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ATTACHMENT 2

Manly Lagoon Flood Study - Mapping Compendium - Final - August 2013

LisT 0F MAS SERIES INCLUDED IN THIS GOMPENDIUM

LiIsT OF MAP SERIES INCLUDED IN THIS

COMPENDIUM

Design Catchment Flood Mapping
Al - Inundation Extent Map {(Mulliple Events)

A2 - 20% AEF Peak Flood Waler Level
A3 - 10% AEP Peak Flood Water Level
Ad - 5% AEP Peak Hood Water Level
AS - 2% AEP Peak Hood Waler Level
A6 - 19 AEP Peak Flood Water Level
AT - 0.5% AEP Peak Hood Waler Level
AR -0.2% AEP Peak Flood Waler Level
A9 -0.1% AEF Peak Flood Water Level
A10 - PMF Peak Flood Water Level

Al1 - 20% AEP Peak Flood Water Depth
Al2- 10% AEP Peak Flood Water Depth
A13 - 5% AEP Peak Flood Water Deplh
Ald - 2% AEP Peak Flood Waler Deplh
Al15- 13 AEP Peak Flood Water Depth
Al - 0.5% AEP Peak Flood Waler Depth
A17 - 0.2% AEP Peak Flood Waler Depth
AlB-0.1% AEP Peak Flood Water Depth
A19 - PMF Peak Flood Waler Deplh

A2 - 1% AEP Peak Flood Velocily
A21 - PMF Peak Flood Velocity

AZ2 - 20% AEP Hydraulic Categories
A23 - 5% AEP Hydraulic Categories
A24 - 1% AEP Hycraulic Gategories
A25 - PMF Hydraulic Galegories

AZ6 - 20% AEP Provisional Flood Hazard
AZ2T7 - 5% AEP Provisional Flood Hazard
A28 - 19 AEP Provisional Flood Hazard
A28 - PMF Provisional Flood Hazard

Design Ocean Flood Mapping

A30 - Inundation Extent Map {Mulliple Events)

A31 - 20% AEP Peak Flood Water Level
A3Z - 5% AEF Peak Flood Water Level
A33 - 1% AEP Peak Flood Water Level

A34 - 20% AEP Peak Flood Water Depth
A35 - 5% AEP Peak Flood Water Depth
A36 - 13 AEP Peak Flood Water Depth

Coincident Catchment and Ocean Flood Mapping

A3T - 1% AEP Calchment + 5% AEP Ocean Event Peak Flood Waler Depth
A38 - 5% AEP Gatchment + 1% AEP Ocean Event Peak Flooa Water Depth
A3% - 1% AEP Catchment + 5% AEP Ocean Event Hydraulic Categories

AAD - 1% AEP Catchment + 5% AEP Ocean Event Provisional Flood Hazard

KONZOEE MANLY LAGOON FLOOD STUDYVDOCSAN2DES. 00502 COMPENDILM .DOCK

ITEM NO. 8.10 - 24 SEPTEMBER 2013

Design Flood Sensilivity Impact Mapping
iMapping provides lor change in peak flood level compared to baseline
condilions)

A41 - Decreased Manning's by 25% - 1% AEP Catchment Event

A42 - Increased Manning's by 25% - 1% AEP Calchment Event

A43 - Lower Rainfall Losses - 1% AEP Calchment Event

Ad4 - Higher Rainfall Losses - 195 AEP Gatchment Event

A4S - Lower Initial Berm Height - 1% AEP Gatchment Event

Adé - Lower Initial Berm Height - 1% AEP Catchment + 5%AEP Ocean Event

AAT - Higher Initial Berm Height - 1% AEP Catchment Event

A48 - Higher Inifial Barm Height - 1% AEP Catchment + 5%AEP Ocean Event
A49 - Struclure Blockage - 1% AEP Galchmen! Event

AS0 - Lagoon Initial Water Level (0.5m AHD) - 19 AEP Gatchment Event

AS1 - Manly Dam Initial Water Level (34.1m AHD) - 1% AEP Galchment Event

Climate Change Scenario Mapping
Mapping provides lor inundalion exlent overlays lor climale change lesls above
basaline condilions)

AB2 - 10%, 20%, 30% Rainfall Infensity Increase — 5% AEP Catchment Event
AB3- 10%, 2096, 307t Rainfall Intensity Increase — 1% AEF Catchment Event
AS4 - 10%, 20%, 30°% Rainfall Infensity Increase — 5% AEP Gatchment +1%
AEP Ocean Event

ASS - 1076, 209, 30% Rainfall Imensity Increase — 1% AEP Catchment + 5%
AEP Ocean Event

AS5E - 0.4m, 0.9 Sea Level Rise — 5% AEP Calchment Event

AST - 0.4m, 0.9m Sea Level Rise — 1% AEP Catchment Event

ASE - 0.4m, 0.9m Sea Level Rise — 5% AEP Calchment +1% AEP Ceean Event
ASS - 0.4m, 0.9m Sea Level Rise — 1% AEP Calchment +5% AEP Ceean Event
ABD - 0.4m, 0.9 Sea Level Rise — 5% AEP Ocean Event

AB1 - 0.4m, 0.9m Sea Level Rise — 1% AEP Ocean Event

ABZ - 107, 20%, 30% Rainlall Intensily Increase +0.4m Sea Level Rise — 5%
AEF Catchment Event

AB3 - 1076, 20%, 30% Rainiall Intensity Increase +0.4m Sea Level Rise — 1%
AEP Catchment Event

AB4 - 1096, 209, 307 Rainfall Intensity Increase +0.4m Sea Level Rise — 5%
AEF Catchment +1% AEP Ocean Event

ABS - 107, 20%, 30% Rainlall Intensily Increase +0.4m Sea Level Rise — 1%
AEP Catchment + 5% AEP Ocean Event

ABS - 1076, 20%, 30% Raintall Intensity Increase +0.9m Sea Level Rise — 5%
AEP Calchment Event

ABT - 107, 209, 30% Rainfall Intensity Increase +0.9m Sea Level Rise — 1%
AEP Calchment Event

AGE - 1096, 20%, 30% Rainiall Intensity Increase +0.9m Sea Level Rise — 5%
AEF Catchment +1% AEP Ocean Event

ABS- 107, 20%, 30% Rainfall Infensity Increase +0.9m Sea Level Rise - 1%
AEP Gatchment + 5% AEP Ocean Event
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Notes

Manly Lagoon Catchment Coordinating Committee

Members of the Committee, namely:

Citizen members:

Cr Sue Heins Warringah Council (Chairperson)

Cr Michael Regan Warringah Council

Dr Helen Wilkins Warringah Community Representative

Dr Frank Gleason Warringah Community Representative

Mr Brian Murphy Warringah Mall Management

Cr Candy Bingham Manly Council

Cr Hugh Burns Manly Council

Dr Judy Lambert Manly Community Representative

Mr Terrence Murphy Manly Community Representative

Mr Mike Baird MP State Member for Manly

Mr Mark Roberts Manly Lagoon Committee

Mr Chris Barry Save Manly Dam Catchment Committee

Mr Michael Bradbery Manly, Balgowlah, Wakehurst and Warringah Golf Clubs
State Government Representatives:

