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Terrigal Lagoon Floodplain Management Plan

~~CQ)~ WVCQ)~[Q)

The State Government’s Flood Policy is directed at providing solutions to existing flooding problems 

in developed areas and to ensuring that new development is compatible 
with the flood hazard and 

does not create additional flooding problems in other areas.

Under the Policy, the management of flood liable land remains the responsibility of local 

government. The State Government subsidises flood mitigation 
works to alleviate existing problems 

and provides specialist technical advice to assist Councils 
in the discharge of their floodplain 

management responsibilities.

The Policy provides for technical and financial support by the 
Government through the following four 

sequential stages:

1 
. 

Flood Study 

. determines the nature and extent of the flood problem. 

2. Floodplain Management Study 

evaluates management options for the floodplain in respect of both existing 
and 

proposed development. 

3. Floodplain Management Plan 

involves formal adoption by Council of a plan of management for the floodplain. 

4. Implementation of the Plan 

implementation of flood mitigation works and measures 
to protect existing 

development, 

. use of development controls and planning measures to ensure new development 

is compatible with the flood hazard, 

. amendments to relevant Local Environmental Plans to reflect Council’s 
flood 

policy and development controls.

The Terrigal Lagoon Floodplain Management Plan constitutes the 
third stage of the management 

process for Terrigal Lagoon and its catchment area. 
This study has been prepared for Gosford City 

Council by Webb, McKeown & Associates and provides the 
basis for the future management of 

flood prone lands adjacent to Terrigal Lagoon.

The Plan was largely undertaken in accordance with the NSW 
Government’s 1986 Floodplain 

Development Manual. This manual was superseded by the Floodplain Management 
Manual which 

was introduced in January 2001 when this present report was nearing completion. 
The terminology 

and approach used in this report largely relate to the 1986 
manual. In some places the updated 

terminology has been introduced, and carried through to 
the Plan.

Webb, McKeown & Associates Pty Ud 
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Terrigal Lagoon Floodplain Management Plan

~lUJ~~~~W

Terrigal Lagoon has a catchment area of approximately 9.5 square kilometres 
and lies wholly within 

the boundaries of Gosford City Council. The area of the lagoon is approximately 0.3 square 

kilometres. Flooding of roads and residential areas within the catchment has 
occurred on a number 

of occasions in the last 20 years.

In the Terrigal Lagoon Flood Study (Stage 1 of the floodplain management process) a 
WBNM 

hydrologic model and a RUBICON hydraulic model were established 
and used to determine the 

design flood levels in the lagoon and adjoining floodplain. 
The design flood levels are a 

combination of rainfall induced and ocean induced inundation. The Terrigal Lagoon Floodplain 

Management Study (Stage 2 ofthe management process) used the design 
flood levels determined 

in the Flood Study to define the extent of the existing flood problem within 
each of the following 

floodplain management areas (shown on Figure 1).

Ibq; ,II~Millll,.,enjJ: 
1. The lagoon water body 
2. Bundara Avenue 

3. Northern End of Ocean View Drive bridge 

4. Southern Shore of the lagoon 
5. West Arm (west of the Willoughby Road bridge) 

6. Farrand Crescent 

7. Ogilvie Street 

8. Golf Course 

9. Windsor Road 

10. Upstream of Willoughby Road causeway 
11. Upstream Catchments

Approximately 160 buildings (predominantly residential) would be inundated 
above floor level in a 

1 % AEP rainfall induced event causing up to $3 million of tangible damages. A range of floodplain 

management measures were canvassed to mitigate the effects of 
rainfall induced inundation. In 

addition a range of development options were evaluated and criteria 
for future development of the 

catchment defined. The effects of ocean induced inundation cannot be realistically mitigated.

Following detailed consideration ofthe social, economic, environmental 
and hydraulic factors it was 

concluded that protection would not be provided to all existing buildings inundated above 
floor level 

in the 1 % AEP rainfall induced event. Apart from the high cost of mitigation works and the likely 

social impact, the main reasons for this are that Council is not preventing 
further development or 

re-development in these areas, the area is low hazard with relatively easy access 
to high ground, 

in time redevelopment will reduce the number of affected buildings, and the depth 
of inundation is 

shallow for many buildings.

Webb. McKeown & Associates Pty Ltd 
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Terrigal Lagoon Floodplain Management Plan

This Floodplain Management Plan represents Stage 3 of the floodplain management process 
and 

provides an overall plan of management for the floodplain. 
It incorporates the principles of 

Rivercare and Ecologically Sustainable Development as well as the results 
of recent estuarine and 

coastal studies. This Plan incorporates a range offloodplain management measures 
to provide the 

optimal degree of protection within the constraints of practicability 
and cost effectiveness. Some 

components of the Plan apply to the whole floodplain 
within the study area while others relate to 

the specific areas.

Floods larger than the 1 % AEP will occur and these 
floods should be considered in assessing 

access to new developments and in developing local emergency plans. 
Notable recent examples 

of historical floods larger than the 1 % AEP in NSW are Dapto in 1984, 
Coffs Harbour in 1996 and 

North Wollongong in 1998.

An indicative cost to Council for implementation of the Terrigal Lagoon Floodplain Management 

Plan is $57 000 to $107 000 with an annual cost of $18000 (some components 
have not been 

costed). The net present worth of the reduction in flood damages 
cannot be accurately quantified 

for all the proposed works as many of them do not result in a tangible 
benefit. Intangible flood 

damages (anxiety, flood hazard, etc.) will also be reduced, 
and would therefore increase the 

benefit/cost ratio if quantified.

The key features of the Plan are: 

. the 1 % AEP flood was adopted as the Flood Standard in the Floodplain Management 

Study. This term has now been superseded with the introduction 
of the 2001 Floodplain 

Management Manual and the Flood Planning Level (or 
minimum floor level for buildings) 

has been adopted as the 1% AEP level plus 0.5 m. As noted above, larger 
floods than the 

1 % AEP will occur and it is recommended that, if possible, floors are raised above this 

minimum requirement, 

. definition of the 1 % AEP and 1 % AEP + 0.5 m flood extents and 
identification of properties 

subject to minimum floor level requirements, 

. criteria for the future development of the upper catchment determined. These 
will ensure 

that the volume of runoff and peak flows are not increased significantly downstream and 

the impact on water quality and sedimentation is minimised, 

Council will implement a procedure for increased maintenance at the entrance 
and a more 

formal system of opening the entrance. The objective will be to ensure 
that the beach 

berm is maintained at a maximum of 1.7 mAHD (the design crest level at the time of the 

flood is assumed to be 2.4 mAHD and reflects the build up of sand prior to the flood peak), 

. a priority listing of floodplain management measures for 
the overall catchment (Table 1), 

. ten separate floodplain management areas were defined (Table 2) 
and a priority listing of 

floodplain management measures developed (Table 3). The 
eleventh area - Upstream 

Catchments, has not been examined in detail as part of this Plan. However, controls on 

the development of land within this area have been included, 

limited filling of the floodplain surrounding the lagoon will be permitted (for building pads 

or on land up to 0.2 m above the let out level or higher) subject 
to adherence to Council’s 

guidelines,

Webb, McKeown & Associates Pty Ltd 
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Terrigal Lagoon Floodplain Management Plan

Council will provide information and education to the local residents in 
order to ensure that 

flood damages in the future are minimised, 

further data are to be collected and studies conducted to increase our understanding 
of 

the system behaviour and improve the accuracy of the design 
flood levels, 

. the possible impact of the Greenhouse Effect will be monitored 
and works and measures 

undertaken if required, 

. Council supports any measures undertaken by publiC authorities 
which will increase the 

amount of flood warning time available to the residents, 

Council will introduce design standards and provide advice to new developments 

regarding the effects of ocean inundation, 

. floods up to the Extreme Flood (an event of unknown AEP greater 
than the 1 % AEP and 

less than the PMF) have been considered.

Webb, McKeown & Associates Ply Ltd 
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I Terrigal Lagoon Floodplain Management Plan

I Table 1: Measures which Apply to the Entire Study Area

I Amend S149 Planning Council will update the S149 Planning Undertaken by Not quantifiable High

Certificate Database Certificate database to include the latest Council

information re ardin flood in 
.

I Provide Will ensure future damages are minimised $5000 p.a. High High

Information/Education (examples provided in Appendix B).
(not

quantifiable)

Design Floor Level Policy Floor levels of all new residential buildings are Undertaken by Not quantifiable High

I
to be at a minimum of 0.5 m above the 1 % the Developer

AEP flood level.

Limit Increase in Density Dual occupancies, granny flats, subdivision or
Nil Nil High

of Development on the medium density use would increase the

I
Floodplain number of residents on the floodplain and thus

the number of eople at risk.

Flood Warning and The Local Emergency Management Low High Medium

Evacuation Committees are to review and update their

procedures based on the Information provided

I
in this stud .

Review Flood Policy A number of Issues have been raised In the Undertaken by Not quantifiable Medium

Floodplain Management Study. These will be
Council

reviewed and if appropriate the Flood Policy
and LEP revised.

I
Collect more Data Install and maintain additional water level $2000 p.a. Nil Medium

recorders. The data from future floods should

be collected and ana lysed to Increase

understanding of the system behaviour and

I
ensure accurac of the design flood levels.

Alterations to the Council will ensure that the effects of Undertaken by Nil Medium

Floodplain alterations to the floodplain (such as filling, Council

fencing, buildings) are considered during the

approvals process (to be documented in the

I
Flood Policy). Generally fill up to 0.2 m above

the let out level and for building pads will be

ermitted.

Incorporate Floodplain This Plan should be adequately incorporated Undertaken by Nil Medium

Management Plan within into Council’s land use planning process. Council

I
the Integrated Planning
Framework

Greenhouse Effect Council will prepare a bl-annual report outlining Undertaken by Nil Low

the current state of knowledge and potential Council

I
impacts upon flooding. If appropriate the Flood

Polic will be amended.

Catchment Treatment Will not reduce the existing flood problem. Undertaken by Low Low

Advice can be provided by Council to ensure the Developer

that future works do not exacerbate the flood

I
problem.

On-Site Detention The use of OSD to control increases in flows Undertaken by Nil Low

on small creeks and drains, as well as limit the Developer

water quality degradation, is supported where it

I
can be applied in a cost effective manner.

Impact of Flooding on Council is to review relevant local information Undertaken by Nil Low

Flora, Fauna and the as it becomes available.
Council

ecological regime of the

lagoon

I
Maintenance of Creek Council will review their maintenance program Undertaken by Nil Low

System to address the issues raised.
Council

Hazard Reduction at the Up~radlng the crossing 
would cost of the order Unknown Not quantifiable Low

Willoughby Road Crossing of 200 000 and cannot be justified in the short

I
term. A review of the sign posting and

highlighting the potential hazard in the
educational material should be undertaken.

House Raising No catchment wide system is proposed but if Af.Proximately Low Low

applications are made these will be
40000 per

I
considered. house

I

I
Webb, McKeown & Associates Pty Ltd
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Terrigal Lagoon Floodplain Management Plan

Table 2: Floodplain Management Areas

Area 

(excluding Area 11)

No. of Buildings 
Inundated 

Above Floor 

Level In the 

1% 20% 

AEP AEP 

Flood FI od

1%AEP Flood 

Level 

(mAHD)

Property Type Hazard Rating at 

the 1 % AEP Level

. Based upon the flood levels prior to introduction of Council’s proposed upgraded 
entrance 

management policy. Appendix B of the Floodplain Management Study lists 
the surveyed floor 

levels.

Webb, McKeown & Associates Pty Ltd 
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Terrigal Lagoon Floodplain Management 
Plan

Table 3: Measures for each Floodplain Management Area

Area Measure

, 
to 

$107,000 
and 

$11000 .a.

Webb, McKeown & Associates Pty Ltd 
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Artificial Opening of 

Terrigal Lagoon 
5 August 1993

Artificial Opening of 

Terrigal Lagoon 
5 August 1 993
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Lowered entrance berm before a channel was cut. Bulldozer excavates a channel in the berm,

Artificial Opening of 

Terrigal Lagoon 
5 August 1993
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Terrigal Lagoon 
’-;.’ 5 August 1 993
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A narrow channel is eroded as outflow occurs. The channel widens to its full width.
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The mouth of Terrigal Lagoon is open to the ocean.
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Terrigal Lagoon Floodplain Management 
Plan

@l(Q)~~~~W
Taken from the 2001 Floodplain Management Manual

_.--_.-..----------------_._---_.-_..---_..._-_..---’- 
Annual Exceedance Probability (AEP) The chance of a flood of a given or larger size occurring in any 

one year, usually expressed as a percentage. 
For example, if 

a peak flood discharge of 500 m3/s has an 
AEP of 5%, it means 

that there is a 5% chance (that is one-in-20 chance) of a peak 

flood discharge of 500 m3/s or larger occurring in anyone year 

(see average recurrence interval). 

A common national surface level datum approximately 

corresponding to mean sea _Ievel._______ 
The long term average number of years between the 

occurrence of a flood as big as, or larger than, the selected 

event. For example, floods with a discharge as great as, or 

greater than, the 20 year ARI flood event 
will occur on average 

once every 20 years. ARI is another way 
of expressing the 

likelihood of occurrence of a flood event. 

The land area draining through the main stream, as well as 

tributary streams, to a particular site. It always relates to an 

area above a specific location. 
f--__.______,_---f-----------. 

.- 

.-.-,-"---- 

Discharge The rate of flow of water measured in terms of volume per 
unit 

time, for example, cubic metres per second (m3/s). Discharge 

is different from the speed or velocity of flow, which 
is a 

measure of how fast the water is moving for example, metres 

per second (m/s). ______~--_"_ 

Relatively high streamflow which overtops the 
natural or 

artificial banks in any part of a stream, river, estuary, lake 
or 

dam, and/or local overland flooding associated with major 

drainage before entering a watercourse, and/or coastal 

inundation resulting from super-elevated sea levels and/or 

waves overtopping coastline defences excluding tsunami. 
.._----_.__.,_._--_..-~ 

Area of land which is subject to inundation by floods up to 
and 

including the probable maximum flood event, that is, 
flood 

prone land._.___---- 
The remaining area of flood prone land afterfloodway 

and flood 

storage areas have been defined. -~.-------.- 

Is synonymous with flood prone 
land (i.e. land susceptible to 

flooding by the probable maximum flood (PMF) event), 
Note 

that the term flood liable land now covers the whole 
of the 

floodplain, not just that part below the flood planning level, 
as 

indicated in the 1986 Floodplain Development Manual (see 

flood planning area). 
____-.,-_...--.---.---- 

_,_" 

_____.________._-.,-..,-...------l

Australian Height Datum (AHD)

Average Recurrence Interval (ARI)

Catchment

---_. 

Flood

_., 

Floodplain
,~...~_.-_.-",-,~"

1-------_...-’-----_.-._.. 

Flood Fringe Area

""-_.-,.,""-_..._.,..,_._.--------------".~

Flood Liable Land

Webb, McKeown & Associates pty Ltd 
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Terrigal Lagoon Floodplain Management 
Plan

,......---’._"~_.,~-~,.~,.

The area of land below the flood planning level and thus subject 

to flood related development controls. The concept 
of flood 

planning area generally supersedes the 
"flood liable land" 

.._~ 

concept in the 1986 Flo~dplain Development Manual. 

