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I. INTRODUCTTON

The Torquay Sands Resort development involves construction of an 18 hole golf course

resort as an integrated feature of a residentiat and commercial estate on a 124 hectare site

to the east of Horseshoe Bend Road.

A key component of the development will be the provision of a cascade of amenity lakes

through the resort, generally aligned east-west along the drainage line. The lakes will
provide a focus for the resort village and.residential areas, as well as playing integral roles

in the hamessing of surface water for re-use as golf course irrigation water. Also there

will be a series of interconnected smaller lakes and wetlands, designed for water quallty

treafiient and irrigation supply, as well as aesthetic values. It is essential that the main

amenity lakes (and other smaller water bodies located close to residential precincts),

should maintain aestheticalll p_leasing aspects, and not suffer from water quality-related

problems.=We4iglry gg$j&b will also be a primary design consideration in the other

takes and open'ifrGr@6nts of the wetlands.

Accordingly this report examines water qrrality and quantiry constraints of the site and
which maximises the likelihood of achieving

d maintaining acceptable water quality in the lakes, whilst
satisffing golf course irrigation needs and offsite environmental protection requirements.

2. SITE DRAINAGE FEATURES

The subject property is located on the east side of Horseshoe Bend Road in Torquay. The "
gently nndulating 124 hectare site is mostly cleared agricultural land used for grazing. "
Sigruficant native vegetation remains along the southerly (dunal) fringes of the site which
flank croum land as the coastal foreshore to Bass Strait.

The east end of the site flanks a vast coastal wetland area which is part of the (estuarine)

floodplain of Thompsons Creek (Breamlea Creek). This area is subject to tidal bacKlow
and is characterised by saltmarsh communities. There 

^re 
two local surface drainage

catchments which are referred to in this report as the Western and Southern Catchments.

2.L Thompsons Creek floodplain

Enquiries at Council have revealed no information on past flooding occurences except

that sections of Breamlea Road are covered at times. The Rural Floodland Zoning on the

Planning Scheme maps covers the marshland area and was done in conjunction with the

Geelong Regional Commission fotlowing flood observations in 1978.

No formal assessment of flooding in this area has ever been carried out according to

DNRE Floodplain Management Unit (Mr I Gauntlett) or the Corangamite CMA (Mr T

.1
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Jones). A tbrmal request to the CCMA for advice on flood
recommendation for the 100 year ARI flood level to be adopted as 2.20

-end o!_Ug-resort_gte, with minimum freeboard of 300 mm to apply for
building.

2.2 Western Catchment

levets resulted in
m AFID at the east
floor levels of any

The main surface drainage feature within the site is a seasonal watercourse which crosses
the property from west to east. It is fed by intermittent surface runoff from an upstream
(presently rural) catchment, and by drainage emanating from within the resort property.
For convenience this catchment is referred to as the Western catchment. The watercourse
ibelf is ill-defined and located within a broad gently sloping depression. The catchment.
area extends to west of the Surfcoast Highway and to the north of South Beach Road and
totals about 524ha at the saltmarsh. Substantial urban expansion is proposed according to
the Torquay North Outline Development Plan, with the area south of South Beach Road to
be fully developed for residential purposes in the funre.

2.3 Southern Catchment

This area includes about 39 tn of existing urban development in the Golden Beach and
South Beach Estates to the east of Horseshoe Bend Roa4-as well as 75 haof undeveloped
land to the west of Horseshoe Bend Roa4 t ha of resort land, and about 18 ha of foreshore
reserve land along The Esplanade. All undeveloped rural land to the west of Horsshoe
Bend Road is proposed for future residential development.

2.4 The Esplanade Wetland Pondage \

The southern catchment drains to an artificial pondage excavated within a natural terminal
depressionat the east end of The Esplanade, adjacent to the south-westerly tip of the resort
property. At present, drainage water entering this pondage is redirected south-westerly by
pump and rising main to the intersection of Horseshoe Bend Road and The Esplanade,
from whence it flows by gravity pipeline to Deep Creek. In times of floo4 the purnp
system is unable to cop€ with the volumes entering the pondage and water levels can ttren
rise significantly. In major floods the pondage can overflow direct to the ocean through the
primary sand dune via erosion of Whites Cut. The most recent such occurrence was in
April2001 when significant damage occurred.

This pondage and diversion system has some key deficiencies at present:

o water quality treatnent potential is severely limited by poor hydraulic design; /o the pumping significantly adds to municipal maintenance and operation.ois;. flood levels can threaten existing residential development;

' flood overflow through Whites Cut has caused significant erosion damage;

' the pondage has low environmental and aesthctic qualities, and often harbours

t''-- ',Ezxi€.:

:
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mosqultoes,
r the steep banks of the pondage are a safety threat to the growing surrounding

residential area.

3. 
I8Sff$o""sANDS 

suRFAcE wArER MANAGEMENT

3.1 Performance Objectives

The surface water management scheme for the Torquay Sands development integrates

water sourced from urban and rural stormwater and treated water from the Black Rock
Sewerage Treatnnent Plant (BRSTP) in a multi-purpose network of amenity and irrigation
supply lakes and wetlands.

Water quality results show that the BRSTP water is too salty to use without +!tiolr-dl'd-\
some disinfection may also be needed. BRSTP water will apparently cost up(to Sf :OiW, ,\
at the resort gate w.hich is about 50% of md Hence there arbeeonerriei--
irrigation and environmental imperatives to minimise use ofBRSTP water.

There are no feasible groundwater supplies and mains water supply is not an acceptable

option for recurrent irrigation and lake maintenance o.perations. Rural runoff is negligible
in this regron during the summer/autumn periods when irrigation demand is greatest.

Hence provision of suitable storages for retention and reuse of stormwater generated from
within the development and other existing urban areas is a key management need-

The scheme has been developed to meet the following performance objectives: "
. To treat -stormwater derived internally and from external catchments as a valuable

resourGe rather than as a waste product;
. To maximise the potential for use of urban stormwater for inigation of the golf course;
. To minimise use of treated effiuent water for irrigation in the longer term;
. To mimic edsting rural drainage nrnoff quallty and quantity regimes as far as is

practicable with the resort fully developed;
. To resolve existing water management problems associated with the existing pondage

and pump system at the east end of The Esplanade;
. To provide a sustainable, attractive and safe water environment within the residential

and golf cowse development;
. To provide for safe passage of floodwaters through the resort site in accordance with

contemporary best practice management.

3.2 Proposed Water Storages

The surface water management system incorporates the tbllowing water storages and
f'eatures:

Neil M Crai44ie l'ty l.td und Pat Condinu & Assctciates
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An expanded and modified Esplanade Wetland Basin (EWB); :*.!5;^. .

A cascade of 5 amenity lakes (AML) along the main drainage line, totalling about 6.1

ha in surface area and some I l0 ML at Normal Top Water Level 0.ffUfL). The
majority of urban drainage tlows are directed to these lakes after treatment in wetland
systems;

5 irrigation lakes (IRL) within the site area, totalling about I.2 ha surface area and 40
ML at NTWL, receiving all golf course drainage (after passage through wetland
systems);

o a main irrigation lake (RL)
about 90 ML storage volume;

o I network of other wetlands located along the urban drainage lines in the resort and on
the golf course drainage lines. The golf course drainage system is independent of the
trban drainage system and the amenity lakes.