Mr Stan Rees NSW Department of Primary Industries (Crown Lands)
Mr Gus Pelosi NSW Office of Environment and Heritage

Mr Marcel Green NSW Department of Primary Industries (Fisheries NSW)
Mr Norm Nikolich Sydney Water

Mr Mark Simpson / NSW State Emergency Services

Mr Tony Pinelli/
Mr Wayne Lyne

Warringah Council Staff Representatives:

Mr Todd Dickinson Group Manager Natural Environment

Mr Adrian Turnbull Environmental Strategy Manager

Ms Jodie Crawford Senior Environment Officer — Catchment

Mr Jason Ruszczyk Environment Officer — Catchment

Manly Council Staff Representatives:

Mr Michael Galloway Team Leader, Water Cycle Management Team

Mr Ed McPeake Natural Resources and Community & Environmental Partner
Mr Patrick Stuart Catchments Project Officer

All other Councillors are free to attend as Observers and are invited to do so and to engage in
discussion, but not in voting in any matter before the committee.
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Draft Notes - Manly Lagoon Catchment Coordinating Held 25 July 2013

Notes

ITEM NO. 8.11 - 24 SEPTEMBER 2013

Present:

Warringah Council Members

Cr Sue Heins {Chairperson)

Manly Council Members

Community & Stakeholder Representatives

Dr Judy Lambert — Manly Community Representative

Mr Terrence Murphy — Manly Community Representative
Dr Frank Gleason — Warringah Community Representative
Dr Helen Wilkins — Warringah Community Representative

Mr Mark Roberts — Manly Lagoon Committee

Mr Michael Bradbery — Manly, Balgowlah, Wakehurst and Warringah Golf Clubs

Mr David Parsons — Save Manly Dam Catchment Committee
Mr Richard Cox — Warringah Chamber of Commerce and Industry Inc.

State Government Representatives

Mr Gus Pelosi — OEH

Mr Stan Rees — DPI - Crown Lands
Mr Marcel Green — DPI - Fisheries
Mr David Buchtmann - SES

Council Advisors

Warringah:

Mr Todd Dickinson

Mr Adrian Turnbull

Mr Duncan Howley
Mr Jason Ruszczyk

Manly:
Mr Michael Galloway

Mr Patrick Stuart

In attendance:

Denise Regan — Minute Taker (Warringah Council)

20137222086
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ATTACHMENT 1
Draft Notes - Manly Lagoon Catchment Coordinating Held 25 July 2013

ITEM NO. 8.11 - 24 SEPTEMBER 2013

Mr Bradbery questioned the correlation between opening Manly Lagoon and the release of
water from Manly Dam in this Study. Mr Turnbull advised that these matters had been
considered in the Study.

Dr Gleason suggested that climate change needed to be incorporated as this will affect sea
level which can also influence floodwater levels due to potential changes in entrance
conditions. He also congratulated both Councils on a job well done.

Draft Memorandum of Understanding for the Joint Management of Manly Lagoon and
its Catchment (MoU)
Submitted by Warringah Council

Update given by Mr Ruszczyk who informed the committee that the updated MoU had been
signed off by both Councils, as had a Project Agreement between both Councils for routine
maintenance contracts related to Manly Lagoon. These two documents enabled Warringah
Council to secure a five year permit from Fisheries for emergency clearance works should the
low flow pipes become blocked with kKelp. Warringah Council thanked Manly Council for the
collaboration and Marcel Green for working with both Councils throughout and issuing the
permit.

Mr Galloway agreed that having a good guiding principle in place would help towards
successiul projects taking place.

The Chair congratulated both Councils on achieving this success.

GENERAL BUSINESS

Dredging/Clearing the Mouth of Manly Lagocn at Semerville Bridge
Submitted by Mark Roberts

Mr Roberts raised his concerns regarding the amount of sand under and to the west of Stuart
Somerville Bridge. He suggested that the accumulated sand was impeding tidal movement
within the lagoon and that this was leading to a decline in water quality. He mentioned that
dredging this area used to happen annually but had not been done for a number of years,
and suggested that it is currently the ideal seasonal conditions for the removal of this sand.

In response, Mr Galloway spoke to a presentation {see Attachment 4) which illustrated the
steady persistence and location of the sediment tongue at the lagoon entrance through a
comparison of historic aerial photos (1930 to present) and a permanent datum as a reference
point (red arrow and 1st casuarina). The aerial photographs indicate that the sand tongue
has been present to the same extent since at least 1930. These images also suggested that
the 2001,03 and 06 dredging operations had little long term effect as the extent of the sand
appears to have returned to the same location within a year and similar to what has been
displayed over the last 70 years.

Mr Galloway discussed the three dredging operations which took place in 2001, 03 and 08,
and tabled two research papers investigating enfrance clearance efficacy of these in Manly
Lagoon:

. “Monitoring: The Last Step in the Estuary Management Planning Process” written by
Danny Wiecek (Natural Resource Project Officer, Coasts and Estuaries, Department of
Natural Resources), John Floyd (Senior Natural Resource Officer, Estuaries,
Department of Natural Resources) and Paul Smith (Water Cycle Management Team
Leader Manly Council) and,

. “Does Dredging in ICOLL Entrances Improve Tidal Flushing?” written by D, Wiecek and
J. Flood from Department of Environment and Climate Change, Sydney NSW. (see
Attachments 5 and 6).
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The agenda submission from The Hon. Mike Baird was reviewed and address by Mr
Tumbull.

Mr Tumbull noted the comparison of Brookvale and Manly Creeks with respect to recent
works undertaken in Bumt Bridge Creek, and discussed the geographical location of Bumt
Bridge Creek and Manly Lagoon as adjoining two Local Government Areas. This situation
makes them eligible for significant State Govemment grant contributions that enabled recent
restoration works.

Neither Manly nor Brookvale Creek are in this position, however Council is willing to
undertake further creek restoration works should State Government funding become
available.

Have any funds been allocated for rectification work on either Manly or Brookvale creeks?

WC applied for grant funding in March 2013 from the Sustainable Environment stream of
the Caring for our Country program to undertake works, Council is expecting to be nofified
soon as to whether this application has been successful.

Components of the proposed grant funded project include bank stabilisation works on
Brookvale Creek (adjacent to the 6" Hole site of Warringah Golf Course), and general
weed control contracts for both creeks.

The question of Warringah Mall's redevelopment was raised, Mr Dickinson advised that
he was aware that a Development Application had been submitted, that the stormwater
asset and GPT at Condamine/Pittwater Rd junction will be upgraded, but did hot know
any other details.

Has a review of either creek taken place?

Yes, both Manly and Brookvale Creeks were reviewed within the comprehensive
Warringah Creek Management Study (2004), which included an evaluation of the state of
the creeks and their catchment values. Significantly, it ranked catchments as being in
‘Group A’ of high ecological condition, ‘Group B’ of moderate condition and high sensitivity
to change, and ‘Group C being the most significantly impacted.