Flood Planning Levels (FPLs) Are the combinations of flood levels and freeboards 
selected for 

planning purposes, as determined in floodplain risk 

management studies and incorporated in floodplain risk 

management plans. The concept of flood planning levels 

supersedes the "standard flood event" of 
the first edition of the 

NSW Government’s Floodplain Manual. -- 

A combination of measures incorporated in the design, 

construction and alteration of individual buildings or structures 

subject to flooding, to reduce or eliminate 
flood damages. 

. -- 

Is land susceptible to flooding by the probable maximum 
flood 

(PMF) event. Flood prone land is synonymous 
with flood liable 

land. 

Those parts of the floodplain that are important 
for the 

temporary storage of floodwaters during 
the passage of a flood. 

The extent and behaviour of flood storage can increase 
the 

severity of flood impacts by reducing natural 
flood attenuation. 

Hence, it is necessary to investigate a range 
of flood sizes 

before defining flood storage areas. 

Those areas of the floodplain where a significant discharge 
of 

water occurs during floods. They are often aligned with 

naturally defined channels. Floodways are areas that, 
even if 

only partially blocked, would cause a significant 
redistribution 

_ 

of flood flow, or a significant i~ rease in flood levels. 

A factor of safety typically used in relation to the setting of floor 

levels, levee crest levels, etc. It is usually expressed as the 

difference in height between the adopted flood planning 
level 

and the flood used to determine the flood planning level. 

Freeboard provides a factor of safety to compensate 
for 

uncertainties in the estimation of flood levels across the 

floodplain, such as wave action, localised hydraulic 
behaviour 

and impacts that are specific event related, such as 
levee and 

embankment settlement, and other effects such as 

"greenhouse" and climate change. Freeboard 
is included in 

flood planning levels. 

Term given to the study of water flow 
in waterways; in 

particular, the evaluation offlow parameters 
such as water level 

____ 

and velocity. 
_ 

..- 

Term given to the study of the rainfall and 
runoff process; in 

particular, the evaluation of peak flows, 
flow volumes and the 

derivation of hydrographs for a range of floods. 
.._.._.._._..-..__.._.. 

._..._._.... 
..._,,- 

Local Overland Flooding Inundation by local runoff rather than overbank discharge 
from 

a stream, river, estuary, lake or dam. 

.._..__...__....._- 

_.-----_...__..._-_.-.__.._..-.- 
.....-.-.- 

Are smaller scale problems in urban areas. They are outside 

_..____.__.---.- 

the definitio~ of major c!rain’:lge in this gloss~~___.._.

Flood Planning Area

.. 

Flood Proofing

...........-----------".....-----------~._------------------’....

Flood Prone Land

Flood Storage Areas

Floodway Areas

Freeboard

Hydraulics

Hydrology

Local Drainage

Webb, McKeown & Associates Pty Ltd 
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Terrigal Lagoon Floodplain Management 
Plan

_..~,~~._~~-"-’-

Mainstream Flooding

Mathematical/Computer Models

Probable Maximum Flood (PM F)

Runoff

.....----------~,-",~.,------’"’""’~~

Inundation of normally dry land occurring when water overflows 

the natural or artificial banks of a stream, river, estuary, 
lake or 

dam. .~~......--------- 

The mathematical representation of the physical processes 

involved in runoff generation and streamflow. These models 

are often run on computers due to the complexity 
of the 

mathematical relationships between runoff, streamflow and 
the 

distribution of flows across the floodplain. 

The largest flood that could conceivably occur 
at a particular 

location, usually estimated from probable maximum 

precipitation. Generally, it is not physically or economically 

possible to provide complete protection against 
this event. The 

PMF defines the extent of flood prone land, that is, 
the 

floodplain. The extent, nature and potential consequences 
of 

flooding associated with the PMF event should 
be addressed 

in a floodplain risk management study. 

The amount of rainfall which actually ends up as streamflow, 

also known as rainfall excess.
"-,’~,---~~,’.-"

Webb, McKeown & Associates pty Ltd 
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Proposed floodplain management measures applicable to all flood prone 
lands within the study area 

are discussed below and listed in Table 1.

Amend 5149 Planning Certificate Database

Council will ensure that all S 149 planning certificates are issued in accordance with the design 
flood 

level data contained in the Flood Study (as amended to take into account the Entrance 

Management Policy - Appendix A).

The notification will include all properties with land inundated in the 1 % AEP flood 
+ 0.5 m (Flood 

Planning Level). Council will amend the notification if the resident can provide 
information from a 

Registered Surveyor to show that the land is above the designated level. 
Council will also consider 

notifying all flood prone landowners (up to the PMF or Extreme 
Flood if the PMF not known) 

advising them that their property is flood prone. If additional flood or ground level data become 

available these will be used to update the database where appropriate. Council will review the 

extent of land affected after any works (filling) that might change the design flood level.

Provide Information/Education

Providing information and education to floodplain users has been shown 
to reduce damages and 

the risk to life. The costs and resulting benefits are difficult to quantify, however it is generally 

accepted that these measures have a benefit/cost ratio greater than one. The 
cost to provide a 

notice with Council rates is $5000 per annum.

The ways and means of disseminating information should be 
documented by Council. Examples 

of the possible types of procedures are provided in Appendix B and the established 
database of 

flood affected owners can be used to distribute material. It is proposed that Council and the 

relevant State Government authorities will be involved.

Design Floor Level Policy

All future residential floor levels will be a minimum of 0.5 m above the 1 % AEP 
flood level. The 

freeboard (0.5 m) is to allow for wave action, local hydraulic effects and 
uncertainties in the 

understanding of flood behaviour. At this time the freeboard does not include an 
allowance for a 

possible rise in flood levels due to the Greenhouse Effect. Council is to 
monitor the available 

information and advice from the relevant bodies. Consideration will be given to increasing the 

freeboard if predictions for a sea level rise are verified. Larger floods than the 1 
% AEP will occur 

and if possible a higher floor level should be adopted. This policy will ensure 
that all future 

residential buildings do not experience above floor inundation in a 1 % AEP event. Design 
floor level 

requirements for extensions to existing residential developments will be 
considered on their merits. 

Proposed non-habitable residential floor levels, such as laundries or garages, 
below the 1 % AEP 

flood level + 0.5 m will be assessed on their merits.

Webb, McKeown & Associates Pty Ltd 
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There will be an additional cost to developers to implement this measure 
but it is considered that 

this will be outweighed by the elimination of most future tangible flood damages up 
to the 1 % AEP 

flood level. The design floor level requirement for residential buildings is to 
be specified by Council 

in Australian Height Datum to the nearest 0.1 m.

Council will review its requirements for non-residential buildings as it is not always economic, 

practical or necessary to construct these above the 
1 % AEP level. The adopted policy should be 

documented by Council.

Limit Increase in Density of Development on the Floodplain

An increase in the density of development on the floodplain (dual occupancies, granny flats, 

subdivisions, medium density) will increase the number of residents "at risk" during a 
flood. This 

will place additional strain on the emergency services which 
cannot be justified.

Flood Warning and Evacuation

Flood warning can provide sufficient time for residents to minimise 
flood damages and risk to life. 

The more warning time available the greater the benefit. There is no specific 
flood warning system 

for Terrigal Lagoon and such a system could not be justified because 
of the short response time 

of the catchments. Council supports the continued investigation of the "Ready-Set-Go" or any 
other 

such state or local flood warning procedure and will supply any information which will assist 
in this 

regard.

The Local Emergency Management Committee’s Local Disaster Plan (Flood Sub-Plan) 
is to be 

reviewed and updated to include the latest information on design flood levels 
and roads, houses 

and other facilities which will be flood affected.

Revise Flood Policy

Council will review its Flood Policy in the light of the findings of the Floodplain Management Study. 

The main issues include: 

design floor level policy (discussed previously), 

floor levels for extensions, 

. floor levels for non-habitable residential rooms, 

flood evacuation plans, 

controls on fencing, garages and other minor structures which affect 
the free flow of runoff 

across the site, 

controls on filling on the floodplain (discussed in later paragraph).

Collect More Data

The understanding of flood behaviour relies heavily on information obtained 
from previous floods. 

To date in the study area this has largely come from people’s recollections 
and from debris marks

Webb, McKeown & Associates Pty Ltd 
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picked up after the event and Council’s record book. There are 
several pluviometers within or near 

to the catchment and these provide an adequate definition of the rainfall but there 
is a need to better 

define future flood levels.

An automatic height recorder and a staff gauge are located at the Ocean 
View Drive bridge. These 

need to be complemented with other recording sites to obtain an adequate profile along 
the creeks. 

It is proposed that Council and/or other public authorities install 
and maintain additional flood 

monitoring equipment. The most cost-effective procedure is to 
install approximately 5 maximum 

height recorders located at regular intervals along the system. 
These are relatively inexpensive and 

easy to install and maintain. An indicative 
cost of the program is $2000 per annum.

Following a future flood the data should be evaluated and 
used (if appropriate) to adjust design 

flood levels. A Post Flood Evaluation and Review Program is presented in Appendix 
C.

Alterations to the Floodplain

Filling or other works on the floodplain can affect flood levels. Filling below the let-out level of 

1.2 mAHD will result in minimal loss of temporary floodplain storage and for this reason 
is permitted 

subject to environmental considerations. In order to allow these 
low lying properties to adequately 

drain when the water level is near the let-out level, filling will be permitted to a level of 0.2 m 
above 

the let-out level.

Filling apart from that described above is not recommended. However, 
it may be permitted if the 

proponent provides plans which satisfy the following requirements: 

a cut and fill approach is preferred whereby there is no reduction in the temporary 

floodplain storage capacity, 

the fill does not impact upon environmentally sensitive areas, 

the fill does not affect the pattern of local runoff and/or divert flow elsewhere, 

the filling is not within a defined floodway, 

modification of the foreshore is not permitted, 

the filling does not act as a levee, i.e. the loss of floodplain storage 
volume is not greater 

than the volume of the fill. Filling to construct a levee will require a detailed hydraulic 

investigation, 

any large scale filling project (greater than 1000 m3) will require a 
detailed hydraulic 

investigation and will be treated on its merits taking into account 
the cumulative effects 

from all developments, 

there is suitable justification for the importation of fill. For example fill to raise 
the floor 

level will generally be permitted under the floor area of the building, including 
the garage 

and laundry. Fill (and associated excavation) to raise the level of the tees or greens 
on 

the golf course will be considered on their merits, 

the batter slopes should not be flatter than 1 vertical to 6 horizontal, 

minor importation of fill for landscaping or such like is acceptable 
and does not require 

Council approval,

.

.

.

.

Webb, McKeown & Associates Pty Ltd 
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filling will generally not be permitted if it is to 
be used to increase the density of residential 

development or on an access road. The latter 
will only be considered if it results in flood 

free access (1 % AEP event) to the main road and beyond.

Council should carefully record, monitor and control 
future development on the floodplain and 

request that the proponent (including Councilor any public 
authority) submit appropriate technical 

information on the hydraulic and environmental impacts of the proposal. 
Detailed consideration 

must be given on the possible impacts on local 
runoff and flow paths. Any proposed development 

in a Floodway will require a rigorous hydraulic investigation. 
Council has copies of the hydrologic 

and hydraulic models used in the Flood Studies 
and where possible these should be utilised to 

evaluate potential impacts. Council will monitor the 
cumulative effects of filling and development 

on the floodplain and the possible impact on the frequency 
of Lagoon openings. There is no cost 

to Council from this policy.

Integrated Planning

The Floodplain Management Plan should be incorporated 
into the land use planning process. 

Specific recommendations include: 

Development control and approval policies relating 
to flood prone land should refer to 

the 

Plan as a matter to be taken into consideration when determining applications 
under the 

Environmental Planning and Assessment Act 1979 and the 
Local Government Act 1974, 

the Plan should be considered when preparin’g Management Plans for community 
land as 

required under the Local Government Act 1979.

Council should also consider its policy with regard to flood prone 
land above the Flood Planning 

Level.

Greenhouse Effect

There is concern that the increasing amounts of greenhouse gases 
in the atmosphere may be 

raising the average earth surface temperature. 
As a consequence, this may affect the climate, 

the 

mean sea level and the entrance conditions.

The impact of a Greenhouse induced sea level 
rise on the estimated flood levels is discussed 

in 

Section 6.4.4 of the Floodplain Management Study. The best 
estimate of the projected sea level 

rise by the year 2050 is 0.2 m with a range between 
0.07 to 0.39 m. A rise in sea level of say 0.3 m 

in the absence of a change in the design beach berm level 
would cause approximately a 0.02 m 

in the 1 % AEP level in the lagoon. However, a rise in sea level may 
translate to a similar rise in the 

beach berm level. If this was to occur there would be a corresponding 
rise in the 1 % AEP design 

flood level (rainfall induced). This would impact on development 
around the lagoon foreshore 

unless the beach berm could be lowered. Lowering the dune 
further however, would appear to be 

impractical, particularly if the sea level rise was greater 
than 0.1 m.

Webb, McKeown & Associates Pty Ud 
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Under the present policy floor levels are required to be 0.5 m above 
the 1 % AEP flood. A small 

increase in the flood levels due to Greenhouse could be 
accommodated in the present 0.5 m 

freeboard. However, if the sea level continued to rise as predicted over the 
next fifty years then at 

some point in time consideration would need to be given to including 
an additional "Greenhouse" 

freeboard allowance. Alternatively, a freeboard allowance of say 0.2 or 
0.3 m in addition to the 

present freeboard of 0.5 m could be considered in anticipation 
of any predicted sea level rise.

Rather than increase the freeboard allowance at this stage Council 
is to monitor the available 

information and advice from expert bodies and prepare a bi-annual summary report. 
The Flood 

Policy should be reviewed in light of this information. Any 
future change in policy would particularly 

apply to the areas near the lagoon entrance. This 
review will be carried out by Council officers and 

has not been costed. Consideration should be given to including an 
additional "Greenhouse" 

freeboard allowance of say 0.3 m.

Catchment Treatment

Developments over a catchment have the potential to increase 
runoff and flood levels downstream 

as well as sedimentation, erosion and water quality problems. Council 
should ensure that, as far 

as possible, future development in the catchment occurs 
in a manner which will minimise the 

increase in runoff and affectation on water quality, sedimentation and other processes.

On-Site Detention

Council may impose on-site stormwater detention 
and retention (080) requirements on land which 

is being developed or redeveloped. This policy ensures 
that future development will not increase 

flood levels downstream. The policy will not reduce existing flooding or drainage problems.

Impact of Flooding on Flora, Fauna and the Ecological Regime 
of the Lagoon

There is concern in the community that management (or not) of the lagoon entrance 
is detrimental 

to the flora and fauna. Council should monitor the situation 
and review any relevant information as 

it becomes available.

Maintenance of Creek System

Council will review its maintenance program in the light of issues raised 
in this study. Attention will 

be given to clearing culverts, drainage lines and 
inlet pits and controlling noxious vegetation.

