger 
(1987). 

Sources due to be developed prior to 1993 (see Table 1) were 
not considered to be alternatives and hence were not included 
in the list. These are as follows: 

Pinjar Stage 1 - due to be completed by 1990, source 
has environmental approval following EPA assessment of 
the Gnangara Mound ERMP. 

Conjurunup Pipehead - due to be completed by 1992, the 
source has environmental approval in principle but 
requires final clearance of the pipeline route. 

Jandakot stage 2 - groundwater scheme - due to be 
completed by 1992, this is an extension of the existing 
scheme and although it has environmental approval in 
principle it is likely to require a more detailed 
assessment prior to development. 

Cockleshell Gully deep artesian wells - due to be 
completed by 1991. A Notice of Intent will be submitted 
to the EPA in due course. 

Additional comments on some of the sources considered are 
warranted: 

Desalination of seawater - this is the ultimate source 
of water for Perth (post 2050) but the cost (about ten 
times the cost of current sources) is currently 
prohibitive. The high energy consumption also carries 
environmental penalties. 

Murray River - the "Tributaries" development is large 
and within the financial margin, but water production has 
not been included as a purpose for the Lane-Poole Reserve 
and hence it is not an alternative, 

-the development outside the Lane-Poole 
Reserve is too expensive at a cost of 83 cents per cubic 
metre. 

Forest thinning - while this option has the potential 
to provide substantial additional yield from existing 
sources, 	further 	practical 	and 	environmental 
investigations are required. It is expected to take at 
least 10 years before it can be determined whether forest 
thinning will be a practical option. Thus forest 
thinning does not meet the criterion of being able to be 
developed by 1993 and was eliminated as a viable 
alternative at this point in time. 
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Harvey River - redevelopment of the existing dam to 
gain additional yield which could be used for 
metropolitan water supply is an attractive long-term 
proposition. 	Its cost estimate of 23 cents per kilolitre 
is based on delivering water to an expanded Mandurah area 
some time after the current 25 year programme. 

Redevelopment to supply Perth by 1993 would require 
extensive additional transfer main (pipeline) capacity 
and the cost would increase to approximately 36 cents per 
kilolitre. This cost is at the financial margin of 35 
cents per kilolitre and construction of the extensive 
transfer mains required would be a major undertaking. 
This option is one which will probably require lengthy 
public evaluation to resolve water allocation issues and 
was eliminated as a serious alternative for the next 
major source. 

Pinjar Stages 2 & 3 - these sources form part of a 
supply strategy to meet the future water supply needs of 
the North-West Corridor. This corridor continues to have 
one of the highest growth rates in the metropolitan area 
but is furthest from the traditional supply sources in 
the "hills" to the south-east. The high cost of 
supplying the large transfer main capacity required to 
supply the corridor from the south makes the adjacent 
Gnangara Mound sources such as the proposed Pinjar, 
Lexia, Yeal and Barragoon developments the most economic 
sources of supply to the North-West Corridor. 

Pinjar Stage 2 is currently timed for completion soon 
after the next major source, and Stage 3 a few years 
later. To develop Stage 2 as the next major source would 
require the construction of additional transfer mains to 
carry the surplus supply capacity south to the rest of 
the supply system. The additional cost is not considered 
warranted. 

Package of small puntpback schemes - the metropolitan 
water supply system requires a balanced combination of 
storage reservoirs and pumpback/pipehead sources to gain 
maximum yield benefit. A new pipehead dam is due to be 
constructed on Conjurunup Creek prior to the next major 
source. Hence the development of a package of small 
pumpback schemes as the next major source would be 
inefficient. Their combined normal yield benefit would 
be significantly reduced due to the lack of sufficient 
reservoir storage in the water supply system. 

4.3 VIABLE ALTERNATIVES FOR THE NEXT MAJOR SOURCE 

The filtering process outlined above reduced the possible 
source development options to four viable alternatives. These 
are raising Mundaring Weir (Raised Mundaring). raising Canning 
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Dam (Raised Canning), construction of a dam at South Canning 
and construction of a dam at North Dandalup (see Figure 3, 
Table 4). 

All of the alternatives involve further development of existing 
supply sources to gain additional system yield benefit. The 
existing storage capacities of Mundaring and Canning Dams are 
not large enough to harness the full yield potential of their 
river systems and the existing small pipehead dam at North 
Dandalup can only harness a part of the winter streamfiow. 

The two dam raising alternatives (Raised Mundaring & Raised 
Canning) are recent proposals, which arose out of the searching 
process in the early stages of this study to find viable 
alternatives for the next major source. 

To compare the four alternatives, it was necessary to determine 
their economic optimum size. Data were assembled on the 
reservoir storages, yield benefits and costs of a range of 
sizes for each alternative. Integrated data tables were then 
produced and the economic optimum size of each alternative 
determined. The integrated data tables were also useful for 
evaluating the effect of variations in reservoir size on 
factors such as yield, incremental cost and inundated area. 

The system yield benefit of each alternative was calculated 
using the "Sources Behaviour Programs" (SBP) mounted on the 
Authority's mainframe computer. Project costs were estimated 
using current rates, which were reviewed by an estimating 
consultant. 

The economic optimum for each alternative was determined as the 
size at which the incremental cost of further system yield 
benefit would exceed the "long-term marginal cost" of. the 
source development timetable. ("The long-term marginal cost" 
at a point on a source development timetable is the additional 
present value cost of advancing the whole timetable by one unit 
of yield benefit.) 

The relevant data on the four alternatives are presented in 
sections 5, 6, 7 and 8 below and summarised in section 9. 



Table 1. Revised "Most Likely" Source Development Timetable 
(includes G & AWS System) 

All Units Millions of Cubic Metres per Annum 
D.A.W.=Deep Artesian Well 	G.W.=Groundwater Scheme 	P.H.=Pipehead 	P.B.Pumpback 	STStage 

Groundwater 
Forecast 	 Interim 	System 	System 	Surplus 

Year 	Unrestricted 	Sources Commissioned 	 Quota 	Yield 	Yield 	Yield 

	

Demand 	 (Operational) 	 Scheme Total Benefit 	 - 

1984/85 	210.8 	Storage Reservoirs: 
Canning. Serpentine. 
South Dandalup.Wungong 
(Restricted Outlet)*. 
Churchmans .Victoria, 
Mundaring. 

Pipeheads/Pumpbacks: 
North Dandalup P.H. 
Lower Helena P.B. 

Groundwater Schemes: 
Gwelup 10.5 
Mirrabooka 16.8 
East Mirrabooka ST 1&2 4.6 
Wanneroo 21.2 
Jandakot ST 1. 4.0 
Deep Artesian 12.0 	69.1 	 276.2 	+65.4 

1987/88 	239.8 	Wanneroo D.A.W. 1.5 	70.6 	1.5 	277.7 	+37.9 
1988/89 	249.4 277.7 	+28.3 
1989/90 259.9 Pinjar ST 1 G.W. 10.2 80.8 11.9 289.6 +29.7 
1990/91 269.7 Mundaring Integration 0.0 

Wungong Outlet Main Amp. 1.1 290.7 .21.0 
1991/92 279.7 Deletion of North -11.5 

Dandalup P.H. 
Cockleshell Gully 1.1 81.9 1.1 280.3 0.6 
D.A.W. 	(North) 

1992/93 290.3 Conjurunup Creek P.H. 5.2 
Cockleshell Gully 1.3 1.3 
D.A.W. 	(South) 

Jandakot ST 2 G.W. 4.0 87.2 4.2 291.1 + 	0.7 
1993/94 300.7 North Dandalup Dam 11.0 302.0 + 	1.3 

(part) 
1994/95 311.2 North Dandalup Dam (add) 7.0 

Pinjar ST 2 G.W. 10.9 98.1 11.9 320.9 9.7 
1995/96 321.7 North Dandalup Dam (add) 4.0 324.9 + 	3.2 
1996/97 332.6 Gooralong P.B. 3.2 

North Dandalup Main Amp 3.0 
North Dandalup Dam (add) 4.1 335.2 + 	2.6 

1997/98 342.3 Cockleshell Gully 1.3 1.3 
D.A.W. 	(Central) 
WhitfordsD.A.W. 1.5 2.0 
Tamworth D.A.W. 1.5 102.4 2.0 
Raise Mundaring Weir 0.0 
(Enlarge Helena Reservoir) 

Lower Serpentine P.B. 3.0 343.5 + 	1.2 
1998/99 348.7 Pinjar ST 3 G.W. 10.9 113.3 12.0 

Raise Mundaring (part) 3.0 358.5 9.8 
1999/ 355.1 Raise Mundaring (add) 1.0 359.5 4.4 

2000 
2000/01 361.7 Dirk Brook P.B. 3.0 362.5 + 	0.8 
2001/02 368.3 Lexia G.W. 6.5 119.8 7.0 369.5 1.2 
2002/03 374.9 South Canning Dam 0.0 

Araluen P.B. 1.8 
Raise Mundaring (add) 3.0 
Hamilton Hill D.A.W. 1.5 121.3 2.0 376.3 1.4 

2003/04 381.6 Marrinup Brook P.B. 5.3 
Lake Thompson D.A.W. 1.5 122.8 2.0 383.6 2.0 

2004/05 388.4 Lower South Dandalup P.B. 4.4 
East Mirrabooka ST 3 G.W. 2.0 124.8 2.0 390.0 * 	1.6 

2005/06 395.2 Yeal ST 1 G.W. 7.8 132.6 9.0 399.0 3.8 
2006/07 402.0 Raise Mundaring (add) 3.0 

South Canning Dam (part) 2.0 404.0 + 	2.0 
2007/08 408.9 Jane Brook P.B. 6.1 410.1 1.2 
2008/09 415.9 Yeal ST 2 G.W. 7.8 140.4 9.0 419.1 + 	3.2 
2009/10 423.1 South Canning Dam 	(add) 	-- 4.0 423.1 0.2 

* Assumes Wungong Tunnel and Outlet Pipes completed to South West Highway. 



Table 2. Revised ItMinimum u Source Development Timetable 
(includes G & AWS System) 

All Units Millions of Cubic Metres per Annum 
D.A.W. =Oeep Artesian Well 	G.W. Groundwater Scheme 	P.H.=Pipehead 	P.B. =Pumpback 	ST=Stage 

Groundwater 
Forecast 	 Interim 	System 	System 	Surplus 

Year 	Unrestricted 	Sources Commissioned 	 Quota 	Yield 	Yield 	Yield 

	

Demand 	 (Operational) 	 Scheme Total Benefit 

1984/85 	210.8 	Storage Reservoirs: 
Canning. Serpentine. 
South Dandalup.Wungong 
(Restricted Outlet)*. 
Churchmans .Victoria. 
Mundaring. 

Pipeheads/Pumpbacks: 
North Dandalup P.M. 
Lower Helena P.B. 

Groundwater Schemes: 
Gwelup 10.5 
Mirrabooka 16.8 
East Mirrabooka ST 1&2 4.6 
Wanneroo 21.2 
Jandakot ST 1. 4.0 
Deep Artesian 12.0 	69.1 276.2 +65.4 

1987/88 226.7 276.2 +49.5 
1988/89 232.6 Wanneroo D.A.W. 1.5 	70.6 	1.5 277.7 +45.1 
1989/90 239.0 277.7 +38.7 
1990/91 245.4 277.7 +32.3 
1991/92 251.8 Pinjar ST 1 G.W. 10.2 	80.8 	11.9 289.6 +37.8 
1992/93 258.2 Wunoona Outlet Main Amp. 1.1 290.7 +32.5 
1993/94 	264.7 	 290.7 	+26.0 
1994/95 	271.1 	Mundaring Integration 	- - 	 0.0 	290.7 	+19.6 

277.5 
1996/97 	284.0 	Pinjar ST 2 G.W. 	 .9 	91.7 	11.9 

Deletion of North 	 -11.5 
Dandalup P.H. 	 291.1 	+ 7.1 

1997/98 	290.5 	 291.1 	* 0.6 
1998/99 297.1 North Dandalup Dam 

(Part) 
Pinjar ST 3 G.W 10.9 102.6 

ii.0 

12.0 314.1 +17.0 
1999/ 

2000 
303.6 North Dandalup Dam (add) 7.0 321.1 +17.5 

2000/01 310.4 North Dandalup Dam (add) 4.0 325.1 *14.7 
2001/02 317.1 North Dandalup Dam 

Lexia G.W. 
(add) 

6.5 109.1 
4.1 
7.2 336.4 +19.3 

2002/03 324.0 336.4 *12.4 
2003/04 330.8 Whitfords D.A.W. 1.5 110.6 2.0 338.4 + 	7.6 
2004/05 337.6 Yeal ST 1 G.W. 7.8 118.4 9.0 347.4 + 	9.8 
2005/06 344.4 347.4 * 	3.0 
2006/07 351.3 Conjurunup Creek P.H. 5.2 352.6 + 	1.3 
2007/08 358.1 	Cockleshell Gully 1.1 119.5 1.1 

D.A.W. 	(North) 
Cockleshell Gully 1.3 120.8 1.3 

D.A.W. 	(South) 
Jandakot ST 2 G.W. 4.0 124.8 4.2 	359.2 	* 	1.1 

2008/09 365.1 	Yeal ST 2 G.W. 7.8 132.6 9.1 	368.3 	+ 	3.2 
2009/10 372.3 	Gooralong P.B. 3.2 

East Mirrabooka ST 3 G.W. 2.0 134.6 2.0 	373.5 	+ 	1.2 

* Assumes Wungong Tunnel and Outlet Pipes completed to South West Highway. 



Table 3. Revised "Maximum" Source Development Timetable 
(includes G & AWS System) 

All Units Millions of Cubic Metres per Annum 
D.A.W.Deep Artesian Well 	G.W.-Groundwater Scheme 	P.H.=Pipehead 	P.B.=Pumpback 	ST=Stage 

Groundwater 
Forecast 	 Interim System System Surplus 

Year 	Unrestricted 	Sources Commissioned 	 Quota 	Yield 	Yield 	Yield 
Demand 	 (Operational) 	 Scheme Total Benefit 

1984/85 	210.8 	Storage Reservoirs: 
Canning. Serpentine. 
South Dandalup.Wungong 
(Restricted Outlet)*. 
Churchmans . Victoria, 
Mundaring. 

Pipeheads/Pumpbacks: 
North Dandalup P.H. 
Lower Helena P.B. 

Groundwater Schemes: 
Gwelup 10.5 
Mirrabooka 16.8 
East Mirrabooka ST 1&2 4.6 
Wanneroo 21.2 
Jandakot ST 1. 4.0 
Deep Artesian 12.0 	69.1 	 276.2 	+65.4 

1987/88 	253.8 276.2 	+22.4 
1988/89 	268.0 	Wanneroo D.A.W. 1.5 	70.6 	1.5 

Deletion of North -11.5 
Dandalup P.H. 

Conjurunup Creek P.H. 5.2 	271.4 	• 	34 

1990/91 296.7 Cockleshell Gully 1.3 82.1 1.3 
D.A.W. 	(South) 

Wungong Outlet Main Amp. 1.1 
North Dandalup Dam 11.0 296.7 + 	0.0 

(part) 
1991/92 310.5 Cockleshell Gully 1.1 83.2 1.1 

D.A.W. 	(North) 
Gooralong P.B. 3.2 
Araluen P.S. 1.8 
North Dandalup Dam (add) 7.0 
Tamworth D.A.W. 1.5 84.7 2.0 311.8 + 	1.3 

1992/93 324.6 Jandakot ST 2 G.W. 4.0 88.7 4.2 
Cockleshell Gully 1.3 90.0 1.3 
D.A.W. 	(Central) 

East Mirrabooka ST 3 G.W. 2.0 92.0 2.0 
North Dandalup Dam (add) 4.0 
Hamilton Hill D.A.W. 1.5 93.5 2.0 325.3 0.7 

1993/94 339.4 North Dandalup Dam (add) 4.1 
Pinjar ST 2 G.W. 10.9 104.4 11.9 341.3 + 	1.9 

1994/95 347.0 North Dandalup Main Amp 3.0 
Lower Serpentine P.B. 3.0 
Raise Mundaring 0.0 347.3 + 	0.3 

1995/96 354.6 Lower South Dandalup P.B. 4.4 
Raise Mundaring 3.0 
Lake Thompson D.A.W. 1.5 105.9 2.0 356.7 + 	2.1 

1996/97 362.3 Marrinup Brook P.B. 5.3 
Raise Mundaring 1.0 363.0 0.7 

1997/98 370.0 Jane Brook P.B. 9.4 372.4 2.4 
1998/99 377.8 South Canning Dam 0.0 

Pinjar ST 3 G.W. 10.9 116.8 12.0 384.4 + 	6.6 
1999/ 385.7 Raise Mundaring 3.0 

2000 Whitfords D.A.W. 1.5 118.3 2.0 359.4 3.7 
2000/01 393.8 Dirk Brook P.B. 3.0 

Jandakot South ST 1 G.W. 2.6 120.9 2.9 395.3 + 	1.5 
2001/02 401.9 Lexia G.W. 6.5 127.4 7.0 402.3 + 	0.4 
2002/03 410.1 Yeal ST 3. G.W. 7.8 135.2 9.0 

South Canning Dam 2.0 413.3 + 	3.2 
2003/04 418.4 Jandakot South ST 2 G.W. 2.6 137.8 2.9 

Raise Mundaring 3.0 419.2 0.8 
2004/05 426.8 Yea). ST 2 G.W. 7.8 145.6 9.1 428.3 1.5 
2005/06 435.2 Susannah Brook P.B. 3.4 

- South Canning Dam (add) 4.0 435.7 + 	0.5 
2006I01 	44.5-7 	Barragoon ST 1 G.W. 	 6.5 	152.1 	7.7 	443.4 	- 0.3 
2007/05 	452.3 	Barragoon ST 2 G.W. 	 6.5 	158.6 	7.7 

Karnup G.W. 	 7.5 	166.1 	7.5 	458.6 	• 6.3 
2008/09 	461.1 	South Canning Dam (add) 	 4.0 	462.6 	• 1.5 
2009/10 	469.9 	Ellen Brook P.B. 	 7.1 	469.8 	- 0.1 

* Assumes Wungong Tunnel and Outlet Pipes completed to South West Highway. 



Table 4: WATER SUPPLY DEVELOPMENT OPTIONS 

SOURCE 
------------------------------------------------------------------------------------------------------------------------------ 

REASONS FOR REJECTION OR ACCEPTANCE 
CATEGORY NAME SYS. YIELD ABLE TO BE APPROX. COST AS A VIABLE ALTERNATIVE FOR THE NEXT 

BENEFIT DEVELOPED BY (c/kL) MAJOR SOURCE 
(Mrn3/yr) 1993 

1. Non-feasible . Ord River >10 

------------------------------------------------------------------------------------------------------------------------------

No 1080 	) More expensive than conventional 
options . 	Icebergs >10 No very expensive ) desalination of seawater and could not be 

developed in time. 
Solar distillation >10 No 

2. Long-term . Desalination of sea >10 No 150 Too expensive 
options water 

Swan-Avon Trib. 2 - 34 Yes 67 - 91 Too expensive 
(Wooroloo, Brockman, 
Julimar, Red Swamp) 
Murray River 
- Outside Lane-Poole 150 No 83 Too expensive 
- Tributary Devel. 21 No 32 Precluded by vesting of Lane Poole 

Reserve 
Forest thinning >10 No <10 Feasibility studies in progress but not 

able to be developed by 1993. 

Mm3/yr = million cubic metres per year 
c/kL 	= cents per kilolitre 



SOURCE 
----------------------------------------------------------------------------------------------------------------------------- 

REASONS FOR REJECTION OR ACCEPTANCE 
CATEGORY NAME SYS. YIELD ABLE TO BE APPROX. COST AS A VIABLE ALTERNATIVE FOR THE NEXT 

BENEFIT DEVELOPED BY (c/kL) MAJOR SOURCE 
(Mm3/yr) 1993 

3. Medium Term . Helena River redevel 9 - 13+ 
-----------------------------------------------------------------------------------------------------------------------------

Yes 35 	60 A number of alternative schemes were con- 
Surf ace (Upper Helena, sidered but found to be considerably more 
Water Darkin or Lower expensive and have greater engineering 
Options Helena) problems than the option of Raising 

Mundaring Weir. 
Victoria/Bickley 3 Yes 51 Yield small and too expensive 
redevelopment 
Conjurunup Dam 3.3 No 40 Yield small and too expensive. 
Lower Sth Dandalup 4 Yes 30 Yield small (a full dam proposal was con- 
Pumpback sidered but was still small and 

was more expensive than the pumpback 
proposal). 

Marrinup 5 - 7 Yes 31 - 32 Pumpback & dam yield are small and the 
Pumpback or Dam) dam would flood a section of the HoLhamu 

Valley Railway. 
Swan-Avon Trib. 1 - 6+ No 25 - 31 Yield small & could not be developed in 

time. 
(Jane & Susannah 
pumpbacks) 
Pumpback developmnts 3+ Yes 20 - 36 Individually too small. 	Yields depend on 
(Dirk, Gooralong, a new major storage dam & hence the three 
Lower Serp. St. 	2) as a package would still be too small. 
Harvey River 30 No 36 Expensive source timed to meet the 

expected growth in Mandurah demand post 
2010. 	Resolution of water resource allo- 
cation issues prevent development by 
1993. 