Details of the various water features and storages and conduits are shown on the Waterway
Concept Development Plan (GBLA Dwg. No. Ll).

3.3 Prop_osed.Surface"TVaterManagement

In the short term the only "freshwater" supplies available for amenity lake filling and
imgation are urban stormwaters. Stormwater will require treatment to pre-set levels to
allow its use in the feanre amenity lakes in the residential precincts. \

At present, urban stormwater is only available from the edsting Golden Beach and South
Beach Estates in the Southern Catchment, which drains to the EWB. When development
is completiiin this catchment a total urban area of 123 bawill be available. The capacity

located on land immediately west of the resort site of

\

t n<:.{ rr- of existing drainage pipes on the east side g!-Iloaeshog Bend Road is 850 Us. Hence
It{ t H'n,.-future development upstream will require€eryEg_$org} to be provided to ensure peak ('- r

- ,rA -l}r 100 year ARt flow across Horseshoe BenA.[65i[d1€s notexoeed 850 Vs. r _,- ,,- t r -(r{ *L^p 
t' rvv ys<u 1Lt\r 'vw 4."rusr rrursss'us E's'tr r\uil(r *Rt""T^Ttjl"it- Lo L.-ltf-c-LL - ,-r

-{V To access the Southern Catchment waters, a7ilAmm diameter pipeline will be provided to
convey water by gravity from the EWB into AML4. To maximise availability of urban
stormwater in the short term, the proposal also includes a low flow diversion pipeline to
harness an additional 39 ha of existing urban catchment ar€a west of Horseshoe Bend
Road at Loch Ard Street. A diversion pit and 600 mrn diameter pipetine will be built
along the south frontage of The Esplanade, to convey all flows up to about 400 l/s at Loch
Ard Street'b?ick to the EWB. To adequately treat all of this water prior to its entry to
AML4, the EWB will be reconstructed to act as a tr€atment wetland.

Major benefits will accrue tbr Whites Cut and the Foreshore Reserve area as a planned
outcome of the proposed resort development:

Ncil M ( )raigie l'ty [-tcl und l'at Condinu & Associute.r
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. all water entering this pondage will be redirected into the resort to assist with gotf
course irrigation and amenity lake water suppty. Hence water quality in Deep Creek
will improve;

. regular punp discharge of water to Deep Creek will cease, reducing municipal
maintenance and operation costs;

. all floodwaters wilt be redirected through the resort so that no flood overflows will in
future occur via Whites Cut. This recently damaged area can thus be allowed to fully
regenerate and adjacent residential properties will be permanently protected from
flooding;

. the pondage itself will be modified by earthworks and plantings to improve its water
quality treatment capacity, resolve public safety threats, and enhance its landscape,

recreation and environmental values.

Details of the proposed modifications to the EWB are shown on the Foreshore Entrance
Reserve Plans ( GBLA Dwg No's L0-L9).

Western Catchment upsnfu* of Torquay Sands

v',\
Unlike the Southern Catchment, floodwaters discharging from this catchment will flow .,!
directly through the resort site. /iiclr.z**.- J iThe,ryd7wo constnrction of the main irrigation 0- y\
dam (6d Ntr minimuml *O * associated wetland on land between the western bounAaryz-rrX' 

^ [of Torquay Sands and Horseshoe Bend Road The dam will cover an area of about 3 ha, V o^' "

evennrally within a surrounding residential environment. As water levels in this dam may t' V/
be drawn down markedly at times to satisff irrigation demand in the golf cor:rse, a wetland *)
system will be constructed around the dam to enhance its appearance and disguise its \a(

utilitarian-fnnction. This wetland system will cover an area of up to 2.5 ha at NTWL, and
will be designed to provide some retardation storage capacity as well as f€atnent of urban
stormwater discharged from funre development of the property. Treated water
discharging from thdlwetland will firstly be directed into the main irrigation dam. If the
latter is full the water will be discharged to the cascade of amenity lakes through the resort
proper. Water stored within IRLT will only be able to discharged via irrigation. There
wilt be no other outlet from IRLT

3.3.3 The proposed;trlenity lakes )
------. 

n4--tP'".-''

The design concept for these feature lakes has been developed through consideration of
site topography, soil and groundwater constraints, water supply constraints, source water
quality constraints and the desired beneficial uses of the lakes. The lake water quality will
be managed for secondary contact recreation, as a minimum performance standard. The
lakes will not be managed for swimming water quality.

Neil M Cruigie l'ty [-td und Pat Condina & As:;ociules
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Details of the various amenity lakes and edge treatments area shown on the Waterway

Lake Edge Plan (GBLA Dwg No Ll).

In summary a cascade of 5 amenity lakes is to be formed covering a total area of 6.1 ha

wltfr NfTWi.'s ranging from 5.00 * nfiO (AMLI) to 2'00 m AHD (AMLS)' Each lake

will have ma,ximum iepth of up to 2.5 m and all will be sealed using synthetic liners to

prevent ingress of saline gfoundwater and seepage loss of stored fresh water' Lake

lAgingr arJ designed to cofe with seasonal evaporative drawdown of water level of up to

300 mm. All floodwaters emanating from the upstream catchment area will be passed

through the amenity lake system. When in excess of irrigation storage needs, overflows .

willpassthroughtothesalnnarsh. L-f. : *-* 1-- '-&- c"*-14't'

t- r m the r*o*ffiffi;*l** wettands

and thence into the amenity lakes. No golf course drainage will be connected to this water

system or to the amenity lakes. { t

3.3.4 The Inigation SYstern \-

The golf course irrigation system will utilise a shandy of BRSTP water and stormwater.

As a consequence oi its relatively high salinity, BRSTP will not be applied "neat" except

during exceptional circumstancei. at the downstream end of the resort site wo irrigation

Aamsinf,j and IRL6) will be built on either side of A\4L5. These two dams will be

linked by a syphon pipeline so the two dams will act as a single storage with NTWL of
1.90 m AI{D. 4tl gof coqrse drainage will pass to these two dams after first being treated

in appropriate on-line wetland systems. \

The airspace above NIWL in both AML4 and AIvILS (to a height of 300 mm) will be used

to temporarily store up to 15 ML of excess stormwater during runoffeventst This will be

achieved Uy itre weir contols for both lakes being set 300 mm above NTWL. This water

will be transferred by gavity at a controlled rate from Alv{L4 into AIvILS and tlrence into

the flanking irrigationlut"t IRL5 and IRL6, from where it will be delivered by pump and 
{ 
-'i

rising mairito the main irrigation take (IRL7) which is to be located upsseam of ttre resoG i'-

or applied directly as inigation as the case may be. J

In recognition of their close proximity to residential allounents, IRL 5 and IRL6 will
operate-in the same way as AML4 and AML5; that is, the airspace above NTWL to a
treight of 300 mni will be used to temporarily pond wat€r pending its transfer to the rnain

irrilation dam. During normal irrigation periods, water witl be returned from the main

inilation lake by pipeline back to IRL5/6 and thence applied to the course area. Water

kvJb in IRL5/6 wili not be drawn down below NTWL during irrigation, unless the water

level can be restored at the same time by ransfer from the main inigation lake, IRLT-

Three smaller irrigation lakes (IRL2/3/4) will be constructed on the back nine (adjacent to

the 16ft Green/l7m Tee). These lakes will be fillbd by a mix of urban stormwater ftom

Neit M (lruigie l'ty ["td urul Pat Condinu & Asxtciutes
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a-djacent residential lots and golf course runoff, and will be topped up from the irrigation

system, as needed to maintain supply levels. The airspace above NTWL in IRL3/4 will be

used as temporary floodwater storage in the same manner as AML4/5, with such water

transferred to IRL 516 by pipeline.