Hazard Reduction at Road Crossings

The Willoughby Road crossing is inundated even in minor 
freshes and in large floods it is a high 

hazard floodway. Depth indicators are provided. This road is not required 
as a flood evacuation 

route as there are several other alternatives. In the long term in conjunction 
with road upgrading 

works the existing roadway could be raised to provide access in (say) a 
1 % AEP event. An

Webb, McKeown & Associates Pty Ltd 
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Terrigal Lagoon Floodplain Management Plan

approximate order of cost is $200 000. In the interim Council will 
review the signposting and 

highlight the potential hazard in educational material.

House Raising

Council supports the use of house raising to reduce flood damages. However, 
because ofthe large 

number of houses involved and the fact that very few houses have been inundated 
in the last 20 

years, a catchmentwwide raising policy is not proposed. Preliminary investigation suggests 
that only 

25 buildings which are inundated in the 1 % AEP event are suitable for raising. 
Of these only 2 are 

likely to have a benefit/cost ratio greater than 1, and only 8 greater than 
0.4. Experience in other 

areas indicates that many residents are not willing to have their homes raised.

Webb, McKeown & Associates Pty Ud 
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1.1 Description of the Problem

This area (approximately 30ha) is a high hazard floodway and includes only 
the areal extent of the 

lagoon at normal water level (say 1.0 mAHD). 
As there are clearly no buildings within this area 

there are no flooding problems. Generally at this level there are few exposed 
mud flats and the 

majority of the area is therefore water. The two bridges 
which cross the lagoon are clear of the 

1 % AEP flood level and have adequate waterway capacity. The major issues in 
this area are water 

quality, sedimentation, visual quality, and the possible impacts 
of development, including dredging 

and recreational usage.

1.2 Discussion

The peak flood levels in the lagoon are influenced by a 
number of factors relating to rainfall, ocean 

conditions and entrance berm conditions. The berm conditions 
at the outlet and in particular the 

height of the berm are the dominant factors. The entrance 
closes as a result of coastal action but 

is opened (artificially or naturally) as a result of heavy rain over 
the catchment. If this did not occur 

significant overbank inundation of land and buildings 
would occur. Council has a policy (since the 

1970’s) of lowering the berm and initiating lagoon openings to 
limit the extent of inundation. In 

summary it says that Council will employ an excavator 
to "open" the entrance when the lagoon level 

reaches the let-out level (1.2 mAHD). The berm is also not allowed to build up to a high level; 
if it 

did it would be very difficult for Council to initiate an opening at the 
let-out level.

The Greenhouse Effect has the potential to impact upon the design flood levels by elevating ocean 

levels and raising the long-term berm level. Flood levels (rainfall induced) 
will rise if the design 

berm level rises in response to the Greenhouse Effect.

Reducing the impact of ocean inundation for areas near 
the lagoon entrance is not realistically 

achievable, as it would involve some form of barrier at the entrance. 
This would increase rainfall 

induced flood levels and be socially and environmentally unacceptable.

1.3 Description of the Proposal

It is proposed that Council will introduce a more formal policy 
for maintaining and opening the 

entrance berm. This will include: 

introducing an entrance opening/maintenance procedure to be adhered 
to by Council’s 

overseers, 

ensuring that the berm is generally maintained at a maximum height of 
1.7 mAHD, 

maintaining a comprehensive record of all berm lowerings and openings, 

undertaking further studies to assess the adequacy and efficiency 
of the adopted 

opening/maintenance procedure and the accuracy of the design 
flood levels, 

ensuring that any factors (man-made or natural) which may 
affect the hydraulics of the 

opening are adequately monitored, 

Webb, McKeown & Associates Pty Ud 

92067:TerrigaIFMP.wpd:29 November 2001 
7



I 

I 

I 

I 

I 

I 

I 

I 

I 

I 

I 

I 

I 

I 

I 

I 

I 

I 

I 

I

Terrigal Lagoon Floodplain Management Plan

consideration given to installation of a water level rise alarm system to reduce the delay 

from the time the lagoon reaches the let-out level to the time of the mechanical opening 

of the lagoon. The alarm signal would warn Council’s Overseer and this 
would allow the 

initiation of a mechanical opening, 

undertaking a bi-annual review of the latest information regarding the 
Greenhouse Effect 

and its implications for floodplain management.

1.4 Social, Economic, Environmental and Hydraulic Appraisal

Design flood levels for the lagoon (rainfall induced) were calculated in the Flood Study assuming 

a berm level of 2.5 mAHD at the time of the event, resulting in an estimated 1 % 
AEP level of 

3.0 mAHD. This level is much higher than Council’s maintenance level of approximately 1.2 mAHD 

to 2.0 mAHD and reflects the impact of coastal process during the build up of berm height in a major 

rainfall event. It has been assumed that implementation of Council’s improved berm management 

policy (included as Appendix A) will reduce the berm level at the time of 
the flood from 2.5 mAHD 

to 2.4 mAHD. This would result in a 0.1 m reduction in flood level (rainfall induced) for a 1 % AEP 

event (Le. from 3.0 to 2.9 mAHD) as shown in the following table with commensurate 
reductions 

for the Extreme and 2% AEP events.

If the annual cost of monitoring and maintaining the beach berm is (say) $10 000 this gives an 

indicative benefit/cost ratio of 10. The policy only lowers flood levels arising from rainfall induced 

flooding. For certain ocean inundation events the measure may increase flood 
levels. Further 

research is required in this area. There are social and environmental concerns with this measure 

and these have been addressed at public meetings and with community groups. Overall the 

benefits (reduction in flood level in all events to all properties adjoining the lagoon) outweigh 
the 

disbenefits (possible increase in ocean inundation in some events. This will only apply to 

properties between the bridge and the ocean). However, the system must be continually 
monitored 

to ensure that if any issues arise these are quickly addressed. This procedure will ensure 
that 

Council is able to modify their maintenance strategy (where appropriate) in response to changes 

in the knowledge of the processes involved.

The timing of management activities on the entrance berm will be determined by the 
weather and 

coastal conditions. For this reason Council may delay the activities until conditions are safe.

Installation of an alarm system may cost $5000 with a maintenance cost of 5% per annum.
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Flood Level ( mAHD) 

Rainfall Induced # 

Existing Proposed 

3:2 3.0 

3.0 2.9 

2"9 2.8 

2.8 2.8 

2.7 2.7

Ocean Induced* 

Existing 

Unknown 

3.3 

3.2 

3.1 

3.0

Event 

Extrerne 

1%AEP 

2%AEP 

5%AEP 

10%AEP

# The Existing rainfall induced level data were taken from the Terrigal Lagoon 
Flood Study. Table 8 

and the Proposed from the Terrigal Lagoon Floodplain Management Study 
- Section 5.2.3. 

The ocean induced levels only apply to the area downstream of the Ocean View Drive bridge and 

were taken from a report titled The Entrance Dynamics of Wamberal, Terrigal, Avoca 
and Cockrone 

Lagoons, prepared by Australian Water and Coastal Studies Pty 
Ltd in November 1994 (refer 

Figure 12 of the report).

*

1.5 Concise Description of the Plan

. The beach berm is to be managed in accordance with the Council policy for Terrigal 

Lagoon (Appendix A). In severe weather conditions management provisions may 
have 

to be delayed until conditions are safe. 

The possible impacts of the Greenhouse Effect or other man-made or natural 
factors which 

may affect the hydraulics of the opening will be monitored (included 
under measures 

applicable to the entire study area - Table 1).

.

1.6 Priority of Work

Implementation of the berm management system is of high priority due to 
the relatively small cost 

and the significant benefit to the local residents.

Webb, McKeown & Associates Pty Ltd 
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~~~~ ~~ ~(LJJ~[Q)~~ ~~~~Q1J~

2.1 Description of the Problem

This area is bounded by Lake View Road, Ocean View Drive and Lumeah Avenue. 
The majority 

of this land was filled in the 1960’s for residential development. North of Lumeah Avenue 
the land 

rises steeply and is not flood prone. There are approximately 180 
lots containing a residential 

building within this area. The lowest floor level is at 1.8 mAHD. 
The majority of the buildings are 

less than 30 years old and comprise a mixture of brick and 
non-brick buildings. The residents 

generally enjoy a scenic outlook over the lagoon and have ready access 
to the lagoon and the 

ocean.

Flooding from lagoon inundation and as a result of inadequate 
local drainage has occurred on roads 

and private property in the past. There are no long term accurate 
records of above floor inundation 

but respondents to a questionnaire indicated that at least 13 buildings 
have experienced above floor 

inundation. As a result of the number of buildings with relatively low floor levels (88 
below 

3.0 mAHD) this area will experience considerable damage in both small 
and large floods.

The area is classified as low hazard flood fringe. There is pressure for further development 
and 

filling within the area.

2.2 Discussion

The land is inundated even in small (50% AEP) floods as a result of a combination of inadequate 

local drainage and elevated lagoon levels. Levees and house raising are 
the only measures which 

would eliminate the flood problem. Levees were evaluated but rejected for both social and 

economic considerations. House raising has already been undertaken in the area and is 

encouraged. However in many cases it may be more economical 
to rebuild at a higher level. 

Lowering the design rainfall induced lagoon flood levels through 
introduction of an entrance 

management policy (refer Area 1) will reduce the flood problem for existing 
and future development.

Flooding and inconvenience resulting from inadequate local drainage may 
be alleviated by local 

drainage works. These works would need to be examined in a 
local drainage study.

2.3 Description of the Proposal

A local drainage study should be undertaken to assess the problem 
and suggest solutions. 

Catchment wide flood mitigation measures such as flood warning or house raising will 
also benefit 

this area.

Furtherfilling of the floodplain to provide building pads (or to fill land to 0.2 m 
above the let out level 

or higher) will be permitted subject to the gUidelines provided in the general 
measures. These and 

other measures are discussed in the general measures applicable for the floodplain.

Webb, McKeown & Associates Pty Ltd 
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Terrigal Lagoon Floodplain Management Plan

2.4 Social, Economic, Environmental and Hydraulic Appraisal

The cost of the local drainage study will be approximately $7 000. It is not possible to determine 

a benefit/cost ratio as the benefits are largely a reduction in intangible damages. There are no 

social, environmental or hydraulic impacts of the proposal.

2.5 Concise Description of the Plan

.

A local drainage study is to be undertaken. 

General measures for the floodplain: 

all new buildings and major extensions to be constructed above the minimum 

floor level (MFL). This is a minimum requirement and a higher floor level is 

encouraged (to prevent inundation in floods greater than the adopted standard), 

raising of all existing buildings with floor levels below the MFL is encouraged, 

where possible buildings should be constructed on the high part of the property 

outside the floodplain, 

filling may be permitted under the plan area of the dwelling and possibly over the 

remainder of the lot (to 0.2 m above the let out level or higher) subject to the 

guidelines provided in the General Measures, 

the entrance opening/maintenance procedure (Area 1) will reduce design flood 

levels by up to 0.1 m.

.

.

.

2.6 Priority of Work

The local drainage study is a high priority item as it is a relatively low cost measure which may 

provide significant benefit.

Webb, McKeown & Associates Pty Ltd 
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~~[E~ ~~ lrfl@~u[]=(][E~lrfl lrfl[Q) @[F @~ ~lrfl ~~[E~ [QJ~~~[E ~~~[Q)@[E

3.1 Description of the Problem

This area comprises the residential subdivision generally bounded by Terrigal Lagoon to the west 

and south, the Pacific Ocean to the east and to the intersection of Lake View Road and 
Ocean View 

Drive in the north. There are approximately 50 flood prone lots within this area. The majority of 

these are residential lots, but include the Clan Motor Lodge and a shop. The lowest floor level in 

this area is at 2.3 mAHD.

The residents of this area have ready access to the beach and have scenic views across the 

lagoon, similar to the Bundara Avenue area. This area differs from 
the Bundara Avenue area 

(Area 2) as: 

. there have been few reported inundation problems (none of above floor inundation of 

residential buildings), 

. ponding of local runoff does not appear to occur as there is a reasonable fall in ground 

level from the east (Pacific Street) to the lagoon, 

. the southern part of this area (facing the lagoon) has been affected by waves running into 

the lagoon from the ocean. This is shown on photographs of the Motor Lodge and Ocean 

View Bridge taken in the 1970’s and earlier. Ocean (and wave) inundation effects 

therefore need to be considered.

As a result of the number of buildings with relatively low floor levels (20 below 3.0 mAHD) this area 

will experience considerable damage in both small and large floods.

The area is designated as low hazard flood fringe except for the northern shore facing the lagoon 

which is affected by ocean inundation and is high hazard. The design ocean inundation levels are 

higher than the design rainfall induced levels (refer Area 1 and Key Map) in this area.

3.2 Discussion

Measures to reduce the effects of ocean inundation are not proposed, as implementation of such 

measures would exacerbate the rainfall induced flood levels. Nevertheless advice (when available) 

should be provided by a qualified engineer experienced in coastal matters regarding ocean 

inundation and building standards for new developments along the foreshore. Levees and house 

raising are the only measures which would eliminate the flood problem. Construction of a 
levee was 

evaluated but rejected for both social and economic considerations. House raising is supported but 

preliminary inspection suggests that few houses are suitable. Lowering the design lagoon 
flood 

levels (refer Area 1) will reduce the flood problem (rainfall induced). A local drainage study is 
not 

recommended as there appears to be adequate local drainage.
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Terrigal Lagoon Floodplain Management Plan

3.3 Description of the Proposal

No specific floodplain management measures 
are proposed for this area. The general measures 

for the floodplain are applicable.

Residents along the northern shore of the lagoon adjacent 
to Ocean View Drive bridge are at risk 

of ocean inundation and will have their 8149 
certificates encoded accordingly. All new buildings 

constructed within approximately 100 m of the northern shore of the lagoon (likely 
maximum extent 

of ocean affectation) will be designed to ensure that they can 
withstand the effects of ocean 

inundation. The "Clan" motel should have its own evacuation plan (suggested 
details are provided 

in Appendix E).

3.4 Social, Economic, Environmental and Hydraulic Appraisal

The additional cost to satisfy the ocean inundation requirements 
will be borne by the developer. 

There are no social, environmental or hydraulic impacts of the proposal.

3.5 Concise Description of the Plan

. The effects of ocean inundation are to be addressed by a qualified engineer experienced 

in coastal matters. 

New buildings within 100 m of the northern shore of the lagoon 
are to be subject to special 

design provisions to dissipate forces from ocean 
inundation. 

General measures for the floodplain: 

all new buildings and major extensions to be constructed 
above the minimum 

floor level (MFL). This is a minimum requirement and a higher 
floor level is 

encouraged (to prevent inundation in floods greater than 
the adopted standard), 

raising of all existing buildings with floor levels 
below the MFL is encouraged, 

where possible buildings should be constructed on the high part 
of the property 

outside the floodplain, 

filling may be permitted under the plan area of the dwelling 
and possibly over the 

remainder of the lot (to 0.2 m above the let out level or higher) subject 
to the 

guidelines provided in the General Measures, 

the entrance opening/maintenance procedure (Area 1) will reduce design 
flood 

levels by up to 0.1 m.

3.6 Priority of Work

Investigation of the ocean inundation effects and 
the associated special design provisions are high 

priority.

Webb, McKeown & Associates Pty Ltd 
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~~~~ cB~ ~@[)JJlF[]i][E~[K!l ~O=O@~~ @[f u[F{]~ ~(~@@[K!]