+Yield for each source 



---------------------------------------------------------------------------------- ---------------------------------------- 
SOURCE 
	

REASONS FOR REJECTION OR ACCEPTANCE 
CATEGORY 	 NAME 	 SYS. YIELD ABLE TO BE 	APPROX. COST 

	
AS A VIABLE ALTERNATIVE FOR THE NEXT 

BENEFIT 	DEVELOPED BY (c/kL) 
	

MAJOR SOURCE 
(Mm3/yr) 	1993 

---------------------------------------------------------------------------------- ------------------------------------------ 

	

4. Medium Term 	. Pinjar stages 2 & 3 	12+ 	Yes 	 >35 
	

Development timed to meet local demand 

	

Groundwater 	 growth in the adjacent North-West 
Corridor. 
Additional cost involved in developing 
earlier would make them too expensive. 

Barragoon, Yeal, 	7-9+ 	No 
	

40 - 50 
	

As with Pinjar, these sources are timed to 
Lexia 	 meet local demand growth in the North West 

Corridor & hence not able to be developed 
by 1993. 

East Mirrabooka St 3 
	

2 	 Yes 
	

26 
	

Yield small. 
Jandakot South 
	

3+ 	Yes 
	

45 
	

Yield small and expensive 
Stages 1 & 2 
Dandalup 
	 10 
	

Yes 
	

39 	Too expensive. 
Karnup 
	 7 
	

Yes 	 38 	Yield small and expensive. 
Deep Artesian 	 2+ 
	

No 
	

12 	The seven wells are individually small, 
Wells (7) 
	 and their development timing is dependent 

on an increased demand on adjacent service 
reservoirs to allow mixing. Hence they 
could not be developed as a package by 
1993. 

5. Viable 	. Raised Mundaring 
Alternatives 	Dam 

Raised Canning Dam 
South Canning Dam 
North Dandalup Dam 

11 

10 
12 
14 

Yes 

Yes 
Yes 
Yes 

18 	Large, can be developed in time & 
financially realistic. 

28 	 1* U U 	 U 	 U ti Pt 

20  

:1.9  

+ Yield for each source 
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5. 	RAISED MUNDARING 

5.1 BACKGROUND 

The original Mundaring Weir was constructed by C. Y. O'Connor 
in 1903 to supply water to the goldfields. The concrete wall 
was 30.5 m high and impounded a reservoir of some 21 million 
cubic metres. 	In 1951 the height of the wall was raised by 
nearly 10 m to a spiliway crest level of 137.3 m AHD, 
increasing the reservoir capacity to approximately 69 million 
cubic metres. Later, in 1959, crest gates were added, raising 
the full supply level to 138.5 m AHD and increasing the 
reservoir capacity to 77.1 million cubic metres. 

In 1971 a pipehead dam was constructed on the Helena River. 
10 km downstream of Mundaring Weir, and used to pump water back 
into the Helena Reservoir. 

Mundaring Weir, the historical source for the Goldfields and 
Agricultural Water Supply (G&AWS) scheme, has been 
progressively integrated into the MWS scheme over the last few 
years. This provides supply and reliability benefits to both 
the G&AWS and metropolitan consumers. The existing dam has the 
capacity to supply a long-term average of 23.1 million m3  of 
water per year (Mauger, 1987). 

Based on the historical streamflow records for the Helena 
River, the existing Mundaring Weir and Lower Helena pumpback 
schemes do not harness the full economic water yield potential 
of the river and additional storage capacity is required. The 
below average rainfalls since the early 1970s make it appear as 
if the river is being fully utilised but a return to the 
earlier periods of higher rainfall and streamflow would cause 
the reservoir to regularly overflow as before. 

A number of redevelopment options for the Helena River have 
been explored (see Mauger. 1987). Upper dams on either the 
Helena River or Darkin River branches were investigated in the 
early 1970s. These major storage dams would require pumping 
back from the existing Helena Reservoir. Both reservoirs would 
have potential salinity problems due to clearing of the 
reservoir basin in a relatively lower rainfall area. A Lower 
Helena Dam to replace the existing Lower Helena Pipehead 
structure was investigated, but the cost was high and the 
resulting reservoir would inundate the full length of the 
valley between the two existing structures. 

The currently preferred option for redevelopment of the Helena 
River by raising the existing Mundaring Weir by some 12 metres 
(Fig. 4) arose from the search for alternatives associated with 
this study. Preliminary investigations confirmed it as a sound 
engineering and financial proposition. It is significantly 
cheaper than the other Helena options and avoids their water 
quality and aesthetic disadvantages. 



5.2 	RESERVOIR CHARACTERISTICS 

The best available surface area and storage volume figures for 
the reservoir basin are presented in Table 5. 

LEVEL ELEVATION RESERVOIR 
--------------------------------------------------------------------- 

SURFACE STORAGE SOURCE OF DATA 
(in AHD) DEPTH AREA VOLUME 

(in) (km2) (Mm3) 

Streambed 97.5 0 
--------------------------------------------------------------------- 

0 0 PWD curves 
100 2.5 0 0 11 IN  

110 12.5 0.2 2 
120 22.5 1.1 7 
130 32.5 3.7 29 is 

Spiliway 
Crest 137.3 39.8 7.1 69 U 

Top of 
gates 138.5 41.0 7.8 77 I'  

140 42.5 8.5 90 
145 47.5 11.2 140 I'  

150 52.5 14.3 200 1:25000 contours 
155 57.5 16.5 280 If 	 of 

160 62.5 21.5 370 U 	 81 

Table 5: HELENA RESERVOIR SURFACE AREA & STORAGE FIGURES 

The figures for all elevations up to and including 145 in AHD came 
from the curves on PWD Drawing 37514-2-1, a copy of which is 
contained in Dams Calculation Binder S25.1. The surface area of 
contours 150, 155 and 160 m AHD were measured from 1:25 000 scale 
maps and the storage volumes estimated in March 1987 (see Calc. 
Binder 625.1). 

5.3 	YIELD ESTIMATES 

The system yield benefit estimates were determined for various 
reservoir sizes (Table 6). 

----------------------------------------------------
ADDITIONAL SYSTEM MEAN SYSTEM 

STORAGE VOLUME YIELD BENEFIT ANNUAL DRAW 
(Mm3) (Mm3/yr) 

---------------------------------------------------- 
(Mm3/yr) 

100 3.1 3.4 
150 8.2 8.4 
200 11.0 11.7 
250 11.9 13.2 

Table 6: 
----------------------------------------------------

RAISED MUNDARING SYSTEM YIELD 
BENEFIT ESTIMATES 

The figures dated 10/4/1987 are contained in Water Resources 
Planning housefile S2215. The figures were obtained from 
computer simulation of system behaviour using the Sources 
Behaviour Programme (SBP) and are contained in WRP EDP file 475 
vol. 2 
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The "system yield benefit" of a source is the additional draw 
available to the system in non-restrictive years, whereas the 
"mean system annual draw" is the additional draw on the system 
in all years, including restriction years, when draws are 
lower. Hence "mean system annual draw" is generally less than 
"system yield benefit". 

5.4 	COST ESTIMATES 

The project cost estimates for various dam sizes are shown in 
Table 7. 

FULL SUPPLY HEIGHT 
---------------------------------------------------------------- 

OF 	CAPITAL COST OPERATING COST PVT 
LEVEL RAISING 	($M) ($M/yr) ($M) 

(m AHD) (m) 

146 7.5 
---------------------------------------------------------------- 

16.8 0.144 19.1 
150 11.5 22.4 0.200 25.6 
154 15.5 32.4 0.226 36.0 

Table 7: 
----------------------------------------------------------------

RAISED MUNDARING COST ESTIMATES 

The capital cost estimates dated March 1987 are based on raising 
the wall by conventional mass concrete techniques, but include 
an allowance for anchorage if required. The estimates are 
contained in Dams Calc. Binder S25.1. 

For estimating purposes, the operating costs are calculated as a 
factor of the additional mean system annual draw due to the 
source. The factor of 1.71 cents/m3  is based on a review of 
actual annual operating costs in relation to the annual draws 
from each of the existing dams. 

The present value total (PVT) of the capital and annual 
operating costs is based on a 6% discount rate over a period of 
60 years. 

All costs are in December 1986 dollars. 

5.5 	ECONOMIC OPTIMUM SIZE 

The values from the tables above were interpolated to produce a 
table of integrated data (Table 8). 



FSL DEPTH SURFACE 
------------------------------------------------------------------------------- 

STORAGE YIELD COST INCR $1 
(m AHD) AREA VOLUME CAPITAL 	PVT INCR YIELD 

Cm) (2) (Mm3) (Mm3/yr) ($M) ($M) ($/m3/yr) 

97.5 0.0 - 0.0 	- 
------------------------------------------------------------------------------- 

0 	- - - - 
100.0 2.5 - 0.0 	- 0 	- - - - - 
110.0 12.5 - 0.2 	- 2 	- - - - - 
120.0 22.5 - 1.1 	- 7 	- - - - - 
130.0 32.5 - 3.7 	- 29 	- - - - - 
138.5 41.0 ( 	0.0) 7.8 	( 	0.0) 77 	( 	0) 0.0 0.0 0.0 - 
140.0 42.5 ( 	1.5) 8.5 	( 	0.7) 90 	( 	13) 1.7 3.0 3.5 2.1 
142.5 45.0 C 	4.0) 9.8 	( 	2.0) 112 	( 	35) 4.5 8.0 9.2 2.0 
145.0 47.5 C 	6.5) 11.2 	( 	3.4) 140 	( 	63) 7.3 12.4 14.4 1.9 
146.0 48.5 C 	7.5) 11.7 	( 	3.9) 150 	( 	73) 8.2 16.8 19.1 5.2 
150.0 52.5 (11.5) 14.0 	( 	6.2) 200 (123) 11.0 22.4 25.6 2.3 
154.0 56.5 (15.5) 16.2 	( 	8.4) 250 	(173) 11.9 32.4 36.0 11.6 
160.0 62.5 (21.5) 21.5 	(13.7) 370 	(293) 

------------------------------------------------------------------------------- 
Table 8: 	RAISED MUNDARING INTEGRATED DATA 

(Figures for additional depth, surface area and storage volume 
due to the raising are in brackets) 

Figures 5 to 10 provide plots of the relationships between the 
reservoir, yield and cost data contained in Table 8. 

The economic optimum size of the raising is the point at which 
the incremental cost of yield is at the long-term marginal cost 
of the source development timetable. The appropriate long-term 
marginal cost for 1993 in December 1986 dollars is $6.65/rn3  of 
annual yield. This is shown on Figure 10 to be a reservoir 
storage of approximately 200 Mm3. 	i.e. a raising of 11.5 m to 
a new FSL of 150 m AHD. 

5.6 	PROJECT DEFINITION (OPTIMUM SIZE) 

5.6.1 Location and proposed works 

The proposed Raised Mundaring project is located some 30 km east 
of Perth. The project consists of enlarging the existing 
Mundaring Weir by the placement of mass concrete to raise the 
full supply level by 11.5 m and form a new darn crest 
approximately 460 m long. The existing Helena Reservoir storage 
capacity would be enlarged by 123 Mm3  to approximately 200 
Mm3  (increasing the surface area at FSL by 640 ha to 1400 
ha). This would provide an additional system yield benefit of 
11.0 Mm3/yr. 

Ancillary works such as the intake tower and outlet works, 
although modified, would remain largely as existing. A new 
spillway would be incorporated in the raised structure. Figure 
11 shows the proposed works. 



The estimated capital cost of the prcposed project is $22.4M 
(December 1986 dollars). Preliminary assessments of the 
geology of the damsite and sources of suitable material for 
construction have been undertaken, although further 
investigation work will be required to carry out the detailed 
design. 

5.6.2 Damsite 

Site description 

The enlarged wall would be constructed directly on top of the 
existing structure (see Figure 11). Streambed elevation is 
approximately 97.5 m AHD. The abutment surface contours above 
and downstream of the existing structure are favourable, 
minimising the additional wall volume required for the raising. 

Geology 

The bedrock is mainly granitic with a few intrusive dolerite 
dykes. Overburden is very shallow on the right abutment but 
reasonably deep on the left abutment. 

Existing works 

The existing dam is a concrete gravity structure some 40 m 
high. 308 m long and 40 m wide at its base. Reservoir water is 
diverted through a dry intake tower with multiple offtakes 
attached to the upstream face of the wall. Outlet works 
consist of two 750 mm diameter and two 600 mm diameter outlet 
pipes which supply water to the pumping station (for pumping to 
the goldfields) and along a pipeline down the valley to Perth. 
A treatment house for chlorination and fluoridation of the 
water is located in the valley below the wall. 

The existing facilities would be retained with the raised 
structure. 

Road system 

A small section of Mundaring Weir Road immediately south of the 
existing wall would be affected by the raised structure and the 
increased full supply level of the reservoir. This section 
would be realigned in consultation with the Shire of 
Kalamunda. This would provide the opportunity to develop an 
additional picnic and parking area to the south of the dam 
between the realigned road and the new reservoir level. 

The raised reservoir would cut a number of sections of the 
Reservoir and Allen forest roads running alongside the existing 
reservoir. Realighment of these roads has been discussed and 
agreed to in principle by the Department of Conservation and 
Land Management (CALM). 
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5.6.3 	Raised wall 

The existing wall would be enlarged by conventional mass 
concrete similar to the method used to raise Wellington Dam, to 
form a raised concrete gravity structure. The existing FSL of 
138.5 m MID (top of gates) would be raised by 11.5 m to form a 
new ungated spillway crest with a level of 150 m AL-ID. The new 
top of dam would be approximately 460 m long and have an 
elevation of approximately 154 m AHD. The base of the dam 
would be widened by about 8 m to approximately 48 m. 

The historic significance of Mundaring Weir is well recognised, 
although the existing structure covers the original wall built 
by C. Y. O'Connor. The raised wall would be carefully designed 
and built to retain as far as possible the existing appearance 
and character of the wall. 

5.6.4 Construction 

It is likely that a concrete batching plant would be 
established at the damsite and the original quarry on the right 
abutment upstream of the wall be used as a source of 
aggregate. Cement would be transported from Perth. 

A construction workforce of about 200 would be employed over 
the two years construction period of the project. The 
workforce would commute from Perth daily. 

Some disruption to the access and recreational facilities at 
the dam would be inevitable over the construction period, but 
this would be kept to a minimum. 
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6. 	RAISED CANNING 

	

6.1 	BACKGROUND 

The existing Canning Dam was completed in 1940 to supply water 
to Perth. The concrete wall is approximately 66 m high, 
impounds a reservoir of 90 million m3  and has the capacity to 
supply a long-term average of 40.8 million m3  per year. A 
pipehead dam diverting water from a downstream tributary. 
Kangaroo Gully, into the reservoir was completed about 1952 and 
a small pumpback scheme from a weir at Araluen has been 
operating for about 10 years. 

The height of the right abutment and northern rim of the 
reservoir limited the size of the structure built on the site. 
The existing structure, designed in the early 1930s, was 
considered to be the highest wall able to be safely and 
economically built on the site. The height of the right 
abutment required the construction of a wing wall approximately 
150 m long on the northern rim of the reservoir. 

The designers recognised that the storage capacity of the dam 
was not large enough to harness the full yield potential of the 
river. It was envisaged at the time that a second upstream 
storage dam would be constructed at a later date on the Canning 
river near Eagle Hill to gain the additional yield potential. 
This became the South Canning Dam proposal. 

In the search for alternatives for the next major source, the 
possibility of raising Canning Dam was aired. The height 
limitations of the right abutment would make the project 
expensive, but the significantly smaller reservoir inundation 
area compared to the South Canning proposal appeared to offer 
decided environmental advantages and the proposal was 
investigated. 

The possibility of raising the dam by prestressing was 
considered, but found to be impractical for the height of 
raising required. The current proposal is to raise the dam by 
conventional mass concrete to form an enlarged concrete gravity 
structure, and construct an extended embankment dam along the 
northern rim of the reservoir (see Figures 12 and 13). 

	

6.2 	RESERVOIR CHARACTERISTICS 

The best available surface area storage volume figures for the 
reservoir basin are shown in Table 9. 
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LEVEL ELEVATION RESERVOIR SURFACE STORAGE SOURCE OF DATA 
(m AHD) DEPTH AREA VOLUME 

(m) (km2) (Mm3) 

Streambed 141.0 0 
--------------------------------------------------------------------- 

0.00 0.0 1:2500 contours 
149.0 8.0 0.06 0.2 
161.2 20.2 0.35 2.3 11 It 

170.3 29.3 0.81 7.6 11 

180.0 39.0 1.47 18.5 
190.0 49.0 2.51 38.0 U It 

200.0 59.0 4.05 70.3 'I 
U 

S p i 11 way 
Crest 204.5 63.5 5.01 90.5 11 

205.0 64.0 5.14 93.2 II II 

206.0 65.0 5.40 98.5 1 

207.0 66.0 5.66 104.0 U 

208.0 67.0 5.92 109.8 I'  

209.0 68.0 6.22 115.8 II II 

210.0 69.0 6.52 122.2 1:25000 contours 
215.0 74.0 8.18 159.0 
220.0 79.0 10.17 204.6 H II 

Table 9: 	CANNING RESERVOIR 
-------------------------------------------------------------------- 

SURFACE AREA & STORAGE FIGURES 

The reservoir basin was flown in 1977 to produce 1:2500 scale 
plans with a contour interval of 1 m (Lands & Survey job 
770058-Canning Dam). The surface area and storage volume 
figures for elevations up to and including 209 m AHD were 
produced by digital techniques from these plans (see report by 
Lilly, 1980 on house file MW 370). 

CALM 1:25 000 scale contour maps were digitised by the firm ESRI 
in February 1987 (see WRP housefile 2215 Vol 2) to determine the 
surface area and storage volume figures for elevations 210. 215 
and 220 m AHD. 

6.3 	YIELD ESTIMATES 

The system yield benefit estimates determined for various 
reservoir sizes are presented in Table 10. 

---------------------------------------------------- 
ADDITIONAL SYSTEM 	MEAN SYSTEM 

STORAGE VOLUME 	YIELD BENEFIT 	ANNUAL DRAW 
(Mm3) 	 (Mm3/yr) 	 (Mm3/yr) 

---------------------------------------------------- 

	

130.5 	 7.4 	 5.7 

	

170.5 	 9.9 	 7.9 

	

200.0 	 11.0 	 9.3 
---------------------------------------------------- 

Table 10: RAISED CANNING SYSTEM YIELD BENEFIT ESTIMATES 

The figures. dated 10/4/1987, are contained in Water Resources 

Planning housefile S 2215. 



6.4 	COST ESTIMATES 

The project cost estimates for various dam sizes shown in Table 
11. 

---------------------------------------------------------------- 
FULL SUPPLY HEIGHT OF CAPITAL COST OPERATING COST 	PVT 

LEVEL 	RAISING 	($M) 	 ($M/yr) 	($M) 
(m AHD) 	(rn) 

---------------------------------------------------------------- 
210 	 5.5 	 26.7 	 0.077 	 27.9 
213.5 	 9.0 	 29.6 	 0.113 	 31.4 
217.5 	13.0 	 40.5 	 0.144 	 42.8 

---------------------------------------------------------------- 
Table 11: RAISED CANNING COST ESTIMATES 

The capital cost estimates dated March 1987 are based on raising 
the wall by conventional mass concrete techniques (see Dams 
Caic. Binder S25.1). 

For estimating purposes, the operating costs are calculated as a 
factor of the additional mean system annual draw due to the 
source. The factor of 1.71 cents/rn3  is based on a review of 
actual annual operating costs from the existing dams. The 
present value total (PVT) of the capital and annual operating 
costs is based on a 6% discount rate over a period of 60 years. 

All costs are in December 1986 dollars. 

6.5 	ECONOMIC OPTIMUM SIZE 

The values from the tables above were interpolated to produce 
the table of integrated data (Table 12). 