All golf course drainage water will be kept separate from the amenity lake system and

hence from the outlet from AML5 to the saltrnarsh. It will be possible tbr floodwaters

flowing across the golf course to flow out to the saltnarsh during major flood events, but
IRL5, IRL6 and IRLT will be fully protected from such floodwaters and will be fitted with
one-way flow valves to prevent loss of stored water out to the saltnarsh.

BRSTP water will be drawn by agreement from the large dam on the neighbouring

Santospirito pioperty to the north of the resort site. It will be delivered by pipeline to the

wet well of the main golf course pump station (which is to be located adjacent to IRL6),
but only as needed to makeup the supply sourced from the main irrigation system. Thus

BRSTP water will not be injected into any of the proposed irrigation dams but will instead

be applied directly as irrigation. If required" disinfection will occur at the upstrearn end of
the supply pipeline in a suitable on-line stnrch.re so that contact time will be satisfied by
the time it completes its passage to the pump station.

4. MANAGING OFFSITE EYDROLOGIC IMPACTS OF TEIE
TORQUAY SANDS DEVELOPMENT

Surface water inflows to the saltnarsh wetlands to the east of the site have historically
been winter/spring dominated with negtigible runoff during summer/aufirmn periods.

These wetlands can be expected to be sensitive to significant hydrologlc changes brought
about by increased volume and frequency of rrrnoffevents. Such changes are an inevitable
consequence of increased surface imperviousness and drainage efficiency, but can be

effectivelf iritigatea through strategic design, as is proposed.for the resort development.

4.1 Peak runoff rates-flood management

4.1.1 Requirements

The Torquay Sands development will increase surface imperviousness (thus generating

more nrnoff per unit area), and modiff drainage r€sponse by construgtion of new drains,
lakes and wetlands.

The Torquay Sands development has no control over discharges emanating from lands

external to its boundaries, but it is obligated to:

o control discharges from within its boundaries so that no detrimental impact accrues to
properties downstream

I

Netl M Cruigie l'ty Ltd und Pat Conclinu & Associule.r
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provide for passage of all waters from upstream catchments so that no detrimental
impact accrues to properties upstream
ensure internal development levels and drainage systems adequately protect the
development itself from flooding

. ensure major floods are passed through the site in a safe manner.

To mitigate offsite impacts of increased stormwater runoff frorn the r€sort site, the
drainage systems within the resort will provide for flood retardation storage in the airspace
above AMLS and AML6 as well as in the minor lakes and wetrands.

4.1.2 Methodologt

Surface nrnoff regimes in times of flood have been assessed using the industry-standard
RORB hydrologic model.

The model structure incorporates the proposed Loch Ard Street and EWB diversion
pipelines, the modified EWB, the future Southern Catchment retarding basin at Horseshoe
Bend Road and the two main amenity lakes, AML4 and AMLI Three scenarios of
catchment development were pgnsidered;(?kisting cond.itions, J#sting conditions with
Torquay Sands developed, andftll catchment development. Average imperviousness of
45% has been assumed within existing residential areas in ttre upstean Western and
Southern catchmehts. Within the resort site, average imperviousness of 60% within the
residential development envelopes has been adopted. Future residential development areas
in upstream catchments were assumed to have 50Yo average imperviousness, reflecting a
likelihood of smaller lot sizes. \
4. 1.3 Stage-storage-discharge characteristics of modettedflood storages

The futurg'Southern Catchment retarding basin at Horseshoe Bend Road does not form
gart of the Torquay Sands proposal works but was simulated as a nominal storage of
20,000 m3 with maximum outlet discharge of 850 Us to match capacity of exlsting
drainage through established residential properties downstream.

!(o_difi"o nJ
Stage
(m
AHD)

Storage
(m3)

Dischar€e
(m3/s)

Comments

J 0 0 Base of wetland
4.70 9,000 0 NTWL of wetland. Outflow commenc"a-

pjpe. Surface area about 1.4 ha. 
_ _

5.0 13,370 0.025 Top of outlet pit. Approximare I year nnt *ataa
fully effective water quality treatrnent zone. Major flood storage is

.above this level
s.50 24.425 0.72
6.00 40.525 0.80
625 5 I .330 082 overland flows stan to pass into solf cours_e.

i"
{j;

6f5
Y,f
:v

$ ?
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Modified Esplanade Wetlaqd Jag1n

Comments

e€"1, hTg

J

Ameniw Lake AMLI
Comments

ximate base

rface area about 0.48 ha. Crest of 20 m wide

main weir. Limit of temporary irrigation storage capacity. Major

flood storase is above this level

Amenitv Lake AML2
Stage
(m
AHD)

Storage
(m3)

Discharge
(m3/s)

C"r"rn."tt

1
b 0 0 Approximate base

4.00 10,000 0 ffi4. Surface area about 0.58 ha. Crest of 2a m wide

main weir. Limit of temporary irrigation storage capacity. Major

flood storage is above this level

4.50 12.900 12.0

5.00 r 5.800 34.0

J-

Stage
(m
AHD)

Storage
(m3)

Discharge
(m3/s)

4

Comrnents

1.50 o 0 Approximate base

3.50 7,000 0 urface area about 0.45 ha. Crest of 20 m wide

main weir. Limit of temporary irrigation storage capacity. Major

flood storage is above this level

4.00 9,250 r2.0
4.54 t 1.500 34.0

\

-

Amenitv Lake AML4
-J

Stage
(m
AHD}

Storage
(m3)

Discharge
(m3/s)

Comments

t 0 0 Approxirnate base

300 52,000 0 NfWL of take. Outflow commences through orifice control.

Surface area about 2.6 ha. Temporary irrigation storage commences

above this level

i.30 59,800 0.050 Creit of Z0 m wide main weir. Limit of temporary irrigation storage

capacity. Maior flood storage is above this level - -j.50 65.500 3. r0
400 80.000 20.00

Neil M Craigre I'ty Ltcl und Pul Lorulina & Associates
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Ameniry Lake AMLS
Stage
(m
AHD)

Storage
(mJ)

Discharge
(m3/s)

Comments

0 0 0 Approximate base

2.04 40,000 0 f.iTWL of lake. Temporary irrigation storage commences above this
level. Outflow commences through pit outlet to irrigation lakes

IRL5 and IRL6. Surface area about 2.0 ha.

2.20 100 year ARI flood level in saltmarsh

2.30 46.000 0.050 (to
irrigation
storage)

Crest of overflow pit. Limit of ternporary irrigation storage
capacity. Major flood storage is above this level. All discharge
below this level is to irrigation storage.