4.1 Description of the Problem

This area comprises the southern shore of the lagoon from the Ocean View Drive bridge, along 

Terrigal Drive to Brunswick Road near the western extremity of the lagoon. 
There are 

approximately 50 flood prone lots. The majority of these lots are residential, but include two 
service 

stations, a Fire Station, a Scout Hall, a Visitors Centre, the Terrigal Pacific Motel and the Terrigal 

Hotel Complex as well as a few vacant lots. The majority of the buildings have floor levels above 

3.0 mAHD. The lowest residential floor level is at 2.7 mAHD. The residents generally face north 

and enjoy a scenic vista across the lagoon.

No flood problems have been reported in the area. The area is designated low hazard flood fringe 

and the area is not influenced by ocean inundation effects. Local drainage does not appear to be 

an issue in this area.

4.2 Discussion

Levees and house raising are the only measures which would eliminate the flood problem. Levees 

were evaluated but rejected for both social and economic considerations. House raising is 

encouraged but there appears to be few suitable buildings. Lowering of lagoon design flood levels 

(refer Area 1) will reduce the flood problem.

4.3 Description of the Proposal

No specific floodplain management measures for this area are proposed. The general measures 

for the floodplain are applicable.

4.4 Social, Economic, Environmental and Hydraulic Appraisal

An appraisal is not required.

4.5 Concise Description of the Plan

. No specific measures for this area are proposed. 

General measures for the floodplain: 

all new buildings and major extensions to be constructed above the minimum 

floor level (MFL). This is a minimum requirement and a higher floor level is 

encouraged (to prevent inundation in floods greater than the adopted standard), 

raising of all existing buildings with floor levels below the MFL is encouraged, 

where possible buildings should be constructed on the high part of the property 

outside the floodplain,

Webb, McKeown & Associates Pty Ltd 
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filling may be permitted under the plan area of the dwelling and possibly over the 

remainder of the lot (to 0.2 m above the let out level or higher) subject to the 

guidelines provided in the General Measures, 

. the entrance opening/maintenance procedure (Area 1) will reduce design flood 

levels by up to 0.1 m.

4.6 Priority of Work

Not applicable as no specific measures are proposed.
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5.1 Description of the Problem

This area comprises the lagoon and floodplain west of the Willoughby Road bridge to Brunswick 

Road, excluding the lots along the Terrigal Drive (included in Area 4). The residents generally have 

a pleasant vista comprising lagoon, bush and ocean outlooks.

This area is designated as low hazard flood storage apart from the floodway containing the 

unnamed creek exiting under Terrigal Drive. There are no buildings inundated above floor level in 

a 1 % AEP event and no reported flood problems. A major part of this area is designated as 

SEPP.14 Wetland No. 910.

5.2 Discussion

Floodplain management measures were not investigated for this area.

5.3 Description of the Proposal

No specific floodplain management measures are proposed for this area. The general measures 

for the floodplain are applicable.

5.4 Social, Economic, Environmental and Hydraulic Appraisal

An appraisal is not required.

5.5 Concise Description of the Plan

No specific measures are proposed. 

General measures for the floodplain: 

all new buildings and major extensions to be constructed above the minimum 

floor level (MFL). This is a minimum requirement and a higher floor level is 

encouraged (to prevent inundation in floods greater than the adopted standard), 

raising of all existing buildings with floor levels below the MFL is encouraged, 

where possible buildings should be constructed on the high part of the property 

outside the floodplain, 

filling may be permitted under the plan area of the dwelling and possibly over the 

remainder of the lot (to 0.2 m above the let out level or higher) subject to the 

guidelines provided in the General Measures, 

the entrance opening/maintenance procedure (Area 1) will reduce design flood 

levels by up to 0.1 m.

Webb, McKeown & Associates Pty Ltd 

92067:TerrigaIFMP.wpd:29 November 2001
16



I 

I 

I 

I 

I 

I 

I 

I 

I 

I 

I 

I 

I 

I 

I 

I 

I 

I 

I 

I

Terrigal Lagoon Floodplain Management Plan

5.6 Priority of Work

Not applicable as no specific measures are proposed.
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~~~~@~ [P \~Ml[Q) ~~~~~~lu

6.1 Description of the Problem

Farrand Crescent is a small cul-de-sac situated on the western side at the intersection 
of the north 

and west arms of Terrigal Lagoon. Previous reports indicate that part of the land upon 
which 

Farrand Crescent is located has been filled. This area also includes four lots on Willoughby Road, 

situated between Farrand Crescent and the Willoughby Road bridge.

All of the 18 lots in Farrand Crescent are residential buildings with a mix of single/two storey and 

brick/non-brick construction. The four lots in Willoughby Road include a sewage pumping station, 

a church and a hall. The majority of the buildings have floor levels below 3.0 mAHD and a 
number 

have floor levels less than 2.5 mAHD. The lowest floor level is at 1.9 mAHD. At least three 

buildings have experienced above floor inundation. The residents enjoy a pleasant 
vista over the 

lagoon towards the beach.

Local drainage and ocean inundation are not a problem. This area is designated as low hazard 

flood fringe.

6.2 Discussion

Levees and house raising are the only measures which would eliminate the flood problem. Levees 

were evaluated but rejected for both social and economic considerations. House raising is 

encouraged and may be viable for two non-brick houses. Lowering of lagoon design 
flood levels 

(refer Area 1) will reduce the flood problem.

6.3 Description of the Proposal

No specific floodplain management measures are proposed for this area. The general measures 

for the floodplain are applicable.

6.4 Social, Economic, Environmental and Hydraulic Appraisal

An appraisal is not required.

6.5 Concise Description of the Plan

No specific measures are proposed. 

General measures for the floodplain: 

all new buildings and major extensions to be constructed above the minimum 

floor level (MFL). This is a minimum requirement and a higher floor level is 

encouraged (to prevent inundation in floods greater than the adopted standard), 

raising of all existing buildings with floor levels below the MFL is encouraged,

Webb, McKeown & Associates Pty Ltd 
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where possible buildings should be constructed on the high part 
of the property 

outside the floodplain, 

filling may be permitted under the plan area of the dwelling 
and possibly over the 

remainder of the lot (to 0.2 m above the let out level or higher) subject 
to the 

guidelines provided in the General Measures, 

. the entrance opening/maintenance procedure (Area 1) will reduce design 
flood 

levels by up to 0.1 m.

6.6 Priority of Work

Not applicable as no specific measures are proposed.
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7.1 Description of the Problem

The eastern side of Ogilvie Street comprises approximately 25 lots adjoining Terrigal Lagoon. The 

lots are all over 50 m in length (east-west). The land falls steeply from high ground (up to 

10 mAHD) along Ogilvie Street towards the lagoon. All the buildings are located on the high 

western side of the lots close to Ogilvie Street. The majority of the buildings have floor levels above 

4.5 mAHD and are not flood affected. There are 4 buildings with floor levels lower than 3.5 mAHD 

with the lowest being at 2.6 mAHD. Only two of these are inundated above floor level in a 1 % AEP 

event. These residents all enjoy panoramic lagoon and ocean views.

The area is designated as low hazard flood fringe.

7.2 Discussion

Levees and house raising are the only measures which would eliminate the flood problem. Levees 

were evaluated but rejected for both social and economic considerations. House raising is unlikely 

to be economic (one house suitable) due to the relative infrequency of inundation. Lowering of 

lagoon design flood levels (refer Area 1) will reduce the flood problem.

7.3 Description of the Proposal

No specific floodplain management measures are proposed for this area. The general measures 

of the floodplain are applicable. It is preferable that all future development be located on the high 

ground within the property.

7.4 Social, Economic, Environmental and Hydraulic Appraisal

An appraisal is not required.

7.5 Concise Description of the Plan

No specific measures are proposed. 

General measures for the floodplain: 

all new buildings and major extensions to be constructed above the minimum 

floor level (MFL). This is a minimum requirement and a higher floor level is 

encouraged (to prevent inundation in floods greater than the adopted standard), 

. raising of all existing buildings with floor levels below the MFL is encouraged, 

where possible buildings should be constructed on the high part of the property 

outside the floodplain, 

filling may be permitted under the plan area of the dwelling and possibly over the 

remainder of the lot (to 0.2 m above the let out level or higher) subject to the 

guidelines provided in the General Measures,

Webb, McKeown & Associates Pty Ud 

92067:TerrigaIFMP.wpd:29 November 2001
20



I 

I 

I 

I 

I 

I 

I 

I 

I 

I 

I 

I 

I 

I 

I 

I 

I 

I 

I 

I

Terrigal Lagoon Floodplain Management Plan

. the entrance opening/maintenance procedure (Area 1) will reduce design 
flood 

levels by up to 0.1 m.

7.6 Priority of Work

Not applicable as no specific measures are proposed.
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8.1 Description of the Problem

The majority of the floodplain of the North Arm of the lagoon is the golf course and is an 
excellent 

example of flood compatible land use. Potential flood prone lots within this area are the 9 

residential lots and the Terrigal Memorial Country Club located on Dover Road west of Lumeah 

Avenue, 11 lots in and around Selma Close and 5 lots at the corner of Willoughby Road and 

Beaufort Road. This area also includes the lots on the western side of Plymouth Drive, although 

all these buildings are located on high ground. Lots on Windsor Road are discussed in 
Area 9 - 

Windsor Road. Part of the area is designated as SEPP.14 Wetland No. 908.

The area is designated as low hazard flood fringe with the exception of the creek through 
the golf 

course which is a high hazard floodway (the zone encompassing approximately 20 m on either side 

of the creek). There are no reports of above floor inundation but the golf course is frequently 

inundated and also experiences frequent water logging problems.

8.2 Discussion

This area is influenced by backwater from the lagoon and runoff from the North Arm which 

meanders through the golf course. House raising is not possible as the buildings inundated are 
of 

brick construction. Lowering of lagoon design flood levels (refer Area 1) will reduce the flood 

problem.

8.3 Description of the Proposal

No specific floodplain management measures are proposed for this area. The general measures 

for the floodplain are applicable.

8.4 Social, Economic, Environmental and Hydraulic Appraisal

An appraisal is not required.

8.5 Concise Description of the Plan

No specific measures are proposed. 

General measures for the floodplain: 

all new buildings and major extensions to be constructed above the minimum 

floor level (MFL). This is a minimum requirement and a higher floor level is 

encouraged (to prevent inundation in floods greater than the adopted standard), 

raising of all existing buildings with floor levels below the MFL is encouraged, 

. where possible buildings should be constructed on the high part of the property 

outside the floodplain,
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. filling may be permitted under the plan area of the dwelling 
and possibly over the 

remainder of the lot (to 0.2 m above the let out level or higher) subject 
to the 

guidelines provided in the General Measures, 

. the entrance opening/maintenance procedure (Area 1) will reduce design 
flood 

levels by up to 0.1 m.

8.6 Priority of Work

Not applicable as no specific measures are proposed.
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9.1 Description of the Problem

Windsor Road is situated on the northern bank of the North Arm of Terrigal Lagoon. 
A number of 

houses on Windsor Road (southern side) which back on to the golf course have experienced 

flooding of their yards. The houses on the northern side 
of the road are on higher ground and have 

floor levels above 3.2 mAHD. Two concrete floodways (between No’s. 26/28 and 
No’s. 42/44) take 

local runoff from Windsor Road, between the houses, and on to the golf course. The 
inverts of the 

floodways are at 2.0 mAHD and 2.2 mAHD respectively. 
The houses on Windsor Road are all 

modern brick homes (generally single storey) and have pleasant vistas of the golf course. They 

are unsuitable for house raising due to their brick construction. The flood gradient along 
the North 

Arm is influenced by the level in the lagoon. The lowest floor level is at 
2.8 mAHD and there are 

approximately 20 buildings with floor levels below 3.5 mAHD.

Flooding from local runoff has occurred on several occasions 
in the last 10 years (reaching 

3.0 mAHD in Windsor Road). The number of houses inundated above floor level 
in the past is 

unknown (probably three). This area is designated as low hazard 
flood fringe except for the 

concrete floodways which are high hazard floodway. A levee (constructed in 1978) 
located along 

Willoughby Road and downstream provides partial protection 
from inundation from the North Arm.

9.2 Discussion

The flood problem results from a combination of local catchment runoff 
and overbank flow from the 

North Arm. A range offloodplain management measures were evaluated including 
stream clearing, 

sealing the entrances to the buildings, maintenance 
and upgrading of the existing levee 

(Appendix D) and investigation of the local drainage (Appendix D). 
It was concluded that the levee 

could be overtopped upstream of the road crossing and runoff enter along Windsor 
Road. This 

should be rectified. The local drainage investigation determined a program of measures to reduce 

tangible and intangible flood damages. The other measures were 
not found to be viable.

9.3 Description of the Proposal

Initial actions should be taken to reduce the risk of the Willoughby Road levee being overtopped. 

These are described in Appendix D. This will be followed by an audit and maintenance program 

for the levee to ensure that the levee crest is maintained at the required level (say 0.5 m above 
the 

1 % AEP flood level) and that the levee is of a satisfactory standard (as detailed 
in Appendix D). 

Council will also investigate the roadway leading to 189 Willoughby Road to ensure 
that it does not 

unduly divert floodwaters into Windsor Road. Measures to 
alleviate and control local catchment 

runoff are proposed as detailed in Appendix D. The general measures 
for the floodplain are also 

applicable.
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Terrigal Lagoon Floodplain Management Plan

9.4 Social, Economic, Environmental and Hydraulic Appraisal

The estimated cost of the proposed works are: 

reduce the possibility of overtopping of the levee - $50 000 to $100 000, 

measures to control flooding from local catchment runoff (Appendix D) 
- not costed, 

. audit and maintenance of the levee - $1 000 per annum.

A benefit/cost analysis of upgrading the levee has not been undertaken 
at this stage as it will 

depend upon the outcome of the proposed program 
of works (Appendix D).

9.5 Concise Description of the Plan

. Implement the program of works for the levee as 
outlined in Appendix D. 

. Implement the measures to control flooding from local 
catchment runoff (Appendix D). 

Initiate an audit and maintenance program for the levee. 

General measures for the floodplain: 

all new buildings and major extensions to be constructed above 
the minimum 

floor level (MFL). This is a minimum requirement and a higher floor 
level is 

encouraged (to prevent inundation in floods greater than the adopted standard), 

. raising of all existing buildings with floor levels below the MFL 
is encouraged, 

where possible buildings should be constructed on the high part 
of the property 

outside the floodplain, 

filling may be permitted under the plan area of the dwelling and possibly 
over the 

remainder of the lot (to 0.2 m above the let out level or higher) subject to the 

guidelines provided in the General Measures, 

. the entrance opening/maintenance procedure (Area 1) will reduce design flood 

levels by up to 0.1 m.

9.6 Priority of Work

Some of the measures to control local catchment runoff and reduce 
the possibility of the levee 

being overtopped are high priority (refer Appendix D). 
Audit and maintenance of the levee is 

medium priority.
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Terrigal Lagoon Floodplain Management Plan
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10.1 Description of the Problem

Upstream of the causeway on Willoughby Road the 
North Arm divides into two branches. The 

northern branch heads north under The Entrance Road and 
thence westward to Brush Road. 

There it traverses a number of large rural-residential blocks with 
habitable floor levels above 

6.0 mAHD.