FSL DEPTH SURFACE 
---------------------------------------------------------------------------------- 

STORAGE YIELD COST INCR $1 
(m AHD) AREA VOLUME CAP PVT INCR YIELD 

(m) (2) (Mm3) (Mm3/yr) ($M) ($M) ($/m3/yr) 

141.0 0.0 - 0.0 	- 
---------------------------------------------------------------------------------- 

0.0 	- - - - - 
150.0 9.0 - 0.08 	- 0.4 	- - - - - 
160.0 19.0 - 0.32 	- 2.1 	- - - - - 
170.0 29.0 - 0.81 	- 7.6 	- - - - - 
180.0 39.0 - 1.47 	- 18.5 	- - - - - 
190.0 49.0 - 2.57 38.0 - 
200.0 59.0 - 4.05 70.3 - - 
204.5 63.5 ( 	0.0) 5.01 	(0.0) 90.5 	( 	0.0) 0.0 0.0 0.0 - 
210.0 69.0 ( 	5.5) 6.50 	(1.49) 122.0 	( 	31.5) 6.0 26.7 27.9 4.7 
211.5 70.5 ( 	7.0) 7.0 	(1.99) 134.0 	( 	43.5) 7.6 28.0 29.5 1.0 
214.0 73.0 ( 	9.5) 7.8 	(2.79) 153.0 	( 	62.5) 8.8 31.0 33.0 2.9 
215.0 74.0 (10.5) 8.2 	(3.19) 159.0 	( 	68.5) 9.2 33.5 35.5 6.3 
216.0 75.0 (11.5) 8.5 	(3.49) 168.0 	( 	77.5) 9.8 36.4 38.5 5.0 
217.5 76.5 (13.0) 9.2 	(4.19) 183.0 	( 	92.5) 10.4 40.5 42.8 7.2 
220.0 79.0 (15.5) 10.2 	(5.19) 205.0 	(114.5) 11.1 48.0 50.0 10.3 

---------------------------------------------------------------------------------- 

Table 12: 	RAISED CANNING INTEGRATED DATA 
(Figures for additional depth, surface area and storage volume 

due to the raising are in brackets) 
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Figures 14 to 19 provide plots of the relationships between the 
reservoir, yield and cost data contained in Table 12. 

The economic optimum size based on a long-term marginal cost of 
$6.65/rn3  of annual yield is determined from Figure 19 to be a 
storage of approximately 170 Mm3. i.e. a raising of 11.5 m 
to a new FSL of 216 m AHD. 

6.6 	PROJECT DEFINITION (OPTIMUM SIZE) 

6.6.1 	Location and proposed works 

The proposed Raised Canning project is located some 34 km 
south-east of Perth. The project consists of raising the 
existing dam by enlarging the concrete gravity structure and 
enlarging and extending the embankment along the northern rim 
of the reservoir. The existing Canning Reservoir storage 
capacity would be increased by 80 Mm3  to approximately 
170 Mm3. This would increase the surface area at FSL by 350 
ha to 850 ha. The proposed project would provide an additional 
system yield benefit of 9.9 million m3. 

Ancillary works such as the intake tower and outlet works, 
although modified, would remain largely as existing. A new 
enlarged spiliwall would be incorporated into the concrete 
gravity wall. Figure 13 shows the proposed works. 

The estimated capital cost of the proposed project is $35.5M 
(December 1986 dollars). Preliminary assessments of the dam 
site geology and the sources of suitable material for 
construction have been undertaken, but further investigation 
work will be required to carry out the detailed design. 

6.6.2 	Damsite 

Site description 

The new wall would be constructed on the same site as the 
existing dam, which would be incorporated in it (see Figure 
13). The streambed elevation at the base of the wall is 
approximately 141 m AHD. The abutment surface contours above 
and downstream of the existing structure are not favourable on 
the right abutment, where substantial additional earthworks 
would be required. 

Geology 

The bedrock beneath the existing concrete gravity structure is 
granitic, with a single dolerite dyke along the line of the 
original streambed. Overburden is very shallow in the central 
portion of the valley, but deepens higher up in the valley 
profile. 

The bedrock beneath the existing wing wall embankment along the 
northern rim of the reservoir is mainly granitic with a number 
of intrusive dolerite dykes. Overburden depth varies from very 
shallow on the high points to deep on the saddles. 
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Existing works 

The existing dam is a concrete gravity structure some 66 in 
high, 466 in long and 53 in wide at its base. Reservoir water is 
diverted through an intake structure attached to the wall which 
consists of four wet walls with inlet openings at four levels. 
Outlet works consist of three 1065 mm diameter outlet pipes 
feeding into a 1370 mm diameter pipe supplying water to Perth. 
The water is microscreened before receiving chlorination and 
fluoridation treatment from the treatment house located in the 
valley below the dam. Three rangers are located above the 
level of the existing dam on the left abutment. These existing 
facilities would be retained with the raised structure. 

The lower half of the Kangaroo Gully contour channel would be 
below the level of the proposed new full supply level of 
Canning Reservoir. Hence alternative arrangements, such as 
replacement of this length of the contour channel with a pipe, 
would be required. 

Road system 

A section of Lady McNess Drive immediately south of the 
existing wall would be affected by the raised structure and the 
increased full supply level of the reservoir. This section 
would be realigned in consultation with the local authority. 
This would provide the opportunity to develop an additional 
recreational facility to the south of the dam between the 
realigned road and the new reservoir level. 

The raised reservoir would not cut any significant forest roads. 

	

6.6.3 	Raised wall 

The existing wall would be enlarged by conventional mass 
concrete to form a raised concrete gravity structure. The 
downstream slope of the new structure would be flatter than the 
slope of the existing structure to allow for full stability 
under modern design practice. The existing spillway crest 
level of 204.5 m AHD would be raised by 11.5 m to form a new 
spiliway crest with a level of 216 m AHD. The new dam crest 
would have a total length of about 1250 m (510 in for the 
concrete wall and 740 in for the embankment section) and an 
elevation of approximately 217.5 in AHD. The base of the 
concrete gravity structure would be widened by about 12 in to 
approximately 65 m. 

	

6.6.4 	Construction 

It is likely that a concrete batching plant would be 
established at the dam site and the original quarry downstream 
of the dam on the left abutment would be re-opened and used as 
a source of aggregate. Cement would be transported from Perth. 

A construction workforce of about 200 would be employed over 
the two-year construction period of the project. The workforce 
would commute daily from Perth. 
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Some disruption to the access and recreational facilities at 
the dam would be inevitable over the construction period, but 
this would be kept to a minimum. 
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7. 	SOUTH CANNING 

7.1 	BACKGROUND 

When Canning Dam was designed in the early 1930s, it was 
recognised that its storage capacity, which was limited by the 
damsite, would not be enough to harness the full yield 
potential of the river. Preliminary investigations at the time 
indicated a favourable upstream damsite existed on the Canning 
River near Eagle Hill and it was envisaged that a second 
storage dam would be constructed there at a later date to gain 
the additional yield potential. 

The South Canning and North Dandalup Dam proposals have been 
under active consideration as future sources of supply since 
the mid 1970s. They vied for contention as the next source 
after Wungong Dam which was completed in 1979. South Canning 
Dam was favoured ahead of North Dandalup due to its marginally 
higher economic ranking until a major review of yields and 
costs in December 1980 (MWSS&DB, 1980) reversed the order. 

In the late 1970s, investigation and design work to construct 
an earthfill embankment dam at South Canning by 1981 had 
reached an advanced stage and the Snowy Mountains Engineering 
Corporation had been contracted to complete the design and 
prepare contract documents. A Notice of Intent for the 
proposed project was submitted to the (then) Department of 
Conservation and Environment in May 1980. 	In accordance with 
the project schedule current at the time, arrangements were 
made with the (then) Forests Department to carry out logging of 
merchantable timber from the reservoir basin in anticipation of 
subsequent clearing, and heavy logging occurred. 

The reduction in metropolitan demand due to the 1977-1979 water 
restrictions and the reversal in the order of construction of 
the two dams in the 1980 report halted design work on the 
proposed South Canning dam and delayed its timing to the 1990s. 

The proposal was re-examined as part of the engineering 
investigations for this study and a revised preliminary design 
prepared. Current construction rates indicated that a rockfill 
dam would be more economic than the previous earthfill design, 
and the cost estimates have been based on this. Concrete dam 
options constructed by either roller-compacted or conventional 
means were considered but found to be more expensive than 
rockf ill. 

The proposed damsite is about 1.5 km north-east of Eagle Hill. 
There are no suitable alternative damsites due to the 
broadening of the valley and the lack of favourable foundation 
conditions. A site about 350 in downstream was previously 
investigated but rejected due to the deep weathering found on 
the left abutment. 

The location and plan of works of South Canning Dam are shown 
in Figures 20 and 21 respectively. 
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7.2 	RESERVOIR CHARACTERISTICS 

The best available surface area and storage volume figures for 
the reservoir basin are shown in Table 13. 

LEVEL ELEVATION RESERVOIR 
---------------------------------------------------------------- 

SURFACE STORAGE SOURCE OF DATA 
(m AHD) DEPTH AREA VOLUME 

(m) (km2) (Mm3) 

Streambed 234 0 
---------------------------------------------------------------- 

0.0 0 1:20000 contours 
240 6 0.4 1 U 

246 12 1.7 8 H 11 

252 18 4.4 26 IS 

258 24 8.9 66 II 

264 30 19.1 150 
Spiliway 
Crest 267 33 24.5 215 

270 36 32.4 300 11 1 

276 42 49.4 546 

Table 	13: 

---------------------------------------------------------------
SOUTH CANNING RESERVOIR SURFACE AREA & STORAGE FIGURES 

The figures are based on digitising dated 11/10/1982 of the 
1:20 000 contours shown on Special Plan 320 (see Water Resources 
Planning housefile S2215). 

7.3 	YIELD ESTIMATES 

The system yield benefit estimates determined for various 
reservoir sizes are shown in Table 14. 

----------------------------------------------------
ADDITIONAL SYSTEM MEAN SYSTEM 

STORAGE VOLUME YIELD BENEFIT ANNUAL DRAW 
(Mm3) (Mm3/yr) (Mm3/yr) 

50 

---------------------------------------------------- 
6.4 4.8 

100 8.2 6.6 
150 9.8 8.1 
190 10.8 
200 11.4 
210 11.6 10.02 
220 12.0 
250 12.1 

Table 14: 	SOUTH 
----------------------------------------------------

CANNING SYSTEM YIELD BENEFIT ESTIMATES 

These figures. dated 10/4/1987, are contained in Water 
Resources Planning housefile S2215. 
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7.4 	COST ESTIMATES 

The project cost estimates for various darn sizes are shown in 
Table 15. 
---------------------------------------------------------------- 
FULL SUPPLY HEIGHT OF CAPITAL COST OPERATING COST 	PVT 

	

LEVEL 	RAISING 	($M) 	 ($M/yr) 	($M) 
(m AHD) 	(m) 

---------------------------------------------------------------- 

	

256.0 	26.0 	 15.8 	 0.082 	 17.13 

	

265.0 	35.0 	 22.7 	 0.142 	 25.0 

	

267.0 	37.0 	 23.2 	 0.174 	 26.0 

	

268.3 	38.3 	 23.5 	 0.200 	 26.7 

	

- 	 -- -- Table 15: SOUTH CANNING COST ESTIMATES 

The capital cost estimates dated March 1987 are based on a 
rockfill dam (see Dams Caic. Binder S25.1). Reservoirs with 
FSL5 above 256 m AHD would require relocation of an SEC 132 kV 
powerline and $0.7 M has been included in the capital cost 
estimates for dams with FSLs of 265. 267 and 268.3. 

For estimating purposes, the operating costs are calculated as a 
factor of the additional mean system annual draw due to the 
source (see Water Resources Planning housefile S2215). The 
factor of 1.71 cents/rn3  is based on a review of actual annual 
operating costs in relation to the annual draws from each of the 
existing dams. 

The present value total (PVT) of the capital and annual 
operating costs is based on a 6% discount rate over a period of 
60 years. 

All costs are in December 1986 dollars. 

7.5 	ECONOMIC OPTIMUM SIZE 

The values from the tables above were interpolated to produce 
the table of integrated data (Table 16). 

FSL DEPTH SURFACE STORAGE 
------------------------------------------------------------------ 

YIELD COST INCR $1 
(in AHD) (m) AREA VOLUME (Mm3/yr CAPITAL PVT INCR YIELD 

(km2) (Mm3) ($M) ($M) ($/m3/yr) 

234 0 0 0 
------------------------------------------------------------------ 

0.0 0 0 
240 6 0.4 1 1.0 4.2 4.8 4.8 
250 16 3.5 24 4.8 11.5 12.5 2.0 
255 21 6.7 47 6.2 15.0 16.5 2.8 
260 26 12.3 90 8.0 18.7 20.6 2.3 
265 31 21.0 167 10.2 22.7 25.0 2.0 
266 32 22.9 190 10.8 23.0 25.5 0.8 
267 33 24.5 215 11.8 23.2 26.0 0.5 
268 34 27.2 240 12.06 23.5 26.7 2.7 
270 36 32.4 300 12.2 24.0 27.7 7.1 

Table 	16: SOUTH 
------------------------------------------------------------------ 

CANNING INTEGRATED DATA 
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Figures 22 to 27 provide plots of the relationships between the 
reservoir, yield and cost data in Table 16. 

The optimum size of the dam was chosen to be that with a FSL of 
267 m AHD, corresponding to a storage volume of 215 Mm3. The 
incremental cost figures indicate that a slightly larger dam 
would be more economic, but the values are sensitive to small 
changes in yield benefit which are only accurate to about 
± 0.1 Mm3/yr, so the size was kept to that of the original 
1980 proposal which would provide a system yield benefit of 
11.6 m3/yr. 

7.6 	PROJECT DEFINITION (OPTIMUM SIZE) 

7.6.1 Location and proposed works 

The proposed South Canning dam project is located some 50 km 
south-east of Perth. The proposed project consists of the 
construction of a rockfill embankment dam some 37 m high with a 
crest length of about 580 m. The reservoir created would have a 
storage capacity of 215 Mm3  and cover an area of 24.5 km2  at 
the full supply level of 267 m AHD. A small saddle dam of 
homogeneous earth construction would be required north of the 
main embankment. The dam would provide an additional system 
yield benefit of 11.8 Mm3/yr. 

Ancillary works would include an intake tower, outlet works and 
a spiliway cut into rock on the right abutment. Figure 21 shows 
the proposed works. An SEC 132 kV powerline would be affected 
by the reservoir and would require relocation. 

Water released from the dam would flow down the Canning River 
and into the Canning Reservoir, and hence supply the 
Metropolitan Water System (MWS). The proposed dam is not 
therefore a terminal structure, and no additional pipelines 
would be required. 

The estimated capital cost of the proposed project (including 
the $0.7M cost of the powerline relocation) is $23.2M (December 
1986 dollars). The damsite foundation conditions have been 
thoroughly investigated, and sources of suitable material for 
construction of the embankment identified. The design of the 
rockfill embankment and ancillary works is still only 
preliminary and more work would be required to complete the 
detailed design. 

7.6.2 Darnsite 

The proposed damsite is located approximately 16 km upstream of 
the existing Canning Darn, and about 1.5 km north-east of Eagle 
Hill. 	It is immediately upstream of the Canning River Scenic 
Drive stream gauging station (number 616024). The centre line 
of the embankment is just upstream of the narrowest part of the 
valley which has a simple U-shaped cross-section at this 
location. 

The bedrock is mainly granitic, with a few intrusive dolerite 
dykes. Overburden is very shallow on the right bank (which is 
dominated by a massive granitic outcrop) but moderately deep on 
the left bank. 
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7.6.3 Road system and SEC powerline 

The previous proposal for access to the damsite (outlined in 
the Notice of Intent) was via Albany Highway to Kinsella Road 
and along an upgrading of the existing Scenic Drive forest 
road. However. Scenic Drive Road runs alongside the Canning 
River relatively low in the valley profile, and in the light of 
the recently proclaimed Monadnocks Reserve, the reconstruction 
and use of this road as the major access route to the damsite 
is considered environmentally undesirable. Hence the proposed 
access route is now from the north, via Brookton Highway, 
Kinsella Road and along an upgrading of the existing James Road 
(a third class forest road) which skirts the northern boundary 
of the Monadnocks Reserve. Approximately 4 km of new road 
would be required from the end of James Road, around the edge 
of the proposed reservoir to the damsite. 

Due to the large size of the reservoir, a number of second and 
third class forest roads would be disrupted. Discussions with 
CALM have indicated that approximately 15 km of forest road 
relocations would be required at a cost of approximately $50 
000. 

Some 13 km upstream of the damsite, the reservoir would flood 
approximately 1.5 km of an SEC 132 kV powerline. The SEC has 
agreed to a realignment of the powerline upstream to a narrower 
crossing of the reservoir basin. This would involve the 
construction of 8 km of new line and the decommissioning of 
4.5 km of line along the current alignment. 

7.6.4 Major components 

The following description of the project is based on 
preliminary design and may be modified at a later detailed 
design stage. 

Embankment 

The current proposal is for a rockfill embankment approximately 
37 m high (from streambed level to the top of the dam) and 
580 m long. 	The elevation of the top of the bank would be 
approximately 271 m AHD. some 4 m above the FSL. of 267 m AHD. 
In situ soils would be removed down to firm rock to form the 
foundation for the embankment. The cross-section would 
probably consist of a central clay core supported by rockfill 
shoulders forming the upstream and downstream slopes, similar 
to Wungong Dam. 

Saddle Dam 

A saddle about 6 km north of the damsite with a maximum 
elevation of 268.5 m AHD divides the east Canning and South 
Canning river basins. A small earthfill saddle dam about 4.5 m 
high and 200 m long would be required. 
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Spi 1 iway 

The spiliway would be excavated in rock on the right bank, 
separate from the embankment. The spiliway chute downstream of 
the ungated crest would be unlined and contain a series of 
steps and a stilling basin at the downstream end. The maximum 
depth of cut at the spiliway crest would be about 20 m into 
rock. A road bridge over the spillway crest would provide 
access across the embankment. 

outlet and diversion works 

Diversion of stream flow during construction would be by small 
coffer dams and an excavated diversion channel until the outlet 
culvert was completed, then via the scour inlet during 
embankment construction. 

An intake control tower with offtakes at upper and mid levels 
and a low level scour outlet is proposed, with bridge access 
from the embankment. A culvert under the embankment would 
contain an 1 800 mm diameter outlet pipe. This would discharge 
through an energy dissipating structure before entering the 
lower spiliway chute at the stilling basin. 

The minimum operating level for the tower offtakes would be 
249 in AHD. Screening would comprise trash racks over the 
offtakes to prevent damage to valves and pipework from floating 
logs and debris. 

7.6.5 construction 

Sources of earth materials for use in construction have been 
identified within the area to be covered by the storage basin. 
Most of the rockfill material for the shoulders of the 
embankment would be obtained from the spiliway excavation. 
Additional rock would be taken from a quarry site 0.5 km 
upstream in the reservoir basin if required. 

The temporary works area and site offices would probably be 
located on opposite banks of the river adjacent to the 
damsite. Final siting would be carefully chosen to take 
account of and preserve the integrity of the adjacent 
Monadnocks Reserve. 

A construction workforce of about 200 would be employed over 
the two year construction period of the project. The workforce 
would commute daily from Perth. 
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8. 	NORTH DANDALUP 

	

8.1 	BACKGROUND 

Investigation of North Dandalup as part of the Dandalup Rivers 
source development project has been under way since the early 
1960s. The first stage involved the construction of a small 
pipehead dam on the North Dandalup River in 1970 and a major 
storage dam on the South Dandalup River in 1974. It was 
envisaged that at a subsequent stage the pipehead dam would be 
replaced by a major storage dam on the North Dandalup River. 

The proposed North Dandalup Dam project has vied with the South 
Canning Dam proposal since the mid 1970s as the next major dam 
after Wungong. South Canning Dam was initially favoured, but a 
major review of the two projects in December 1980 indicated 
that North Dandalup was more economic and the order of 
development was reversed. 

The 1980 report (MWSS&DB. 1980) recommended that planning 
proceed on the basis of a 1989 completion date. Active 
investigations commenced in 1981 and a Notice of Intent was 
referred to the EPA in March 1983. The preliminary design 
work, completed in 1983, was based on an earthfill embankment 
with a FSL of 216 in AHD. Subsequent investigations concluded 
that a slightly higher FSL of 219 m AHD was the optimum 
economic size (see file A1399 folio 57). 

The 1983 review of the Source Development Plan moved the 
completion date to 1996 and further work on the project was 
temporarily shelved. The completion date was subsequently 
brought forward to 1993 in the 1986 review, thereby 
reactivating project planning for the dam. 

The cost estimates for the original earthfill structure have 
been revised and alternative embankment types such as rockfill 
are currently being examined to determine the most economical 
structure. 

The selected damsite is about 200 in upstream of the existing 
pipehead dam. There are no suitable alternative damsites 
upstream due to the broadening of the valley and the lack of 
geologically favourable locations. There is a marginally 
viable alternative damsite about 1.6 km downstream from the 
proposed site. However, this was rejected due to its less 
favourable storage characteristics, increased cost, lower 
supply head, and impact on reserve 21038 and private land. The 
North Dandalup Dam and plan of works are shown in Figures 28 
and 29 respectively. 

	

8.2 	RESERVOIR CHARACTERISTICS 

The best available surface area and storage volume figures for 
the reservoir basin are shown in Table 17. 
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milligrams per litre compared with 180 milligrams per litre for 
Raised Canning). Raised Mundaring would have the highest 
salinity cost of $31.4 million due to its effect of increasing 
reservoir salinity from 430 milligrams per litre to 495 
milligrams per litre. 

11.6 	RANKING OF ALTERNATIVES 

The key economic factors discussed above are summarised in 
Table 30. 

The two dominant factors in the economic account are the Source 
Development Timetable PVT and the salinity damage costs. Timber 
losses are relatively minor and do not have a significant 
effect on the overall economic costs. The Canning Dam remedial 
works costs basically only help to make Raised Canning a little 
more competitive against the other alternatives. 