2.60 52,000 0.56 Crest of grassed overflow spillway across encircling embankment.
(50 m minimum length). Overflow goes to saltmarsh

2.90 70,000 16.0

Wetland at Main lrrieation Lake
Stage
(m
AHD)

Storage
(m3)

Discharge
(m3/s)

Comments

6.50 0 0 Annroximate base of open water segrnent in wetland

7.5A 8,000 0 Approximate levels of deep marsh area

8.00 18,000 0 NTWL of wetland. Oudlow commences through orifice control to
main irrigation lake IRLT if capacity available. Other wise flow
commences to amenity lakes downstreann. Surface area about 2.5

ha.

8.50 28,000 0.30 Crest of 20 m wide overflow weir. Limit of fully efbaive wetland
treatment zone

9.00 43,000 l 2.50
9.50 58.000 35.00

Note: All levels are referenced to an assumed NTWL of 8.00 m and may vary. Wetland and lake designs
have yet to bb finalised ficr IRL7.

\\

4.1.4 RORB Model Results

Model results are listed in Table 1 for the three devetopment scenarios:

t. existing conditiors,
2. existing conditions with Torquay Sands and
3. future catchment development conditions

The increase of 0.8 m3/s (10.5%) in peak 100 year ARI discharge to the saltmarsh with
Torquay Sands developed, is entirely due to the 0.8 m/s transferred via the 750 mrn
diameter pipeline from The Esplanade Wetland Basin. This pipe is required to resolve the

::

\'
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flooding problems in The Esplanade and the threat of erosion of the primary sand dune at

Whites Cut.

- After accounting for this inflow, the results show that retarding storage to be provided

within the property is suffrcient to ensure no increase in peak discharge to the saltmarsh, as

a consequence of the development of Torquay Sands.

For long term ultimate catchment development the model predicts a near doubling of peak

discharge to the saltmarsh. This result assumes that Council do not act to ensure firnrre

development upstr€am of Horseshoe Bend Road provides ryfficient internal flood

retarding storage to maintain nrral discharge conditions. If Council do act to ensure the

same conditio* .re placed on that development area as has been placed on Torquay Sands

*J?"."gryUqtlPJ ,.- ,tt-.*-
The Torquay Sands hke and wetland system is able to rcduce peak discharge at Honeshoe ;1 ?

, Bend Road by about 50% but cannot fully control all future catchment development tl
outside its bor.mdaries.

4.1.5 Recommended Flood Levels

As Torquay Sands has no control over any funre Council decision in relation to allowable

peak diicharges from future Torquay North development to the west of Horseshoe Bend

itoa4 it is necessary for flood managenr€nt planning within the development to proceed on ,h
the basis that futtge flows will not be controlled to existing rural conditions.

/ta

Rounded to the nearest 50 mni the adopted flood levels through the various storages ,!re as

set out in Table 2. Allolffi-ses for additional head losses across proposed road crossings

are also included-
t'.

Water Body Location Adopted flood level
(m AHD)

The Esplanade Wetland Basin area 6.40

AMLI Upstream proposed road 5.75

Downstream proposed road 565

AML2 Upstream proposed rqqd 4.75

Downstream proposed road 4.65

Alv{L3 4 15

Alv{L4 3.85

AlvIL5 Upstream proposd road 2.95

Downstream proposed road 2.90

Saltmarsh Boundary 2.20

Floor levels of any dwellings must have at least 300 mm freeboard above 100 year ARI
flood levels

ll
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-1. L6 Flooclway safety

Velocity and depth of floodwaters in all
standards for safety of pedestrians and

Corporations' Floodway Safety guidelines.

floodways will conforrn
ve hicles as set out in

with contemporary
Melbourne Water
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4rZ Water quantify regime considerations -"-)
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l'l 9

1,2.1 An overview

Retarding basins only mitigate the effect of increased peak discharges. They cannot fully
mitigate the impacts of wban development on seasonal runoff trends because they do not
alter the volume or frequency of flow passing.

Under existing rural conditions, runoff rarely occurs to the saltmarsh in tl{q5!ry seasons.
With the onset of urbanisation in the Western Catchmcnt, starting with Torquapffi
there will be a marked change in dry season runoff characteristics. Impervious surfaces
and efficient drainage systems will produce a runoff response from almost any rainfall
event. Convectional rainfall events (the summer thunderstorms), will thrs have the
potential to impact on the saltnarstr" in the absence of adequate corrective measures.

Such problems can only be addressed by providing for excess surface nnoff water to be
stored on site so that it can be consumed directly (eg., by irrigation) or indirectly (e9., via
increased evaporation or seepage to groundwater).

In the case of Torquay Sands the water will be used for golf course irrigation and lost to
evaporation. All water storages will be sealed using synthetic liners to prevent ingress of
saline groundwater. This automatically prevents any significant seepage losses from
occurring so that no change to the local groundwater environment will occur.

All stormwater generated from development areas (roads, condominiums, houses, hotel) \
and the golf cor:rse, will be stored on site, treated in wetland systems and diverted to .

supply the main lakes and other minor featr.ue lakes and ultimately the irrigation system.
Water supply to maintain water quallty standards and limit drawdowns in the lakes and to
provide iuigation supply are issues of major importance to the Torqrray Sands
development.

Published figures indicate that mean annual runof Aom the rural catchments in this
locality uppti*i*ut"s 50 mm. Thus under @ n4 ; site can be
expected to yield about 60 ML of surface runoffto the saltnarsh wetlands. Mean annual
rainfall is about 600 mm with mean annual evaporation of about 1100 mm (free surface
evaporation losses will be about 770 mm). The total surface area of the main wetlands ,
amenity lakes and irrigation lakes associated with Torquay Sands is 14.2 ha. Thus mean
annual evaporation losses from the water bodies will be of the order of 110 ML.

ResidentiaVresort/roading development will occupy approximately 45 hectares (around
36%) of the site, of which average imperviousness will be about 60%. Assuming 85%
runoff from impervious areas and l0% from golf course areas and other pervious parts of
the development, the total mean annual inflow volume to the waterbodies from the

t'i

6o*,-l
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development will be of the order of 200 ML. This impties an average annual spill of about ?.

90 ML from the water systems, excluding inigation usage.
\" When golf course irrigation demand is taken into account (estimated to be 160 Ml-/year on

average, rising to 745 ML in severe drought years):

o there can be liule doubt that the development of the Torqr:ay Sands property will
maintain or reduce the mean annual volume of surface runoff entering the saltrnarsh
from the property, compared with existing conditions.

o as demand for irrigation water consumption will be highest in thedffGasoisltJrere
will be little prospect of surface water derived from the Torquay'San&devehofment
passing through to the saltnarsh at such times.

. the proposed surface water management system will effectively mimic the natural
seasonal trend and volume of surface water input to the saltmarsh.

4.2.2 Water Balance Modelling Methodologt

Water balance estimates have been carried out to nssess:

. the required capacity of the main irrigation dam;
o supply and demand voltrmes of surface nuroff and makeup irrigation supply from

BRSTP;
o natural ruroffregimes for the catchments to the saltmarsh; \o future runoffregimes to the saltnarsh with all development in place. \

The firit two items are inter-related.

The water1ahnce model uses parred rainfall and evaporation records from nearby stations
over a 10 year period, using 7 day timesteps.

4.2.3 The Main Inigation Dam

A decision as to which dam size is appropriate will depend on several variables:

. what total area is to be irrigated,

. how much BRSTP water is to be used;

. how much land is available;
o what catchment development scenario is used.