The southern branch is ill-defined and passes through rural lots with a 
few recently constructed 

brick houses, all of which have floor levels above 5.0 mAHD. 
The residents enjoy rural bush views 

and are surrounded by vegetation.

This area is designated as low hazard flood fringe except adjoining 
the creek which is high hazard 

floodway. There are no reports of above floor inundation.

10.2 Discussion

Flooding in this area is not influenced by the water level 
in Terrigal Lagoon and results from runoff 

exceeding the capacity of the creek. The most viable floodplain management 
measure to protect 

the flood prone buildings is sealing of the entrances to the buildings. 
This should be undertaken 

at the owner’s expense.

Future development (fences, filling, etc.) within the area has the potential 
to constrict the floodplain, 

reduce the available floodplain storage and increase flood levels upstream.

10.3 Description of the Proposal

No specific floodplain management measures are proposed 
for this area. Sealing of the entrances 

to buildings is recommended but will be done at the owners expense. 
Advice will be provided by 

Council outlining the types of works permitted in the floodplain (fences, buildings). 
Further filling 

of the floodplain to provide building pads will be permitted subject 
to guidelines provided in the 

general measures for the floodplain. As access to 
these properties can be a problem during a flood 

(and for evacuation) consideration will be given 
to construction of an elevated access road 

(depending upon the hydraulic impact). The general measures 
for the floodplain are applicable.

10.4 Social, Economic, Environmental and Hydraulic Appraisal

Not applicable.
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Terrigal Lagoon Floodplain Management Plan

10.5 Concise Description of the Plan

No specific measures are proposed. 

General measures for the floodplain: 

all new buildings and major extensions to be constructed above 
the minimum 

floor level (MFL). This is a minimum requirement and a higher 
floor level is 

encouraged (to prevent inundation in floods greater than 
the adopted standard), 

. raising of all existing buildings with floor levels below 
the MFL is encouraged, 

. where possible buildings should be constructed on the high part 
of the property 

outside the floodplain, 

filling may be permitted under the plan area of the dwelling 
and possibly for the 

provision of access depending on the hydraulic impact 
and subject to the 

guidelines provided in the General Measures.

10.6 Priority of Work

Not applicable as no specific measures are proposed.
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11.1 Description of the Problem

Upstream ofthe immediate floodplain ofthe Lagoon 
there are a number of contributing catchments. 

There are pressures from private developers and 
Government bodies to develop parts of these 

catchments. Analysis undertaken as part of the Floodplain Management 
Study indicated that 

upstream development could affect flood levels 
and water quality in the downstream management 

areas, unless controls on upstream development were implemented.

11.2 Discussion

Urbanisation of the upper catchment is inevitable as 
the demands for development increase. 

However, controls on the type and extent will mini 
mise the impact on downstream floodplain 

occupants. The controls should be used to 
limit any increase in the quantity of the flows 

and any 

adverse water quality implications from flows entering the Lagoon.

11.3 Description of the Proposal

Urbanisation of the upstream catchment will only be permitted if downstream flooding 
and water 

quality are not adversely affected. Prior to approval of a significant development, a Hydraulic 

Assessment report must be undertaken to demonstrate 
that these conditions can be achieved in 

an ecologically, social, environmentally and economically 
sustainable manner.

11.4 Social, Economic, Environmental and Hydraulic Appraisal

The proposed conditions will be implemented by 
the Developer in a manner which does not 

adversely affect others.

11.5 Concise Description of the Plan

. Development will be considered in the upstream 
catchments subject to detailed evaluation 

of the possible impacts on water quantity and water quality.

11.6 Priority of Work

This work is considered high priority and should be implemented immediately.
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OPENING OF COASTAL LAGOONS 

EO.04

190.81.04 

DEVELOPMENT AND ENVIRONMENT

POLICY OBJECTIVES

To mitigate flooding by opening the coastal lagoons in a manner which minimises the 

impacts on the environment of the coastal lagoons and the surrounding areas.

POLICY STATEMENT

1 This Policy relates to Terrigal, Wamberal, Avoca and Cockrone Lagoons.

2 Council will arrange the opening of the coastal lagoons in accordance with the 

requirements of the Coastal Lagoons Floodplain Management Plans and the 

Coastal Lagoons Management Plan.

3 Lagoons will be opened in accordance with the following procedure.

PROCEDURE FOR THE OPENING OF THE COASTAL LAGOONS

INTRODUCTION

Lagoon opening using mechanical means and the subsequent breakout and 

drainage of the lagoon has been developed as a management method following 
extensive study and consideration of lagoon ecology, flood behaviour and flood 

management and long term water quality issues.

Openings between July and October will have optimum benefits in regard to the 

recruitment of commercial fish species, however this will be weather dependent.

OPENINGS

Terrigal, Wamberal, Avoca and Cockrone Lagoons have marked level heights at 

various points around the shores. These levels show the critical heights above which 

local residences and property may be flooded. Once the water reaches these levels, 

the lagoons must be opened. The let out levels are shown on the attached 

schedule.

SANDBAR LOWERING

As heavy rain occurs, there is a possibility that lagoons can quickly fill and exceed 
the heights at which the lagoons are let out. In order to control this eventuality, the 

flood management plans for the lagoons have calculated levels at which the 

sandbars of lagoons should be retained in order to allow the lagoons to let 

themselves out should severe floods occur. The levels at which the sandbars should 

be kept are indicated in Table 1.

Opening of Coastal Lagoons 
Gosford City Council Policy/Delegation Manual
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SAFETY

Suitable signs and barriers are to be erected at the time of opening and maintained 

during the initial run out period.

There will be times when the sandbars need to be excavated but the sea conditions 

are so large that working on the sandbars would be dangerous and contravene 

occupational safety provisions. In these circumstances the work shall be delayed 

until the tide and sea state have moderated to a point at which the work can be safely 

carried out. However, due to the flooding that is likely to occur, any delay should be 

kept to a minimum.

ENVIRONMENTAL FACTORS

The following environmental considerations have been identified by the Coastal 

Management, Lagoons Management and Coastal Planning Committee, and are 

included in the opening procedures.

* When opening Avoca Lagoon, Council should consider the time at which the 

lagoon is opened. It should reach a maximum run out velocity towards the top 
of the ocean tide so that the scouring of the opening is minimised. The 

purpose of this consideration is so that the width to which the entrance scours 

is kept to a minimum to enable the lagoon to quickly close and prevent the 

lagoon from being open for too long a period. This is considered reasonably 
critical at Avoca because of the huge extent of mud flats which are exposed 
with a high velocity run out. This can result in long term odour problems for the 

nearby residents if the lagoon does not close off quickly.

* When openings are made in the lagoons, they should be made in a central 

area of the sandbar. The intent is to try to avoid a meandering outlet which in 

the past has caused difficulty to either bank of the outlet channel if it tends to 

meander when it runs out heavily. Openings offset from the centre seem to 

encourage meandering or scouring which could be problematic to nearby 

property.

* Avoca Lake (at least) has a population of the endangered Green and Golden 

Bell Frog (Litoria aurea). Lagoon opening has the potential to disrupt breeding 
efforts of this species as the peripheral breeding sites prematurely drain when 

the lagoons are opened. Where possible, pending lagoon opening is to be 

notified to Council’s Environment Program and NPWS with sufficient notice to 

ascertain breeding status and salvage strategies where necessary.

MONITORING OF LEVELS

During periods of rain, residents may telephone Council staff to request the lagoon to 

be let out, fearing flooding. Many of these calls may be premature but need to be 

checked. Listed below in this procedure are the contacts for the lagoon releases 

and the lagoon level telephone monitor numbers.

Opening of Coastal Lagoons 
Gosford City Council Policy/Delegation Manual
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The Construction Section at Erina Depot monitors the lagoon levels continually and 

generally lagoon levels should not reach the "call out stage" via the "on call duty 

system" without responsible staff being aware of the water levels. However, each 

lagoon level may be checked if required by calculating the difference between the let 

out level listed below and the current lagoon level gained by telephoning the lagoon 
in question.

Example: 

1 Telephone Terrigal and you are given a height of say 1.205. 

2 Deduct 1.205 from the let out level height of 1.230. 

3 The calculation gives you the measurement of 0.025 which informs you that 

the current lagoon level is only 25 mm below the let out level.

If the telephone monitoring system fails the responsible person shall arrange for 

visual monitoring to guard against water levels rising above the let out levels.

The sandbar heights will be monitored visually using sighting aids with a maximum 

interval between inspections of 2 weeks. More regular inspection shall be carried out 

in wet weather or heavy sea conditions.

WHO TO NOTIFY

Advice of the impending opening is to be given to:

A The local Fisheries Officer for any or all lagoons opened.

B The- Central Coast District Office of National Parks and Wildlife Service for the 
. 

impending opening of Wamberal Lagoon, and for Avoca Lake due to the 

presence of a population of the endangered Green and Golden Bell Frog 

(Litoria aurea).

C Lifesavers, if they are on duty at the time of the impending opening, shall be 

notified.

D Council’s Environment Program in regard to which lagoon~ have been opened, 
and the time they were opened.

The details of the openings are to be recorded in the ’Lagoon Book’ at Erina Depot.

DELEGATION

Arrangements for the carrying out of the opening of the Coastal Lagoons are 

delegated to the General Manager.

Opening of Coastal Lagoons 
Gosford City Council Policy/Delegation Manual
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TABLE 1

ELS, SANDBAR HEIGHTS AND TELEPHONE NUMBERS 

T WATER LEVELS

LET OUT SANDBAR TEL NO

LEVEL HEIGHT (INTERNAL USE

mAHD mAHD ONLY)

1.230 m 1.7 m 43842992

2.400 m 2.6 to 2.7 m 43843561

2.090 m 2.7 to 2.8 m 43823247

2.530 m 3.3 to 3.5m 43823263

MATION

RELEASE OF LAGOONS . JOB NUMBERS 

TERRIGAL LAGOON 

COCKRONELAGOON,COPACABANA 
WAMBERAL LAGOON 

AVOCA LAGOON

ber 1968) 
/88.21 June 1988). 
5/89 . 26 September 1989) 
194. 14 June 1994) 
96 - 23 April 1996 . Review of Policies) 
99 - 26 October 1999) 
00 - 26 October 2000 - Review of Policies)
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Terrigal Lagoon Floodplain Management Plan

APPENDIX B: METHODS OF DISSEMINATING FLOODING 

INFORMATION TO THE COMMUNITY

"", ""MJ:THOO "

"..""""
"<",,,’ ~mMMEN1’

Letter/Pamphlet from Council These may be sent (annually, bi-annually) with the rate notice or

separately. A Council database of flood prone properties/addresses

makes this a relatively inexpensive and effective measure. The pamphlet

can inform residents of subsidies, changes to flood levels or any other

relevant Information.

School Project or Local Historical This provides an excellent means of informing the younger generation

Society about creeks and flooding. It may involve talks from various authorities

and can be combined with water quality, etc.

Annual Display at (say) Council This is an inexpensive way of informing the community and may also be

Offices, Library, Schools, Local Fairs combined with related displays.

Historical Flood Markers or Depth Signs or marks can be prominently displayed in parks, on telegraph poles

Indicators on Roads or such like to indicate the level reached in previous floods. Depth

indicators on roads advise drivers of the hazard.

Articles in the Local Newspapers Ongoing articles in the newspapers will ensure that the problem is not

forgotten until the next flood occurs.

Collection of Data from Future Floods Collection of data assists in reinforcing to the residents that Council is

aware of their problem and ensures that the design flood levels are as

accurate as possible. A Post-Flood Evaluation Program (Appendix C)

documents the steps to be taken following a flood.

Notification of 149 Certificate Details All property owners should be notified if they are flood affected. 
Future

owners are advised during the property searches at the time of purchase

provided they obtain all parts of the Certificate.

Type of Information Available A recurring problem is that new owners consider they were not

adequately advised that their property was flood affected on the 149

Certificate during the purchase process. Council may wish to advise

interested parties, when they inquire during the property purchase

process, regarding flood information currently available, how 
it can be

obtained and the cost.

Establishment of a Flood Affectation A database would provide information on (say) which houses require

Database evacuation, which roads will be affected (or damaged) and cannot be

used for rescue vehicles, which public structures will be affected (e.g.

levees overtopped, sewer pumps to be switched off, telephone or power

cuts). This database should be reviewed after each flood event. 
It could

be developed by various interested authorities (SES, Police, Council).

Flood Preparedness Program Providing information to the community regarding flooding informs it of

the problem. However, it does not necessarily adequately prepare

people to react effectively to the problem. A Flood Preparedness

Program would ensure that the community is adequately prepared. The

SES would take a lead role in this.

Foster Community Ownership of the Flood damage in future events can be minimised if the community

Problem (residents, owners, Council and other public authorities) is aware of the

problem and takes steps to find solutions. For example, Council should

have a maintenance program to ensure that the openings of culverts,

etc., are regularly maintained. Residents have a responsibility to advise,
Council if they see a maintenance problem such as broken flap gate or

blocked drain. This approach can be linked to water quality, coastal,

estuarine or other water related issues.

Webb, McKeown & Associates Pty Ltd 
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Terrigal Lagoon Floodplain Management Plan

APPENDIX C: POST FLOOD EVALUATION AND REVIEW PROGRAM

C1. GENERAL

Design flood levels are provided in the Terrigal Lagoon Flood Study. Copies of this report are 
held 

by Gosford City Council and the Department of Land and Water Conservation. 
The design levels 

were largely obtained from hydraulic modelling and historical data. Due to the paucity of 
historical 

data the design levels have a stated accuracy of IDA m. The accuracy of the design 
flood levels 

can be improved with further flood and rainfall data to confirm the calibration of the computer 

models. The following procedure has been developed to ensure that the information available from 

future floods is accurately obtained and analysed.

C2. PROCEDURE

Step 1 - Future Flood: If the lagoon level exceeds 2.0 mAHD data should be 
collected.

Step 2 - Collect Peak Levels: Creek levels and times should be recorded during 
the event if 

possible by SES, Council employees or local residents. It is imperative that the peak height 
of the 

flood be marked immediately following the event either from debris marks or eyewitness reports. 

Debris marks can be lost within hours of the peak as a result of wind, rain or human interference.

Council should despatch personnel to cover the length of the creeks (on both banks) to identify, 

mark and photograph debris. The levels can be picked up later by a surveyor. The data should be 

recorded in a report showing the photograph, time of recording (if during the flood) and level to 

AHD. Council should consider if a circular or notice in local papers is warranted to obtain further 

information.

Step 3 - Buildings Inundated: If floodwaters enter buildings, the occupier should be 
interviewed 

to provide a preliminary indication of the damages, peak level and to obtain photographs. 
The floor 

level database used in the Floodplain Management Study indicates which buildings are likely to be 

flooded in a given event.

Step 4 - Reports from Authorities: Council should obtain written reports from various 
sections 

of Council, the SES and any other relevant public authority on the flood. Data should be obtained 

from the automatic water level recorder and peak water level recorders. These data an be 

obtained at any time although if they are collected soon after the event they can be used to identify 

and correct any gross errors in other data. If new gauges are subsequently installed, data 
should 

also be collected from these.