The North Dandalup Source Development Timetable has 
consistently been shown to have the least financial cost. The 
project also has the lowest overall costs, particularly taking 
salinity costs into consideration. 

The salinity damage costs must be used with caution since a 
detailed study of the actual local costs has not been carried 
out. Nevertheless, the values indicate that the costs are 
potentially quite large and work in favour of the fresher 
sources such as North Dandalup and Raised Canning and against 
the more saline water of the Raised Mundaring and to a lesser 
extent South Canning alternatives. 

In terms of both the PVT of the Source Development Timetable 
and overall costs, South Canning Dam ranks second to North 
Dandalup. 

Comparing Raised Mundaring with Raised Canning. Mundaring's 
lower Source Development Timetable cost is outweighed by its 
higher salinity costs and the penalty attributable to the 
remedial work which might still be required at Canning Dam. 
Hence Raised Canning would rank ahead of Raised Mundaring. 

Thus from an economic viewpoint the ranking of the 
alternatives is: North Dandalup, South Canning, Raised Canning 
and Raised Mundaring. 
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Preliminary salinity damage cost estimates for the four 
alternative projects were prepared (see WRP Housefile S2215). 
The following paragraphs summarise the approach used and the 
results obtained. 

In the "Water 2000: Consultants Report No. 8 - Salinity 
Issues" (Peck. Thomas & Williamson, 1983). the USA and 
Australian studies were reviewed and salinity damage costs 
estimated across Australia. Perth and Adelaide were identified 
as having the highest costs. The costs were based on a linear 
rate for each household of $0.2/year for every milligram per 
litre TDS in excess of 200 milligram per litre. This was 
considered to be a minimal estimate of domestic salinity costs 
in Australia. The corresponding rate in December 1986 prices 
would be $0.26. 

In the absence of a detailed study of salinity costs for the 
Perth metropolitan area, this linear rate was used as a 
conservative estimate of the relative salinity costs between 
the alternatives. Since the studies indicated that salinity 
costs dropped to zero for salinities somewhere between 100 and 
200 milligram per litre, a value of 170 milligram per litre 
(corresponding to North Dandalup reservoir salinity) was chosen 
as a suitable and convenient level for zero salinity cost. 

In the Perth metropolitan area, 70% of the public water supply 
is used by domestic consumers. The function used to estimate 
salinity costs to Perth householders was: 

C = 0.26 x H x (S - 170) 
where C = total household costs ($December 1986) per year 

S = salinity (mg/L TDS) 
H = number of households served 

Since the function is linear and 70% of the public water supply 
is used by domestic consumers, the number of households (H) can 
be calculated as the volume of water supplied multiplied by 0.7 
and divided by the average household water use of 350 
kilolitres per year. 

Using current streamfiow salinity values, the average reservoir 
salinity for each of the four alternative water supply sources 
was estimated by the concentrating effect of each reservoir. 

i.e. 	Average reservoir salinity 
= average stream salinity x Q in 

Q out 

where 	Q in = mean stream inflow 
Q out = mean outflow through overflows and draws. 

North Dandalup salinity costs would be zero, since its salinity 
of 170 milligrams per litre was the base salinity level. The 
South Canning salinity costs of $13.5 million (present value 
total of annual costs at discount rate of 6%) would be 
significantly higher than the $3.0 million for Raised Canning 
due to its greater effect on Canning Dam salinities (210 
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Alternative 
---------------------------------------------------- 

Value foregone 	($ Dec. 	86) 
Discount rate 	(over 30 years) 

5% 6% 

Raised Mundaring 
----------------------------------------------------- 

306 000 220 000 
Raised Canning 135 000 97 000 
South Canning 103 000 50 000 
North Dandalup 162 000 126 000 

Table 29. 	VALUE OF 
-----------------------------------------------------

FUTURE TIMBER PRODUCTION FOREGONE 
FOR EACH OF THE ALTERNATIVES FOR THE NEXT 
MAJOR SOURCE 	(Figures supplied by CALM) 

CALM recommended that a real interest rate of 5% is more 
appropriate for discounting future forestry cost flows over 
relatively long periods, based on present and historical real 
interest rates. 

These values include the value of timber production foregone in 
buffer zones adjoining the dams, where timber production will be 
restricted. 

The values presented above do not include any conservation or 
recreation values foregone (which are difficult to estimate and 
are introduced in the environmental and social accounts), nor 
the commercial value of the land. 

The values are comparatively small in relation to the PVT values 
of the alternative Source Development Timetables and hence have 
little effect on their relative economics. 

	

11.4 	MINERAL LOSSES 

The Geological Survey of W.A. was requested to assess the 
mineral resource potential of the areas inundated by the four 
alternative projects. The investigation by the Geological 
Survey found that there would be minimal sterilisation of 
significant mineral resources (see copy of letter, at 
Appendix 3). 

The four projects were discussed with Alcoa of Australia, who 
confirmed that the proposed projects would not affect their 
bauxite mining and mineral exploration programmes. 

	

11.5 	SALINITY DAMAGE COSTS 

Studies in the United States of America and Australia have 
indicated that increased water supply salinity causes additional 
costs to the community due to a range of factors such as damage 
to household fittings and appliances and increased use of soaps 
and detergents. A major study (AMDEL, 1983) was carried out for 
Adelaide by the consulting firm AMDEL in 1983, and salinity 
damage cost estimates were used by the Water Authority in 1985 
as part of the cost-benefit analysis for the Harris River 
project (Water Authority of Western Australia. 1985). 
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11.2.2 Canning dam remedial works 

An additional financial consideration was the possibility that 
remedial works may be required at Canning Dam in the medium term 
to improve its safety against extreme floods. The safety of all 
the Authority's existing dams against extreme floods and the 
level of remedial works required have been under active review. 
Should remedial works to enlarge the spillway capacity of 
Canning Dam be required, the timing would probably be after the 
year 2000, i.e. some ten years after development of the next 
major source. The estimated cost of the remedial work is $12.6 
million, but if South Canning Dam were constructed first, its 
mitigating effect on floods would reduce the cost to $10.5 
million (see Dams Calc. Binder S25.1). This represents a 
present value of $5.9 million if ten years hence (6% discount 
rate, December 1986 dollars). Since the Raised Mundaring, South 
Canning and North Dandalup timetables have South Canning 
constructed at or before the year 2005, a present value of $5.9 
million would have to be added to their respective timetable 
PVTs. The cost estimate for Raised Canning incorporated a fully 
enlarged spillway so no additional figure needed to be added to 
the PVT of its timetable. Hence if remedial works are required 
for Canning Dam, the differences in PVT cost between Raised 
Canning and the other alternative timetables would be reduced by 
$5.9 million. 

11.2.3 Road relocations 

Advice was received from the Department of Conservation and Land 
Management (CALM) on the cost of forest road relocations due to 
reservoir flooding for each of the alternative projects (file 
A18691 folio 209). The estimated costs (in December 1986 
dollars) were as follows: 

Raised Mundaring 	$57 500 
Raised Canning 	 $ 8 300 
South Canning 	 $48 900 
North Dandalup 	 $22 500 

These costs are small in relation to the total cost of each 
project, and would be absorbed in the capital cost of each. 

11.3 	TIMBER PRODUCTION LOSSES 

Clearing and inundation of a reservoir basin results in some 
loss to the community of the long-term benefit of future timber 
harvesting within the basin area. CALM provided estimates of 
these losses for each of the alternatives (file A18691 folio 
250). The present value figures for the value of future timber 
production foregone (not including the value of the current 
standing timber which would be harvested during basin clearing) 
are shown in Table 29. 



Table 28. North Dandalup Source Development Timetable 
(includes G & AWS System) 

All Units Millions of Cubic Metres per Annum 
D.A.W.=Deep Artesian Well 	G.W.=Groundwater Scheme 	P.H.=Pipehead 	P.B.=Pumpback 	ST=Stage 

Groundwater 
Forecast 	 Interim System System Surplus 

Year 	Unrestricted 	Sources Commissioned 	 Quota 	Yield 	Yield 	Yield 

	

Demand 	 (Operational) 	 Scheme Total Benefit 

1984/85 	210.8 	Storage Reservoirs: 
Canning. Serpentine. 
South Dandalup. Wungong 
(Restricted Outlet)*,  

Churchmans . Victoria. 
Mundaring. 

Pipeheads/Pumpbacks: 
North Dandalup P.H. 
Lower Helena P.B. 

Groundwater Schemes: 
Gwelup 10.5 
Mirrabooka 16.8 
East Mirrabooka ST 1&2 4.6 
Wanneroo 21.2 
Jandakot ST 1. 4.0 
Deep Artesian 12.0 	69.1 	 276.2 	+65.4 

1987/88 	239.8 	Wanneroo D.A.W. 1.5 	70.6 	1.5 	277.7 	*37.9 
1988/89 249.4 277.7 *28.3 
1989/90 259.9 Pinjar ST 1 G.W. 10.2 80.8 11.9 289.6 *29.7 
1990/91 269.7 Mundaring Integration 0.0 

Wungong Outlet Main Amp. 1.1 290.7 +21.0 
1991/92 279.7 Deletion of North -11.5 

Dandalup P.H. 
Cockleshell Gully 1.1 81.9 1.1 280.3 + 	0.6 

D.A.W. 	(North) 
1992/93 290.3 Conjurunup Creek P.H. 5.2 

Cockleshell Gully 1.3 1.3 
D.A.W. 	(South) 

Jandakot ST 2 G.W. 4.0 87.2 4.2 291.1 0.7 
1993/94 300.7 North Dandalup Dam 11.0 302.0 1.3 

(part) 
1994/95 311.2 North Dandalup Dam (add) 7.0 

Pinjar ST 2 G.W. 10.9 98.1 11.9 320.9 * 	9.7 
1995/96 321.7 North Dandalup Dam (add) 4.0 324.9 + 	3.2 
1996/97 332.6 Gooralong P.B. 3.2 

North Dandalup Main Amp 3.0 
North Dandalup Dam (add) 4.1 335.2 + 	2.6 

1997/98 342.3 Cockleshell Gully 1.3 1.3 
D.A.W. 	(Central) 
Whitfords D.A.W. 1.5 2.0 
Tamworth D.A.W. 1.5 102.4 2.0 
Raise Mundaring Weir 0.0 
(Enlarge Helena Reservoir) 

Lower Serpentine P.R. 3.0 343.5 * 	1.2 
1998/99 348.7 Pinjar ST 3 G.W. 10.9 113.3 12.0 

Raise Mundaring (part) 3.0 358.5 * 	9.8 
1999/ 355.1 Raise Mundaring (add) 1.0 359.5 + 	4.4 

2000/01 361.7 Dirk Brook P.B. 3.0 362.5 + 	0.8 
2001/02 368.3 Lexia G.W. 6.5 119.8 7.0 369.5 1.2 
2002/03 374.9 South Canning Dam 0.0 

P.raluen P.B. 1.8 
Raise Mundaring (add) 3.0 
Hamilton Hill D.A.W. 1.5 121.3 2.0 376.3 1.4 

2003/04 381.6 Marrinup Brook P.B. 5.3 
Lake Thompson D.A.W. 1.5 122.8 2.0 383.6 * 	2.0 

2004/05 388.4 Lower South Dandalup P.R. 4.4 
East Mirrabooka ST 3 G.W. 2.0 124.8 2.0 390.0 1.6 

2005/06 395.2 Yeal ST 1 G.W. 7.8 132.6 9.0 399.0 3.8 
2006/07 402.0 Raise Mundaring (add) 3.0 

South Canning Dam (part) 2.0 404.0 * 	2.0 
2007/08 408.9 Jane Brook P.B. 6.1 410.1 1.2 
2008/09 	415.9 	Yeal ST 2 G.W. 	 7.8 	140.4 	9.0 	419.1 	* 3.2 
2009/10 	423.1 	South Canning Dam (add) 	 4.0 	423.1 	+ 0.2 

* Assumes Wungong Tunnel and Outlet Pipes completed to South West Highway. 



Table 27. South Canning Source Development Timetable 
(includes G & AWS System) 

All Units Millions of Cubic Metres per Annum 
D.A.W.=Deep Artesian Well G.W.=Groundwater Scheme P.H.Pipehead P.B.=Pumpback ST=Stage 

Groundwater 
Forecast Interim System System Surplus 

Year Unrestricted Sources Commissioned Quota Yield Yield Yield 
Demand (Operational) Scheme 	Total Benefit 

1984/85 210.8 Storage Reservoirs: 
Canning. Serpentine. 
South Dandalup . Wungong 
(Restricted Outlet)*. 
Churchmans . Victoria, 
Mundaring. 

Pipeheads/Pumpbacks: 
North Dandalup P.M. 
Lower Helena P.B. 

Groundwater Schemes: 
Gwelup 10.5 
Mirrabooka 16.8 
East Mirrabooka ST 1&2 4.6 
Wanneroo 21.2 
Jandakot ST 1. 4.0 
Deep Artesian 12.0 	69.1 276.2 +55.4 

1987/88 239.8 Wanneroo D.A.W. 1.5 	70.6 1.5 277.7 +50.9 
1988/89 249.4 277.7 +28.3 
1989/90 259.9 Piniar ST 1 G.W. 10.2 	80.8 11.9 289.6 +29.7 

1991/92 279.7 290.7 +11.0 
1992/93 290.3 290.7 + 0.4 
1993/94 300.7 Gooralong P.B. 3.2 

Lower Serpentine P.B. 3.0 
Dick Brook P.B. 3.0 
Conjurunup Creek P.H. 2.2 
South Canning Dam 0.0 302.1 + 	1.4 

1994/95 311.2 Pinjar ST 2 G.W. 10.2 91.0 11.9 314.0 + 	2.8 
1995/96 321.7 Araluen P.B. 1.8 

Marrinup Brook P.S. 5.3 
Cockleshell Gully 1.1 92.1 1.1 322.2 + 	0.5 
D.A.W. 	(North) 

1996/97 332.6 Cockleshell Gully 1.3 93.4 1.3 
D.A.W. 	(Central) 
Jandakot ST 2 D.W. 4.0 97.4 4.2 
North Dandalup Main Amp 3.0 
South Canning Dam (part) 2.0 332.7 + 0.1 

1997/98 342.3 Cockleshell Gully 1.3 98.7 1.3 
D.A.W. 	(South) 

East Mirrabooka ST 3 G.W. 2.0 100.7 2.0 
Lower South Dandalup P.B. 4.4 
Whitfords D.A.W. 1.5 102.2 2.0 
Tamworth D.A.W. 1.5 103.7 2.0 344.4 2.1 

1998/99 348.7 Jane Brook P.B. 6.1 
Pinjar ST 3 G.W. 10.9 114.6 12.0 
Deletion of North -11.5 
Dandalup P.M. 
Hamilton Hill D.A.W. 1.5 116.1 2.0 353.0 + 4.3 

1999/ 355.1 Lake Thompson D.A.W. 1.5 117.6 2.0 
2000 South Canning Dam (add) 4.0 359.0 + 	3.9 

2000/01 361.7 North dandalup Dam 11.0 370.0 + 	8.3 
(Part) 

2001/02 368.3 North Dandalup Dam (add) 7.0 377.0 + 	8.7 
2002/03 374.9 North Dandalup Dam (add) 4.0 

South Canning Dam (add) 4.0 385.0 +10.1 
2003/04 381.6 North Dandalup Dam (add) 4.1 396.1 +14.5 
2004/05 388.4 Yeal ST 1 G.W. 7.8 125.4 9.0 405.1 +16.7 
2005/06 	395.2 	 405.1 	+ 9.9 
2006/07 	402.0 	 405.1 	+ 3.1 
2007/08 	408.9 Yeal ST 2 G.W. 7.8 	133.2 	9.1 

Raise Mundaring 0.0 	414.2 	+ 	5.3 
2008/09 	415.9 South Canning Dam (add) 1.6 

Raise Mundaring 3.0 	418.8 	+ 	2.9 
2009/10 	422.9 Jandakot South ST 1 G.W. 2.6 	135.8 	2.9 

Jandakot South ST 2 G.W. 2.6 	138.4 	2.9 	424.6 	+ 	1.7 

* Assumes Wungong Tunnel and Outlet Pipes completed to South West Highway. 



Table 26. Raised Canning Source Development Timetable 
(includes G & AWS System) 

All Units Millions of Cubic Metres per Annum 
D.A.W. sDeep Artesian Well 	G.W.=Groundwater Scheme 	P.H..Pipehead 	P.8. Purnpback 	ST=Stage 

Groundwater 
Forecast 	 Interim System System Surplus 

Year 	Unrestricted 	Sources Commissioned 	 Quota 	Yield 	Yield 	Yield 
Demand 	 (Operational) 	 Scheme Total Benefit 

1984/85 	210.8 Storage Reservoirs: 
Canning. Serpentine. 
South Dandalup. Wungong 
(Restricted Outlet)*,  

Churchmans . Victoria. 
Mundaring. 

Pipehesds/Pumpbacks: 
North Dandalup P.H. 
Lower Helena P.B. 

Groundwater Schemes: 
Gwelup 10.5 
Mirrabooka 16.8 
East Mirrabooka ST 1&2 4.6 
Wanneroo 21.2 
Jandakot ST 1. 4.0 
Deep Artesian 12.0 	69.1 	 276.2 	+65.4 

1987/88 	239.8 Wanneroo D.A.W. 1.5 	70.6 	1.5 	277.7 	+37.9 
1988/89 	249.4 277.7 	+28.3 
1989/90 259.9 Pinjar ST 1 G.W. 10.2 80.8 11.9 289.6 +29.7 
1990/91 269.7 Wungong Outlet Main Amp 1.1 290.7 +20.4 
1991/92 279.7 290.7 +11.0 
1992/93 290.3 Conjurunup Creek P.H. 2.2 292.9 + 	2.6 
1993/94 300.7 Gooralong P.B. 3.2 

Lower Serpentine P.B. 3.0 
Dirk Brook P.B. 3.0 
Raise Canning Dam 0.0 302.1 + 	1.4 

1994/95 311.2 Pinjar ST 2 G.W. 10.2 91.0 11.9 
Raise Canning Dam (part) 1.0 315.0 + 	3.8 

1995/96 321.7 Araluen P.S. 1.8 
Marrinup Brook P.B. 5.3 
Raise Canning Dam (add) 1.0 323.1 +1.4 

1996/97 332.6 Cockleshell Gully 1.1 92.1 1.1 
D.A.W. 	(North) 

Cockleshell Gully 1.3 93.4 1.3 
D.A.W. 	(Central) 

Jandakot ST 2 D.W. 4.0 97.4 4.2 
North Dandalup Main Amp 3.0 
Raise Canning Dam (add) 2.0 334.7 + 	2.1 

1997/98 342.3 Cockleshell Gully 1.3 98.7 1.3 
D.A.W. 	(South) 

East Mirrabooka ST 3 G.W. 2.0 100.7 2.0 
Whitfords D.A.W. 1.5 102.2 2.0 
Raise Canning Dam (add) 2.0 
Tarnworth D.A.W. 1.5 103.7 2.0 344.0 + 	1.7 

1998/99 348.7 Pinjar ST 3 G.W. 10.9 114.6 12.0 
Raise Canning Dam (add) 3.0 359.0 10.3 

1999/ 355.1 Raise Canning Dam (add) 1.0 
2000 Raise Mundaring 0.0 360.0 + 	4.9 

2000/01 361.7 Lake Thompson D.A.W. 1.5 116.1 2.0 
Lexia G.W. 6.5 122.6 7.0 
Deletion of North -11.5 
Dandalup P.H. 

Hamilton Hill D.A.W. 1.5 124.1 2.0 
Raise Mundaring 3.0 362.5 + 	0.8 

2001/02 368.3 Yeal ST 1 G.W. 7.8 131.9 9.0 
Raise Mundaring 1.0 372.5 + 	4.2 

2002/03 374.9 North dandalup Dam 11.0 383.5 + 	8.6 
(Part) 

2003/04 381.6 North Dandalup Dam (add) 7.0 390.5 8.9 
2004/05 388.4 North Dandalup Dam (add) 4.0 

Raise Mundaring 3.0 397.5 9.1 
2005/06 395.2 North Dandalup Dam (add) 4.1 401.6 6.4 
2006/07 402.0 Lower South Dandalup P.B. 4.4 406.0 4.0 
2007/08 408.9 Yeal ST 2 G.W. 7.8 139.7 9.1 415.1 6.2 
2008/09 415.9 Raise Mundaring 3.0 418.1 2.2 
2009/10 423.1 Jane Brook P.B. 6.1 424.2 1.1 

* Assumes Wungong Tunnel and Outlet Pipes completed to South West Highway. 



Table 25. Raised Mundaring Source Development Timetable 
(includes G & AWS System) 

All Units Millions of Cubic Metres per Annum 
D.A.W.=Deep Artesian Well 	G.W.Groundwater Scheme 	P.H.=Pipehead 	P.B..Pumpback 	ST=Stage 

Groundwater 
Forecast 	 Interim 	System System Surplus 

Year 	Unrestricted 	Sources Commissioned 	 Quota 	Yield 	Yield 	Yield 

	

Demand 	 (Operational) 	 Scheme Total Benefit 

1984/85 	210.8 	Storage Reservoirs: 
Canning. Serpentine. 
South Dandalup.Wungong 
(Restricted Outlet)*. 
Churchmans . Victoria. 
Mundaring. 

