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Abstract :

In the sugarloaf reservoir project, environmental and social factors remained a major
consideration in the development of the engineering design and during construction, including
consultation with non-government environmental groups. These consultations resulted in some
important modifications to the engineering designs. The construction imposed strict
environmental protection measures.

1. Outline of the Project

Following two periods of drought in 1967/68 and 298, the Government of the State of Victoria,
Australia, directed the Melbourne and Metropolitaoard of Works (MMBW) to implement the
following major works to improve the security of mupolitan Melbourne’s water supply against future
droughts: construction of the Yarra Brae Dam fognan limited storage on the Yarra River near
Melbourne, and the construction of the SugarloaseReir as a larger off-river storage at a higher
elevation to be supplied by pumping from the Y#&rae Dam;

The development was required by the State Governtoehe subject to satisfactory environmental



studies, which included social and recreational dotp as well. These were carried out by
multi-disciplinary teams from the MMBW and other v@onment departments. Public participation was
invited by the issue of information brochures, g@uthlic meetings were held and written submissions
invited to receive comments.

The studies led to the deletion of the Yarra BraenDwhich it was assessed would lead to significant
environmental and social disbenefits, so that thal foroject comprised only the Sugarloaf Reservoir
supplied by pumping directly from the Yarra River.

2. Features of the Project Area

The City of Melbourne is the capital of the State/itoria located at the south-eastern cornerhef t
continent of Australia, on the lower reaches ofYhera River.

In 1970/71, when the Sugarloaf Reservoir projecs Weing planned, the population in the Board’s
supply area was about 2.3 million and the per aagémand about 385 litres per day; currently
(1999/2000) the population served in an enlargggblguarea is about 3.1 million and the per capita
demand about 440 litres per day.

Water demand in the Melbourne metropolitan ardsdgiser in summer than in winter, particularly dae t
domestic garden watering in the summer, whilstastfeows are lower in the summer, so seasonal
storage is required. In addition, there is a neegrbvide for inter-annual storage because of the
occasional occurrence of droughts when rainfaloig for successive years. Until the 1980’s these
storages (see Fig. 1) had been provided in unitéehbatchments, including a major storage, the Uppe
Yarra Reservoir, on the Yarra River.
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Fig.1: Melbourne Water Supply System




3. Major Impacts
The main issues resulting from the studies of the&/Brae-Sugarloaf Project concerned:

(1) streamflow and water quality
(2) vegetation and wildlife habitat
(3) social and recreational effects.

The proposed average abstraction of about 100,@@@litres per annum amounted to some 17 percent
of the river's average flow, estimated to be 590,6tagalitres per day near the Yarra Brae Dam site.
Although the proposed rate of abstraction was densd to have only a marginal effect on the quality
the water downstream of the Yarra Brae Dam durioignal flows, there was concern that the effect
might be significant when river flows were low, esflly as some untreated sewage discharges were
known to exist downstream of the dam. To countey, tihe scheme as proposed made provision for
releases to be made, either from the Yarra Br&garloaf storage, to maintain a minimum flow db 24
Ml/day in the Yarra River immediately downstreantlué Yarra Brae dam.

The likelihood of stratification in both the YarBrae and Sugarloaf Reservoirs was uncertain, so the
study recommended that at each dam provision shi@uidade to draw water off from the most suitable
level. The possibility of artificial mixing was alsuggested. Although eutrophication was considired
be likely due to high nutrient levels in the YaR&er water. It was expected that the water treatme
process could be designed to deal with any tast@dour problems.

The reservoir formed by the Yarra Brae Dam, wouletred some 20 kilometres back along the Yarra
Valley and inundate some 790 hectares of land pngdmtly in private ownership, utilised mainly for
grazing. Approximately 30% of this area was innggural tree-covered state, mainly riparian forest.
Immediately upstream of the dam the reservoir walnigvn a steep-sided valley forming much of the
“white water” sections of the river. Further upstre the valley widens and the reservoir would be
relatively shallow. The loss of the riparian forestuld result in a significant loss of habitat faartain
species of indigenous wildlife. The inundation ofre swamp areas and old river meanders areas in the
upper reaches of the reservoir would reduce thigtdbr wading and shallow bottom feeding birdst b
the reservoir would provide more habitat for certgiecies of fish.

The Sugarloaf Reservoir would inundate one-thirdhef riparian vegetation in its catchment and 10
percent of the best class of wildlife habitat. Hoere this would still leave potential for re-esiabiment

of an increased area of that habitat in the catohniiewas estimated that gressland in the catchmen
would revert to forest and scrub in 10 to 15 years.

Significantly, there were no endangered specidawifa or flora in either the Yarra Brae or Sugdrloa
Reservoir areas.