Step 5 - Major Floods: Flood levels which indicate an AEP of greater than 10% AEP 
should be 

used to re-examine the calibration of the hydrologic/hydraulic models. Data from any other floods 

which have not previously been analysed should be included in this re-examination.

Webb. McKeown & Associates Pty Ltd 
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Terrigal Lagoon Floodplain Management Plan

Steps 6 and 7 only apply to floods with an AEP greater than 
10% AEP.

Step 6 - Rainfall Data: Council should make enquiries as soon 
as possible with Bowling Clubs, 

Golf Courses or any other possible sources to obtain all available rainfall data. 
Rainfall data from 

the Department of Land and Water Conservation and Bureau 
of Meteorology gauges is 

continuously recorded and can be readily obtained at any time. If warranted, additional rainfall 

information can be sought from residents at the same time as flood data are requested.

Step 7 - Hydrologic/Hydraulic Modelling: The new data should 
be run through the WBNM and 

RUB ICON models. If the models do not produce satisfactory results then all available information 

(including that from floods used in the Flood Study) needs to 
be considered to see if the model 

parameters should be changed. Any changes would lead 
to a revision of design flood levels. A 

report should be produced documenting the results and any adjustments 
made to Council’s 

Floodplain Management Plans and S149 Certificates.

Webb, McKeown & Associates Pty Ltd 
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Terrigal Lagoon Floodplain Management Plan

APPENDIX D: INVESTIGATION INTO FLOODING AT WINDSOR ROAD, 

TERRIGAL

D1. BACKGROUND

Windsor Road, Terrigal, is located to the north of Terrigal Lagoon. It has a local catchment area 

to Windsor Road of approximately 18.9 hectares and comprises of mostly residential properties 
and 

roadways. Flooding of Windsor Road can occur as a result of elevated lagoon levels, 
intense rainfall 

over the local catchment or a combination of both. The Terrigal Lagoon Floodplain Management 

Study addressed the effects of elevated lagoon levels and this present study 
has undertaken a 

preliminary investigation into the effects of intense rainfall over the 
local catchment. The main aims 

of this present study were to identify the cause of the past flooding problems 
and provide a 

preliminary review of available floodplain management measures as well as provide 
an assessment 

of the levee adjacent to Willoughby Road.

D2. FLOODING FROM LOCAL DRAINAGE - SUMMARY

Local inundation in the low points can occur as a result of surface runoff generated by intense short 

duration rainfall over the local catchment. A number of floodplain management measures were 

investigated. Resident interviews indicate that they do not perceive flooding on 
Windsor Road as 

a ~ajor concern. The last significant event where a house was affected 
occurred in 1990, but there 

have been no problems since. Based upon the available information and the likely hazard, major 

capital expenditure cannot be justified for measures such as upgrading 
the existing drainage 

system.

The following measures are recommended, in approximate order of importance: 

. review of development control procedures to ensure that future development 
will not 

exacerbate the problem or increase flood damages. This may require controls on 
the 

placing of fill and construction of fences together with the establishment 
and maintenance 

of overland flow paths, 

. regular maintenance of the existing drainage system (clean pits and pipes regularly 
and 

ensure that the channels are well maintained), 

. liaise with the golf club to ensure that the watercourses are maintained, 

. monitoring of all future flood events (possibly with a questionnaire immediately after 
the 

event), 

. undertake works to improve the entrances to the channels, 

. flood proofing of houses. Initially this will require liaison with the residents and a 
detailed 

building inspection.

Webb, McKeown & Associates Pty Ltd 
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Terrigal Lagoon Floodplain Management Plan

03. ASSESSMENT OF THE LEVEE ADJACENT TO WILLOUGHBY ROAD .. 

SUMMARY

Survey of the levee was undertaken which indicated that overtopping 
is likely to occur in the 10% 

AEP and greater events. A visual inspection of the levee showed that it is likely to experience 
"low 

spots" due to erosion or vegetation removal.

Failure or overtopping of the levee will result in increased flood damages (inundation of buildings 

and increased risk to life) in Windsor Road.

It is recommended that action be taken to upgrade the levee to a higher engineering standard. At 

this stage the following actions (prioritised) should be considered and from this a preferred strategy 

adopted. The attached figure details the available survey and the likely change 
in extent of 

inundation following the proposed levee upgrading works.

High Priority 

Liaise with the Golf Club to establish their plans for the course immediately downstream 

of Windsor Road. 

. Install maximum height gauges to ensure that in future events the flood gradient in this 

area is accurately recorded. 

Establish whether the private high level access track across the North Arm is appropriate. 

Lowering the track would reduce flood levels upstream whilst raising the entrance 
would 

eliminate the major low point. 

. Determine if hydraulic investigations have been undertaken for the earthworks within the 

floodplain (house construction) immediately downstream of The Entrance Road. 

. Ascertain why slashing ofthe vegetation has recently (1999-2000) occurred upstream of 

the private access track. This is likely to have a large impact upon the assumed 

Manning’s ’n’ values of the North Arm. 

. Establish who owns or maintains the earthen levee. 

. Review Council records to see if design plans are available. 

. Seek the residents views on the likely visual and social impacts of raising the existing 

earthen levee (public meeting or questionnaire).

Medium Priority 

Review the design flood height data and establish whether further survey and modelling 

should be undertaken to more accurately establish the hydraulic gradient. 

. Undertake benefiUcost analysis to determine the viability of levee upgrading. 

. Prepare a preliminary design to raise the levee to (say) the 1 % AEP level 
+ 0.5 m. 

Detailed survey will be required.

Webb, McKeown & Associates Pty Ltd 
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Terrigal Lagoon Floodplain Management Plan

APPENDIX E: TYPICAL FLOOD EVACUATION PLAN

A Flood Evacuation Plan (FEP) provides one of the most cost effective and successful means 
of 

mitigating tangible and intangible flood damages. It has no environmental 
and few social adverse 

impacts. Generally FEP’s are used for non-residential buildings 
but can also be applied to single 

dwellings or in a generic form to all householders via the progress 
association or such like. The 

following list provides the key elements of a FEP.

J_URPcIIi~;EJH ;;;,I;ijlN: 
Advise of the potential for flooding. 

List what actions should be undertaken in the event of an impending flood. 

Advise who should be contacted for further information or can provide assistance during a 

flood. 

Relate the predicted level of the flood to the premises. 

Advise the types of hazards for the range of flood events. 

Advise of actions to be undertaken following the flood. 

II:eQRM ;rI~,JSlGEN,S.UUYII.’IR ’N,e,PLAN: 

Name of Business (if applicable), description of location (nearest cross roads) and building. 

Name, Address and contact numbers of occupier. 

Name, Address and contact numbers of owner. 

Primary and Secondary contact - Name and Address. 

Nature of development, activity and number of occupants. 

Historical flood data (if available). 

Flood and Hazard category for the range of flood events. 

Types of materials kept on premises. 

Flood protection devices and emergency equipment kept at premises. 

What assistance will be required (evacuation, sand bags). 

,:aQ,llll’IS111111IE.Q~;I;I. ;;;"lINlii;mlilii;il;.~1I1I;i;iiiQe ’;i’ii.~QQI: 

Listen to the local radio. 

Secure personal papers, high value items, memorabilia (photographs) and 
office records. 

Install shutters or seal vents. 

Raise carpets, furniture and stock. 

Remove equipment and vehicles (if possible). 

Evacuate occupants to the designated safe point. 

Advise the SES. 

Turn of power/gas/electricity and the main valves of the water supply. 

Collect items likely to be washed away. 

Raise poisons or chemicals.

Webb, McKeown & Associates Pty Ltd 
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Terrigal Lagoon Floodplain Management Plan

:Tla;..iJill’RINc=’;;mlll’,,"iREllllfly,..e: 
Check with the SES or Police first. 

Have electrics and gas fixtures checked by qualified personnel. 

Beware of snakes and spiders. 

Beware of the health risk of walking or working in muddy water. 

Plan which items should be cleaned first.

Webb, McKeown & Associates Pty Ltd 

92067:TerrigaIFMP.wpd:29 November 2001
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new 
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the 
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.tand8td~ 

. 
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existing 
buildings 
WIth 
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flood 
levels 
aSSlJme 
that 
the 
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End 
of 

De8ln 
VIIw 
Orin 

8ridge 

The 

eft’ecta 
01 

ooe., 

iruldation 
.1110 
be 

Itddrll8ed 
by 
II 

qualified 

qr1Nf 
e.p<<ianced 
In 

coallJl 
mil... 

New 

Widing. 
wi"’n 
100 
m 

of 

f’IfI 

nor1hem 
anorll 
01 

!he 

lagoon 
8111 

10 

be 

ll\.tlject 
lIl

eci

d11l1ign 

proyIlionllD 
Ifllipalll 

lottel 
from 

OCIIl’II1lnu’1dllltlon. GIo6~1 
mlUlM’l8 
!of 

the 

ftoodpieln 
III 

inIioBted 
on 

lhIe 

et.et. 

AREA’: 
80ulll,", 

Shore 
01 

tM 

18goon 

No 

If*:ific 
mlll8\nl 
for 

IhIe 

.18 
8111 

propoled. 

GIoII’III 
ml81MXf11 
for 

theloodplllin 
II 

Indicated 
on 

ti, 

eheat 

AREA 
15: 

Will 
AIm 

(wnl 
of 

tn. 

WIlIouIjI’lby 
Roed 

Srldljl) 

. 

No 

tplCificmlUU’fltl 
lottlje; 
l1li’111" 

prnpoud, 

G<<>orII 
maa"..al 
ror 

the 

ftwdplllin 
aalndcated 
on 

til 

IhIIIt

= 
. ..

I

1

:::.

.c ...

I

\

- ... 
~ .~ 

.-

/

I

::’:::, 

;’-./ 

- 

, 

I 

--I 

’ 

: 

-I::., 

! 

! 

.:1., 

. 

I=-

_=. 
I 

-~ - 
~ .-

I

AREA 
I: 

F....nd 
Crlltenl 

No 

lPId~c 
m&n1Q8 
lot 

thIII.ell 
_ 

propoled. 

General 
m1811S81 
for 

the 

ftoodplllin 
IIIlndC8!1Id 

on 

HI 

eMel 

AREA 
7: 

Ogllvt. 
Strut 

No 

IJlItific 
m_1S1I 
for 

IhiI 

arllll" 
propoaed. 

GaoIr8I 
mee8U’H 
for 

the 

ftoodpi
n 

1I11nc:liCllted 
on 

fil.....t 

AREA 
I: 

Oolf 

Coin, 

No 

tpedfic 
m,e8U"e, 
fot 

1hiI.1I1 
_ 

propo
ed. 

G~I 
mlnur.. 
for 

tho 

ftoodplaln 
Ralnrfc
on 

1hI, 

ahfIat.

I

_:::. - -

I 
! 
~

I

r

AREA’; 
WlndlOf" 
ROld 

1"",1mfIn! 
IhII 

program 
01 

WOI1<.8 
fot 

the 

levltl 
81 

OIJIjlned 
In 

~. 
D 

01 

the 

Plan. 

lm
ement 
the 

mNllU"Il 
10 

control 
ftooding 
from 
lo

catdYnanl 

iU’IO’ 

(Appendix 
D 

0I1hI 
Plan). 

Initiate., 
1lU1f11lnd 

mllinl8l’\8l’\al 
program 
for 

IhIIlevlII. 

General 
mallllS8l 
for 

the 

ftoodplain 
tIIlndic
lad 
on 

tillhellt. 

AREA 
10: 

Uptlream 
of 

Willoughby 
Road 

Clulewey 

. 

No 

IPICific 
mlllllQ8 
for 

thIII...... 
propoe&d, 

General 
mlll8U’81 
for 

the 

ftoodplllin 
HlndieRllId 
on 

thi.. 

1hHt. 

AREA 
11: 

Upetr"m 
Ctlchmenlll 

Dlyelopmenl 
wi. 
bl 

coneIderad 
In 

IhII 

Upelrlllm 
CIItctmentl 

1IAljec::t 
10 

delafed 
evalUflIion 
0I1hI 

po..iblll,....,acte 
on 

weier 

qu.,,~ty 
and 

WIlier 
~Ity.

I

rd 

LeYpf 
= 

2.9m 
AHD 

,fill 

fnunCJatlon) , ’I 
,

I

’" 

J2"....

WAMBERAL 
LAGOON: 
Conel.. 

Descrlpllon 
oftn. 
Plan

AREA 
1: 

Tho 

L.goon 
W.t,r 
Body 

Tha 

beach 
berm 
iii 

10 

be 

mlnlged 
In 

accordllnca 
with 
Itle 

Count. 
policy 
for 

Wamba/’lllllagoon 
(Awandlx 

A). 

In 

"vam 

weather 
condition, 

management 
provlllonl 
ma)’ 
have 
to 

be 

del.yed 
untl 

condltlonl 
are 

.al.. 

The 

posllble 
tmpects 
of 

the 

Greenl’loose 
EI’fecI 
or 

other 
men- 

m

or 

nal.ll1ll 
faClor5 

which 
may 

affact 
lhe 

lIydnIUIlcs 
of 

the 

openlolj 
wll 
be 

mOflltored 
(Included 

under 

mIt8\WJras 

eppllcable 
to 

the 

.ntll1l,tudy 
11/118 
_ 

Tllbla 
1).

AREA 
2: 

Re-me-mbrenee 
Drive 

The 

effecta 
of 

oceen 

Inundation 
11/’111 
to 

be 

addras&Bd 
by 
II 

qualil1ed 
engineer 

..perlenced 
In 

coaetel 
matlalll. 

AlI’IW’ 

ldlngs 
wi 

be 

a.rbJed 
10 

lpeeI

Ign 

pmvlllonti 
10 

dllillpetlt 
fon:es 
from 

OC8Iln 

Inundlltlon. 

A 

IlIVn 
of 

IOQIJ 

d/’llllnage 
works 
will 
bfI 

under’tlllten 
by 

Coune.. Genfl/1ll 
I’nI8sures 
lor 
the 

fIoodplllln 
II 

delCr1bed 
on 

thh: 

.-
AREA 
3: 

Loxton 
Avenu. 

The 
local 

dnlllnage 
Iltult!on 

wll 
be 

monltoted 
by 

Coundl. 

Gen8f1II 
~ntS 
lor 

thalloodplllln 
..indicated 

on 

ttri5 

,1Ntat

AREA’: 
W.mb.,.t 

Partl.neE 
Blue 
Ba" 

Drtve 

A 

IoceI 

lnage 
tItWy 
wll 

be 

prognllmm&d 
In 

Councrl 

Forward 
Plan 
of 

Works. 

C.... 
...a.utel 

for 

the 

ft’oodplaln 
ellndlClltold 

on 

1h1!;.he8\.

AREA 
5: 

LIt’l’InI8 
Str.at 
met 

MlI!I’M 
"wIKle 

A 

local 

dllllnllllfl 
stud)’ 
wi 

be 

progremm&d 
In 

Councl’e 

ForwltG 
Plan 
of 

Wor1o;,. 

Ganeral 
mIIUures 
for 

the 

fIoodpllln 
8I1ndlce:ted 

on 

mlli 

IhNl 

AREA 
I: 

North 
Arm 

(downetrfllm 
of 

Tile 

Entrance 
Ro.d) 

No 

Ipecfllc 

measurelllre 
PItlposed. 