Pipeheads/Pumpbacks: 
North Dandalup P.M. 
Lower Helena P.B. 

Groundwater Schemes: 
Gwelup 	 10.5 
Mirrabooka 	 16.8 
East Mirrabooka ST 1&2 	 4.6 
Wanneroo 	 21.2 
Jandakot ST 1. 	 4.0 
Deep Artesian 	 12.0 	69.1 	 276.2 	+65.4 

1987/88 	239.8 	Wanneroo D.A.W. 	 1.5 	70.6 	1.5 	277.7 	+33.9 

1989/90 259.9 Pinjar ST 1 G.W. 10.2 80.6 11.9 289.8 +29.9 
1990/91 269.7 Wungong Outlet Main Amp 1.1 290.9 *21.2 
1991/92 279.7 290.9 .11.2 
1992/93 290.3 290.9 + 	0.6 
1993/94 300.7 Gooralong P.B. 3.2 

Lower Serpentine P.B. 3.0 
Dirk Brook P.B. 3.0 
Conjurunup Creek P.H. 5.2 
Raise Mundaring 0.0 302.1 + 	1.4 

1994/95 311.2 Pinjar ST 2 G.W. 10.2 90.8 11.9 
Raise Mundaring 3.0 317.0 5.8 

1995/96 321.7 Araluen P.B. 1.8 
Marrinup Brook P.B. 5.3 
Raise Mundaring 1.0 325.1 3.4 

1996/97 332.6 Cockleshell Gully 1.1 91.9 1.1 
D.A.W. 	(North) 

Cockleshell Gully 1.3 93.2 1.3 
D.A.W. 	(Central) 

.Jandakot ST 2 G.W. 4.0 97.2 4.2 
North Dandalup Main Amp 3.0 334.7 + 	2.1 

1997/98 342.3 Cockleshell Gully 1.3 98.5 1.3 
D.A.W. 	(South) 

East Mirrabooka ST 3 G.W. 2.0 2.0 
Lower South Dandalup P.B. 4.4 
Whitfords D.A.W. 1.5 100.0 2.0 
Tamworth D.A.W. 1.5 101.5 2.0 346.4 4.1 

1998/99 348.7 Pinjar ST 3 G.W. 10.9 112.4 12.0 
Deletion of North -11.5 

Dandalup P.H. 
Hamilton Hill D.A.W. 1.5 113.9 2.0 
Raise Mundaring 3.0 351.9 3.2 

1999/ 355.1 Jane Brook P.B. 6.1 
2000 Lake Thompson D.A.W. 1.5 115.4 2.0 360.0 + 	4.9 

2000/01 361.7 North dandalup Dam 11.0 371.0 + 	8.3 
(Part) 

2001/02 368.3 North Dandalup Dam (add) 7.0 378.0 8.7 
2002/03 374.9 North Dandalup Dam (add) 4.0 

Raise Mundaring 3.0 385.0 9.1 
2003/04 381.6 Lexia G.W. 6.5 121.9 7.0 

North Dandalup Dam (add) 4.1 
South Canning Dam 0.0 396.1 +14.5 

2004/05 388.4 Yeal ST 1 G.W. 7.8 129.7 9.0 405.1 +16.7 
2005/06 295.2 405.1 + 	9.9 
2006/07 402.0 South Canning Dam (part) 2.0 407.1 + 	5.1 
2007/08 408.9 Yeal ST 2 G.W. 7.8 137.5 9.1 416.2 7.2 
2008/09 415.9 416.2 0.3 
2009/10 422.9 Jandakot South ST 1 G.W. 2.6 140.1 2.9 

South Canning Dam (add) 4.0 423.1 0.2 

* Assumes Wungong Tunnel and Outlet Pipes completed to South West Highway. 
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Enquiries were also made to other State government departments 
and agencies requesting information on the absolute and relative 
economic impacts of development of the alternative sources. 
Most costs such as relocation of road and power services are 
included in the direct capital costs of each project. The 
Department of Conservation and Land Management (CALM) provided 
estimates of the value of future timber production foregone for 
each of the alternatives and these costs have been incorporated 
in the evaluation of the sources. An indication of the 
probability of sterilising significant mineral resources at each 
site was provided by the Geological Survey of Western Australia 
(See Appendix 3). After consideration of the relative economic 
significance of the potential impacts, sterilisation of minerals 
was ignored as a differential factor. 

The results of the studies were used to compare and rank the 
four alternatives according to their ability to provide the 
required additional water supply at minimum long-term monetary 
cost to the community. 

11.2 	FINANCIAL (WATER AUTHORITY) COSTS 

11.2.1 PVT costs 

Current capital cost estimates were produced for a range of 
sizes for each of the four alternative projects (see sections 
5.4, 6.4, 7.4 and 8.4). The optimum size and associated capital 
and operating costs for each alternative are shown in Table 21 
together with key engineering parameters. All the estimates 
were reviewed and confirmed by an estimating consultant. 

Alternative source development sequences commencing with each of 
the projects as the next major source in 1993 were produced (see 
Tables 25, 26. 27 and 28). Each timetable matched supply to 
projected "most likely" demand over the next 25 years. The 
present value totals (PVT) for each of the alternative 
timetables were calculated (see WRP housefile S2215 & EDP 475/2) 
with the following results: 

North Dandalup timetable - PVT of $363.8 million 
South Canning timetable - PVT of $392.6 million 
Raised Mundaring timetable - PVT of $397.6 million 
Raised Canning timetable - PVT of $412.4 million 

(Note: Each timetable contains the other two "alternative" 
projects. e.g. the North Dandalup timetable incorporates Raised 
Mundaring in 1997 and South Canning in the year 2002). 

The North Dandalup timetable has the lowest PVT of the four 
alternatives and hence is the timetable used in the current 
Source Development Plan. The PVT of the South Canning timetable 
is larger than previous recent estimates due to the results of 
dynamic analyses which indicated a longer period for the dam to 
gain its full yield after completion. The South Canning and 
Raised Mundaring timetable PVTs are significantly more than the 
North Dandalup alternative, but less than the cost of the Raised 
Canning timetable. 
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11. 	ECONOMIC CONSIDERATIONS 

11.1 APPROACH 

The Water Authority as a public utility has the responsibility 
for providing water services at the lowest possible long-term 
monetary cost to the overall community. Thus, for new water 
supply developments, the Authority takes into consideration the 
financial costs to its consumers as well as the broader 
economic costs to the general community. 

Each alternative has a different associated Source Development 
Timetable. Therefore, the selection of any one of the four 
alternatives as the next major source will affect the sequence 
and timing of subsequent sources in the Source Development 
Timetable. In considering the financial costs of each 
alternative, these longer-term future cost implications need to 
be taken into account. This is done for each alternative 
timetable by bringing the capital and operating costs of all 
the source developments to a "present value total" (PVT). 
Hence the most appropriate measure of the financial cost of 
each alternative is the PVT of its associated Source 
Development Timetable. The difference in PVT cost between two 
alternative timetables is the additional cost to the Authority 
(and hence its customers) of selecting the more expensive 
timetable. 

The only other significant financial cost implication in 
selecting one alternative is the effect on possible remedial 
works required for the Canning Dam spiliway (see section 11.2). 

A consideration of the broader economic costs to the community 
identified only two important factors: timber production 
losses (section 11.3) and salinity damage costs (section 11.5). 

The economic analysis involved both 'in-house' investigations 
by the Water Authority and enquiries to other government 
agencies with interests in or responsibility for the areas 
impacted by development of the four alternative sources. 

Water Authority investigations centred on three economic 
aspects of the projects: 

establishing the economic optimum size for each 
alternative and refining the cost estimates for that 
optimum development of each source; 

determining estimates of present value total 
(PVT) costs for the respective source development 
sequences which would best complement the development of 
each of the alternatives as the next major source; and 

estimating the salinity damage costs which the 
community might carry in view of the fact that the 
sources would provide water of varying quality. 
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10.9 	RANKING OF ALTERNATIVES 

Of the factors discussed above, four are believed to best display 
the essential differences between the alternatives under 
consideration. The alternatives are compared on the basis of 
these four factors in Table 24 below. 

An examination of the factors clearly identifies North Dandalup 
as the best source in terms of water supply considerations. it 
is the most reliable alternative, with its current yield estimate 
of 13.8 million cubic metres per year remaining steady under 
longer-term drier climatic conditions. It would be least 
affected by any underestimation of general reservoir net evapora-
tion, and has the lowest risk of excessive biological growth. 

Raised Canning is ranked second, ahead of Raised Mundaring, 
because analysis showed that its yield benefit performance would 
be better under drier climate conditions and it would be less 
affected by any underestimation of net evaporation. In addition, 
it would have higher general water quality than Raised Mundaring. 

South Canning ranks lowest. Its yield reliability would be 
about the same as Raised Mundaring, but it would have a higher 
risk of excessive biological growth and would require a greater 
level of reservoir basin management. 

Hence, from a water supply viewpoint, the ranking of the 
alternatives is North Dandalup, followed by Raised Canning, 
Raised Mundaring, and South Canning. 

----------------------------------------------------------------- 
ALTERNATIVES 

COMPONENTS 	 RAISED 	RAISED 	SOUTH 	NORTH 
& FACTORS 	 MUNDARING CANNING CANNING DANDALUP 

-----------------------------------------------------------------
1) Reliability 

Yield reduction 
for longer-term 
drier climate 

Significance of net 
evaporation errors 
(net evap/yield) 

2) water quality 

Risk of excessive 
biological growth 
(surface area less 
than 5 metres deep) 

24% 	12% 	22% 	0% 

64% 	28% 	59% 	17% 

320 	225 	735 	120 
hectares hectares hectares hectares 

Level of reservoir 
basin manage ment 
required. 	 low 	low 	high 	low 

Table 24: WATER SUPPLY EVALUATION FACTORS 
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more representative of a possible future climate, the size of 
the yield reductions would be greater but the relative 
difference between the alternatives would be substantially the 
same. 

10.7 WATER SUPPLY SYSTEM OPERATION 

North Dandalup Dam would provide greater water supply system 
operational benefits than the other alternative developments. 
The dam would increase the average supply head of the source by 
43 metres (compared with 11 metres for Raised Mundaring. 13 
metres for Raised Canning and 7 metres at Canning for South 
Canning - see WRP Housefile S2215), improving supply pressures 
to Mandurah. In addition, the dam would provide a more flexible 
and secure system by easing the heavy reliance on Serpentine 
Dam and providing the potential for peak summer flow 
contribution. 

10.8 DOWNSTREAM FLOWS 

The four alternative developments would cause quite different 
impacts on streamflows immediately below the dam wall. Raised 
Canning would cause the least reduction (24%) in mean 
streamflows, from 15.4 to 11.7 million cubic metres per year. 
Raised Mundaring would reduce the flows by 30% from 23.5 to 
16.6 million cubic metres per year immediately downstream. 
South Canning would reduce flows immediately downstream by 33% 
(from 21.7 to 14.5 million cubic metres per year) and flows 
downstream of Canning Dam by 38% (from 15.4 to 9.6 million 
cubic metres per year). North Dandalup would cause the largest 
reduction (81%) in mean streamflows immediately downstream, 
from 18.8 to 3.6 million cubic metres per year. However, the 
catchment areas downstream of the North Dandalup dam contribute 
substantial additional streamflow, and the reduction in mean 
North Dandalup streamflow at the confluence with the South 
Dandalup River would be less than 35%. Thus the reduction in 
total Murray River flow would be approximately 4%. The effect 
of North Dandalup dam on Peel Inlet is considered to be 
negligible (see Appendix 2). 

The effects of the alternatives on the pattern of downstream 
flows are illustrated in Figures 42, 43, 44 and 45. Additional 
graphs of the effects on seasonal downstream flows are 
contained in WRP Housefile S2215. 

South Canning dam would reverse the seasonal pattern of 
streamflows immediately downstream. The winter and spring mean 
flows would be reduced to about one-third of their former 
values and there would be no flows at all in half the years. 
However, the summer mean flow would be increased dramatically 
from the present negligible level to a value of more than half 
the present winter mean streamflow. This is due to the manner 
of operation of South Canning Dam, in which releases would be 
made to maintain Canning reservoir at half full storage. Thus 
winter flows would be held back to prevent Canning reservoir 
overtopping, but if Canning storage fell below half full in 
summer, "top up" water would be released from South Canning. 



Mean Flow 	% Reduction 
(Mm3/yr) From Long- 

Term Mean, 
1911-1980 

49.6 0 
40.3 19 
48.6 2 
41.7 16 
37.5 24 
35.5 29 

1911-1980 (70 yrs) 
1947-1980 (34 yrs) 
1911-1986 (76 yrs) 
1937-1986 (50 yrs) 
1947-1986 (40 yrs) 
1957-1986 (30 yrs) 

Table 23: MEAN STREAMFLOWS 1911 TO 1986 

CANNING RIVER 
(at Canning Dam) 

Mean Flow 	% Reduction 
(Mm3/yr) From Long- 

Term Mean, 
1911-1980 

59.9 0 
56.6 5 
57.5 4 
56.1 6 
52.5 12 
50.4 16 

CANNING RIVER 	 NORTH DANDALUp RIVER 
(at South Canning) 	(at Pipehead Darn) 

Mean Flow % Reduction Mean Flow S Reduction 
(Mm3/yr) From Long- (Mm3/yr) From Long- 

Term Mean Term Mean 
1911-1980 1911-1980 

24.1 0 30.9 0 
21.9 9 30.5 1 
23.1 4 29.9 3 
22.9 5 29.5 4 
20.3 16 28.6 1 
19.4 20 27.4 11 

HELENA RIVER 
PERIOD 
	

(at Mundaring Weir) 

im3  = million cubic metres 
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Raised Mundaring would take about 10 years to gain its full 
yield benefit, and Raised Canning about 7 years. In contrast. 
North Dandalup would provide its full yield benefit within 4 
years of completion. The financial implications of these 
differences between the alternatives are taken account of in 
section 11.2. 

10.6.4 Yield reliability under drier climate 

Climatic variations can include long runs of above or below 
average rainfalls. Thus, ideally, a very long period of record 
is required to confidently determine long-term "average9  
rainfall and streamflow values. However, until recently, 
reliable streamfiow records were only available for the 70 year 
period 1911 to 1980 (inclusive). The streamfiow record has now 
been extended to include the (generally drier) period from 1981 
to 1986 and the hydrological and yield figures will be revised 
accordingly in due course. 

The last 30 or 40 years have been generally drier than the full 
period since 1911. The significant reductions in mean 
streamflows in recent periods for each of the alternative dam 
sites are evident in Table 23. The table also indicates that 
the reduction in mean streamflows during a "drier" period is 
much more severe at Mundaring and South Canning than at Canning 
or the least severely affected, North Dandalup. 

The sensitivity of each of the alternative source development 
programmes to a prolonged continuation of the current dry 
sequence was checked (see WRP EDP 475/2). The drier sequence 
caused the probability of restrictions to rise above the 
current design level of 10%. However, there was no discernable 
difference between the four alternative programmes. 

In recent years, the possibility of future climatic change has 
been raised and this was taken into account in evaluating the 
water supply alternatives. The indications are that the 
climate for the south-west of Australia will be drier, but the 
degree of change is unknown. It could be said that the climate 
of the last 30 or 40 years would provide a reasonable 
indication of the possible future "drier" climate. Data from 
the period 1947 to 1980 were used to indicate the relative 
performance of the four alternatives under a possible drier 
climate. 

Analysis of the 1947 to 1980 period produced streamflows about 
7% less than the 1911 to 1980 period of record (see WRP 
Housefile 2215). This produced sizeable drops in the system 
yield benefit estimates for Raised Mundaring (11.0 to 8.3, or 
24% reduction), South Canning (11.6 to 9.1, or 22%) and Raised 
Canning (9.9 to 8.7, or 12%). In contrast, there was no 
reduction in the estimated yield benefit of North Dandalup. 
Thus North Dandalup would perform substantially better than the 
other alternatives under drier climatic conditions. 

These results are indicative of how the various alternatives 
would perform under a possible future drier climate. If the 

last 30 or 40 years (i.e. 1957 to 1986 or 1947 to 1986) were 



52 

the calculation. Reservoir evaporation figures are currently 
being reviewed, but preliminary findings indicate that they are 
likely to underestimate actual evaporation by several percent 
for the following reasons. 

Pan evaporation measurements have used pans with bird 
cages which would underestimate actual evaporation by 
about 7%. 

A fixed average pan to lake ratio of 0.76 is used for 
the reservoirs, but actual ratios vary from about 0.9 
in summer to lower in winter. Since most evaporation 
occurs in summer, use of the average value would 
underestimate actual annual evaporation. 

A single mean annual reservoir evaporation value is 
used for all the reservoirs, whereas the actual values 
vary from one reservoir to another. The evaporation 
from Mundaring is probably underestimated. 

Shallower reservoirs will tend to have a higher water 
temperature and hence higher evaporation rates than 
deeper reservoirs. Hence South Canning evaporation is 
likely to be higher than estimated. 

The ratio of net evaporation to yield benefit provides an 
indication of the relative effect of this factor on the yield 
estimates of the alternatives. The effect is most pronounced 
for Raised Mundaring (64%) and South Canning (59%) and least 
for North Dandalup (17%) with Raised Canning (28%) intermediate 
between them. 

Other effects could also be responsible for net evaporation at 
South Canning being higher than estimated in this 
investigation. Large portions of the reservoir would form 
broad shallow ponds with relatively high evaporation rates. 

The Monadnocks range immediately west of the reservoir basin 
protrudes well above the surrounding country and is likely to 
cause some localised rainshadow effect on the basin itself. 
This was not accounted for in the current yield assessments due 
to lack of information to quantify the effect. 

10.6.3 Time to develop full yield 

Recent simulation analyses (see WRP Housefile S2215 and EDP 
475/2) indicate that South Canning would take approximately 16 
years to be able to contribute its full system yield benefit to 
the water supply system. This is a function of its large 
reservoir size in relation to its mean annual streamfiow. The 
viability of South Canning as the next major source is 
therefore dependent on the subsequent development of a number 
of other water supply sources to make up the "shortfall" until 
it develops its full yield. In particular, the pumpback 
schemes immediately following it in the Source Development 
Timetable (Gooralong. Lower Serpentine Stage 2 and Dirk Brook) 
are essential and could be considered as part of a South 

Canning "package" supplying the necessary yield. 
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The expected salinity levels in the four reservoirs vary 
significantly. with North Dandalup and Raised Canning averaging 
about 170 milligrams per litre Total Dissolved Solids (TDS) and 
South Canning and Raised Mundaring averaging about 500 
milligrams per litre. South Canning would also have an effect 
on the salinity of the Canning reservoir downstream. This is 
difficult to determine but is likely to lead to a general rise 
in salinity of the Canning reservoir to a level of about 
210 milligrams per litre. 	All these levels of salinity are 
within the existing National Health and Medical Research 
Council water quality criteria and are not considered to pose 
any health problems. 

The order of preference on water quality considerations was 
concluded to be: North Dandalup, Raised Canning, Raised 
Mundaring, South Canning. 

10.6 	YIELD BENEFIT 

10.6.1 Yield characteristics 

Individual source yield is related to mean annual streamfiow, 
reservoir storage capacity and the variability of the 
streamflow. The more variable streamfiows at Mundaring and 
South Canning require relatively larger reservoir storage 
capacities than North Dandalup to gain the same degree of 
regulation of the streamfiow. Hence the supply system would 
require an additional storage of 122 million cubic metres at 
Mundaring or 210 million cubic metres at South Canning to gain 
a yield benefit of approximately 11 million cubic metres per 
year, whereas a storage of 75 million cubic metres at North 
Dandalup would gain a yield benefit of more than 13 million 
cubic metres per year. 

The manner of obtaining the calculated system yield benefit 
varies between the alternatives. With North Dandalup, the bulk 
of the system yield benefit would be obtained from increased 
draw on the source itself (see Figure 41). whereas with South 
Canning in the supply system, there would be a small reduction 
in the total draws from the Canning River system and the entire 
system yield benefit would be obtained from increased draws 
from other sources (see Figure 40). Thus, when reservoir 
storages are generally high, the relatively large excess 
storage capacity at South Canning allows the other sources to 
be drawn more heavily to prevent overflow. When storages are 
generally low, the relatively large storage at South Canning 
allows it to be used to supplement draws from the other 
sources. The nature of the yield benefits obtained from Raised 
Canning and Raised Mundaring would be intermediate between 
North Dandalup and South Canning. i.e. more than half their 
yield benefits would be obtained from increased draws on other 
sources (see Figures 38 and 41). 

10.6.2 Accuracy of yield estimates 

The 	accuracy of the system yield benefit figures f o r each 
alternative is affected by the net evaporation estimate used in 
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unconditional value of 10%. The long-term average could be 
maintained by periods of lower restriction probability when 
South Canning had substantial storage. 