High priority for Council is protect and manage those creeks which are of high value
(Groups A & B), as even modest increases in development are likely to lead to substantial
declines in creek values. Itis noted that both Manly and Brookvale Creeks are within
Group C catchments, and while recognised as being in degraded condition, are in a
relatively stable state and as such are a lower priority for Council funding when LGA wide
catchment management is considered.

In addition, Council monitors creek condition and prioritises works as appropriate. This

prioritisation has resulted in the Caring for our Country grant application noted earier to
undertake bank stabilisation works on Brookvale Creek {adjacent to the 6™ Hole site of

Warringah Golf Course), and general weed control contracts for both creeks.

is any work scheduled Tor either Brookvale or Manly Creeks?

Yes, current scheduled works include:

1.  Brookvale Creek riparian bush regeneration contract - targeted weed control.
Ludwigea peruviana, Acestosa, Taro, Cape Ivey, Morning Glory Vine, Madiera
Vine, Castor Qil Plant, Palm Grass

2. Continuation of Gross Follutant Trap cleaning contracts
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3. Passmore Reserve (Brookvale Creek) bush regeneration contract

4. David Thomas Reserve (Manly Creek) bush regeneration contract — the vegetation
regrowth has been slow following a hazard reduction burn in May last year perhaps
due to high levels of disturbance. Please see additional discussion below.

In addition, if Council is successful in its Caring for Cur Country grant application — those
works described earier (Q1) will also be undertaken.

» Are there any funds still available to the committee or have they been fully expended?

The Manly Lagoon Catchment Coordinating Committee is an advisory body to both
Councils, and as such does not have delegated financial control.

o Additional discussion

The issue of Crown land parcels in Manly Creek adjacent to Manly Dam was raised and
Warringah Council staff responded, advising:

A Notice of Motion was raised by Cr Harris to go to 24 April 2012 Council meeting. It was
resolved that a short report be prepared for 24 July 2012 meeting outlining future
management options for 4 parcels of Crown land along Manly Creek.

This report recommended that the 2 parcels in good condition should continue to be
managed by Council on behalf of the Crown, and that a letter requesting landowners
consent be sent. To date Council has not received a response to this request. These 2
parcels contain both Public Recreation and Low Density Residential zonings. This was a
result of a direct translation of WLEP2000.

There are no requirements for “transfer of management” of the 2 parcelsin order for
Council to manage them. Council will continue to manage the 2 parcels to the best of its
ability within available resources. The remaining 2 parcels were considered to be
degraded and therefore it was not appropriate for Council funds to be expended on land
of lower conservation value that it does not currently manage.

Burnt Bridge Creek Update and WSUD Development Controls
Submitted by Manly Council

Mr Galloway discussed the successful works completed at Manly Yest Park sediment basin
(354.9 tonnes) from lower Bumt Bridge Creek, and the proposed removal of accumulated
sediment (300 tonnes) from upper Bumt Bridge Creek. He also discussed water sensitive
urban design development controls in the Manly LERP/DCP 2013.

Note - PowerFPoint presentation was unable to be viewed therefore it was agreed that it would
be included in notes for information, see Attachment 8.

Sydney Water Update
Submitted by Norm Nikolich

Sydney Water Community Update for June was noted see Attachment 2.

New Business

The Chair thanked Dr Frank Gleason for his published study on Ecological roles of zoospotic
parasites in blue carbon systems which was forwarded to Committee members prior to the
meeting. Committee members congratulated Dr Gleason on his efforts.
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6. NEXT MEETING
Meeting schedule to be confired as follows:

Thursday, 5pm on:
21 November, 2013
6 March, 2014

There being no further business the meeting closed at 6:40 pm.
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reasons for this are that it can be hard te gain meaningful results over short periods of
time in such highly variable systems, and it can be very costly to rigorously menitor
water quality and biota before and after dredging. However, it would be useful to more
accurately quantify changes to tidal flushing/water quality and aquatic bicdiversity tc be
able to weigh up the benefits against potential environmental impacts of entrance
dredging practices (Box 1) and the high financial costs. One way tc more accurately
quantify before and after change in entrance tidal flushing is to analyse changes in tidal
respense though tidal harmenic analysis.

Box 1: Potential environmental impacts of ICOLL entrance dredging

There are a number of potential enviranmental impacts that can result from
dredging entrances of predominantly closed ICOLLs to create predecminantly open
conditions, ranging from short-term to long-term. Many of these impacts have flow
on effects and resultant eccsystem changes.

Shert-term impacts can include (the first three points are dependent of the type of

sediment and are less likely in predeminantly marine sand):

& |ncreases in turbidity through suspension of sediments that can smoother
seagrass beds and cleg fish gills;

« Suspension of sediments placing an oxygen demand on the water column
resulting in anoxic events and potential fish kills;

* Release of contaminants contained within sediments with resultant water quality
and habitat toxicity implications (highly urbanised ICOLLs only);

e Changes in water circulation patterns, tidal conveyance and strength of currents
e.g. increased velocities can lead to direct removal of seagrass beds through
scouring, and lower low tide levels can impact upon seagrass through increased
exposure; and

= Direct removal of bottom-dwelling animals (benthos) leading to a reduction in
avallable food for other species and processes such as nutrient cycling.

Long-term impacts can include:

*  Marinisation of the ICOLL and lower fluctuation and/or lessening of
environmental extremes in parameters such as salinity that can lead tc changes
in seagrass and fish communities, such as an increase in species adapted to
more stable marine ecolegical conditions;

s |ntreducticn and establishment of mangroves at the expense of existing
foreshore communities such as saltmarsh; and

e A contraction in the areal extent of fringing wetlands due to invasicn of the
fringes by dryland adapted species as a result of reduced periods of prolonged
inundation.

Assessing the tidal response from the entrance dredging - tidal harmonic
analysis

To determine whether or not the dredging of the marine sand deltas at the entrances to
both Manly and Narrabeen Lagoons result in improved tidal exchange between the
lagoon and the ccean, water level data from continuous automatic water level
recorders in the lagoons was obtained from Manly Hydraulics Laboratory (Queenscliff
Bridge Manly Lagoen, and Ocean St Narrabeen Lagoon). These recorders monitor the
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sample period (typically 20 to 30 minutes). As the significant wave height is an average
of the largest waves over a recording pericd, it should be noted that some individual
waves might be much larger than this.

This value is used in coastal and marine engineering because it is close to what a
person will ‘measure’ by cbservation, without the benefit of time series data. Also, in
many applications of wave data, larger waves are more "significant” {important) than
smaller waves. For example, the larger waves in a storm cause the mest erosion cn a
beach and can be respensible for causing coensiderable infilling of ICOLL entrances
with marine sand. Direct sand infiling from littoral drift is linked to wave height
{climate), and the potential sediment infill due to flood tides is alsc enhanced with
increased bed stirring, as increased wave height leaves sediment suspended and more
easily transported. This process can greatly exacerbate the closure of ICOLL
entrances. This then has implications for tidal flushing, which can be reduced as the
entrance channel shoals up with sand.