In regard to area of irrigation, the design intent is for the course minimise water usage in
recognition of,the limited supply available in Torquay. This approach envisages use of
signifrcant areas of.low water requirement indigenous sedge and grassland vegetation, with

Neil M Cruigie l'ty {-tcl und Pat Canclinu & Assttciates
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a total of about 3l ha to be irrigated, comprising about l0 ha of tees and greens and about
2 t ha of thirways. This resulted in a mean annual irrigation demand of about 160 ML,
rising to 245 ML in severe drought years.

There is a variety of catchment development scenarios which can be considered. For
simplicity two scenarios have been selected as set out in Table 3.

Table 3 Catchmcnt Development Scenarios
Scenario Dscriotion Comments
I Esplanade Wetland

catchment fully capnrrd and

diverted.
Torquay Sands residential
area rc}Yo developd with
golf course area completed.
Upstream catchment remains
rural.

180 ha catchment to the Esplanade Wgtland of which 40 ha
is impervious (E)fl STING COhIDIflONS).
155 ha catchment to the main amenity and irrigation lake
systems in Torquay Sands of which 27 ha is impervious and
7 .3 ha is water surface

238 ha rural catchment upstream ofMain lrrigation Dam in
White/flarding land

)- As for I but with balance of
rural areas west of
Horseshoe Bend Road and
south of South Beach Road
fully developed.
..IJLTT}{ATE

CATCHMENT
DEVELOPMENT'

180 tra catchment to the Esplanade Wetland of which 78 ha

is impervious.

155 ha catchment to the main amenity and irrigation lake
systems in the resort of which2T ha is impervious and 7.3

ha is water zurface

238 ha rural catchment upstream of Main Irrigation Dam in
White/Flarding land of which 119 ha is impervious

Table 4 outlines the water balance figures for the specified irrigation demand, a range of
dam sizes between 30 ML and 120 ML, and the two catchment development scenarios.
Mean annual irrigation forthe 10 year period modelled was 160 MUyear with a maximum
year total of 200 ML.

The water balance estimates are based on the following additional assumptions:

Short term irrigation storage supply of 300 mm depth above NTWL in arnenity lakes 4
and 5 and irrigation lakes 3/4, 5 and 6 of up to 16.2 ML (total 5.4 ha surface area).
The short term irrigation storage volume of 16.2 ML can be delivered by pump to the
main irrigation dam within I week (50-60 Us madmum pumping rate).
No leakage of the waterbodies
All waterbodies are initially full
No consumptive use of water in The Esplanade Wetland Basin belowNTWL.

\\

I ...

E ?-.

g,

a

a

o

Table 4 Makeup Supply (Black Rock STP water) for mean annual irrigation demand of 160
ML/year

Develooment Scenario Statistic Main lrrigation Dam Size (ML)
30 ML I eO ML I so illl, I r20 utl,

Neil M Oraigie l'ty {,td uncl Pat Conclina & Associates
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Table 4 Makeup Supply (Black Rock STP water) for mean annual irrigation demand of 160

ML/year
1

Existing Conditions with Torquay
Sands developed

Mean 72 56 37 z5

Maximum t03 90 90 90

2

Ultimate Catchment development
Mean 28 9 7

b 0

Maximum )) 35 t2 0

Thus to avoid use of BRSTP water in the long term it would be necessary to build a 120

ML dam-

In the shorter term until such time as development occurs in the Torquay North arc42l
Ml/year of BRSTP water will still be needed on average with a 120 ML dam, with
possible peaks up to 90 Ml/year in dry years. With a maximum estimated drought year
demand of 245 ML the likely maximum BRSTP makeup supply would rise to 135 ML. If
dam size was reduced to 60 ML there would be no alteration to dry or drought year

makeup supply needs.

From the long term perspective, there does not appear to be any solid justification for
building a dam larger than 90 ML or even 50 ML. After all catchment development is
complete in Torquay North the average annual cost of makeup supply for a 60 ML dam is
53,000. For a 90 ML dam the cost would be $660.

However without Torquay North being developed, the makeup supply costs in the short
term would average S18,500/year and $12,000lyear for the 60 and 90 ML dams
respectively. There is no reliable timetable for the development of Torquay North.

It is considered that the best compromise solution would be to build a "turkey nest" dam
with 60 ML capacity at external finished surface lwel, with edditional punped inlet
capacity of30 ML. The proposal has been finalised on the basis of this storage capacrty.

4.2.4 Water Supplyfor Lakes and Inigation in the Early Years

tt is likely that for the first 12 months of golf course irrigation about 100-120 ML of
BRSTP water could be needed to kickstart the storage system. Actual figures would be
entirely dependant on recorded rainfall and progress on storage constrrrction.

This BRSTP water cannot be added to any of the amenity lakes and nor should it be added
directly to the inigation lakes.

The water balance figures indicate that storage construction'is a critical early need along
with the diversion pipes into and out from the Esplanade Wetland. Ideally (from a water
management viewpoint) the sequence of construction could be as follows:

l. Amenity Lake 4,

Neil M Craigie I'ty I-td and Pat Conclina & Associates
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2. Esplanade Wetland outlet pipe to Amenity Lake 4,

3. Decommission existing pumped outlet from Esplanade Wetland,

4. Gravity diversion of Esplanade Wetland contents across to Amenity Lake 4 (with

temporary bypass drain from inlet pipe to new outlet pipe)'

5. Esplanade Wetland reconstnrction,
6. Amenity Lake 5, ptus irrigation lakes 314,5 and 6,

7. Diversion system into Esplanade Wetland from Loch Ard Street,

8. Main lrrigation Dam and pumped inlet system from Irrigation Lakes 5/6.

At the very least, Steps t4 should be complete before significant irrigation demand arises

in the golf course.

Water balance estimates indicate that under average annual rainfall conditions the

Esplanade Wetland catchment will be able to deliver about 218 ML of water into Torquay

SanOs once the Loch Ard Street diversion is in place. However in dry years this could fall

to l 14 ML. Given the initial fill rcquirement of nearly 150 ML for all storages within

Torquay Sands, and the irrigatron deman4 there wrll be little prospect of gining
significant water storage in the main irrigation dam for the fint 2 years under average

weather conditions.

Therefore, given the paucity of water in the early stages of the project, the main amenity

takes (AML4/5) and smaller irrigation lakes (IRL 5/6) will have to be used as true

irrigation storagps for one or two years in order to provide enough shandy water to allow

ongoing application of the BRSTP to the golf course-

Use of these lakes as irrigation storages will ameliorate the start-up water supply problem,

but will geatly reduce the aesthetic values of these lakes over the operating period. This

is due to the greatly increased drawdown that would occur from irrigtion abstraction It
would alsoprevent establishment of aquatic vegetation which is required for ef[ective long

term management of lake water quality. Therefore after all dams are finally filled and the

system is fully operationat, it will be necessary to draw down the AML4 and AML5 to

plant and establish submerged aquatic vegetation Barring wetter than normal weather

conditions this will probably be about Year 2-3.

4.2.5 Surface water runoffto the saltmarsh

The water balance model was also used to check the volumes of surface water'entering the

saltmarsh for existing conditions, existing conditions with Torquay Sands fully developed,

and ultimate catchment development conditions.