This effect would be much smaller with the other alternatives 
because of their smaller storages and shorter cycle times. 

The long cycle time and large surface area of the South Canning 
reservoir pose particular difficulties in clearing and managing 
the basin. Analysis indicates that, upon completion, the 
median time for the reservoir to fill to the full supply level 
(FSL) of 267 m AHD would be about 15 years. 	The shortest time 
to fill would be 4 years and the longest 67 years. Thus, 
clearing the whole 25 square kilometres of reservoir basin 
during construction of the dam could cause problems due to 
regrowth occurring during the long period before filling. The 
basin could be cleared in stages, but the clearing of 
subsequent stages ahead of reservoir filling could pose water 
quality difficulties in operating the reservoir. 

Once the basin has been cleared and the reservoir filled for 
the first time, there would still be difficulties in managing 
the basin. Significant regrowth would occur in the upper 
10 square kilometres in the long durations (average of about 20 
years) between inundations. clearing the regrowth would be 
costly and may cause turbidity problems. Failing to clear it 
could lead to significant water quality problems when the 
regrowth is inundated and decomposes. 

10.5 	WATER QUALITY 

The preliminary report by Dr Rosich (Appendix 1) evaluated the 
alternatives on the basis of water quality considerations. 
Since the monitoring data available for South Canning and 
Mundaring were limited, the report only provides an assessment 
of their relative merits. 

North Dandalup water quality is among the best available in the 
hills near Perth. Canning Reservoir water quality is also very 
high, but the raising and associated increase in extent of 
shallow areas of impounded water may cause a slight increase in 
the small level of biological productivity evident in the 
existing reservoir. The water quality of the existing 
Mundaring reservoir is not as high as Canning or North Dandalup 
and may deteriorate further in the future as streamflow 
salinity due to clearing continues to rise. However, raising 
the dam is likely to increase the amount of high quality water 
available. South Canning is considered the least desirable 
alternative because of the risk of excessive biological 
growth. Based on the plant growth which occurs in the shallow 
region of the Canning reservoir along the Canning River, and 
the much greater areas of shallow water which would occur in 
the South Canning reservoir, the risk is considered to be 
significant. 
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Implementation of some of the alternatives would require 
changes in catchment management practices and have some effect 
on public access to catchment areas. The Raised Mundaring and 
Raised Canning projects would not affect the current catchment 
management and public access practices, since they would remain 
Class II Development Catchments (see WAWRC, 1985). 

The South canning catchment is within the forest Disease Risk 
Area and hence is currently closed to public access. 
Construction of the dam would lead to some increase in 
recreational activity and hence additional management measures 
would be required. As a non-terminal water storage, potential 
exists for more intense public use of both the catchment and 
waterbody itself. However, these potential activities would 
have to be carefully investigated to ensure they did not 
compromise reservoir water quality, forest disease risk or the 
conservation value of the adjacent Monadnocks Reserve. 

North Dandalup Dam would replace the existing pipehead dam and 
therefore the classification of the catchment would change from 
Class I to Class II. This would permit greater public use of 
the catchment and increased recreational activity is likely. 
Thus additional catchment management will probably be required. 

10.4 	RESERVOIR BASIN 

The reservoir storage characteristics vary markedly from the 
relatively incised and deep valley forms at Canning and North 
Dandalup, to the relatively broad and shallow valley form at 
South Canning, with Mundaring intermediate between them. The 
surface area flooded per unit of additional storage is about 
twice as much at South Canning as the other three 
alternatives. Conversely, the "average depth" (storage over 
surface area) at South Canning of 8.4 metres is a little over 
half that of the other alternatives. 

An examination of reservoir water level fluctuation simulations 
revealed a distinct difference between the behaviour of South 
Canning and that of the other reservoirs. South Canning would 
have a much longer "cycle" time than the other reservoirs, with 
long durations between fillings. The general operating level 
(median water level) for South Canning would be flooded for a 
median duration of 14 years and exposed for a median duration 
of 17 years. 	In contrast, the other three reservoirs would be 
flooded for a median duration of three years and exposed for 
median durations of five years. Figure 37 provides a 
comparison of the characteristic reservoir water level 
behaviour for the four alternatives. 

The large size and long cycle time of the South Canning 
reservoir would have an effect on the actual probability of 
restrictions for the metropolitan water supply system. The 
reservoir would be less than a third full for a third of the 
time and the average duration of these periods of low water 
level would be about 10 years. During these periods of low 
reservoir storage, the actual probability of restrictions 
estimated for future years would be higher than the normal 
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The rain required to wet catchments before streams start flowing 
is a higher proportion of total rainfall in drier areas than in 
wetter areas. This accentuates the rainfall patterns, giving 
North Dandalup the highest and most consistent runoff per unit 
of catchment area, followed by Canning, South Canning and 
Mundaring in that order. Thus the streamflow characteristics of 
Mundaring and South Canning are similar, with most flows being 
well below the mean which is influenced by occasional large 
flows. North Dandalup streamflows are much more consistently 
distributed about the long-term mean and Canning flows are 
intermediate between them. This is illustrated in Figure 36 
which shows the historical streamfiow frequency curves for the 
four alternatives. 

10.3 	CATCHMENT 

The catchment conditions of the four alternative sources will 
not necessarily remain constant over time and variations in 
catchment conditions could cause changes in source yields and 
quality. Bauxite mining, P.c dieback (Phytophthora cinnamomi) 
and forest thinning could potentially cause significant changes 
to the catchment conditions. 

Bauxite mining will affect the North Dandalup catchment in the 
foreseeable future, with some 30% of the area likely to be 
mined. Mined and rehabilitated areas are likely to produce 
greater runoff in the short term (10-15 years) until the 
revegetation is fully established. Increased salinity is not 
expected to be a problem because the catchment is largely in the 
high rainfall zone. 	In the long term, runoff from these areas 
may well be less than prior to mining, due to the density of the 
regrowth. Thinning would then be required to achieve optimum 
timber and water production. Hence the likely short-term gain 
in yields at North Dandalup due to the mining could be offset to 
some extent by the need to thin the regrowth at a later date to 
prevent a net loss. 

It is believed (E Hopkins, CALM, pers comm) that the most severe 
impacts of "dieback on the northern Jarrah forest have already 
occurred, and future effects will be gradual and not as 
significant. Thus there is not expected to be any marked 
deterioration in the condition of the forest in the four 
catchment areas in the foreseeable future. 

Forest thinning trials for enhanced timber production have been 
carried out as part of normal logging operations over the last 
few years. The potential of forest thinning to enhance water 
yield from existing sources is under investigation but, as 
mentioned previously, it will be many years before the 
practicality of this option can be determined. A recent report 
entitled "Forest Management to Increase Water Yield from the 
Northern Jarrah Forests" (Steering Committee for Research and 
Land Use & Water Supply, August 1987) indicated that the 
catchments of North Dandalup, Canning Dam and Mundaring Weir 
have the potential to benefit from catchment thinning as it is 
currently proposed. This would not be the case for South 
Canning however, because the forest quality is incompatible with 

thinning. 
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hydrology 
catchment 
reservoir basin 
water quality 
yield benefit 
water supply operation 
downstream flows 

These factors are discussed below. 

10.2 HYDROLOGY 

The large variation in catchment hydrology (rainfall and 
streamflow) of the alternatives affects their behaviour as 
supply sources. 

Table 22 summarises the key hydrological information on the 
alternatives. 

FACTOR 	 RAISED 

------------------------------------------------------------------------------------- 
RAISED SOUTH NORTH SOURCE 

MUNDARINC CANNING 
-------------------------------------------------------------------------------------- 

CANNING DANDALUP OF DATA 

Catchment 

- Rainfall range (mm/yr) 	1100-550 1250-700 950-700 1350-1100 Fig 3 

- Average rainfall (mm/yr) 	800 950 880 1300 PWD 1984 

Reservoir 

- Rainfall range (mm/yr) 1000-800 1250-1050 950-800 1350-1300 Fig 3 

- Average rainfall (mm/yr) 900 1150 900 1300 Fig 3 

- Evaporation average (mm/yr) 1900 1720 1700 1660 PWD 1984 

Streaxuf low 

- Variation in historical 
flows (Mrn3/yr) 209-2 177-573 95-0 	71-2 	ED? 475/2 

- Mean 48.6 57.5 23.1 	29.9 

- Median 31.5 40.1 14.6 	25.9 

- Standard Deviation 46.3 44.0 21.2 	15.8 

Table 22: HYDROLOGICAL 

------------------------------------------------------------------------------------ 

PARAMETERS OF THE ALTERNATIVES 

It is evident from the table that there is a significant 
variation in rainfall from Mundaring (average 800 millimetres 
per year, east-west range of 550-1100 millimetres per year for 
the catchment) to North Dandalup (average of 1300 millimetres 
per year, east-west range of 1100-1350 millimetres per year) 
with Canning catchment intermediate between the two. In 
addition, rainfall is more reliable in the higher rainfall 
areas along the Scarp and towards Dwellingup. Thus North 
Dandalup has the highest and most consistent rainfall, followed 
by Canning, South Canning and Mundaring in that order. 
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10. 	WATER SUPPLY CONSIDERATIONS 

10.1 APPROACH 

A number of studies of the four alternatives were conducted by 
the Water Authority to: 

refine previous system yield benefit estimates, 
evaluate their relative yield reliability, 
analyse source behaviour characteristics, 
evaluate their relative water quality. 

The results of the studies were used to compare and rank the 
four alternatives according to their ability to provide the 
most reliable and best quality water supply source to meet the 
next increment in metropolitan demand. 

System yield benefit estimates were determined for a range of 
size options for each alternative to establish the economic 
optimum size for comparison of the alternatives (see sections 
5.3, 6.3. 7.3 and 8.3). 

A number of approaches were then used to determine the relative 
reliability of the system yield benefit provided by each 
alternative under "normal" (historical) and "drier" climatic 
conditions. 

In addition, an attempt was made to determine the relative 
level of confidence in the calculated yield estimates for the 
four alternatives. Variations in the net reservoir evaporation 
(reservoir evaporation minus direct rainfall) estimates can 
have a significant impact on the calculated yield benefit 
figures. This is particularly true for the Mundaring and South 
Canning Reservoirs, where net evaporation is large in 
proportion to either annual streamflow or yield benefit. 

Source behaviour characteristics of each of the alternatives 
were analysed to provide input into the environmental 
investigations as well as to improve understanding of the 
nature of their benefit to the water supply system and their 
operating mode. Reservoir water level fluctuations were 
examined and graphs produced of the probabilities of flooding 
(or exposure) durations for various elevations. The reductions 
in downstream flows due to damming were examined and cumulative 
probability graphs for annual and seasonal flows produced. The 
water supply draws from each source before and after 
development were also examined and graphed. 

A brief report examining the likely water quality behaviour of 
the alternatives prepared by the authority's Principal 
Scientific Officer, Dr Rosich, is attached in Appendix 1. 

The relative merits and performance of the alternatives were 
evaluated for each of the following water supply factors: 



TABLE 21 

KEY PARAIIETERS OF THE ALTERNATIVES FOR THE NEXT MAJOR SOURCE 

(ECONOMIC OPTIMUM SIZE IF DEVELOPED AS THE NEXT MAJOR SOURCE) 

DETAILS 	
SOURCES 

RAISED MUNDARING RAISED 	CANNING SOUTH 	CANNING NORTH 	DANDALUP 

STRUCTURE 

SITE PRESENT DAN SITE PRESENT DAM SITE APPROX 1.5 KM NE APPROX 200M 
OF EAGLE HILL U/S OF PIPEHEAD 
U/S OF SCENIC DR 
GAUGING STATION 

TYPE OF STRUCTURE CONCRETE CONCRETE ROCK-FILL EARTH-FILL 

CREST LEVEL 154 217.5 271 224 
M A.H.D.) 

CREST LENGTH 460 1250 580 660 
(N) 
HEIGHT OF DAN OR 11.5 11.5 37 54 
RAISING 
(N) 

CATCHMENT 

AREA 1482 727 495 153 
(SQ.NM.) 
MEAN RAINFALL 800 950 880 1300 
(MM PA) 
MEAN STREANFLOW 48.6 57.5 23.1 29.9 
(MILL.CUBIC M PA) 

RESERVOIR 

FULL SUPPLY LEVEL 150 216 267 219 

200 170 215 75 

0ILL.CUBIC M) 
ITIONAL STORAGE 123 80 215 75 

(MILL.CUBIC N) 
SURFACE AREA 1400 850 2450 505 

HA 
ADDITIONAL AREA 640 350 2450 505 

ShEMYIELD 11.0 9.9 11.6 TOTAL 25.0 * 
BENEFIT NET 	13.8 * 

(MILL.CUBIC M PA) 
MEAN SYSTEM ANNUAL 11.7 7.9 10.0 13.1 
DRAW 

MALANL.CDRAWPA) 5.9 2.5 11.1 *(4) 12.9 
OF THE SOURCE 
(MILL.CUBIC M PA) 
TIME TO DEVELOP 10 7 16 4 
FULL YIELD 
(YEARS) 

STREANFLOW UTILISATION .*(2) 

DRAW/INFLOW 62%(54%) 77%(73%) 51%(0%) 	(4) 81%(40%) 

OVERFLOW/INFLOW 27%(39%) 19%(25%) 17%(0%) 11%(60%) 

NET EVAP/INFLOW 11%(7) 4%(2%) 32%(0%) 8(MINIMAL) 

COSTS 	*(3) 

CAPITAL COST 22.4 36.4 23.2 *(5) 34.8 
(MILLIONS $) 
OPERATING COST 200 130 174 222 
(THOU.S P.A.) 
PRESENT VALUE 25.6 38.5 26.0 38.4 

TOTAL (PUT) 
(MILLIONS $) 
PUT/YIELD 2.33 3.89 2.24 2.78 	* 
(S/CUBIC N.) 
COST 18.2 29.1 20.3 18.6 
(CENTS/CUBIC N.) 

PUT OF DEVELOPMENT 397.6 412.3 392.6 363.8 
TIMETABLE 

(MILLIONS $) 

SEQUENCE OF MAJOR RN > ND > SC RC > ND ) RN SC > ND > RN ND ) RN > SC 
SOURCES 

* THE NET SYSTEM YIELD BENEFIT OF 13.8 FOR NORTH DANDALUP DAN.IS  MADE UP OF TOTAL YIELD BENEFIT OF 25.0 MINUS 11.2 
FOR THE DELETION OF THE EXISTING NORTH DANDALUP PIPEHEAD.WHICH MUST BE DEMOLISHED TO MAKE WAY FOR CONSTRUCTION 
OF THE DAN.THE QUOTED PUT/YIELD FOR NORTH DANDALUP IS BASED ON THE NET YIELD BENEFIT. 

THE STREANFLOW UTILISATION SHOWS THE POTENTIAL UTILISATION DUE TO THE PROPOSED PROJECT AND IN BRACKETS.THE 
EXISTING UTILISATION.FOR THE RAISED MUNDARING OPTION.THE INFLOW INCLUDES PUMPBACK FLOWS FROM THE LOWER HELENA P/B 
THE P/B FLOW INCREASES AS THE CAPACITY OF MUNDARING IS INCREASED. 

ALL COSTS ARE GIVEN IN DECEMBER 1986 DOLLARS.PRESENT VALUE TOTALS ARE CALCULATED FOR A DISCOUNT RATE OF 6¼ 

THE DRAW FOR SOUTH CANNING ARE RELEASES NOT RELEASES PLUS OVERFLOW. 

THE CAPITAL COST OF SOUTH CANNING INCLUDES $650,000 FOR THE REALIGNMENT OF AN SEC POWER TRANSMISSION LINE. 
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STREAMFLOW UTILIZATION 

The "draw", "overflow", "net evaporation" and "inflow" values 
for the sources were obtained from the SBP analyses (WRP EDP 
file 475 volume 2) and are recorded on WRP housefile S2215. 

The analyses determine the proportion of the mean streamflow 
into the reservoir that go to "draw" (to supply Perth), 
"overflow" (over the spillway or releases) and "net 
evaporation" (total evaporation from the reservoir minus direct 
rainfall onto the reservoir). 

COSTS 

The "capital cost" and "present value total (PVT)" costs are 
contained in the integrated data tables 8, 12, 16 and 20. The 
"operating cost" figures were determined from the cost estimate 
tables 7, 11. 15 and 19. 

The "PVT/Yield" is the present value total cost (i.e. present 
value of capital plus operating costs) of each unit of annual 
system yield benefit gained. The values were determined by 
dividing the PVT of each source by its system yield benefit 
figure. 

The "cost" of the source is the present value cost of producing 
each unit of yield, i.e. the price that each unit of yield 
supplied would have to be sold at to recover the cost of 
developing and operating the source. The figures (contained in 
WRP housefile S2215) are influenced by the time taken to 
develop full yield benefit. 

The "PVT of development timetable" is the sum of all the future 
costs, discounted to their present values, of the sources in 
the development timetable associated with each source. The 
figures are contained in WRP housefile 62215 and discussed in 
section 11.1. The order of development of the major sources 
used in each source development timetable is indicated in the 
"sequence of major sources". 
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9. 	SUMMARY OF KEY PARAMETERS OF THE ALTERNATIVES 

Table 21 sumrnarises the key parameters of the alternatives for 
the next major source. 

The following notes amplify the basis of the figures in the 
table. 

STRUCTURE 

Details of the "site"1  "type of structure". "dam crest level". 
"dam crest length" and "height of dam" (or raising) for each 
alternative are given in sections 5.6. 6.6. 7.6 and 8.6. 

CATCHMENT 

Catchment areas have been taken from the published report 
"Planning Future Sources for Perth's Water Supply" (Mauger. 
1987). 

Mean rainfall figures indicate the long-term mean rainfall over 
the whole of the catchment as recorded in the published report 
"Streamflow Records of Western Australia. Volume 2" (PWD. 1984). 

Mean streamflow values are based on streamflow figures derived 
from historical streamflow and rainfall records for the period 
1911 to 1986 inclusive. The streamflow figures and mean values 
were obtained from the Surface Water Branch, and are contained 
on Water Resources Planning EDP file 475 volume 2. 

RESERVOIR 

The full supply level and its corresponding storage capacity 
and surface area figures for each alternative are provided in 
sections 5.6. 6.6. 7.6 and 8.6. 

The system yield benefit, mean system annual draw, mean annual 
draw of the source, overflow and net evaporation figures for 
each source are obtained from computer simulation of the MWS 
behaviour under long-term synthetically generated hydrological 
conditions using the Sources Behaviour Program (SBP). The 
analyses are based on historical streamflow and rainfall 
records for the period 1911 to 1980 inclusive. The results of 
these analyses are contained in WRP EDP file 475 volume 2. 

The "system yield benefit" of a source is the additional draw 
available to the system in non-restriction years, whereas the 
"mean system annual draw" of the source is the additional draw 
on the system in all years, including restriction years (one 
year in ten) when the draw is reduced. Hence "mean system 
annual draw" is generally less than "system yield benefit". 
The figures for these two parameters are taken from tables 6. 
10. 14 and 18. 

The results of the analyses to determine the "time to develop 
full yield" for each source are contained in WRP house file 
2215 and discussed in section 10.4. 
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construction, and for scour purposes. The outlet culvert would 
be constructed to divert streamfiows during the construction 
period and water supply flows subsequently. The culvert would 
be located either along the existing streambed or through the 
left (facing downstream) abutment, depending on the final 
location of the intake tower. 

8.6.4 Construction 

Materials sources 

Sources of earth and rockfill materials for use in construction 
have been identified within the area to be covered by the 
storage basin. Concrete aggregates and filter materials will 
probably be obtained from established commercial sources. 

Temporary site works 

A number of possible sites for the construction office and 
contractor's camp have been tentatively identified. Final 
siting will depend on consideration of environmental effects 
and the possible future use of the sites (for example, as 
parking or picnic areas for sightseers). 

Construction programme 

A construction workforce of about 200 would be employed over 
the 2-3 year construction period of the project. The workforce 
would commute daily from Perth. 
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Current road access to the damsite would need upgrading before 
construction activities commenced. A road of high standard, 
being two lanes bitumen-surfaced with a design speed of 70 
kilometres per hour, is proposed to cater for main construction 
traffic from Perth and for subsequent tourist and local 
traffic, water supply operations and maintenance and forestry 
activity. 

8.6.3 Major components 

The following description of the project is based on 
preliminary design undertaken as part of the feasibility 
studies. Detailed design may modify these details. 

Embankment 

The current proposal is for a main dam embankment approximately 
54 metres high and 660 metres long. Several embankment types, 
ranging from homogenous earthfill to rockfill are currently 
being examined to determine the most economical structure. The 
elevation of the top of the bank would be approximately 224 
metres AHD, some 5 metres above the full supply level. (The 
main embankment shown in Figure 29 is that of a composite 
rockfill/earthfill structure). 

Saddle Dams 

Two saddles located some 650 metres and 900 metres north of the 
main embankment on the right bank would have minimum elevations 
of 204 metres and 216 metres AHD respectively. An embankment 
with a top at elevation 224 metres AHD would therefore require 
saddle dams at these locations of height 20 m and 8 in 
respectively. Homogeneous earth einbankments with horizontal 
blanket filters are proposed, with cut-off trenches to about 
5 m depth. 