It is important to note that the direction of wave climate and location of near shore sand
bars can have an effect on the degree that storm waves exacerbate sand infilling of
ICOLL entrances. For example, if the entrance is protected by a headland immediately
north or south, waves from this direction will have reduced height and energy at the
shoreline through losses associated with refraction around the headland. Hence, two
separate storms of the same Hsig with wave climate from two different directions, may
not lead to the same level of infilling.

Rainfalf data

Dally rainfall data for Middle Creek located in Narrabeen Lagoon catchment, and
Allambie Heights located in Manly Lagoon catchment, was obtained from MHL cver the
study period. Rainfall in an ICOLL catchment can have a considerable bearing on
entrance conditions, with relatively large inflows from heavy rainfall having the ability to
scour large quantities of marine sand and transport it back to the near shore ccean
environment. Conversely, drier periods of below average rainfall, such as has been
experienced over the past 5 years over much of scuth-eastern Australia, can result in
ICOLL entrances filling up with marine sand due to a decrease in scouring floodwaters,
leading tc a greater frequency and longer duraticn of entrance closure, which has been
the case at a number of scuth coast ICOLLs (e.g. Burrill Lake).

In the comparisons to follow, the dally rainfall was accumulated intc weekly rainfall,
allowing for the fact that generally a single day rainfall event will not cause extensive
scouring of the entrance to an ICOLL unless of very high intensity. Large runoff events
are associated with rainfall of sufficient duration to saturate the catchment, then
continued rainfall that will result in a greater proportion of water mcving across the land
surface as runoff rather than infiltrating into the soil profile.

Narrabeen Lagoon entrance dredging
Entrance dredging works

Narrabeen Lagoon is the largest of four ICOLLs located on the northern beaches of
Sydney, having a surface area of 2km” and a catchment area of approximately 55km®.
The lagoon lies entirely within the Warringah Local Government Area, with the northern
foreshore forming the boundary with Pittwater Council. A narrow channel approximately
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2km long and typically 150m wide links the main bedy of the lagoen to the ocean. The
lagoon is divided geographically into three distinct areas: the western basin, the central
basin, and the eastern channel (Figure 1) (WBM, 2002b). The entrance to Narrabeen
Lageon is intermittently filled with marine sediment when the amcunt of sand moved
into the lagoon entrance by the incoming tide exceeds the amount of sand removed by
the outgoing tide. Prior to development, it is thought the lagoon was mostly closed to
the ccean (Gordon, 2006).

Due to increasing urbanisation leading to water quality problems and foreshoere floeding
of properties, a policy of opening the lagoon entrance through entrance dredging works
has been practiced since 1975. Eight major entrance dredging works have occurred to
date roughly every three to four years, with volumes of material removed up to about
45,000m” and costs up to $800,000. The entrance dredging operations are a key
action out of the Narrabeen Lagoon Fleodplain Management Plan to minimise flooding
te surrounding properties. The works are carried out according to the Narrabeen
Lagoen Entrance Management Policy (Warringah and Pittwater Councils, 1996), which
is currently under review.

The entrance dredging works invelve the excavation of marine sediment from the
entrance area of the lagoen, on the eastern and western sides of Ocean Street Bridge
{Figures 2 and 3). The marine sediment that is excavated is firstly stockpiled and left to
drain, then transported by truck to Collarcy/Narrabeen Beach where It is spread as
minor beach nourishment (Figure 2).

Narrabeen Lagoon resulls of tidal harmonic analysis

Centinucus water level data was available for assessment for the last four entrance
dredging episcdes. All four dredging episcdes show a clear increase in tidal response
of up to 8cm in the main tidal component (M), indicating that the dredging improves
tidal conveyance into the lagoon. This would improve tidal flushing of the lagoon,
particularly the eastern channel and to scme extent the central basin. However, it
should be noted that an improvement in tidal flushing may have limited benefits to
water quality in the western basin of the lagoon, due to long flushing times (75 days for
a mean spring tide, 110 days for a mean neap tide) and water gquality largely being
controlled by the quality of catchment runoff (WBM, 2000).

Detailed explanations of results for each dredging episode are discussed cver the
following pages, while a complete data series is provided in Appendix A. For all
analyses, the top graph shows raw water level data from the Ocean St recorder.
Second graph shows 7-day accumulated daily rainfall from Middle Ck, third graph
shows the dredging pericd, the fourth graph shows the M, tidal component calculated
from a 30 day analysis every 7 days, and the last graph shows significant wave height
{Hsig). Data gaps in the Hsig time series indicate failure of instrumentation.
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Manly Lagoon entrance dredging
Entrance dredging works

Manly Lagoon is an ICOLL situated at the boundary of Warringah and Manly Council
Local Government Areas in Sydney’s northern beaches area. It has a catchment area
of 18km” and a waterway area of 0.1km®. The catchment is highly urbanised with about
60% of land use considered urban. The remaining land use is open space which
includes two goelf courses and playing fields adjacent to the lageon. The Lagoon has a
restricted cutlet to the sea through a constructed low flow channel approximately 3.3m
wide by 1.8m high at the nerthern end of Queenscliff Beach that allows permanent tidal
exchange.

Historically, the lagoon’s fringing wetlands where reclaimed for rubbish dumps and are
now playing fields (Patterson Britton and Partners, 1995). This has resulted in a
reduced tidal prism, and importantly flood storage volume. This reduced flood storage
volume combined with the permanent tidal exchange through the low flow pipes,
results in the loss of scouring potential that occurs when ICOLL water levels are raised
high enough to breach the entrance berm and open the ICOLL to the ccean.

The Manly Lagocon Estuary Management Plan completed in 1998 describes the
lagoons poor water quality as the fundamental envirenmental issue and as such water
quality remediation is the primary focus of the Plan and its management strategies.
One of the strategies outlined in the Plan to address water quality {and other) issues is
for selective dredging/deepening of the lagoon. To implement this strategy, five sites
within the lagoon have been identified for dredging works and are currently under
consideration, including the entrance.

Since the adopticn of the Plan in 1998, entrance dredging has cccurred three times,
with costs as high as $120 000 for dredging and disposal. The works involve the
removal of marine sand (ranging from 1500m® to 6300 m?) that has entered the lagoon
under wave and tidal action upstream of the Queenscliff Bridge (Figure 3). Dredged
sand is then used to nourish Manly Ocean Beach. The Statement of Environmental
Effects (Patterson Britton and Partners, 2003a) for the works notes the benefits of the
dredging as “The removal of marine sand would improve tidal exchange between the
lagoen and the ocean, remove any restrictions to fish passage, and avoid continued
sand migration upstream smothering aquatic vegetation”.

Manly Lagoon resulls of tidal harmonic analysis

Continucus water level data was available for assessment of all three entrance
dredging episodes. Unlike Narrabeen Lagoon, the dredging episodes do not show a
clear increase in tidal response in the main tidal compenent (M;). This indicates that
the dredging is unlikely to improve tidal flushing of the lagecon. Patterns are evident for
M. changing in relation to significant wave height {(Hsig) events and large rainfall
perieds, but are not always as clear as they were for Narrabeen Lagoon. The low flow
pipes that allow permanent tidal exchange intc the lagoon appear to result in a fairly
constant tidal regime, that is not noticeable effected by dredging, but can be lowered
short term by sand infilling exacerbated by large waves, and increased short term by
the scouring effects of heavy rainfall-induced flood discharges.