The social and recreational impacts of the YarraeBDam were very significant. The inundated area
plus a “buffer strip” approximately 100 metres wigdich would also have to be acquired, would have
displaced residents from 39 dwellings and partiaffected the land of several more, including pasto
properties in private ownership. The river anddts/irons were generally regarded as an attractive
recreation area for Melbourne. The “white watedafees of the river were used by canoeists. As would
be expected, there was adverse public commentetodis of this land and the loss of amenity that
would result from the exclusion of the public frdne affected reach of the river and its environs.

By comparison, of the social and recreational &ffef the Sugarloaf Reservoir were far less seasre
there were only a few permanent inhabitants. Thdystecommended that all public access to the



catchment be prohibited, in accordance with MMB\&ftice in its other water supply catchments.
4. Mitigation Measures

As a direct result of the submissions receivedsthdy team gave consideration to alternative maiso
On the basis of costs, yields and environmentébifacthese alternatives were narrowed down to:

(1) a scheme requiring both the Sugarloaf ReservoirYanth Brae Dan with the addition of the small
upstream weir to maintain water levels in a shabmea (Fig. 2); and,

(2) a scheme which eliminated the Yarra Brae Dam dlt@geand provided only a small weir some 20
km upstream, from which water would be pumped tga8oaf Reservoir (Fig. 3).

The latter scheme would provide an increment ofewatippy of about 73,000 megalitres per annum,
compared with an increment of about 100,000 megaliper annum from the former scheme, but its
estimated capital cost was only 75 per cent ot#yetal cost of the former scheme. The unit coshef
incremental water supply from the latter schemaghwviliminated the Yarra Brae Dam altogether, was
therefore only marginally greater.

Having regard to these considerations and the se\&acial and recreational impacts which would be
caused by the Yarra Brae Dam, the Victorian StateeBment decided in November 1974 to adopt the
alternative scheme eliminating Yarra Brae Dam.

Although the project plan adopted as a result efethvironmental study eliminated many of the festur
considered to be environmentally or socially unptaigle, especially the Yarra Brae Dam, these
objectives were kept very much in mind in the dethdesign and construction of the project. Some
specific features of the project which were degigone modified to avoid or reduce environmental
concerns included Fig. 3):

(1) eliminating the proposed weir on the Yarra Rivenjol would interfere with canoeing, prevent the
passage of fish, and result in sediment accumaulalip proving, with the aid of a hydraulic model
test, that pumping could be satisfactorily carpetwithout the weir;

(2) replacing the pumping main conveying water from Yaera River toSugarloaf Reservoir, initially
proposed as a surface pipeline up a steep ridgewsually intrusive pipertrack from which frees
would have to be cleared, by a tunnel through idhgerwhich would result in greater capital costs
but lower operating costs, so that life-cycle cogtse similar;

(3) locating the quarry for the dam embankments witharea to be inundated, as recommended in
the Environmental Study Report, and designing then do accommodate the proportions of
weathered and unweathered rockfill that would keiobd; and

(4) providing the water outlet from the reservoir t@ tineatment plant with a “roller shutter” which
would enable water to be drawn off from any leuelthe reservoir as recommended in the
Environmental Study Report.

The specifications for construction of the workdlilded a section on environmental care and protgcti

which required the construction agencies to comyitly special requirements to protect the envirorimen
In addition, and perhaps more importantly, consimacagencies were required to follow general
guidelines on environmental care and protectiorcivisere included in the specifications, and reterre
to as the “Engineer-in-Chief's Directive”, which \ga the objective and broad principles and



responsibilities to be followed, as well as prgg@ns.
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(2) Yarra Brae Dam

(3) Yarra Brae Reservoir

(4) Pumping station

(5) Rising main

(6) Treatment plant

(7) Reservoir inlet main

(8) Sugerloaf Reservoir

(9) Reservoir outlet main

(10) Sugarloaf Creek

(11) Outlet main to supply

(12) Maroondah Aqueduct
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(14) Weir (modified scheme only)

Fig.2: Yarra Brae-Sugarloaf Project Initial and Migdl Environmental Study Schematic Layout
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Fig.3: Sugarloaf Reservoir Project Alternative Eamimental Study and Final Schematic Layouts



5. Results of the Mitigation Measures

5.1 Streamflows

In the 18 years from 1981 to 1998 when the Sugbplagect was in full operation, the average flow i
the Yarra River at Warrandyte, a few kilometers dsineam of the original Yarra Brae Dam site, would
have been about 492,000 megalitres per annunipifahce is made for abstractions made to Sugarloaf
Reservoir. Average abstraction to Sugarloaf Regetwing the same period was 37,500 megalitres per
annum compared with a planned maximum abstracti@bout 73,000 megalitres per annum. This is
less than 8 per cent of the present estimate oageaiver flow, whilst the planned abstraction Was
per cent of average river flow as then estimated.