No 

dlvaIopment 
conditione 

requIred 
II 

Itllli 

ama. 

AREA 
1: 

North 
Arm 

fu.mre.m 
of 

The 

Entrence 
ROld) 

Flood 
I.... 

aC08.. 
for 

Thll 

Enlnlnca 
ROlld 
wll 

be 

ooneld,red 

by 

Countl 
81 

pert 
of 

any 

luture 
rold 

upgredlng 
worb. 

Gena/’llll 
mellsures 

fOllhe 
floodplain 

Its 

Indlaltad 
on 

th.ellflfl!. 

AREA 
8: 

Up"t/’lll,m 
Catclwnentl 

Development 
will 

be 

conlldered 
In 

the 

upslfellm 
calchments 

sub.lact 
10 

d’18lled 
evllluetlon 
of 

Itle 

posslblalmpacts 
on 

wllt,r 

quantity 
Ind 

watar 
quality. 

Wamberal 
Lagoon

ea"....1 
me....... 

foo’ 
tM 

floodp"ln,

- 

eIIl"IIW 
bUldinge 
and 

mejor 

ext..iotll 
10 

be 

~lTUdad 
IboYII 
!he 

rRrirrun 
WOOl 
llvel 

(MFLJ. 
ThI,., 
II 

mininun 
r

r.-nenl..:l. 
~hIr 

Roor 
level 
J. 

IIrICOI.nged 
flD 

prlVlnt 
InIn:IBtion 
In 

ftoodl 
great. 
Iha’l 
!he 

d 

ll
). 

- 

reiaing 
of 

elllll
lting 

bulI6nga 
wit! 
~oor 

Ilvlli, 
below 
the 

MFL 
it 

~. 
- 

where 
poutJIl 
buldinge 
ehould 
be 

COOIIr\.ct8d 
on 

!he 

high 
pari 
01 

!he 

pro
ltty 

OWide 
the 

1I0Ddplain. 

- 

’1lInQ 
rTI8)’ 
ba 

permitted 
I.ndar 
IhII 

pla’l.. 
of.... 

dwelling 
and 

pouibIy 

over 
Ihe 

rem
rder 
of 

hlot 
(10 

0.2 
m 

lIJove 
Ihe 
1111 

out 

level 
ot 

higher) 

d:I;ed 
to 

h 

guideline. 
prtro’idad 
In". 
G.rwr
MAatu.!e. 

. 

h 

IInhnca 

opering/l’nainterw 
procedu1l 
fhN 
Il 

wi 

I1Ida 

datljl’l 

IIveII 
by 

141 
to 

0.4 
m. 

AU 

tev.1l1n 
metre. 
to 

AHO 

- 8u1c1ing 
ftoor 

leYllilllr. 
proyIded 
in 

ApperQ. 
B 

of 

hi 

Floodplain 

MIWl8gemenl 
SkJdy. 

ThI 

r’IInfllll 
nduced 
1I00d 
levell 
aUUTII 
hllh. 

flnlra-1Cl 
barm 
il 

III 

2.71 

AHO 
I1Ih11 
OnNl 

oflhll 
eYent. 
The 

lllQOotllel 
out 

I~ 
It 

2.4m 
Al-iD 
and 

Co.n::iI 

maintaioelhll 
undb_ 
81 

lCimallliy 
2.6m 
10 

2.7m 
AHO. 

Delllgn 
ftood 
le""l 

_11eken 
from 
tie 
W

LaoootI 
Rood 
SkDy 

..:I 

Floodplllin 
Ma1IgemenI 
study. 
Ocun 

In.nd81ion 
lavl!!. 

w_l8t..n 

from 
II 

Npott, 
The 

Ent,.nu 
Dyrram,u 
01 

Wambnf. 
TWriQaI. 
A~ 
and 

Coduone 
UIQoonI. 

preplfld 
by 

AW

S 

In 

NOYarrbar 
1994.

Terrlgal 
Lagoon

Genarel 
mlHLnI 
for 
IhI 

floodpteln: 

- 

all 

new 

buIIlfnga 
and 

major 

elltenllonllD 
be 

COOI~dad 
abOYelhl 

rninim.m 
~oor 
lavel 

fl.4Fq 
TN. 
J.II 

rrnrrun 
I’fIQlkIll’l"llrlt 

and 
II 

Ng"" 

IIoot 

leYelll 

enr:oo.q~ 
(10 

pravant 
lru!d
on 
In 

ftoodlgl’lleter 
Ih

IhfI 

d 

.18ndMI), 
- 

~ng 
01 

fllell"",, 
bulllfnge 
wilh 
1001" 
levell 
below 
!he 

MFt 
II 

....._. 
. 

wner. 
poesiJll 

blaldings 
Ihwld 
ba 

COOIIIructed 
on 

!he 

tigh 
part 

01,. 

pn:Iparty 
outIide!he 

ftoodplan. 

-filling 
may 
ba 

permil1ecllS1der 
the 

pi."." 
01,.. 
dwllling 

,J’ld 

pou/llIy 

OYer 
Ihe 

r.nIIinder 
01 

hi 
lot 

flo 

0.2 
m 

IIboYe 
Ihllll 
out 

levll 
". 

hirjlflrl 

l\.Cject 
\0 

!he 

glMle/h81 
provided 
In 

the 

Generel 
Maaau-el, 

-Iha 

anIr8ncI 

openlnljftr’\elnl
procodura 

(Area 
1) 

wi. 
r

design 
ftODd 
fllvll, 
by 

up 
10 

0.1 

m.

Allleval,ln 
matr.. 
to 

AHO 

Not.. Blallfng 
noor 
Ilvll. 
are 

provided 
In 

Appendi. 
B 

of 

the 

FIoo~aIn 

Manegemenl 
SIudy.

ThI 

flIinfalllnduoed 
IIood 
levell 

IUIlnlIhII1IhIl 
enll’llnce 
berm 
Ie 

III 

Vim 

AHa 
811h1 

OOlltof!helvlnl. 
ThlI~ 
III 

out 

Ilvlli 
it 

1.23mAHD 
IIf1d 

Co.n::iI 
malnl8iOl 
thI!I 

undb.III 
Ilp

"udmateiy 
1.7m 
AHD. 

Design 
ftood 
liver. 

_el8k;en 
from 
the 

Tarrigal 
Legoon 
Flood 
study 
and 

Floodplain 
MiV"I8\jfIfl1fIn 
Study. 
OcaWt 

1ru1dI
on 

levell 
Wflll 

taken 
from 

a 

report, 
The 

Ent,.nce 
Oynanikt 
r;I 

WambeJlJl. 
111lig1l, 

Avoce 
and 

CocluoML

prep.e
by 

AWACS 
In 

Noyerm.ll194.

TERRIGAL 
AND WAMBERALLAGOONS Floodplain Management 

Plan

~~@[ID LEGEND 

N. 

Surveyed 
1 

% 

AEP 
Flood 
Extent 

/\,’ 

Surveyed 
1% 

AEP 
+ 

O.5m 
Flood 

Extent 
(Flood 
Planning 
Level) 

,"1% 
AEP 
Flood 

Conlour 

..:’ 

Not 

Surveyed 
1% 

AEP 
Flood 
Extent 

, 

. 

(Based 
on 

1:2000 
Maps) 

D:J 

Floodplain 
Management 
Area 

--=:::; 

Land 

Affected 
by 

Ocean 

Inundation 

[I!J 
1% 

AEP 

Average 
Velocity 
(m/s) 

o 

Council 
Owned 
Land 

_ 

SEPP 
14 

Wetlands 

15/3 

Property 
Street 
Number 
I 

Lot 

Number 

150428 

Deposited 
Plan 

Number

MAP 
KEY

2318

232A

231C

2310

232C

246A

2468

246C

2460
Wamberal 
Lagoon 

Floodplain 
Management 
Areas 

1. 

The 

Lagoon 
Water 
Body 

2. 

Remembrance 
Drive 

3. 

Loxton 
Avenue 

4. 

Wamberal 
Park 
and 
Blue 
Bell 

Drive 

5. 

Lavinia 
Street 
and 

Me/kana 
Avenue 

6. 

North 
Ann 

(downstream 
of 

The 

Entrance 
Road) 

7. 

North 
Arm 

(upstream 
of 

The 

Entrance 
Road) 

8. 

Upstream 
Catchments 

D 
Coastal 

Processes 
Dominate

Terrfgal 
Lagoon 

Floodplain 
Management 
Areas 

1. 

The 

Lagoon 
Water 
Body 

2. 

Bundera 
Avenue 

3. 

Northern 
End 
of 

Oc:ean 
View 
Drive 
Bridge 

4. 

Southem 
Shore 
of 

the 

Lagoon 

5. 

WestArm 
(west 
of 

the 

Willoughby 
Road 
Bridge) 

6. 

Farrand 
Crescent 

7. 

Ogilvie 
Street 

8. 

Golf 

Course 

9. 

Windsor 
Road 

10. 

Upstream 
of 

Willoughby 
Road 

Causeway 

11. 

Upstream 
Catchments 

D 
Coastal 

Processes 
Dominate

Wi 

PH 

t1rKlOWtl 
If. 

II.SS0C’’’’lf~ 
PrY 

LlU
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level 
2, 
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Sl 
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2000 
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02 
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6208 

Emall: 

wma@webbmckaown.com.au 
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2001
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TERRIGAL 
LAGOON: 
Concise 

Description 
of 

the 

Plan

I

AREA 
1; 

The 

Lagoon 
Wate, 
Body 

. 

The 

beach 
bonn 
is 

to 

managed 
in 

acrordanco 
with 
tho 

Council 
policy 
fO( 

Terrigal 

lagoon 
(Appendix 
A 

of 

!he 

Plan). 
In 

severe 
weather 

conditions 
management 

provisions 

may 
have 
to 

be 

delayed 
...,til 

conditions 
ara 

safe. 

The 

pogsibl:e 
impacts 
of 

the 

Greenhouse 
erred 
or 

other 

man-made 
Of 

naltnl 
factors 

wl"Vch 
may 

affect 
tne 

hydraulics 
of 

the 
o

n
ng 

will 

be 

monllor
d 

Oncluded 
under 

measures 
applicable 
10 

the 

en6re 
stud)r 
ar
a 

- 

Tabla 
1 

of 

the 

Plan), 

AREA 
2: 

Bundlll’a 
Avenue 

A 

local 

_n.go 
sludy 
io 

to 

..,dor1al<on. 

General 
mea8U"98 
for 

the 

rl’oodplain 
as. 

indicalad 
on 

this 

sheet 

AREA 
3: 

Northern 
E.nd 
of 

Oenn 
View 
Ofivt 

8fldge 

. 

The 

affects 
of 

ocean 

inundation 
are 
10 

be 

addressed 
by 
a 

qualified 

near 

experienced 

in 

coastal 
mattera. 

New 

buildings 
within 

100m 
of 

the 

northern 
&hare 
01 

!he 

lagoon 
are 
to 

be 

subject 
to 

spacial 
deaign 

provisions 
10 

dissipate 
forcea 
from 
ocean 

inU"idation. 

General 
mf!IliIl!!I"’-8a 

for 

\he 

naadplain 
as 

indicated 
en 

tt
s 

aheeL

III

AREA 
4; 

Southern 
Shore 
of 

the 

Lagoon 

No 

specific 
m&88lX98 
rOt 

tns 

area 
are 

proposed. 

G&ner
me3SlX"ea 
for 

the 

noodplain 
a9 

indicated 
On 

!his 

sheet.

AftEA 

~t-_i-t 
cr..tn, 

Willoughby 
Road 

Bridge) 

No 

apedfic 
measures 
for 

this 

area 
are 

proposed. 

General 
m

Bl.I’eS 
for 

the 

noodplain 
as 

Indicated 
on 

thi:a 

sheet 

AREA 
6: 

Fafl"lnd 
Crneant 

No 

specific 
ma3SWl1S 
for 

this! 
at’

8 

are 

propos
d. 

G

t’31 

mooouros 
for 

the 

ftoodplain 
as 

iooical
on 

!hie 

aheeL

I

AREA 
7; 

Ogllvte 
St",.t 

No 

specific 
meaSUI’eA 
for 

~8 

area 
at8 

pl"Op088d. 

General 
meaS\X88 
ror 

the 

ftoodplain 
38 

indicated 
on 

this 

sheet.

I

AREA 
8; 

Golf 

Cou,.. 

No 

opedfic 
measures 
for 

ihis 

..... 
...0 

proposed. 

Gen

ral 

meaSUlls 
’0( 

the 

noodplain 
a8 

indicalsd 
on 

ttia 

&heel 

AREA 
9; 

Wind.or 
Road 

Implomonltho 
program 
of 

wolks 
for 

tholOyo. 
as 

ouU;ned 
in 

Appondix 
0 

of 

the 

Plan. 

lm
l

mant 
the 

mQaaur~ua 
to 

(:Qntrol 
"coding 

from 
loeaI 

catdvnenl 
I’U""IQfI 

(Appench; 
0 

of 

tho 

Plan). 
Initia18 
an 

audit.and 
Rlaint.enance 

program 
for 

the 

lave8. 

General 
measut68 
for 

the 

floodplain 
a8 

indicated 
on 

tns 

sheeL 

AREA 
10: 

Upot....m 
0’ 

Willoughby 
Road 

CoulOway 

. 

No 

8P8Cific 
mesSlI"8! 
for 

th’s 

area 
are 

proposed, 

General 
ma3SU’8a 
101’ 

the 

noodpla
n 

as 

indicalsd 
on 

this 

sheal. 

AREA 
11: 

Upotre.m 
C.ll:hm.nt. 

Development 
will 
be 

ronsidered 
In 

the 

upstream 
catchments 

subJacl 
10 

d8ta~ed 

evaluation 
of 

!he 

por.sibl

/mpects 
on 

water 
quantity 
and 

water 
quaJity.
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TERRIGAL 
LAGOON 

Floodplain 
Management 
Plan
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Terrigal 
Lagoon 

Floodplain 
Management 
Areas 

1. 

The 

Lagoon 
Water 
Body 

2. 

Bundara 
Avenue 

3. 

Northem 
End 
of 

Ocean 
View 
Drive 
Bridge 

4. 

South 
em 

Shore 
of 

the 

Lagoon 

5. 

Wes/Arm 
(west 
of 

the 

Willoughby 
Road 
Bridge) 

6. 

Farrand 
Crescent 

7. 

Ogilvie 
Street 

8. 

Golf 

Course 

9. 

W

ndsor 
Road 

10. 

Upstream 
of 

Willoughby 
Road 

Causeway 

11. 

Upstream 
Catchments 

D 
Coastal 

Processes 
Dominate 

LEGEND 

N 

Surveyed 
1% 

AEP 
Flood 
Extent 

/\/ 

Surveyed 
1% 

AEP 
+ 

O.5m 
Flood 

Extent 
(Flood 
Planning 
Level) 

.. 

: 

1 

% 

AEP 
Flood 

Contour 

:.--.:..: 
Not 

Surveyed 
1% 

AEP 

Flood 
Extent 

. 

. 