Detailed explanations of results for each dredging episode are discussed cver the
following pages, while a complete data series is provided in Appendix B. For all
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Warringah and Pittwater Councils (1996). Managemeni Folicy for Narrabeen Lagoon
Enirance.

Warringah Council (2008). Minufes of the Narrabesn Lagoon Joint Estuary/Floodplain
Management Commiiiee Meeiing, held 9 November 2006.

WBM (2000). Narrabeen Lagoon Estuary Processes Siudy. Prepared for Warringah
Council.

WBM (2002a). Narrabeen Lagoon Entrance Clearance Projeci. Prepared for Warringah
Council.

WBM (2002b). Narrabeen Lagoon Esiuary Management Plan. Prepared for Warringah
Council.
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Moni toring the Success of the Dredging - Tidal Harmonic Analysis

To determine whether or not the dredging ol the marine sand delta at the entrance 1o Manly Lagoon
will resull in improvedtidal exchange between the lagoon and the ocean, walerlevel data lom two
continuous antonilic waler level recorders in the lagoon was obtained (rom Manly Hydraulics
Laboratory. These recorders monilor the rise and [all in lagoon water levels as a response Lo Lides,
inflow ftom rainfall, and oceanic events. Becawse of the waler level variations introduced (rom rain (all
and oceanic events, the use of basic waler level data to analyse ‘pure” tidal variation (due solely (o sum,
moon ad earth interactions and river tidal characleristicsy in estuaries can be difficult, particularly il
Lrying lo compare dilferences belore and aller m event such as dredging. To ob ain meaninghil results
[rom the water level dalathal emoves the major rainlall and ocemic events, alechnique called Tidal
Harmonic Analysis was used.

Tidal Harmonic Analysis is a lechnique applied Lo recorded water levels by which the various
congituents or “building blocks™ that make vpthe tide are calenlaed separately (see Box 1 ontides
lor detailsy. I all the calculated condiluent s are added together, aclose approximation ol the original
observed Lide is produced. But it is useful 1o just look al the major tidal constituents that contribute
mod 1o the observed asd onomical tide 1o compare how they vary belween siles or withtlime. This
provides an indicator ol howlidal response may be changing, withoul the noise’ associaled with
catchment and oceaic events.

To look a the dynamie behaviour ol an estuary, the month o month changes in behaviour of the major
condiluents are best compared. Asmajor tidal characteridics are relatedto the monthly lunar cycle,
this is really the smallest period that is uselful Lo consider [or harmonic analysis. [ven the monthly
analyses involve asystem that is changing overthe month, which means thal the harmonic resulls are
still only an mdicator of response, and not @ exact measure. They indicate the average monthly tidal
response.

Themajor condituents of tides that were extracted [tom the aalyses for month to month changes in
behaviowr (orthis study are the “principal lunar semidinrnal condituent” (M-} or main tidal
component, and the “ Lamisolar synodic lornightly condituent™ (MS0) or fornightly tide.

M, — Main Tidal Component

The M; condituent epresents the dominant hmar inflluence in conjunction with the earth's rolation on
the observed tide and is the major contributor 1o thetide. In the open ocean, this constiluent is around
three times the size of its nearest. Comparing the behaviour of M, over time provides an mdicator of
the tidal penetration into a systent. For exanple, on the graphs shown, an increase in M» means an
increase m tidal response and possibly increased tidal (lushing.

MST- Formightly Tide

The MS[ constituent represents the mfluence on the lunar orbil, which directly creates the spring-neap
tidal or {orinightly tide characteristics. In coadal lagoons that generally have relatively restricted
entrances and shallow inlet channels, the spring neap cycle creales a varying mean waler level. This
walter level is higher during the spring tides, and lower during the neap and is a consequence ol
[rictional eflects of the inlet channel As [rictional elfects increase the ellect can be greater. The MST
consiluent is ameasure of this behaviour and can be very signilicant. On the graphs shown, decreases
in MSI indicale reduced (rictional elTect s and ollen corelale with an associaled increase in M, and
possibly improved (ushing.

Reliability of the Analysis

As the plots of M, and MS( for both Queensclill Bridge and Riverview Parade dala sets very closely
match each other, even though they are dilTerent data sels [romtiwo separdely calibrated water level
recorders, we can be certain thal there is a high level of precision (the degree of repeatability among a
series of mdividual resulis) with the tidal harmonic analysis.
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Conclusions

The analysis of the benelits ol dredging the entrance marine sand delta on mprovingtidal (lushing
indicale:

4.

Removal of small amounts of marine sand around 150007, as with the lirst two dredging episodes,
appear Lo have little alTect on improvingtidal (lushing,

Major rainfall and oceanic events appear Lo have amuch grealer impact on contolling tidal
[Tushing with large rainfall events correlating well with improvements in tidal (Tushing. This is
mosl probably because the resultant high flows in thelagoon from the ranfall contmually scour
the entrance chamnel of marine sand brought in on the incominglide, creating a well opened
channel that allows maximum tidal penetration.

A significant amownt of sediment needs 1o be removed (as withthe last dredging episode of
6300m*y belore any noticeabls improvement in tidal Mushing ean been seen. However, il is also
likely that the regular ram(all events over the period of the dredging have helpedthe observed
improvenient.

Thereis some tidal altenvation between Queensclill Bridge and Riverview Parade.

Recommen dations

The benelits of (utwre Site 5 entrance dredging works should be openly discussed with the Manly
Lagoon Catchment Coordinaling Committee (MLCCC}, in charge of implementing the Manly
Lagoon Edvary Management Plan (EMP). As small improvement m tidal (lushing is only evident
alter signilicant amowmnts of sediment are removed, the high cods, ashigh as $120 000, need to
weighed up against the possible benelits and other means of improving water quality inthe
lagoon.

The expected benelils of dredging at Sites3 ad 4 (Piltwater Road Bridge) needto be carelully
considerad by the MLCCC and again weighed against the high cods. Based on thelow tidal
allenuation observed between the aulomatic recorders, an increase i lidal penetration inder the
bridge and therelore improved (Tushing upstream of the bridge would be expected 1o be small.
However, wind driven mixing and improved circulation would still be expected to improve water
quality alter the dredging is completed.

The (ure water qualily and biomonitoring currently being discussed between Warringah and
Manly Cowncils in partnership with DNR 10 specifically look al the changes in water quality and
lagoon health as a resull of the dredging needs 1o begin so lessons can be leamed andthe success
orotherwise of the dredging determmed.

The results (rom the monitoring should be used to (eed into a review ol the current Manly Lagoon
EMP 1o ensure ils objectives and management practices proposed (e.g. dredging) 1o meet the
objectives, are updated by the laled miormation and inderstanding.
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Report to Council Meeting on 13 February 2007

9.2 MINUTES OF THE MANLY LAGOON CATCHMENT
COORDINATING COMMITTEE MEETING
HELD 14 DECEMBER 2006

Reporting Officer

Manager Environmental Management Services

Purpose

Toreport to Couneil the Minutes of the Manly Lagoon Catchment Coordinating Committes
Meeting held 14 December 2006.