The results listed in Table 5 show that

a. For existing catchment conditions with Torquay Sands and its surface water

management strategy fu lly developed:

;: 1,.

1:-

\\
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. the mean annu,al discharge of surface water to the saltmarsh from the study area
will increase by about 87% compared to natural runoffconditions;

o this increase is entirely dqg-to the diversion of the Southern Catchment across to
the Western Catchment;

o the mean annual discharge of surface water from within the original boundaries
of the Western Catchment to the saltmarsh will actually be reduced by 38% with
full development of Torquay Sands.

It is considered that these outcomes are accepable for the following rqrsons:

. dry season surface water inputs to the salnnarsh will still be negligible because
this is when all water is diverted and consumed for irrigation;

. increases in annual discharge occur in the wet seasons when the bulk of

,ry freshwater inflows to the saltrnarsh nanrrally occw.

LW I The Esplanade Wetland flow diversion is required to address the flood managemen! sand

f $#' .-V dune erosion, and pufiip system operational issues in The Esplanade, as well as to facilitate
U- y- consumpive use within Torquay Sands.

rJ
0** It would still be possible for Council to retain and continue to operate, at its cost, the pump
Y- 

. f system from The Esplanade Wetland across to Deep Creek if it was required to reduce the \
.. V' volume of surface \r,ater flowing to the saltnarsh. Torquay Sands could be developed with -.

V . a smaller diversion pipe fitted with valve control to-prevent diversion of water to the

f pt rf. Western Carchment *h"n the irrigation system was fuli. This would however still leave
Un f the problems of flood management and primary sand dune erosion at The Esplanade to be
_ -r' addressedbyothers.
i_/ i

O For ultimate catchment development conditions:

{ 
. the mean annuq"llisch4e-ofisndace water to the salnnarsh from the study area

li.. -/ 
will increasrydwithnral n'roffconditions;

' ,f , ^i /, o this increase is due to the massive increase in surface runoffgenerated as a rqsult

- y- / / of development west of Horseshoe Bend Road and the assumption of no

I," ,/ consumptive use of this water being made. ,L ,-..,J ;-/ i,

)
9" This outcome was to be expected given the extent of future development proposed in the

catchments. It is not the responsibility of Torquay Sands to mitigate such impacts which ,/
arise from areas external to its boundaries.

Ncil M Cruigie Itty l.tcl und Pat Conclin(t & Associates
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4.3 Water quality considerations

No free discharge of surface water will occur from any part of the Torquay Sands

development, without such water tirstly being processed through grass tiltration and/or
wetland treatnent and lake storage systems.

Separate runoff management systems are proposed for rainfall runoff from irrigated areas

of the golf course and for rainfall runofffrom urban areas and the non-irrigated parts of the

golf course. Owing to the clustering of Holes 8 and 9 around AML3 and AML4 it is

necessary to irrigate these areas with freshwater from AML4. No BRSTP water ffill be

applied to any part of Holes 8 and 9.

Based on the soils investigations completed to date:

. there is no evidence of acid-sulphate soils being present on the site in significant
quantities

o the clayey soils are slightly to moderately dispersive and will require protection from
water action

4.3.1 Treatment of urban stormwater and runof from non-irrigated parts of the golf
course

The uban water treatnent wetlands (WLl-WL9) have been sized to treat all flows from \
the residential and commercial areas of the resort and from non-irrigated golf areas, up to ..

at least the 1 in I year ARI peak flow storm event. They will achieve approximately 80o/o

suspended solids removal and removal of 50Yo of the incoming total phosphorus and total
nitrogen, f,s-"recommended in the Best Practice Environmental Management Guidelines for
Urban Stormwater @PA 1999).

To achieve these performance criteria, the total area of "treafrnent" wetlands provided has

been set at a very conservative 1.5 Yo of the contributing developed catchment area. This
will also satisff a related criteria that the wptlands achieve a 95o/o hydrologic effectiveness
and detain pollutants for up to 72 hours to provide the required treatnent.

The inlet portions of each wetland serving urban areas will incorporate a zone for coarse
particle sedimentation and appropriate litter trapping. Up to 80% of the surface area of the
wetlands will be composed of a mix of ephemeral area and shallow to deep marsh areas up
to 0.6 m deep, which will leanre emergent aquatic vegetation. Open water zones within
the wetland will be limited to about 20% of the surface area.

The design of edge treafrnent, choice of wetland ptantings and recirculation measures will
aim to mitigate the risk of nuisance conditions such as mosquitos or algal blooms.
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1.3.2 Treatment of golf course runof (areas irrigated in part with BRSTP water)

Treated water from Black Rock srp is proposed to be imported for goif course inigation-

Due to expected tttgit"i nutrient loadingi by co_mparison with urban stormwater runoff, all

rainfall runoff Ao,rii*g"t d areas of the golf cburse is kept separated from that arising

from the non-irrigated 
-areas 

and the ruban stormwaters. This reduces the "load" on

treaUnent capaciryln the wetland systems protecting the amenity lakes'

Maximum oppornrnity for mechanical filtration and biological uptake through extended

detention is an important key to effective tr€atment of the runofffrom irrigated areas of the

golf course. For this reason and to comply with runo{ quantity management needs' all

such rainfall runoff is contained on site- in a series of ephemeral wetland depressions I

draining to terminal storage systems. As far as is practicable, these systems have been

protected Aom entry of niro# from both non-irrigated areas on the course and external

catchments. They are designed as ephemeral wetlands with small open water areas acting

as landscape features and ivaporatibn surfaces. ln times of significant runoff the open

water areas will increase until slch time as Preset overflow levels are exceeded and

discharge will occur through to the terminal irrigation storages (IRL5 and IRL6), from

whence the water will be retumed to the main irrigation dam.

The design of the ephemeral wetlands aims for removal of up to 607o of total.nitogen and

total pholphonrs. To achieve these performance criteria, the total area of "treaunent''

wetlands irovided is about 3yo of the contributing irrigated catchment area in the golf

course.

4.3.3 
.,*" ?*"nity lakes and small inigationlalces

In contrast to the wetlands, the lakes are primarily open water bodies with gently sloped-

verges and,shallo* ior tu'f"ty and also to suit establishment of a diverse community of

ni.rling aquatic vegetation. Up to 85% of the surface area of the lakes is intended to be

op"i *it"., t"" oiiignificant stanas of emergent aquatrc. vegetation- A firther 35% of the

lake area is intended io be colonised by submerged aquatic vegetation'

The lakes form an important component of the water quality treatnent train, with long

term settlement of fine particulates and ultraviolet disinfection being the primary processes

at work.

The design concept aims to provide a range of envirdnmental, social and economic values

within the lakes and wetland system including:

. flood conveyance, storage and reduction of peak flows to protect the development and

upstream and downstream areas;

. provision of substantial water quality treatment to residential area and golf course

drainage water,
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. irrigation supply for golf course watering;

. landscape, scenic and recreational values;

. habitat for aquatic flora and fauna;
r other aquatic ecosystem values, and community environmentaleducation values-

The beneficial uses of each system component will vary to some extent depending on

anticipated water quality. For example the sediment traps and wetlands will be of a

relatively poorer q-uality than the lakes themselves.' Clearly the human uses of ihe

fieatnent wetlands are restricted however the lakes could be used for limited recreational

pursuits including yabbying or non motorised boating. There is no intention to maintain

swimming quality itandards in the lakes or to encourage any body contact recreation in the

future.