S p i 11 way 

A spillway crest and chute on the left bank is currently 
proposed, to take advantage of the bend in the river (as shown 
in Figure 28). The spillway crest would be ungated,, and water 
would discharge through a transition section into a chute with 
an energy dissipating structure where the flow enters the 
river. The spillway crest level would be 219 in AHD. 

The final spillway capacity will be designed on the results of 
flood studies to be undertaken as part of the detailed design. 
The spillway will be designed to cope with the maximum probable 
flood conditions. 

Outlet and diversion works 

The intake tower would be of the dry type with water being 
drawn from a number of screened intakes at varying levels and 
conveyed by pipe from these intakes down the tower and through 
the outlet culvert. A bridge would provide access to the 
intake tower. An open channel would be required to divert 

water from the river bed to the tower for diversion during 
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8.6.2 Damsite 

Site description 

The centre-line of the proposed damsite is located some 200 
metres upstream of the existing pipehead structure. Streambed 
elevation is about 170 metres AHD. A local narrowing of the 
valley minimises embankment volume while the bed grade gives 
good storage versus height characteristics, being flatter 
upstream and steeper downstream. There is a marked bend in the 
river at the damsite. 

Geology 

The bedrock is mainly granitic, with a few intrusive dolerite 
dykes. Overburden is generally not deep in the central portion 
of the valley. There are deeply weathered zones upstream from 
the spillway crest (caused by a shear zone) and on the right 
abutment. 

Existing works 

The existing pipehead dam is a concrete gravity structure about 
6 metres high impounding a basin of capacity 20 000 cubic 
metres. The dam diverts water through a screening chamber and 
along a 915 millimetre diameter pipeline down the valley to 
connect with the 1065 millimetre diameter pipeline from South 
Dandalup Dam. A ranger's house and a treatment house for 
chlorination and fluoridation of the water are located on the 
valley slope above the pipehead dam. 

The pipehead structure would be taken out of service when 
embankment construction commenced, with the wall and adjacent 
screening chamber probably being removed. The existing 
disinfection and treatment facilities and the ranger's house 
would have to be replaced. The existing pipeline from the 
pipehead dam to the South Dandalup trunk main would continue to 
be used to deliver water into the metropolitan water supply 
system and no additional trunk main would be required. 

Road system 

The existing access road to the pipehead dam and proposed 
damsite is from South Western Highway along Hines Road, Scarp 
Road and a track to the left of the pipehead and damsite. The 
reservoir of the proposed dam would cut Scarp Road, Sharp Road 
and some lesser forest roads (as shown in Figure 28). Scarp 
Road is a major north-south link road used by CALM and by local 
and tourist traffic. The flooded length would be relocated 
over the main embankment wall. The sections of Scarp Road 
(above Full Supply Level) abandoned due to the relocation would 
be ripped and rehabilitated. Similarly, any other tracks to be 
abandoned would be ripped from the nearest through road to the 
reservoir full supply level and rehabilitated. 

Sharp and Reynolds Roads would be closed to the public as they 
would be too close to the water body. Alternative east-west 

routes exist north and south of the area. Agreement has been 
reached with CALM on this issue. 
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8.5 	ECONOMIC OPTIMUM SIZE 

The values from the tables above were interpolated to produce 
the table of integrated data (Table 20). 

FSL DEPTH SURFACE STORAGE 
------------------------------------------------------------------- 

YIELD COST INCR $1 
(m AHD) (m) AREA VOLUME (Mm3/yr) CAPITAL PVT INCR YIELD 

(km2) (Mm3) ($M) ($M) ($/m3/yr) 

170 - 	0 0.00 0.0 0.0 0 0 - 
180 10 0.22 0.8 0.4 5.4 6.0 15.0 
190 20 0.67 5.1 2.0 10.9 12.0 3.7 
200 30 1.59 15.8 6.0 16.3 18.0 1.5 
210 40 3.13 39.0 10.9 23.9 26.8 1.8 
215 45 4.11 57.1 12.4 30.6 34.0 4.8 
216 46 4.33 61.2 12.7 32.0 35.4 4.7 
218 48 4.80 70.4 13.4 33.2 36.7 1.9 
219 49 5.05 75.4 13.8 34.8 38.4 4.2 
220 50 5.30 80.5 13.9 36.5 40.2 18.0 

Table 20: NORTH 
------------------------------------------------------------------- 

DANDALUP INTEGRATED DATA 

Figures 30 to 35 provide plots of the relationships between the 
reservoir, yield and cost data in Table 20. 

The economic optimum size based on a long-term marginal cost of 
$6.65/rn3  of annual yield was determined from Figure 35 to be 
a dam 54 m high with a FSL. of 219 m AHD and a storage of 
approximately 75 Mm3, which would provide an additional 
system yield benefit of 13.8 Mm3/yr. 

8.6 	PROJECT DEFINITION (OPTIMUM SIZE) 

8.6.1 	Location and proposed works 

The proposed North Dandalup Dam is located some 65 kilometres 
south-east of Perth. The project consists of the construction 
of an embankment dam, of maximum height about 54 metres with a 
dam crest level of 224 m AHD and crest length about 660 metres, 
across the North Dandalup River upstream from the existing 
small pipehead dam. A reservoir of about 75 million cubic 
metres storage capacity and 505 hectares in area at the full 
supply level of 219 m AHD would be formed by the dam. 
Ancillary works would include an intake tower, outlet works and 
a spillway. Two saddle dams of homogeneous earth construction 
would be required just north of the main embankment. Figure 29 
shows the proposed works. Some consideration is being given to 
staged construction of the works. In this event, the dam could 
possibly be built to a lower crest and subsequently raised to 
the full size. 

The estimated capital cost of the proposed works is $34.8 
million (December 1986). Preliminary investigations into the 
geology of the damsite and sources of suitable embankment 
materials have been undertaken, although further work will be 
required to carry out the detailed design. 
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STORAGE VOLUME SYSTEM 
------------------------------------------------------------ 

YIELD BENEFIT MEAN SYSTEM 
(Mm 3) FULL ADDITIONAL ANNUAL DRAW 

(Mm3/yr 
------------------------------------------------------------ 

(Mm3/yr) (Mm3/yr) 

20 18.8 7.6 7.2 
30 21.2 10.0 9.6 
40 22.2 11.0 10.5 
50 23.0 11.8 11.3 
60 23.8 12.6 12.0 
65 24.3 13.1 12.6 
70 24.6 13.4 12.8 
75 25.0 13.8 13.1 
80 25.1 13.9 13.2 

------------------------------------------------------------
Table 18: NORTH DANDALUP SYSTEM YIELD BENEFIT ESTIMATES 

The figures dated 10/4/1987 are contained in Water Resources 
Planning housefile S2215. 

8.4 	COST ESTIMATES 

The project cost estimates for the various dam sizes are shown 
in Table 19. 

FULL SUPPLY DAM CAPITAL 
---------------------------------------------------------------- 

COST 	OPERATING COST PVT 
LEVEL HEIGHT ($M) ($M/yr) ($M) 

(m AHD) (m) 

200 35 16.3 
---------------------------------------------------------------- 

0.107 18.0 
210 45 23.9 0.180 26.8 
216 51 32.0 0.210 35.4 
218 53 33.2 0.219 36.7 
220 55 36.5 0.226 40.2 

Table 19: NORTH 
---------------------------------------------------------------- 

DANDALUP COST ESTIMATES 

The capital cost estimates dated March 1987 are based on an 
earthfill dam (see Dams Calc. Binder S25.1). Alternative 
embankment types are currently being examined to determine the 
most economic structure. Preliminary estimates of a composite 
rockfill/earthfill structure indicate a reduced cost, but the 
earthfill cost estimates have been adopted in this report to be 
conservative. 

For estimating purposes, the operating costs have been completed 
as a factor of the additional mean system annual draw due to the 
source (see Water Resources Planning housefile S2215). The cost 
of 1.71 cents/rn3  is based on a review of actual annual 
operating costs in relation to annual draws from each existing 
dam. 

The PVT of the capital and annual operating costs is based on a 
6% discount rate over a period of 60 years. 

All costs are in December 1986 dollars. 
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LEVEL 	ELEVATION RESERVOIR 
------------------------------------------------------------------ 

SURFACE STORAGE SOURCE OF DATA 
(in AHD) DEPTH AREA VOLUME 

(in) (km2) (Mm3) 

Streambed 	170 0 
------------------------------------------------------------------ 

000 0.0 1:5000 contours 
172 2 0.01 0.0 11 ii 

174 4 0.04 0.1 to ii 
176 6 0.10 0.2 If U 

178 8 0.16 0.5 'I of 

180 10 0.22 0.8 to 
182 12 0.29 1.3 ii of 

184 14 0.37 2.0 U If 

186 16 0.46 2.9 H 11 

188 18 0.55 3.9 U 

190 20 0.67 5.1 
192 22 0.79 6.6 U 

194 24 0.94 8.3 U ii 

196 26 1.13 10.4 1 ii 

198 28 1.33 12.8 1 ii 

200 30 1.59 15.8 II u 

202 32 1.87 19.2 U 

204 34 2.14 23.2 U 

206 36 2.46 27.8 I'  

208 38 2.77 33.1 I'  

210 40 3.13 39.0 II U 

212 42 3.49 45.6 U It 
214 44 3.90 53.0 If U 

216 46 4.33 61.2 I' to 
Spi 1 iway 
Crest 	218 48 4.80 70.4 	II 	 II 

220 50 5.30 80.5 	 If 

222 52 5.85 91.6 	H 	 U 

224 54 6.46 104.0 

Table 17: NORTH DANDALUP RESERVOIR SURFACE AREA & STORAGE FIGURES 

The reservoir basin was flown in 1981 to produce 1:5000 plans 
with a contour interval of 2 in (see Special Plan 0518). The 
surface area and storage volume figures were produced by 
digital techniques from these plans. 

8.3 	YIELD ESTIMATES 

The system yield benefit estimates determined for various 
reservoir sizes are shown in Table 18. 
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------------------------------------------------------------------ 
ALTERNATIVES 

COMPONENTS RAISED RAISED SOUTH NORTH 
& FACTORS MUNDARING CANNING CANNING DANDALUP 

Financial 
------------------------------------------------------------------ 

- PVT of Source 
Deve 1 opment 
Timetable 
($m Dec. 	86) 397.6 412.3 392.6 363.8 

- PV of possible 
Canning Dam 
remedial works 	($m) 6.2 0 6.2 6.2 

Timber losses 
- PVT of foregone 
future value 	($m) 0.31 0.13 0.1 0.16 

Salinity damage costs 
- PVT of costs to 

community of increased 
salinity ($m) 	 31.4 	3.0 	13.5 	0 

------------------------------------------------------------------ 
Table 30: ECONOMIC EVALUATION FACTORS 

= million dollars 
PVT = Present Value Total 
1W = Present Value 
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13. 	IN-HOUSE STUDY TEAM 

B. SADLER Steering Committee Chairman 
R STONE Project Engineer 
G MAUGER Source Behaviour Modelling 
P WHITE Source Behaviour Modelling 
P VAN DER WAL Source Behaviour Modelling 
S DALLAS Source Behaviour Modelling 
R WARK Dam Design & Cost Estimates 
G MEINCK Dam Design & Cost Estimates 
P MOORE Catchment & Reservoir Management 
R STOKES Hydrology 
R ROSICH Water Quality 
B CARULLI Word Processing 
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Figure 43: Raised Canning Effect on Downstream Flows 
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WATER QUALITY ASPECTS 
POSSIBLE HILL's MAIN DAM DEVELOPMENTS 

Notes for Discussion 
R S Rosich, Water Supply Laboratory, 21 February 1987 

1 	SCOPE OF THESE NOTES 

These notes are based on the water quality management research work carried 
out as part of several projects on catchments in the Darling Ranges 
Canning Reservoir and Catchment Water Quality, Stinton Creek Water Quality, 
Lower Canning River Pumpback Scheme ERMP, North Dandalup Main Dam ERMP, 
Lower Serpentine River Pipehead Scheme, and Dirk Brook Pipehead Scheme. 

This work is assessing biological, chemical, hydrological and physical 
aspects on a collaborative basis involving the Water Supply Laboratory, the 
Hydrology Branch (hydrology) and a group led by Dr D H Edward at the Zoology 
Department at the University of Western Australia (macroinvertebrates). 

The projects commenced at different times between July 1984 (Stinton Creek) 
and June 1986 (Lower Serpentine and Dirk Brook) but the bulk of the work 
commenced during the first half of. 1985. Final reports for all projects are 
scheduled for June 1988. 

Routine data gathering is now well established but there has yet been little 
opportunity for evaluation of the data, conversion of concentration data to 
loads has not yet been attempted, while the bulk of the 'short term' and 
'special' experiments were always scheduled for the late 1986-1987 period. 

Discussion of the South Canning Reservoir and the raising of Mundaring Dam 
is based on information available from the State Water Resources Data Base 
of the Water Authority, even though this information has severe limitations 
when used for this purpose. Preliminary results (not yet complete) from a 
single sample survey of South Dandalup, Wungong, Serpentine and Mundaring 
Reservoirs are also compared. The Lower Canning Pumpback and Lower 
Serpentine and Dirk Brook Pipehead Schemes are not discussed. 

2 BACKGROUND 

The present studies arose on a one-by--one basis (except for Lower Serpentine 
and Dirk Brook), each with their own reasons: 

Stinton Creek - in relation to the impact of the proposed Lower Canning 
Pumpback Scheme on orchards in the Stinton Creek catchment. 

Canning Reservoir and Catchrnent - in relation to the impacts on water 
quality in the reservoir of: 

possible recreation in the catchment, 
water from the proposed Lower Canning Pumpback Scheme, and 
water from the proposed South Canning Reservoir. 
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Lower Canning Pumpback Scheme - preparation of ERMP and baseline data 
for on-going water quality management. 

North Dandalup Dam - preparation of ERMP and baseline data for on-
going water quality management. 

Nevertheless, these studies were all formulated in a water quality 
management context and thus an assessment of relative merit is automatically 
included. 

However, in the absence of similarly based studies on Mundaring Reservoir 
and the proposed South Canning Reservoir site, considerably more 
extrapolation and judgment is required than would be preferred. 

3 	WATER QUALITY 

3.1 Physical 

Temperatures are typical of a warm temperate environment reaching levels of 
25-30 C (in streams and :epilimnion water of reservoirs) in summer but going 
no 	lower than about .11-12 C in winter streamf low while remaining at this 
level in the hypolimnion waters of stratified reservoirs throughout the 
year. 

pH values are comparatively low due to the poorly buffered nature of waters 
in the Darling Ranges because of the limited occurrence of carbonate 
minerals. The pH values are frequently below the Corporate criteria of 7.0 
and still fail the more widely used criteria of 6.5 on a significant number 
of occasions. 

Turbidity in the reservoirs is typically at about 1.0 even though it can 
reach higher levels in the streams. 

Colour 	is rarely a problem, except perhaps in the iron-bound colour that 
seems to be present in Mundaring Reservoir. 

Dissolved oxygen is generally at about saturation levels (90-110 %) in all 
surface waters. This decreases in bottom waters of stratified water bodies can 
drop to zero in some instances. 

3.2 Major Chemical Components 

TPIS (total filterable inorganic solids) 	are all within present Corporate 
guidelines (and well within the more widely used value of 1000). Note that 
there is an increase in moving south to north along the Range, but this may 
be mainly due to the greater activity in the \rnundaring catchment. 

Sodiva and chloride show similar trends, as is to be expected. 

Alkalinity 	is comparatively low and this determines both that the pH of 
the Range waters is low and that it is easily altered by treatment (such as 
chlorination and fluoridation) and when in contact with cement-containing 
pipes. 

Dissolved carbon dioxide 	is significantly above atmospheric equilibrium 
(about 0.01 mM) and this causes these waters to be corrosive towards 
carbonate-containing materials (such as cement). 
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Silica is generally at low levels and may approximate equilibrium with the 
silicate materials in the soils of the catchment. 

3.3 Iron and Manganese 

Iron 	is generally below Corporate guidelines, and yet iron staining is a 
continuing problem. Whether this iron originates from the catchment or from 
distribution pipes is not presently clear, but is being investigated. The 
somewhat higher iron in Mundaring Reservoir is probably related to the 
somewhat higher colour levels. 

Manganese 	is generally not a problem, except at reservoir overturn when 
bottom waters containing excessive manganese are taken into supply. 

3.4 Phosphorus 

Phosphorus levels in Darling Range waters are very low (often below 5) and 
consequently deep waters (such as in Canning Reservoir) do not suffer from 
excessive biological growth in the water column. It must be appreciated, 
however, that in shallow water bodies (for example, Lake Poongkaliyarra 
where the phosphorus level appears to be about 20) the availability of 
phosphorus from the sediments can cause problems. 

Similarly, in shallow waters rooted and attached aquatic plants can grow on 
the sediments. 

3. 5Nitrogen 

Nitrogen levels are also at moderate levels but the significantly higher 
value for nitrate+nitrite in Mundaring Reservoir likely reflects the greater 
activity in this catchment. 

3.6 Plant Growth 

Although the levels of algae in Canning Reservoir are quite low 
(chlorophyll a <1), relatively high levels of zooplankton occur. This suggests 
a healthy biological system, but one which might not tolerate too much 
increase in nutrient input. 

3.7 Pesticides 

Although occasional pesticide residues have been found, these are at very 
low levels and need be no cause for concern at this stage. 

4 	EVALUATION OF POSSIBLE DEVELOPMENTS 

4.1 North Dandalup Reservoir 

4.1.1 	Direct issues 

Water quality in the catchment above the proposed dam site is among the best 
available in the hill's near Perth, being comparable to that in the Canning 
Reservoir catchment. 
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Total filterable inorganic solids (TFIS) are low (about 150 g rn -3) as are 
nutrients, bacteria, and pesticides. Again, preliminary evaluation of the 
macroinvertebrate data (ARL Report No 4, 1986) indicates a high quality 
water environment. 

On the debit side, the ARL report indicates that part of. the catchment may 
comprise a rare habitat for macroinvertebrates. 

4.1.2 	Effect on the lowlands 

Although load data are not yet available, it seems probable that the load of 
components in the water passing the dam site will be only a minor fraction 
of that added to the water downstream, and thus the proposed reservoir would 
have little impact. 

The impact of the reduced water flow is, however, more difficult to assess. 
This is particularly so because of the sandy nature of the coastal plain and 
hence there is unlikely to be a simple relationship between the composition 
of the waters from the hill's areas and the waters of the lowlands. 

Nevertheless, it seems inevitable that there will be at least some 
deleterious effect on water quality of the lowlands and ultimately also of 
the waters entering the P"eel-Harvey estuary. The magnitude of this effect is 
yet to be quantified. 

4.2 Raising Canning Darn 

The quality of the waters of Canning Reservoir is very high, although it is 
well to recognize that they are not ultra-oligotrophic, that is they are 
part way down the path of increased nutrients, and hence increased 
biological productivity. Consequently they are at a slightly increased risk 
to further change than they would otherwise be. 

Since raising of the darn will not markedly change the surface area:volume 
ratio (see TABLE 2), there is a high probability that the high quality of 
the waters would be maintained. There is, nonetheless, the possibility that 
the area of shallow waters would increase and hence increase the load of 
plant debris that presently reaches the of f take structure. This would seem, 
however, to be a small problem and likely within the capacity of the present 
screening system. 

4.3 Raising Mundaring Darn 

The waters of this reservoir and its catchment are not of the same high 
quality as those of Canning Reservoir. Furthermore, significant parts of the 
catchment are already developed and this trend seems likely to continue, and 
possibly at an increased rate. It is thus more likely that the waters of 
this reservoir will deteriorate further and hence it is less attractive for 
further development. 

It is appropriate to note, however, that raising the darn will cause a slight 
reduction in the surface area:volume ratio, there may be little 
deterioration of the water quality from such an action. Indeed, it is 
possible that the increased depth will increase the amount of high quality 
water available for two reasons: 

the volume of water in the upper layer (epilimnion) will be larger, and 
this water is usually of higher quality than deeper water and 
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the epilimnion would be more distant from the sediments and thus less 
susceptible to any problems that might arise from those sediments, such 
as increased iron and manganese and nutrients. 

4.4 South Canning Reservoir 

	

4.4.1 	Direct issues 

Based on the limited data available, the waters of the South Canning 
catchment are be of good quality even though not as good as those of Canning 
Reservoir. 

However, it appears that the surface area:volume ratio of the proposed 
reservoir would be much higher than for, say, Canning Reservoir and that 
there would be a much greater area of shallow water. It is likely that there 
would be greater problems with biological growth and in addition higher 
evaporative losses (and hence resultant higher TFIS). 

Because of the limited information available for this proposed reservoir 
site the extent of these problem cannot be quantified. Nevertheless, based 
on the plant growth that occurs in the shallow region of the Canning River 
immediately above Canning Reservoir, the risk would seem to be significant. 