Report

It should be noted in response to the matter raised in Item 4.1 “... observes suspiciousiy
discoloured water in the Condamine St GPT onweekends... ”, the matter has been referred to
Council’s Compliance officers for investigation.

Impact on Council Budget

Nil

RECOMMENDATION OF DIRECTOR CUSTOMER AND COMMUNITY SERVICES

That the Minutes of the Manly Lagoon Catchment Coordinating Committee Meeting held
on 14 December 2006 be noted and the recommendations contained therein be ADOPTED.

Report of Warringah Council Meeting held on 13 February 2007
ITEM
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Minutes of the Manly Lagoon Catchment Coordinating Committee Meeting held 14 December 2006

Nz |Warringah
“Nel Council”

ABN 31 565 068 406
MINUTES OF THE MANLY LAGOON CATCHMENT COORDINATING
MEETING HELD THURSDAY 14 DECEMBER 2006

ATTENDANCE

Mr Dennis Corbett — Chairperson

Councillor Peter Macdonald — Mayor — Manly Council
Councillor Tudy Lambert — Manly Council

Mr Danny Wiecek — Dept. Natural Resources — Estuaries
Mr John Gibbons — Save Manly Dam Catchment Committee
Mr Peter White — Warringah Community Representative

Mr Mark Roberts — Manly Lagoon Committee

Mr Steven Firth — Warringah Community Representative
Mr Keith Ralfs — Warringah Chamber of Commerce & Industry Inc.
Mr David Bolton — Manly Community Representative

Mr Paul Smith — Manly Council

Mr David Beharrell — Environment Officer (Projects)

Mrs Leonie Binetsky — Administration Officer

APOLOGIES

Mr Alistair Anderson — Warringah Mall Management
Mr Michael Bradbury — Manly Golf Club

Mr David Barr — Member for Manly

Prior to the adoption of the Minutes from the meeting held on the 12 October 2006, Mr David
Bolton stated that, in his opinion, the reported matters discussed in Item 4.2, Total Catchment
Management Decision Support Tool was not sufficiently detailed as per the discussions. Mr
Bolton submitted an item on this issue for discussion under Business Without Notice.
Following these comments the Mimites were noted.

ADOPTION OF MINUTES — Minutes of the Meeting held 12 October 2006
Adopted by Warringah Council on 28 November 2006 were NOTED.

DECLARATION OF PECUNIARY AND CONFLICTS OF INTEREST

Nil
DATE OF THE NEXT MEETING
8 MARCH 2007
IN THE FLANNEL FLOWER ROOM

CIVIC CENTRE, DEE WHY

COMMENCING AT 5.00PM
Attachment to Report of Warringah Council Meeting held on 13 February 2007
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Minutes of the Manly Lagoon Catchment Coordinating Committee Meeting held 14 December 2006

Item 2.1 Proposed Redevelopment Manly Golf Club
Submitted by Greg Britton - Manly Golf Club Consultant

Manly Golf Club (MGC) propose to redevelop Manly Golf Course to address a range of
safety, drainage, water supply and course design issues, and at the same time improve the
quality of stormwater flowing through the course and improve terrestrial and aquatic habitat.
A briefupdate on the progress of the proposal will be provided.

Proceadings in Brief

Mr Britton was unable to attend the meeting. However, he was able to provide an update to
Council staff who conveyed the information to the Committee. The stormwater concept plan
and flood modelling is progressing well and a meeting was convened for Friday 15 December
2006 invelving relevant State government authorties.

A further update will be given at the March 2007 meeting.
RECOMMENDATION OF THE COMMITTEE TO COUNCIL
That the information be noted.

Item 2.2 Manly Lagoon Rehabilitation Works
Submitied by David Beharvell — Warvingah Council

Sites 1 & 2 - Removal of Sediment between Burnt Bridge Creek & Nolan Reserve
(ICMS Objective and Action Number —2.19)

The rehabilitation works at Sites 1 and 2 involve the removal of accumulated sediment with
the aim of improving water quality, aquatic ecology, recreation and habitat. The current
estimated cost of the works including the disposal of dredged material off-site is
approximately $1.6 million.

Warringah Council recently engaged a consultant to undertake sediment investigations to
assess the option of separating the sediment into sandy and muddy textured products by
means of hydrocycloning. The physical and geochemical properties of the muddy and sandy
products will be assessed in order to identify possible re-use and on-site disposal options. This
would minimise the volume of material requiring costly off site disposal.

Council Staff and Manly Golf Cowurse representatives met on the 13 November 2006 to
discuss possible links between the Site 1 and 2 dredging and the proposed Gelf Course
redevelopment. These preliminary discussions raised the possibility of using the clean/sandy
fill (by-product of physical separation of dredged material) on the golf course and placing the
remainder in the side-bays to form wetland areas. There are a number of questions to be
answered before this can be considered a viable option. For example:

Attachment to Report of Warringah Council Meeting held on 13 February 2007
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Minutes of the Manly Lagoon Catchment Coordinating Committee Meeting held 14 December 2006

Can the material be separated in a cost effective manner?

Can we use the side-bays? How much fill can the side bays accommodate?
Will the State Government allow infilling?

What will the commumity think?

Envirommental Impacts?

A further meeting with relevant State government agencies is planned for the Friday 15
December 2006 to discuss the proposal.

Addiscombe Road Remediation Action Plan

Manly Council has received the Director General’s requirements for the Part 3A application
for the remediation works in line with the SEPP 2005 Major Projects provision. The
consultants are now working with these to finalise documentation and are also finalising the
first draft Remediation Action Plan.

Site 3 - Dredging Under and Adjacent to Pittwater Rd Bridge, North Manly
{(ICMS Objective and Action Number — 2.16)

On the 2 November 2006, approval was granted for the development application for disposal
of the dredged material to Abbott Road, John Fisher Park, Curl Curl.

Warringah Council has invited consultants to provide a quote to assist Council to project
manage the Site 3 dredging works and transportation and placement of sediment to Abbott
Road, Curl Curl. The consultants have been asked to review tender docurmentation; obtain
necessary construction certificates; ensure necessary approvals have been obtained and are
valid; coordinate the tendering and evaluation process for works; coordinates commumnity
consultation and supervise the works phase of the project.

Selection of the preferred consultant will take place in early January 2007 with works being
anticipated to commence in March/April 2007,

Warringah Council recently invited consultants to provide a quote to undertake three-
dimensional tidal water quality modeling to numerically demonstrate the impact of dredging
at Site 3 on water quality in Manly Lagoon. The results of the modeling will be made
available in early 2007.

Proceedings in Brief

Discussions took place regarding possible links to the proposed redevelopment of Manly Golf
Course and Sites 1 and 2 rehabilitation works. It was stated that the results of proposed
sediment analysis were integral to any possible synergies between the two projects. The
results of the analysis will provide information about the likely end use of the removed
dredged material and where it can be located.