The water quality in the lakes should satisff the State Environment Policy (Waters of
Victoria" lgbS). In particular E.coli shall be less than 1000 organismVl00 ml, dissolved

oxygen greater than 6 mg/I, pH from 6.0 to 6.9, and suspended solids less than 25 mgll. ln
aaiition npA preliminary nutrient guidelines of 0.05 mgA of total phosphorus and 0.6 mg/l

of total nitrogen are appropriate initial aims for the lakes. The downstrearn water qualtty

should not deteriorate from predevelopment levels.

The proposed lakes and associated wetlands will form a major landscape feature and

themi of the overall development, and they provide an oppornrnity to demonstrate best

management practice for uban stormwater management. A positive impression of this

majoi landscape feature will leave potential residents with a positive impression of the

development as a whole, and justiff the attempt to integrate environmental values with
commercial pursuits.

While it is important that the lakes and wetlands system should create a visually pleasing

impressiofr they should not create a potential for adverse impact on public amenity, health

or safety.

The appearance of the lakes zone is a function of water quallty, lake design and shape,

gfowth of plants and algae, edge treatments and other landscape features, andthe standards

of future maintenance. The lake zone should be free of any visually obvious pollutants

such as oils, scums, foam and litter. Algal growth should not be excessive, and blue green

algal growths should be absent.

Future terrestrial and aquatic plantings around parts of the lakes zone will contribute

significantly to the scenic and environmental values of the development.

Special shoreline treatments such as rock boulders, retaining walls, boardwalks, jetties and

sand or gravel beaches will be incorporated to:

. suit a variety of landscape and recreational objectives

fi
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. suppress wind-driven wave action

. prevent uptake offine particulates and clays through dispersion processes, and

. mitigate turbulent resuspension of senled materials.

Shoreline treatnents are shown on the Waterway Lake Edge Plan (GBLA Dwg. No. Ll).
The ultimate water quality within the lakes will be dependent on a suite of factors rangng
from input water quality, to effectiveness of wetland treannents, to internal lake processes.

Factors relating to input water quality have been discussed and it would seem that the
quality of water sources is similar to other lake developments and should not be a

consffiint to maintenance of good lake conditions. The resul8 of input water quality
sampling conducted on 18/i0/00 after a rainfall period give some confidence that good
water quality conditions can be sustained in the amenity lakes and irrigation lakes.

Table 6 Water quality monitoring data

PARAMETER Esplanade Pondage Property Drain

Conduaiviry (uS/cm) 69 340

pH, (units) 7.6 7.7

Turbidity (NTLr) 73 74

Nitrats+Nitrite N (mg/l) a.26 0.040

AmmoniaN (mdl) 0. 19 0.019

rKN (m/l) 0.62 1.0

Total N (mgll) 0.88 1.0

Onho P (mgll) 0.009 0.05 5

Total P (rnglL) 0.091 0. 15

E.coli, (or{l00ml) 890

Detention of stormwater in the wetlands and lakes for extended periods with little inflow
could lead to the following water quallty responses:

. rise in water temperature

. increase in algal and plant growth

. decrease in turbidity and suspended solids

. increase in daytime oxygen levels and night time depletion

. decrease in levels of phosphorus and nitrogen in the water column

On balance the effects of the wetlands and lakes are to significantly improve downstream
water quality because of the biological and physical processes within them. This treatment
potential may be enhanced by:

. attention to design which maximises trsatment

?\./
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. encouragement of growth of aquatic plants especially at the shallow margins

. ,"gm.nt"tion of wetlands into alternating deep and_ shallow marsh areas across the full

*iatn to promote good plant contact and even distnbution of flow
. increasing the surface area of the wetlands

. artiticial aeration, recirculation or other Eeatment

All of these measures are to be employed in Torquay Sands'

The water quality regime in the lakes will effect the visual and biological condition of the

lakes including tfi" d.qurttry and severity of algat growth and aquatic plant growttt-

Algal occurrence and growth is influenced by a number of factors including:

. levels of the nutrients (C, N, P) in the water and sediments

o ratio ofN to P in the water
o other water quality characteristics such as salinity
. light and shading
. temperature
. water clarity
. suspended particles in water
. g:azing by invertebrates especially cladocerans and ostracods

. ptrysical rtt*u"t"rirtics of the lake system e.g. depttr, surface area, circulation.

One of the primary factors effecting algal productivity is total phosphorus and. total \
nitrogen conientradons. Worldwide itudies in lake systems have shown the correlation .

that exists between algal concentrations (as measured by Chlorophyll a concentration) and

the total phosphorus *d oitrog"tt concentrations. The levels of ttrese nutrients that would

occgr in tlg iuk ty.t.*s without prior tneatnent are in the rrurge where blooms could

potentially occur, ho*.u"r a large proportion of such-nutrients will be rernoved in the

ireatneniwetlands. It is estimated fhat prior to wetland treaunent, TP levels in incoming

stormwater will be about 0.2 m/L and TN will be less tlran ZmglL. After urctland

11eatnent TP levels would be about 0.1mg/L and TN less than 1 m/L. From these

estimates it is further calculated that, in the shorter term, the likely water column TP in the

larger of the amenity lakes (AML4 and AML5) will be about 0.07mglL. While this is

abo've the guideline level of 0.05mg/L it would not be suffrciently high to allow a

significant ilgal bloom to develop. When the total catchment is ultimately developed

inf,ut loads niu in"r"*e but the impact of such increase will be counterbalanced by the

higher flow volumes and hence the decrease in water residence times in each of the water

bo-dies, making it less likely that bloom populations of algae could develop'

It is anticipated that some green algae will grow within the lake and wetland systems. The

o""u*.n"i of limited gro*ttrs of firlamentous and unicellular green algae is natural and

should not be of concern. It is probable that some attached algal species will grow on

surfaces such as weirs or rock beaching.
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Optimum growth conditions for blue green algae occur when, apart from abundant
nutrients' there are long periods of sunlight and relatively calm and siill conditions. The
presence of low numbers of blue green algae in a waterbody is quite normal, it is bloom
conditions that are of concern because of the aesthetic deterioration and the ability of some
species to produce toxins. Attention to minimizing catchment inputs and wetland
maintenance, as is proposed in Torquay Sands, will lessJn the possibilityof such blooms.

The most powerfi.rl control mechanisms are in fact biological controls. It is therefore
important that the lakes and wetlands develop as viable uq*tic ecosystems, which support
invertebrates and fish. -J ------'

Given adequate water supply and water quality any lake will develop to support a diverse
range of aquatic plants, small aquatic animals and hsh. This increas" i" O""oity as a lake
evolves will help ensure that no particular species (for example green filamentous algae or
blue green algae) grows in excessive amounts.

The quality of the lakes will influence the degree of algal and plant grourth. From abiological 
-viewpoint 

the lakes will show a biitogical response to a range of physico-
chemical factors including the water quahty ..gri., the physical characieristics of thelake, and climatic conditions.