As recommended in the Environmental Study Repool/ipions were made in the design of the project
to release water from Sugarloaf Reservoir into Ylaera River to maintain a minimum flow of 245
Ml/day near the original Yarra Brae Dam site ind8rof drought, in order to assure satisfactory wate
quality. In practice, an alternative approach hesnbadopted based on monitoring of the flow in the
Yarra River at Warrandyte, as well as an upstrdation in the river below the Upper Yarra Dam and
tributaries which are normally diverted to supgirstly, abstraction to Sugarloaf Reservoir is peapif

the flow at Warrandyte would otherwise fall below52Ml/day. Secondly, diversions to supply from
tributaries of the Yarra River further upstream si@pped if the flow at the upstream station would
otherwise fall below 98 Ml/day. In addition, minimuenvironmental flows are released at all timemfro
all the storage dams and diversion weirs upstre&iie abstraction point to Sugarloaf Reservoir.
These and other measures have resulted in sigmilfidaigher minimum river flows in a recent drought
than previously observed in droughts of similaressy. Water quality in the river is expected to
continue to improve, especially as there has besgnéficant reduction in untreated sewage disasmrg
into the river since the Environmental Study wasied out.

5.2 Reservoir Water Quality

Since the Sugarloaf Reservoir has been in operadmmir bubbling system has been in operation, at
well chosen point in the reservoir, particularlyréznove manganese and iron compounds in the stored
water by oxidation. This has caused sufficient ngxio avoid significant stratification so that thes

very little difference in water quality over the @l operating depth range in the reservoir. Tha® h
been no indication of eutrophication taking placd & is not expected as long as aeration is corogten

as required.

5.3 Vegetation and Habitat

In the inundated part of the catchment, naturakgetation is taking place very slowly in previously
fertilised grassland. Although a 1.8 m high exdusifence surrounds the catchment, indigenous
mammals are seen within it. The reservoir was sietith redfin but this has not continued, andifigh
with organic bait is no longer permitted to minimiwater quality concerns. “European” carp have
developed naturally in the reservoir although moyet to damaging populations.

5.4 Public Access to the Sugarloaf Reservoir Catchent Area.

Although the Environmental Study Report recommernithedl public access to the Sugarloaf Reservoir
catchment should be prohibited even though thenisfelly treated, two areas above the reserudir f
supply level were developed as public picnic aréasn which all drainage was diverted out of the
catchment. These areas are provided with toiletsabte water supply and berbecues. In addition,



following a study conducted by Melbourne Universigiling is now permitted under the control of a
sailing club, and fishing is permitted off the bapkthe reservoir at designated areas. These public
access facilities are currently under review fotavguality reasons.

6. Reasons for Success

The use of the project developer’s own staff taycaut such studies has been questioned in reeans y
as leading to bias in favour of the project. Thdbddarne and Metropolitan Board of Works (MMBW)
had no option but to adopt this course as there weny few independent external resources available
Melbourne at that time. The absence of bias insthdy was largely due to the professionalism of the
staff, and MMBW's (and the State Government’'s) cdtnrant to environmental and social equity.
The commitment was demonstrated by the State Goesrrs willingness to adopt a modified
Sugarloaf Reservoir project which was not as prodeor quite as economic as the original Yarra
Brae-Sugarloaf scheme.

The inclusion of engineers in the environmentadgtteam proved to be of merit, as it enabled
appropriate solutions to environmental problemisga@eveloped during the study rather than leava the
as unresolved issues as often happens.

The development of the projects without major puldontroversy has shown the essential need to
involve the public in the early planning stages groject. It is also important to provide the publith

full information about the proposals, adequatelifaas and study time, and the opportunity to ask f
further information and dialogue with the studynisa Whilst fully considered preliminary plans oéth
projects are required to form the basis of pulibiestiltation provision must be made for changekdsd
plants during and as a result of public commemntsh guite major ones as occurred with the Sugarloaf
Reservoir project.

Consideration of environmental issues during thel@mentation stages of the projects was ensurdéd bot
by the informal encouragement to all those involi@dbserve the sprit of environmental care, aed th
setting up of Environmental Committees during thesign and construction stages, as well as by
prescription in the construction contracts. Withanel to the latter the issue of guidelines, rathan
only legalistic specifications, were found to badigcial.

Monitoring of environmental concerns identifiedtfire environmental studies is being carried outrdyri
the operation of the schemes, but these have bedified where necessary to fulfil the intent rather
than the strict requirement of the study repodswéth respect to the maintenance of minimum flanvs
the Yarra River.

This case history of hydropower good practice islighed for educational and informational purposedy and may
not be used for any other purpose. Duplication dommercial purposes is prohibited. The author(®)}his
publication make no express or implied warrantiesaerning this case history, including no warraotyaccuracy or

fitness for a particular purpose.
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