Attachment to Report of Warringah Council Meeting held on 13 February 2007
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Minutes of the Manly Lagoon Catchment Coordinating Committee Meeting held 14 December 2006

Inrelation to the Addiscombe Road site, Manly Council was requested to submit an update at
the next meeting outlining the findings from the remediation action plan.

RECOMMENDATION OF THE COMMITTEE TO COUNCIL
That the information be noted.

Item 2.3 Operation Manly L.agoon
Submitted by David Beharrell - Warvingah Council
(ICMS Objective and Action Number —1.7)

Planning for Manly Council’s “Sustainability Fair™ is still in progress and is anticipated to
take place in April 2007.

Warringah Council’s new website was launched on the 7 December 2006. From the
“Environment” drop down bar, the heading “Water Catchments™ contains information about
Creeks and Lagoons, Stormwater and Flooding, Coastline and Working with Industry. The
website is a work in progress and will soon include a Manly Lagoon Catchment webpage.

RECOMMENDATION OF THE COMMITTEE TO COUNCIL
That the information be noted.

Item 3.1 Appointment of New Community Member
Submitted by David Beharrell — Environment Officer (Projects)

Following Council’s advertisement to replace the recently resigned member, four applications
were received.

In accordance with Council’s Policy “Advisory and Management Committees of Council —
Appointment of organisations and committee members” Gov-PL 226 states:

Unless an individual commumnity representative is vequired to have some particular skill
or professional training, all nominations satisfying guidelines for a Committee shall be
eligible for appointment. Where the number of nominations exceeds the mumber of
individuals required for appointment, the General Manager shall determine the
appointment by drawing of lots, with those drawn first being appointed.

All four applicants were submitted to the General Manager, who drew the name of Mr Steve
Firth.

Council is pleased to welcome Mr Steve Firth onto the Committee.
RECOMMENDATION OF THE STAFF TO THE COMMITTEE
That the information be noted.

Attachment to Report of Warringah Council Meeting held on 13 February 2007
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Minutes of the Manly Lagoon Catchment Coordinating Committee Meeting held 14 December 2006

costs, the community needs to weigh up the benefits of these works against other means of
improving water quality in the Lagoon.

The expected benefits of dredging at Sites 3 and 4 (Pittwater Road Bridge) need to be
carefully considered by the ML.CCC and again weighed against the high costs. Based on the
relatively small difference in tides observed between the water level recorders at opposite
ends of the Lagoon, an increase in tidal penetration under the bridge and therefore improved
flushing upstream of the bridge would be expected to be small.

The future water quality and biomeonitoring, currently being considered by Warringah and
Manly Councils in partnership with DNR to specifically look at the changes in water quality
and lagoon health as a result of the dredging, needs to be planned carefully and implemented
so lessons can be learnt and the success or otherwise of the dredging determined.

It is recognised that there are other potential benefits to the dredging at the entrance and under
Pittwater Road Bridge, including removal of contaminated sediment and minor lowering of
flooding impacts.

RECOMMENDATION OF THE COMMITTEE TO COUNCIL
That the information be noted.

Item 3.3 Water Quality Monitoring Update
Submitted by Paul Smith— Manly Council
(ICMS Objective and Action Number —1.13G)

Manly Council has been undertaking monitoring of Manly Lagoon in partnership with
University of Western Sydney to understand sewage ingress hotspots for facilitating
priornitisation of "Sewer Fix" works in the Manly Lagoon Catchment in partnership with
Sydney Water's overflow modelling processes. The program also seeks to install real-time,
phone telemetry, nutrient {Total Nitrogen and Total Phosphorus) monitoring ecquipment and
has undertaken pollutant speciation and stratification assessments to understand instream
interventions including dredging and catchment management works.

The findings of the monitoring will be reported to the MLCCC for regular updates and to the
Sydney Water / Manly Council Partnership for facilitation and evaluation of actions in Manly
Lagoon and Catchment.

RECOMMENDATION OF THE COMMITTEE TO COUNCIL
That the information be noted.

Item 3.4 Proposed Meeting Dates for 2007
Submitted by David Beharrell — Warringah Council

Bookings have been made for Committee Meetings to be held during 2007. They are to be
held on a Thursday as normal commencing at 5.00pm. The dates are:
Attachment to Report of Warringah Council Meeting held on 13 February 2007
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Minutes of the Manly Lagoon Catchment Coordinating Committee Meeting held 14 December 2006

8 March 2007
14 June 2007
13 September 2007
13 December 2007

These dates are subject to alteration should the need arise.

Proceedings in Brief

The Committee was in agreement with the proposed dates on the understanding that a Special
Meeting could be called at any time to discuss urgent matters.

RECOMMENDATION OF THE COMMITTEE TO COUNCIL
That the information be noted.
BUSINESS WITHOUT NOTICE

Item 4.1 Various Questions from the Save Manly Dam Catchment Committee
Submitted by John Gibhons

Q. Ts the new water quality testing facility Manly Council is establishing, to be jointly used
by both Councils?

A. The Committee was informed that Council staff would discuss the possibilities of joint
use of the facility.

Q. Is Warringah Council intending to install samplers to enable water quality monitoring in
Brookvale Creek and Manly Creek before they entered the Lagoon?

A.  Staffinformed the Committee that Warringah undertakes monthly dry weather
monitoring downstream of the Condamine St GPT. Council is also looking at potential
sites in the LGA to undertake wet weather sampling and downstream of the Condamine
St GPT is a priority site.

Q. Inresponse to the issue raised by Mark Roberts, 1.e., he often observes suspiciously
discoloured water in the Condamine St GPT on weekends, which he felt resulted from
illegal discharge into the creek from businesses in the Brookvale industrial area.

Mr Gibbons asked whether Council would consider monitoring water quality at this
location to determine whether there was anything untoward occurring?

A.  Staffindicated that to determine the type and source of any pollution incident that they
need to be notified as soon as possible after the incident is observed. Staff indicated that
Council Officer’s can be contacted 24 hours a day, 7 days a weeks.

Attachment to Report of Warringah Council Meeting held on 13 February 2007
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Minutes of the Manly Lagoon Catchment Coordinating Committee Meeting held 14 December 2006

Mr Gibbons suggested that Council might consider developing a monitoring regime that
targeted this area during these periods and maybe talk tolocal streamwatch groups to
enlist their help.

RECOMMENDATION OF THE COMMITTEE TO COUNCIL
That the information be noted.

Item 4.2 Manly Lagoon Catchment Water Quality Monitoring
Submitted by David Bolton — Manly Community Representative

Mr Bolton tabled a paper titled, “Manly Lagoon Catchment Water Quality Monitoring™ for
information and discussion by the Committee (APPENDIX 2)

In summary the main issues/questions raised were whether we can definitively say whether
the Lagoon’s water quality was getting better. Staff indicated that it is difficult to make a clear
statement either way due to the many variables involved and the complexity inherit in making
statement about water quality trends. However, staff indicated that they were in the process of
collating all existing data in an attempt to undertake a trend analysis of water quality in the
lagoon,

Council Officers will provide comments on the six questions tabled by Mr Bolton and provide
a report at the next meeting.