(Based 
on 

1:2000 
Maps) 

CIJ 

Floodplain 
Management 
Area 

land 

Affected 
by 

Ocean 

Inundation 

lID 
1 

% 

AEP 

Average 
Velocity 
(mls) 

D 

Council 
Owned 
Land 

_ 

SEPP 
14 

Wetlands 

1513 

Property 
Street 
Number 
I 

Lot 

Number 

850426 

Deposited 
Plan 

Number 

MAP 
KEY

"’... ..~

---- 

-- 

~ 

-~ 
-

2318

232A

231C

2310

232C

246A

2468

246C

2460

Goneral 
moa.ure. 
for 

tho 

floodplain;

. 

all 

new 

buildings 
and 

major 

extensions 
to 

be 

conslrucled 
ahova 
the 

minimum 
floor 
level 

(MFL). 
This 
is 

a 

minimum 
requirement 

and 
a 

highe, 
ffoor 
level 
is 

encouraged 
(to 

prevenllnundation 
in 

Hoods 

Qreater 
than 
Ihe 

adopted 
standard), 

. 

raising 
of 

all 

existing 
buildings 
wah 

lloor 

leyels 
below 
the 

MFL 
is 

encouraged, 
- 

where 
possible 

buildings 
should 
be 

constructed 
an 

the 

high 
part 
of 

the 

property 
outside 
lhe 

floodplain. 

- 

filling 
may 
be 

permitted 
under 
the 

plan 
area 
of 

Ihe 

dwelling 
and 

possibly 
aver 
lhe 

remainder 
of 

the 
lot 

(to 

0.2 
m 

above 
the 
let 

aut 

level 

or 

higher) 
subject 
10 

lhe 

guidelines 
provided 
in 

the 

General 
Measures. 

- 

the 

entrance 

openinglmainlanance 
procedure 

(Area 
t) 

will 

reduce 

oesign 
Hood 

levelS 
by 

up 

to 

O_t 

m.

A1llo.el. 
in 

metre. 
10 

AHD

- "....

Nates Building 
floor 
levels 
are 

provided 
in 

Appendix 
a 

of 

the 

Ffaodplain 

Managemenl 
Sludy. 

The 

rainl.1I 
induced 
flood 
levels 
assume 

thallhe 
entrance 
benn 
is 

al 

204m 
AHD 
811he 
Dnsel 
of 

lhe 

event. 
The 

lagoon 
lei 

out 

level 
is 

1.23m 

AHD 
and 

Coundl 
mainlains 
lhe 

sandbar 
at 

approximately 
1.7m 
AHD_ 

Design 
Rood 

levels 
were 

laken 
from 
lhe 

Terrigal 
Lagoon 
Flood 
Study 

and 

Floodplain 
Managemenl 
Study. 
Ocean 

inundation 
levels 

were 

lal<en 
from 
a 

report. 
1118 

En/tance 
DynamICS 
of 

W8mbereJ. 
TerrigaJ, 

Avoca 
and 

Cockrone 
Lagoons. 

prepared 
by 

AWACS 
in 

November 

t994.

WEBB, 

r.kKEOWN 
a 

ASSOCIATES 
PTY. 
LTD.

.Gb
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-’ ",,)Ii

Level 
2, 
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Sydney 
NSW 
2000

,

Ph: 

029299 
2855 

Fax: 
02 

9262 
6208 

Emall: 

wma@webbmckeown.com.au
13th 
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TERRIGAL 
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Floodplain 
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Plan 
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Terrigal 
Lagoon 

Floodplain 
Management 
Areas 

1. 

The 

lagoon 
Water 
Body 

2, 

Bundara 
Avenue 

3. 

Northern 
End 
of 

Ocean 
View 
Drive 
Bridge 

4, 

Southern 
Shore 
of 

the 

Lagoon 

5. 

WestArm 
(west 
of 

the 

Willoughby 
Road 
Bridge) 

6, 

Farrand 
Crescent 

7. 

Ogilvie 
Slreet 

8. 

Golf 
Course 

9. 

Windsor 
Road 

10. 

Upstream 
of 

Willoughby 
Road 

Causeway 

11. 

Upstream 
Catchments 

D 
Coastal 

Processes 
Dominate 

LEGEND 

N 

Surveyed 
1 

% 

AEP 
Flood 
Extent 

/\,’ 

Surveyed 
1 

% 

AEP 
+ 

O,5m 
Flood 

Extent 
(Flood 
Planning 
Level) 

. 

1 

% 

AEP 

Flood 

Contour 

...’,.... 
Not 

Surveyed 
1% 

AEP 

Rood 
Extent 

. 

. 

(Based 
on 
1 

:2000 
Maps) 

C!J 

Floodplain 
Management 
Area 

Land 

Affected 
by 

Ocean 
Inundat
on 

lID 
1 

% 

AEP 

Average 
Velocity 
(mfs) 

Q 

Council 
Owned 
Land 

_ 

SEPP 
14 

Wetlands 

15/3 

Property 
Street 
Number 
I 

Lot 

Number 

850426 

Deposited 
Plan 

Number 

MAP 
KEY

- ......

... -.

~ .:;

2318

232A

231C

2310

232C

246A

2468

246C

2460

Gen."’1 
m....u... 
for 
the 

floodplain: 

, 

all 

new 

buildings 
and 

major 

ex1onslons 
10 

be 

constrvcied 
above 
Ihe 

minimum 
floor 
Ie.el 

(MFl). 
This 
Is 

a 

minimum 
requirement 

and 
a 

highar 
floor 
leval 
is 

oocouraged 
(10 

",evenl 
...urdalion 

in 

floods 

greater 
than 
tho 

adopted 
s1andard1 

. 

raising 
of 

an 

9JUSling 
buildings 
wilh 
floor 

""",ra 
below 
!he 

MFt 
is 

encouraged. 
. 

where 
possible 

buildings 
should 
be 

constructed 
on 

t/1e 

high 
part 
01 

the 

propMy 
OU1side 
lhe 

floodplain, 

. 

fllllop 
may 
be 

permitted 
under 
the 

plan 
area 
01 

tho 

dwolling 
and 

posslbfy 
over 
the 

rem8
der 
of 

lhe 
lot 

(to 

02 
m 

above 
tho 
lei 

0u1IeV81 

Dr 

higher) 
subjecllO 
the 

guiclelin... 
provided 
10 

!he 

Ge....ral 
Measures, 

- 

the 

entrance 

opening/maintenance 
procedure 

(Arlla 
1) 

w
l 

reduce 

design 
flood 
levera 
by 

up 
to 

0,1 

m.

All 

Iovals 
In 

lTI<III1Ie 
to 

AHO

~o!.. Building 
float 
levels 
are 

provided... 
Appendix 
B 

of 

tho 

Floodplain 

Management 
Study, 

The 

rainlalllnduced 
flood 
levels 
assume 
that 
the 

entrance 
befTTl 
is 

at 

~.4m 
AHO 
at 

\he’ 

0nse1 
0/11>8 
evel1l. 
The 

ragoon 
let 

Out 

level 
IS 

1.23m 

AHD 
and 

Council 
maintains 
the 

sandbar 
III 

appro.lmaleJy 
1,7m 
AHO, 

Design 
ftood 
levera 

were 
laken 
from 
the 

Terrigal 
Lagoon 
Flood 
Study 

and 

Floodplain 
Management 
Study. 
Ocean 

inundmlon 
levels 

ware 

lakon 
from 
a 

report. 
The 

Enrl!lncG 
Dynamics 
orW

mbetal, 
Terrig81. 

Avoca 
and 

CocIcrone 
Lagoons, 

prepared 
by 

AWACS 
In 

November 

1994,

\oVum, 

McKEOWN 
d 

ASSOCIATES 
PlY 

LTD.

Level 
2, 

160 

Clarence 
St 
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2000 
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Fax: 
02 

9262 
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TERRIGAL 
LAGOON: 
Concise 
Description 
of 

the 

Plan

-

AREA 
1: 

ThII 

Logoon 
Wtta, 
Body 

The 

beach 
benn 
Ie 

to 

be 

manogod 
In 

~ 
"HI>!he 

Council 
policy 
’or 

Tomg" 

lagoon 
(Aj>pen<b 

A 

01 

tho 

Plan). 
10 

saver. 
..- 
coo
ti..... 

manBgemtn1 
provisions 

may 
have 
to 

b. 

delayed 
until 

coo
tiaw 
.’" 

saf., 

The 

_BiIlI. 
impect8 
of 

!he 

Greemouu 
EWecta 

_......-made 
’" 

_ 
(

ra 

....t1ldl 
may 

alledlh
hydrauIcs 
0I1he 
ClPor
will 
be 

_ 
(ondl.

under 

mea..,.. 
applicable 
to 

tho 

ani", 

~..... 
- 

Table 
1 

01 

tho 

PI.,). 

AREA 
2: 

Bundono 
Avon... 

A 

loco! 

<*’a1nage 
s1udy 
1110 
be 

un_. 

General 
me....... 
IOf 

tho 

noodplain 
aalndiC81ed 
on 

thI. 

shoal 

AREA 
S: 

Nor1h11rn 
End 
01 

ec..n 
Vlow 
Drivo 
IIridve 

’1M 

otr_ 
Dr 

"""on 

Inundation 
..... 
to 

be 

__ 
by 
a 

quali60d 
8<’9_ 
..~ 

in 

coatal 
matt.

No,.. 
buil
ngs 

wilhin 
1 

DO 
m 

Of 

Ihe 

not1h8rn 
IIhon! 
of 

Ih

"goon 
are 
10 

b..uIlject 
to 

apeci" 
design 
provision. 
to 

dissipa18 
fo!’Cllo 
from 

_an 

inII’dation. 

Gene",! 
mea_e. 
fOf 

tho 

noodplaln 
aolndiC81ed 
on 

1hI. 

_l 

AREA 
.: 

SOuthern 
Sh.... 
0I1IIe 
Logoon 

~o 

opecific 
mo...... 
fO, 

thI. 

8n!a 
are 

proposed. 

Goneral 
me....... 
fOf 

Ihe 

noodplain 
.. 

lndiC8b1d 
on 

Ihi. 

_l 

AREA 
5: 

W.., 
Arm 

(_at 
0/ 

tho 

WlIIoughb7 
R....d 

Bridgo) 

No 

s
fic 

measU’8S 
for 

thI, 

81"98 
sre 

propoaad. 

Gtreral 
rT1A89\188 
ftr 

the 

ftooQ:Jlain 
811i 

irdicatad 
on 

It’ll 

aheel

AREA 
8: 

F.-rand 
er..cant 

No 

ape
c 

men...... 
(or 

this 

area 
are 

P"D
osed. 

Goneral 
mea...... 
fOf 

Ihe 

noodplain 
..1ndiC81ed 

on 

iii. 

aheel

AREA 
7: 

Ogllvl. 
5....1 

No 

epecific 
meaSU"e1 
for 

tn. 

area 
are 

prgpOl8d. 

Gone.". 
maaSl.f1ls 

far 

!he 

loodpIain 
.. 

led 

on 

Ilia 

oheeL 

AREA 
8: 

GoM 

eo..... 

No 

.".ofic 
me"...... 
for 

rn 

araa 
are 

proposed. 

Gone"" 
me........ 
fOf 

Ihe 

noodpl.1n 
..lndiC818d 

on 

iii. 

sheOL 

AREA 
g: 

Wlndaor 
Ro.d 

1""lomentll1o 
program 
ot 

_ 
’Of 

!he 

Ilv.. 
.. 

outlined 
n 

~"",h 
D 

of 

"’. 

Plan. 

in1llemtrrtilla 
measures 
10 

con"" 
"ood
from 
local 

catchm
nl 

NOoII 
(Append
. 

D 

of 

!he 

Plan). 
Inlti.ta 

on.....on 
and 

manlonan
program 

fO,!he 
la.".. 

Gono"" 
me....... 
JOf 

tho 

noodplain 
..lndiC8ied 

on 

U>is 

sheeL 

~fA~:~::=~~I~~:~oa!c;:~:r. 
Gont.". 

mo....... 
’Of 

Ihe 

lIoodptain 
.. 

indlc
l8d 
on 

this 

"’-l

AR~ 
n: 

UPlU"eam 
Clftchmentt 

Development 
will 

be 

coneidared 
In 

iIla 

upl1,,,,,m 
calcl1msnta 

81.bjed 
to 

c!atalod 

a..luallon 
of 

tha 

poe.iblolmpat1s 
on 

wat... 
quantify 
and 

w.tar 
CfoI8Iity.
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Level 
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1% 

Flood 
Level 
= 

3. 

3m 

AHD 

(Ocean 
Inundation) 
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by 

Oceen 

Inundation 

_____ 
as 

well 
as 
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Inundation
~ 
%Q 

’1(

"" ~i’~"" ."’Q 
~ /

~ 110 
1-

TERRIGAL 
LAGOON: 
Concise 

Description 
oftha 
Plan

AREAl, 
Th. 

Lagoon 
Wllo, 
Body 

Tho 

b
berm 
is 

’" 

M 

managed.. 
lICtOI’dance 

wi1ll1ho 
C
ncil 

palicy 
for 

T.mOal 

lagoon 
(Ajlpendix 
A 

of 

!he 

Plan). 
In 

.....or. 
w.ather 

condtiono 
mMogemenl 

pravisiOllll 

may 

hovo’" 
ba 

delayod 
""til 

conditione 
.... 

..r.. 

Th. 

poosibla 
ImpadJI 
of 

!he 

Greanhouoo 
Errect 
Of 

other 

man.moda 
or 

nst...... 
!acto.. 

which 
may 

.1Tect 
!he 

hydtoV’CII 
of 

!he 

op.nIng 
will 
bo 

monitored 
Qncluded 

under 

mea,,",, 
oppf"",blo 
10 

... 

anti,. 
aludy 
8lII. 
- 

Table 
1 

of 

It1e 

PI.,). 

AREA 
:z, 

Bund8lll 
Annu. 

A 

local 

dralnago 
,ludy 
I. 

II> 

be 

""der\al(.n. 

a_nil 
mo.O\l’1l. 

for 

!he 

ftoo~oIn 
..Ind

l
d 

on 

thi, 

.".aL 

AREA 
3: 

Northern 
End 
of 

Oc..n 
View 
DriYo 
Bridge 

. 

Tho 

.rrllCla 
of 

ocean 

Imnle50n 
8lII11> 
M 

""I8Osad 
by 
. 

qualified 
ar9n

.~raod 

In 

""".taI 
ma1tora. 

Now 

btJldngs 
wi"*’ 
100m 
of 

tho 

notthom 
Ihoro 
oIl1!e 
Iogoon 
ara 
10 

b. 

O<AIJ

’" 

o
el 

design 
ptOviaione 
10 

"...pele 
rorou 
from 

ocean 

..l61det
. 

a.....nII 
meas,"o 
lot 

lI!e 

ftoo~aIn 
u 

Ind
Led 
on 

thi. 

oheel 

AREA 
4: 

!J

uth.m 
Sh... 
of 

the 

L.agoon 

. 

No 

tPtdftc 
me....... 
for 

thi. 

area.... 
propaud. 

a-taI 
meallUl’8llor 
IN 

.oo~.., 
eolndicailld 

on 

lhI.noL 

AREA 
5: 

Wool 
Ann 

(wool 
01 

u.. 

Wlllou!Ihby 
Rold 

Eltldgo) 

. 

ND 

epedf!i
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