	

4.4.2 	Effects on Canning Reservoir 

Should biological growth in a South Canning reservoir prove to be a problem, 
this problem could be transferred to Canning Reservoir (unless there were 
treatment at the outlet from a South Canning reservoir) and hence accelerate 
biological growth in Canning Reservoir. The second stage of the Canning 
Reservoir study will shed some light on this problem, at least for the in-
reservoir processes that would be effected. 

6 RECOMMENDATIONS 

6.1 Order of Preference on Water Quality Considerations 

North Dandalup Reservoir 

Raise Canning Dam 

Raise Mundaring Dam 

South Canning Reservoir 

6.2 Additional Water Quality Management Studies Required 

Limitations resulting from the lack of appropriate data for Mundaring 
Reservoir and the proposed South Canning reservoir site have been outlined 
above. In addition, appropriate data for the other hill's reservoirs would 
be invaluable in assessing the impacts of proposals such as those considered 
in these notes. 
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It is therefore recommended that high priority should be given to conducting 
similar water quality management studies to those discussed above for the 
following reservoirs: 

Serpentine, 

South Dandalup, 

Wungong, and 

Mundaring. 

Whereas we plan to sample each of these reservoirs during 1987, this will be 
possible only on a quarterly basis and for a single site at each reservoir. 
In addition, this will have to be at the expense of some other work in the 
catchments studies but the importance is such that this step must be taken. 
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TABLE 1 

EXAMPLE WATER QUALITY DATA - DARLING RANGES STREAMS AND RESERVOIRS 

Mundaring Canning Serpentine Wungong N.Dand.R S.Dand Res 
Catchment Reservoir 

colour 4-8 16 4 2 2 7 2 
turbidity 0.4 1.9 0.7 0.8 0.9 1.8 1.0 

iron 0.2 0.26 0.08 <0.1 <0.1 0.45 <0.1 
manganese <0.04 0.02 0.01 <0.04 <0.04 0.06 <0.04 

TFIS 430 315 165 160 145 155 135 

sodium 124 69 50 46 41 42 38 
chloride 240 122 82 81 73 78 66 

alkalinity 0.33 0.16 0.16 0.21 0.22 0.17 0.30 
CO2(aq) 0.04 0.25 0.08 0.03 0.12 0.02 	. 0.04 

silica 5.4 0.7 1.1 1.7 4.0 0.3 

DO (hypolimn) 
%satn 58 40 60 45 5 

totaiP 3 5 4 12 
total N 470 230 240 155 
nitrate + 

nitrite 195 72 31 8 <2 18 <2 
TKN 280 200 225 118 

chlorophyll a 
0.4 0.5 0.6 0.6 0.5 0.9 

Note: 

Data for Mundaring, Serpentine, Wungong and Serpentine Reservoirs based 
on only a single sample taken during February 1987. 

Data for the other sites are based on data obtained during 1985: 

Canning Catchment 	- Canning River at about full supply level 
Canning Reservoir 	- Deepest point, main basin 
North Dandalup River - Proposed dam site 

Data for N and P are in mg m 3  
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TABLE 2 

PRESENT AND PROPOSED METROPOLITAN SUPPLY RESERVOIRS 

MORPHOLOGY AT PULL SUPPLY LEVEL 

Reservoir 	Max depth 	Vol 	Area 	Area/vol Area <5 m deep 
x106m3  x106m2  m 	x106m2  % 

North Dandalup 
49 	75.0 	5.2 	0.07 	1.2 	23 

Canning 
present 	 63.5 	93.4 	5.0 	0.05 
raised 	 73.5 	170.0 	9.0 	0.05 

Mundaring 
present 39.5 68.0 7.0 0.10 
raised 48.5 150.0 11.7 0.08 

South Canning 
33.0 215.0 23.5 0.11 

Lake Poongkaliyarra (Harding River - for comparison) 
20.0 63.8 14.1 0.22 

3.3 	37 

2.7 	23 

7.0 	30 

9.8 	69 
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APPENDIX 2 

THE EFFECT OF NORTH DANDALUP DAM ON PEEL INLET 



THE EFFECT OF NORTH DANDALUP DAM ON PEEL-HARVEY ESTUARY 

INTRODUCTION 

Some members of the public have expressed concern as to the 
effects of reduced streamfiows resulting from past and possible 
future dam developments on the algal problems of Peel Inlet and 
Harvey Estuary (Peel-Harvey Estuary). However, successive 
studies including those for the "Peel Inlet and Harvey Estuary 
Management Strategy ERMP Stage 211 . (Peel-Harvey ERMP Stage 2) 
have rejected the reduction in streamflows from dam development 
as a significant factor in the algal problems of the estuary 
(Hodgkin et al. 1985. Peel-Harvey Study Group 1985. Dept of 
Marine & Harbours/Dept of Agriculture, in preparation). 

Current water supply demand projections for Perth indicate that 
a new major water supply source is required by 1993. 
Development of North Dandalup Dam as the next major source and 
a small pipehead dam on Conjurunup Creek (which would probably 
occur at about the same time) would result in a small reduction 
in streamfiows to the Peel-Harvey Estuary. 

The effect of streamfiow reductions due to the construction of 
North Dandalup Dam and Conjurunup Pipehead on the estuary was 
investigated and the results are summarised below. 

STREAMFLOWS 

The effect of North Dandalup Dam and Conjurunup Creek Pipehead 
on long-term average annual streamfiows into the estuary are 
summarised in Table 1 below: 
--------------------------------------------------------------------

CURRENT LONGTERM WITH NORTH DANDALUP REDUCTION 
RIVER STREAMFLOWS & CONJtJRUNUP (%) 

(m3/a  x 106) (m3/a  x 106) 

Dandalup Rivers 
--------------------------------------------------------------------

72 52 
(at Murray River) 

Murray River 385 365 
(at Peel 	Inlet) 

Murray & Serpentine 546 526 3.7 
Rivers 	(at Peel 
Inlet) 

Peel/Harvey Estuary 855 835 2.3 
(all river flows) 

Table 1: 	EFFECT 
--------------------------------------------------------------------

OF NORTH DANDALUP DAM & CONJURUNUP PIPEHEAD 
ON AVERAGE ANNUAL STREAMFLOWS 

Note: Streamflow fitures are in million cubic metres per annum 
(m3/a  x 106) 

(See WRP Housefile 2215 Vol 2, reports WP18 & WP33 and draft 
Peel-Harvey ERMP Stage 2). 
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ESTUARY FLUSHING 

Flushing of the estuary is caused by a combination of river 
inflows, tidal movement of seawater and direct rainfall onto the 
surface of the estuary. Tidal flushing of the estuary has been 
estimated to be 370 x 106 m3/yr. This will increase to 
approximately 430 x 106  m3/yr when the current work on 
dredging the Mandurah Channel is completed in early 1989. 
Direct rainfall onto the estuary is on average approximately 
106 x 106m3/yr (800 mm/a over a surface of 132 x 106m2) 

Table 2 summarises the effect of North Dandalup and Conjurunup 
on flushing of the estuary after completion of the Mandurah 
Channel dredging: 

WATER BODY FLUSHING 
------------------------------------------------------------------

FLUSHING WITH DANDALUP REDUCTION 
COMPONENT (m3/a  x 106) & CONJURUNUP (%) 

(m3/a  x 106) 

Peel Inlet River 
-----------------------------------------------------------------

546 526 
Tidal 310 310 
Rain 61 61 
Total 917 897 2.2 

Harvey River 
-----------------------------------------------------------------

309 309 
Estuary Tidal 120 120 

Rain 45 45 
Total 474 474 0 

Peel-Harvey River 
-----------------------------------------------------------------

855 835 
Estuary Tidal 430 430 

Rain 106 106 
Total 1 	391 1 	371 1.4 

Table 2: EFFECT OF NORTH DANDALUP DAN & CONJURUNUP 
PIPEHEAD ON ESTUARY FLUSHING AFTER COMPLETION OF 

MANDURAH CHANNEL DREDGING 

Hence the North Dandalup and Conjurunup developments will at 
worst reduce flushing of Peel Inlet by about 2.2% and the estuary 
as a whole by about 1.4%. 

Construction of the proposed Dawesville Channel will 
substantially increase the flushing of the Estuary and the effect 
of the dam developments would be lessened. 

THE PROBLEM WITH THE ESTUARY 

The nature of the problem as described in the draft Peel-Harvey 
ERMP Stage 2 is as follows: 

The Peel-Harvey estuarine system is nutrient-enriched 
(eutrophic), particularly in phosphorus from the Serpentine and 
Harvey River drainages. This enrichment has fertilised 
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excessive growth of algae in the water. The accumulation and 
decomposition of the algae, particularly on the shores of the 
estuary, cause offensive odours and considerable inconvenience, 
as well as having deleterious biological implications. 

From all accounts, the 'algal problem' is relatively new and 
dates from the mid-1960s (Hodgkin et al., 1981). Initially, 
accumulations consisted predominantly of green algae, 'weed' 
that grows on the estuary bed and then floats to the surface in 
masses. In 1973, the problem intensified dramatically with the 
first large-scale bloom of the blue-green alga Nodularia, which 
occurred in late spring/early summer throughout the Peel-Harvey 
system. Nodularia blooms have subsequently occcurred in 1974, 
1978 and then every year since 1980. Nodularia is planktonic, 
and its chains of microscopic cells are distributed throughout 
the water column, turning it green. In calm weather, they 
float to the surface, where they form a thick, green scum and 
drift ashore." 

Successive studies of the estuary and its catchment have 
identified the cause of the problem to be; that the increased 
input of nutrients to the estuary now substantially exceeds the 
loss to the sea. This results in an abundance of nutrients 
remaining in the estuary to fertilize algal growth. 

The nutrients nitrogen and phosphorus are both essential to 
plant growth and a shortage of either can limit the size of the 
algal crop. However, it is generally phosphorus, rather than 
nitrogen, that is in shortest supply in Peel Inlet; therefore, 
phosphorus is generally the 'limiting nutrient' that determines 
the size of the weed crop, and hence is the target for 
management. 

Rivers and drains contribute over 90% of the phosphorus input 
to the estuary. The input of phosphorus from river flow has 
increased more than sixfold since the 1950s due to the clearing 
for cultivation of extensive areas of the sandy soils on the 
coastal plain in the 1960s and 1970s and the store of 
phosphorus that has built up in the surface soil. 

The current average amount of phosphorus entering the estuary 
each year has been shown to be in direct proportion to the 
volume of river flow (draft Peel-Harvey ERMP Stage 2). The 
current average phosphorus concentration of stream flows from 
coastal plain areas is estimated to be 0.46 mg/L. The 
phosphorus concentration in streamfiows from "hills" catchments 
east of the Darling Scarp (excluding the Murray catchment) is 
estimated to be only 0.01 mg/L. The Murray River, before it 
enters the coastal plain, is estimated to have a phospherus 
concentration of approximately 0.08 mg/L. The estimated 
contributions of phosphorus loads to the estuary from coastal 
plain and hills areas are summarised in Table 3. 
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----------------------------------------------------------------
PHOSPHORUS LONG-TERM PHOSPHORUS 

SOURCE AREA CONCENTRATION STREAMFLOW LOAD 
(mg/L) (m3/a  x 106) (t/a) 

Hills - forrested 
---------------------------------------------------------------- 

0.01 155 2 
Murray River 0.08 330 26 

Coastal Plain 0.46 370 172 

TOTAL 	 0.23 	 855 	 200 
---------------------------------------------------------------- 

Table 3: ESTIMATED AVERAGE ANNUAL PHOSPHORUS LOAD INTO 
THE PEEL-HARVEY ESTUARY 

Virtually all of the phosphorus carried in the river water is 
taken up by diatoms (planktonic algae) after it enters the 
estuary. This is because the take up by the diatoms is 
relatively rapid (i.e. a few hours only) compared with the time 
taken for the river water to pass through the estuary (days to 
weeks). Also the average phosphorus concentration in the 
estuary of about 0.23 mg/L is more than ten times greater than 
the "limiting concentration" level for full trapping of the 
available phosphorus by the diatoms. 

Some 50 - 70% of the phosphorus trapped by the diatoms is 
retained in the estuary by dead and decaying diatoms settling 
to the bottom during the period of river flow. This phosphorus 
is retained in the bed sediments and released later in the 
annual cycle to feed other algae, notably the Nodularia blooms 
of early summer. 

The remaining 30 - 50% of the phosphorus entering the estuary 
is removed from the estuary through flushing of the diatoms out 
to sea. 

A typical annual phosphorus budget is illustrated in Figure 1: 

In t fron riVer-s g drqjr Loss±o s e1Iroh 
chshir of did-oms 

(eo/c) 

Farticd rJease 
TOrn 5edirnc45 
-o 	annual 
abal cte 

- 	 datoS.oS 

Rdaned in deccji 
I 	dtc+oms 

T'\ENTS 

Figure 1: THE ANNUAL PHOSPHORUS BUDGET 
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The Peel-Harvey ERMP Stage 1 concluded that a two-part 
management strategy is required to restore the health of the 
estuary. The two components of the strategy are to reduce the 
phosphorus input to the estuary through catchment management 
measures, and to increase phosphorus export from the estuary by 
the construction of a new channel to the ocean near 
Dawesville. The Dawesville Channel would also reduce the 
incidence of Nodularia blooms by creating a more marine 
environment in the estuary. 

EFFECT OF NORTH DANDALUP DAM AND CONJURUNUP PIPEHEAD 
ON THE ESTUARY 

The proposed North Dandalup and Conjurunup developments would 
cause a slight reduction in the current phosphorus load input 
to the estuary. The 20 m3/a  X 106  reduction in hills 
streamfiows with an average phosphorus concentration of 
0.01 mg/L would reduce the average phosphorus input by about 
0.2 t/a. 

The proposed developments would have no effect on the take p 
of phosphorus by the diatoms. This is because virtually all of 
the phosphorus entering the estuary is currently being trapped 
by the diatoms. A marginal increase in the detention time and 
phosphorus concentration of the river water passing through the 
estuary because of the reduced streamfiows, would not alter the 
efficiency of phosphorus trapping by the diatoms. 

The proposed developments would cause a slight reduction in the 
current phosphorus loss from the estuary through flushing to 
the sea. The 1.4% reduction in estuary flushing would result 
in a corresponding reduction in the 80 tonnes per year 
phosphorus loss of about 1.1 tonnes per year. Hence the 
increase in the average net amount of phosphorus retained in 
the estuary would be approximately 0.9 t/a i.e. an increase of 
less than 1%. 

Thus the proposed North Dandalup and Conjurunup developments 
would not have any significant effect on the algal problems in 
the estuary since the changes in phosphorus loads into and out 
of the estuary would be very small and the increase in the net 
amount of phosphorus retained in the estuary would be less than 
1%. 

The technical advice of the Investigations Division of the 
Environmental Protection Authority confirms these conclusions 
(see letter attached). 

SUMMARY AND CONCLUSIONS 

The proposed North Dandalup and Conjurunup water supply 
developments would reduce the average annual river flows into 
the Peel-Harvey Estuary by about 2.3% and total flushing of the 	10 

estuary by about 1.4%. 
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The fundamental cause of the algal problem in the estuary is 
that the significantly increased input of nutrients into the 
estuary substantially exceeds the loss to the sea. Phosphorus 
is generally the "limiting nutrient" and hence is the target 
for management. 

Virtually all of the phosphorus carried by the river water is 
taken up by diatoms after it enters the estuary. Some 50 - 70% 
of the phosphorus taken up by the diatoms is retained in the 
estuary, while the remaining 30 - 50% is removed through 
flushing of the diatoms out to sea. The proposed management 
measures for the estuary are aimed at reducing phosphorus input 
while increasing phosphorus export and providing a more marine 
environment in the estuary. 

The proposed North Dandalup and Conjurunup developments would 
have no significant effect on the algal problems in the estuary 
since the changes in phosphorus loads into and out of the 
estuary would be very small and the increase in the net amount 
of phosphorus retained in the estuary would be less than 1%. 
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'ENVIRONMENTAL PROTECTION 
A UTHORITY 

/ .'.!OL.\T STREET. PERrH. WESTER\ .4LSTR.-U 1.4 6000 

Telephone (09) 222 000 

TManager 
Water Resources Planning 
Water Authority of Western Australia 	

YOU'Re,. 

Our ReI 	23/82 011378 
Enquiru's: 

ATTENTION: MR ROY STONE 

PEEL INLET AND ADDITIONAL WATER SUPPLY DEVELOPMENT OF THE NORTH 
DANDALUP RIVER SYSTEM - TECHNICAL ASSESSMENT 

In response to your request for a technical assessment of the 
likely effects of impoundment and diversion of North Dandalup 
River flows from Peel Inlet, the following comments can be made. 
Please note that our earlier response of 19 June 1987 contained 
some computational errors, and that this letter supercedes it. 

The reduction in North Dandalup system flows to the 
eastern part of Peel Inlet is unlikely to have an 
detectable effect on the algal problem in the estuary, 
either positive or negative. This is because the load of 
phosphorus to the estuary will not change detectably, 
therefore the amount of algae produced will not change, 
and the slight increase in phosphorus concentration of 
waters entering the estuary will not increase algal growth 
rates, because algal growth is not limited by phosphorus 
concentration in winter. 

The estimated current contribution of river inflows to the 
flushing of Peel Inlet is about 61%, or about 7.1 estuary 
volumes/year of a total of about 10.3 volumes/year. 

The estimated increase in total flushing of Peel Inlet 
from the dredging of the Mandurah Channel is about 24%, 
which would increase the annual volumetric exchange with 
the ocean to about 13 volumes/year. (See Mandurah Channel 
Dredging PER pp  7-8) 

The reduction in total flushing from the full deve1ornent 
of the Dandalup system would therefore be 21 x 106  mi/yr 
divided by 986 x 106  m3/yr, or about 2.1%. This effect 
would not be measurable in an average year. In dry years, 
the reduction in river flushing would be slightly greater, 
but still not significant. The reduction of river-induced 
flushing would be about 21/546 x 106  m3/yr, or about 
3.9%. 



2. 

(iii) Biological effect of these small reductions in flushing on 
organisms other than algae are less clear, but, as 
Professor Potter has stated, deleterious impacts on 
important components of the fishery are likely to be 
minor, or rton-existant. 

As this letter is a technical assessment, we have no objection to 
the letter being published for the purpose of indicating advice. 

C C Sanders 
DIRECTOR 
INVESTIGATIONS DIVISION 

15 October 1987 
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MINERAL RESOURCE POTENTIAL OF THE FOUR 
RESERVOIR BASINS 
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Attention: Mr R Stone 

MINERAL RESOURCE POTENTIAL OF AREAS 
INVOLVED IN THE FOUR RESERVOIR IMPLEMENTATION SITES 

As requested by your principal consultant, Mr I Pound, the 
mineral resource potential of the four sites under 
investigation has been assessed. An examination of data 
held by the Geological Survey of W.A. reveals that there 
would be minimal sterilization of significant mineral 
resources. 

The following table summarizes the mineral resource 
potential within, and immediately adjacent to, the 
proposed dam sites and reservoirs. 

PROBABILITY OF STERILIZATION OF SIGNIFICANT MINERAL RESOURCE 

MINERAL RESOURCES 
DAM/RESERVOIR 	PRECIOUS BASE BAUXITE INDUSTRIAL 

Mundaring 	 L 	L-M 	L 	 L 
(Raised) 

Canning 	 L 	L 	L 	 L 
(Raised) 

South Canning 	 L 	L 	M-H 	L 
(New) 

North Dandalup 	L-M 	L 	L-M 	L 
(New) 

1 

KEY: L: Low 	M: Medium 	H: High 

/2 
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Gold has been reported from workings adjacent to the 
Scarp. The old workings are down stream from the proposed 
North Dandalup damsite. An inspection of the area in 1913 
cast doubt on the bona fides of the discovery. However, 
it is possible that gold could be found associated with 
small quartz veins or as alluvial concentrations in 
valley-fill material. Alluvial tin may occur, but not in 
sizable amounts. Alcoa of Australia Limited has applied 
for an exploration licence (E70/262) at North Dandalup and 
two licences atCanning (E70/257 and E70/258). It is 
suggested that you contact Alcoa to determine the extent 
of its exploration program. 

Bauxite occurs in the mid-slopes of laterite ridges. 
Under established water and stream vegetation practices, 
no mining would be allowed by the W. Authority (and the 
Mining and Management Planning Liaison Group) witilin 
100 metres of the full-water mark. It is estimated that 
some 0.5 million t.onnes of bauxite would be sterilized or 
abandoned in the case of the North Dandalup proposal; and 
approximately 4 million tonnes would be similarly affected 
if the more extensive South Canning reservoir proposal 
went ahead. Mining of bauxite would not take place in 
either area until early or mid-21st century. 

Hardrock for rock aggregate is the principal industrial 
mineral affected by the four proposals. There are ample 
supplies of this resource readily available in more 
accessible and less environmentally susceptible sites. 

I trust that this information is sufficient for the 
preliminary phase of your assessment of the four reservoir 
sites. 

' E Playford 
DIRECTOR 

GE801UDA063,13/14 
2 February 1987 
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