RECOMMENDATION OF THE COMMITTEE TO COUNCIL
That the information be noted.

Item 4.3 Exotic Tree Removals
Submitted by Mark Roberts — Manly Lagoon Committee

Mr Roberts brought to the attention of the Committee a number of Coral trees and Coral tree
regrowth that required removal. Staff indicated that as part of the ongoing Exotic Tree
Removal Program these trees would be removed.

RECOMMENDATION OF THE COMMITTEE TO COUNCIL
That the information be noted.

Councillor Judy Lambert left the meeting at 6.30pm

Mr Keith Ralfs left the meeting at 6.35pm

Councillor Peter Macdonald left the mesting at 6.40pm

Mr Paul Smith left the meeting at 6.45pm
Mr Peter White left the meeting at 6.46pm

The meeting concluded at 7.15pm

Attachment to Report of Warringah Council Meeting held on 13 February 2007
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Minutes of the Manly Lagoon Catchment Coordinating Committee Meeting held 14 December 2006

Item 3.2 - APPENDIX 1
Entrance Dredging and Lagoon Flushing — Results from Tidal Analysis

The Department of Natural Resources in conjunction with Manly Council have recently
completed analysis of tidal data in Manly Lagoon to see what difference there is before and
after the three dredging episodes that have occurred at the lagoon entrance since 1998. One of
the main reasons for the removal of the sand is that it is believed it will result in improved
tidal exchange between the lagoon and the ocean thereby improving water quality. To test
this, water level data obtained from two continuous automatic water level recorders in the
lagoon were compared before, during and after the dredging for the three dredging episodes
using tidal harmonic analysis.

The results of the analysis where presented as a poster at the 15™ NSW Coastal Confarence
held at Coffs Harbour in November this vear and the conclusions and recommendations from
this poster are outlined below (for further information the paper prepared with the poster for
the conference has been attached as an appendix):

Conclusions

Removal of small amounts of marine sand around 1500m’, as with the first two dredging
episodes, appear to have little affect on improving tidal flushing.

Major rainfall and oceanic events appear to have a much greater impact on controlling tidal
flushing with large rainfall events correlating well with improvements in tidal flushing. This
is most probably because the resultant high flows in the lagoon from the rainfall continually
scour the entrance channel of marine sand brought in on the incoming tide, creating a well
opened channel that allows maximum tidal penetration.

A significant amount of sediment needs to be removed (as with the last dredging episode of
6300m°) before any noticeable improvement in tidal flushing can been seen. However, it is
also likely that the regular rainfall events over the period of the dredging have helped the
observed improvement.

There is some tidal attenuation between Queenscliff Bridge and Riverview Parade.

Recommendations

The benefits of future Site 5 entrance dredging works should be openly discussed with the
Manly Lagoon Catchment Coordinating Committee (MLCCC), in charge of implementing the
Manly Lagoon Estuary Management Plan (EMP). As small improvement in tidal flushing is
only evident after significant amounts of sediment are removed, the high costs, as high as
$120 000, need to weighed up against the possible benefits and other means of improving
water quality in the lagoon.

The expected benefits of dredging at Sites 3 and 4 (Pittwater Road Bridge) need to be
carefillly considered by the MLLCCC and again weighed against the high costs. Based on the
low tidal attenuation observed between the automatic recorders, an increase in tidal
penetration under the bridge and therefore improved flushing upstream of the bridge would be
expected to be small. However, wind driven mixing and improved circulation would still be
expected to improve water quality after the dredging is completed.

Attachment to Report of Warringah Council Meeting held on 13 February 2007
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The future water quality and biomonitoring currently being discussed between Warringah and
Manly Councils in partnership with DNR to specifically look at the changes in water quality
and lagoon health as a result of the dredging needs to begin so lessons can be learned and the
success or otherwise of the dredging determined.

The results from the monitoring should be used to feed into a review of the current Manly
Lagoon EMP to ensure its objectives and management practices proposad (e.g. dredging) to
meet the objectives, are updated by the latest information and understanding.

Note: Itis recognised that there are other possible benefits to the dredging at the entrance and
under Pittwater Road Bridge including removal of pollutants within the sediment and minor
lowering of flooding impacts. Also, the need to undertake monitoring of the entire dredging
site prior to commissioning works is strongly recommended.

Report prepared by Danny Wiecek (DNR) and Paul Smith (Manly Council}

Attachment to Report of Warringah Council Meeting held on 13 February 2007
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Minutes of the Manly Lagoon Catchment Coordinating Committee Meeting held 14 December 2006

Item 3.3 - APPENDIX 2

In the interests of a better understanding of "hotspots” - For the information and attention of
the Manly Lagoon Catchment Coordinating Committee (14/12/2006)

MANLY LAGOON CATCHMENT WATER QUALITY MONITORING
Background

The Manly Lagoon and Catchment Integrated Catchment Management strategy and
Ewvaluation (Final Report, Volume 2, March 2004) contains a report entitled "Tagoon
Monitoring Review: Quality and Value to Catchment Managemeni”.

The report summarises water quality monitoring programs identified for Manly Lagoon and
its tributaries between 1975 to 2002. Core monitoring programs are Laxton, Cheng,
streamwatch/Beachwatch and Manly Hydraulics Lab.

The data pertaining to these programs span the last 10 yvears and provide a basis for
comparing and verifying trends and observations from other momnitoring data.

It provides a review of 29 monitoring programs and 42 reports. The purpose of the review is
to provide a rapid search and assessment database tool for those with an interest in the
function and management of Manly Lagoon.

This database is viewed as being a cyclic adaptive rapid assessment procedure for water
quality monitoring programs in the Manly Lagoon subcatchments.

The report states that: "The potential for building on this process for assessing the trends and
directions of Manly Lagoon and its subcatchments is high. In this sense the database can serve
as the foundations for coordinating and targeting action towards agreed upon hotspots, allow
for adaptive management over the seasonal fluctuations of the year and provide a tool for
evaluating management practices and drive continual improvement.

Questions

Has this database served as a foundation tool for coordinating and targeting action towards
agreed sewage ingress hotspots during discussions with Sydney Water?
Is there an existing map of the "hotspots" in the Catchment?
The report suggests that the monitoring process would benefit from overlaying sewer
subcatchments and stormwater subcatchments onto the one GIS system. Has this been
achieved yet?
The report highlights a failure to differentiate mitrient concentrations between sewer and
stormwater. Are current or proposed Manly and/or Warringah Council monitoring programs
able to differentiate between sewer and stormwater when testing for Nutrients?
Is there still on-going testing for Bacteria (Le. faecal coliforms and enterococci) within the
Manly Lagoon Catchment? Who conducts these tests and how often? Can the Committee be
Attachment to Report of Warringah Council Meeting held on 13 February 2007
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provided with a report (summarising water quality monitoring results from 2002 to present)
and an evaluation to the Committee of these results and how they, and associated management
practices, have increased our understanding of the Manly Lagoon Catchment dynamics and
the sewage ingress and nmutrient hotspots?

Attachment to Report of Warringah Council Meeting held on 13 February 2007
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