The species and numbers of organisms that can live in any aquatic system is dependent onmany factors including flow regrmes, water quality, food supply, riparian zone inputs,
shading' competition and habitat Habitat a"i ttuuitut a""tsiiv t"ilirt oogry J.t"r,oine the \species and numbers of organisms found. In the absence of suitable habiLi*.rf"*'- -^-

' specieswitt Ue foqA. Healthy populations of water and riparian plants rnoua u"
encouraged to develop in and around lakes and wetlands as quite apart from their habitat
value thef--.

o take up nutrients from the lakes that would otherwise be available for algalproductivity;

' can be a visually attractive and interesting part of the lake system;o glv€ the lakes a more natural, less artificiJupp*rarr"";r prot€ct the edges from erosion, and make level fluctuations less obvious;. provide shelter to grazing invertebrates that help control algal numbers.

{eualic plant growth is dependent on the plants having a suitable rooting medium,therefore wherever plant growth is required in ttre lake, artificial liners will be coveredwith adequate depth of suitable soil. Of course there is always the possibility that one ormore species could grow in nuisance. proportions (especially Typha ani phragmites
species), but attention to monitoring and maintenanc",'*i early controt *itt prrr"nt suchconditions from arisi ng.

i-.
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Other potential water quality problems in the lakes system are:

. Oxygen depletion, especially at night

. Microbiological contamination

. Pollution spills

. Development of mosquitoes in nuisance proportions

Oxygen depletion could well occur in dry weather periods with little inflow to the lakes, or

at times of macrophyte or algal die off, This could result in odours, or the stress or death

of fish and invertebrates. With adequate upstream featnrent this would be rare however

the possibility can easily be prevented by provision of mixing or re-circulation through the

system. The irrigation system provides a ready me&rs of recirculating water through the

lakes and the wetlands in dry periods. The lake system has also been aligned to

encourage winddriven circulation, and the relatively shallow depths (<2.5 m) will inhibit
the possibility of stratification problems developing.

The potential for mosquito hazards in the lakes can be minimised through adoption of
appropriate design. It is important to ensure that the wetlands do not contain pockets

isolated from predation by norrral wetland biota such as fish and crustaceans. Such

pockets include water trapped on poorly graded banl$ following elevated water levels in
storm flows, or shallow water in association with debris. Design measures for minimising
the possibility of mosquito nuisance have been incorporated including:

o grading banks to ensure free shedding of water following draw down of ftoodwaters;
. adoption of a waters-edge gading of slope 1 in 3 with an edge lip of at least 100 mm

and a minimuur water depth of 300 mm;
. shaping to provide effrcient circulation of flow;
. providtrg sediment and trash interception at wetland entry points;
. selectind aquatic plants which do not have broad leaves above the surface to minimise

substrate for mosquito breeding;
. providing artificial recirculation mechanisms.

5. FUTURE OPERATION, MAINTENANCE AND MOMTORING
REQUIREMENTS FOR LAKES AND WETLAI\DS

Operation and maintenanc€ of the lakes and wetlands is crucial for problem free conditions
to be maintained. Such maintenance will include:

routine water qualiry monitoring according to a set program especially for dissolved
oxygen levels and presence of blue green algal cells;

clearing of grates or traps of liner;
maintenance of pumps, weirs, grates and outlet structures;

control and management of aquatic plant growth along lake and wetland margins;

Fi-: ::
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. maintenance and reinstatement of edge erosion fotlowing large flows;
o maintenance of wetland re-circulation system;
. desilting of silt trap/ treaunent wetlands;
. collection of litter on lake margins and from wetland traps;
o planting and vegetation management;
. monitoring of sediment accumulation rates in each wetland;
. provision of mains or bore water to compensate for evaporation losses;
. isolation of wetlands in the event of a pollution spill.

It is suggested that prior to commissioning a maintenance and monitoring schedule be,
prepared and costed.

6. CONCLUSIONS

The detail investigations summarised in this report show that with the proposed Torquay
Sands development proposal in place:

prevention of erosion of Whites Cut, and the social, and environmental values of
the existing Esplanade Wetland and its surrounds.

peak offsite discharges from the Torquay Sands development a"rc maintained to
present conditions. \

have been designed to effectively mimic the existing seasonal regime of surface
water dischargsd from the site area to the saltrrarsh wetlands in the Thompsons
Creek estuarylfl oodplain.

:
conditions.

Western Catchment, after full diversion of the Southern Catchment from The
Esplanade, will be increased by Y7o/ocompared with existing conditions.

of flows entering the saltnarsh. Frcshwater volumes will be virnrally the same
during the dry sqlsons of the year (ie., minimal or none), with virnrally all of the
increased discharge occurring in the wet seasons when natural freshwater inflow is
significant in any case.
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After completion of urban development within the Torquay North area (ie., all land

west of Horseshoe Bend Road), the mean annual surface runoffvolume discharged

to the saltmarsh from the Western Catchment, including full diversion of the

Southern Catchment from The Esplanade, will be increased by 400o/o compared
with existing conditions. This assumes no consumptive uses of surface water (such

as is the case in Torquay Sands), are employed in these catchments.

Such a massive increase in annual discharge will result in some changes to
seasonality of inflow to the salnnarstr, with significant increases likely to occur due

to impervious area runoff in convectional rainfall events (ie., the summer
thunderstorms).

The increased discharges wilt not be associated with nor caused by the Torquay /
Sands development. Although the Torquay Sands irrigation system is able to -,/ {. '

handle some of the flows in the dry seasons the capacity of the storage systems and

irrigation demand is insufficient to ameliorate the impacts. v

all external catchment floodwaters will be passed through the amenity lake systems

and development areas along designated paths. Velocity and depth of floodwaters
in all floodways will conform to contemporary standards for safety as set out in
Melbourne Water Corporations' Floodway Safety guidelines and minimum
freeboard of 300 mm will be applied to all residential areas.

all stormwater generated from development areas (roads, condominiums, houses, \
hotel) will be stored on site, treated in wetland systems and diverted to supply the .

amenity lakes and other minor featue lakes and the golf course inigation system.

The water treafrnent wetlands will be designed and sized to treat all flows from the

residential and commercial areas of the resort and from non-irrigated golf areas, in
accordance with recommendations in the Best Practice Environmental
Management Guidelines for Urban Stormwater (EPA 1999). 

{.-

leakage of surface water to groundwater from proposed waterbodies will be
minimal owing to the use of synthetic liners. \'

treated water from the Black Rock STP is proposed to be imported to assist with
golf course irrigation in the driest times of the year. Due to expected higher
nutrient loadings by companson with urban stormwater runoff, all rainfall rynoff
from imgated areas of the golf course will be kept separated from that arising from
the non-irrigated areas and the urban stormwaters. AII BRSTP water will be

applied directly to the course after initial disinfection and shandying with
stormwater. It will not be discharged directly into any of the lakes.

all raintall runotT water from inigated parts of the golf course will be separated
tiom the urban stonnwaters and contained on site in a combined water
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qnlity/uraF quantity management system. This will take the form of a series of
Ccprcssions draining to ephemeral wetlands offering maximum opportunity for
mcclnnical filtration and biological uptake of pollutants ttrough extended
deention Overflows from these wetlands will be directed to the irrigation lake
sysm and reused on the golf course

. ,\.

b Neil M Craigie and Pat Condina
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