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Coast, Estuary & Floodplain Advisory Sub-Committee

CHARTER

Adopted: OC 18/11/15

1.  Advise Council on conditions and management issues for the coast, estuaries and
floodplains of the Port Macquarie-Hastings local government area.

2. Advise Council on the development of coastal zone, estuary and floodplain risk
management plans for the Port Macquarie-Hastings local government area.

3. Advise Council on the implementation of adopted coastal zone, estuary and floodplain
risk management plans.

4.  Act as a committee for the purpose of relevant NSW guidelines as they relate to
estuary, coastline and floodplain management.
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AGENDA COAST, ESTUARY & FLOODPLAIN ADVISORY SUB-
COMMITTEE 28/03/2019

ltem: 01
Subject: ACKNOWLEDGEMENT OF COUNTRY

"I acknowledge that we are gathered on Birpai Land. | pay respect to the Birpai
Elders both past and present. | also extend that respect to all other Aboriginal
and Torres Strait Islander people present.”

ltem: 02
Subject: APOLOGIES

RECOMMENDATION

That the apologies received be accepted.

ltem: 03
Subject: CONFIRMATION OF PREVIOUS MINUTES

RECOMMENDATION

That the Minutes of the Coast, Estuary & Floodplain Advisory Sub-Committee
Meeting held on 31 July 2018 be confirmed.
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MINUTES

PORT MACQUARIE Coast, Estuary & Floodplain Advisory
“' HASTINGS Sub-Committee Meeting

€W R ELA 31/07/2018
PRESENT

Members:

Councillor Mike Cusato (Chair)

Bob Jolly (Community Rep. - Lake Cathie)

Kingsley Searle (Oyster Industry & Community Rep. — North Shore)
Laurie Lardner (Community Rep.)

Tony Troup (Oyster Industry)

Staff:

Melissa Watkins (PMHC)
Maria Doherty (PMHC)
Gordon Cameron (PMHC)
Blayne West (PMHC)
Jesse Dick (PMHC)

Agencies:

Tina Clemens (DPI Lands)

Scott Anderson (DPI - Fisheries)

Michael Northam (DPI - Fisheries)

John Schmidt (Office of Environment & Heritage)
Nicholas Denshire (Office of Environment & Heritage)
Andre Uljee (Maritime Division - RMS)

Maria Frazer (State Emergency Services)

Paul Burg (State Emergency Services)

Other Attendees:

Dr Matthew Taylor (DPI Fisheries)
Kylie Russell (DPI Fisheries)
Monique Retallick (WMAwater)
Mikayla Ward (WMAwater)

The meeting opened at 1:00pm.

01 ACKNOWLEDGEMENT OF COUNTRY

The Acknowledgement of Country was delivered.
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MINUTES

PORT MACQUARIE Coast, Estuary & Floodplain Advisory
“' HASTINGS Sub-Committee Meeting
€W R ELA 31/07/2018

02 APOLOGIES

CONSENSUS:

That the apologies from Alan Macintyre (Community Rep.) and Shaun Kerrigan (National
Parks Wildlife Service) be accepted.

03 CONFIRMATION OF MINUTES

CONSENSUS:

That the Minutes of the Coast, Estuary & Floodplain Advisory Sub-Committee Meeting held
on 30 March 2017 be confirmed.

04 DISCLOSURES OF INTEREST

There were no disclosures of interest presented.

05 BUSINESS ARISING FROM PREVIOUS MINUTES

Camden Haven Prawn Study:

Dr Matt Taylor & Kylie Russell (DPI — Fisheries) provided the committee with a
presentation to discuss preliminary results of the Camden Haven Prawn Study. The
presentation was well received by the committee who thanked Matt & Kylie for their
presentation. When available, the final report will be provided to PMHC for circulation to
committee members.

Preliminary findings seem to indicate issues with pH and aluminium levels within the
catchment and that there was a significant decline in the diversity and extent of seagrass in
Queens Lake.

PMHC and DPI — Fisheries to discuss potential opportunities to install data loggers within
the Camden Haven catchment, possibly as part of the next round of Ecohealth monitoring.

Seagrass Mapping:

Dr Matt Taylor confirmed that the Seagrass Mapping results are available and will form part
of the final Camden Haven Prawn Study report.
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MINUTES

PORT MACQUARIE Coast, Estuary & Floodplain Advisory
“' HASTINGS Sub-Committee Meeting
€W R ELA 31/07/2018

06 WRIGHTS CREEK FLOOD STUDY UPDATE - DRAFT REPORT

Monique Retallick & Mikayla Ward (WMAwater) provided a detailed presentation on the
report. The presentation was well received by the committee.

Gordon Cameron discussed the next stage of the project after the flood study (ie. The
management study). Potential to create a special working group to discuss possible
options to resolve issues within the catchment.

Councillor Mike Cusato encouraged committee members to make a submission on the
Wrights Creek Flood Study Update.

CONSENSUS:

That it be a recommendation to Council that the draft Wrights Creek Flood Study Update
(2018) be placed on public exhibition for six weeks.

07 IMPLEMENTATION UPDATE ON FLOODPLAIN RISK, ESTUARY AND
COASTAL ZONE MANAGEMENT PLAN PROJECTS

There was general discussion on various actions listed in the report.

Maia Frazer (SES) advised that action item 11 from the Hastings River Floodplain
Management Plan needed revision. PMHC staff to liaise with SES representatives to clarify
the status of action item 11 prior to the next meeting.

CONSENSUS:

That the Committee note the report.

08 UPDATE OF BIODIVERSITY STRATEGY AND ECOHEALTH MONITORING

Blayne West provided an overview of the Biodiversity Strategy & Ecohealth Monitoring.
The results of the Ecohealth Monitoring are available online and can be found on the
PMHC website at:
http://www.pmhc.nsw.gov.au/Services/Environment/\Waterways/Protecting-our-
rivers/Looking-after-our-local-rivers-and-estuaries

Councillor Mike Cusato encouraged committee members to make a submission on the
biodiversity strategy.

CONSENSUS:

That the Committee note the report.
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MINUTES

PORT MACQUARIE Coast, Estuary & Floodplain Advisory
“' HASTINGS Sub-Committee Meeting
€W R ELA 31/07/2018

09 ACTIVE COAST, ESTUARY & FLOODPLAIN PROJECTS STATUS UPDATE

Gordon Cameron provided an overview of the current active coast, estuary & floodplain
projects.

CONSENSUS:

That the Committee note the status of the active Coast, Estuary and Floodplain projects.

10 RECENT LEGISLATION REFORMS

Jesse Dick provided an overview of the recent legislation changes that relate to the
functions of the committee.

Tina Clemens (DPI Lands) provided additional information regarding the Crown Land
Management Act changes.

John Schmidt (OEH) provided additional information regarding the works that Council can
undertake without a certified Coastal Management Plan (CMP).

Councillor Mike Cusato noted the impact that these changes may have on Local
Government.

CONSENSUS:

That the Committee note the report.
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MINUTES

PORT MACQUARIE Coast, Estuary & Floodplain Advisory
“' HASTINGS Sub-Committee Meeting
€W R ELA 31/07/2018

11 GENERAL BUSINESS

11.01 FLOOR LEVEL DATA

Maria Frazer (SES) questioned whether Council held any floor level data that was freely
available for use by the SES.

PMHC staff confirmed that whilst some floor level data did indeed exist, it was spread
across multiple flood studies, each of a differing age and was not readily obtainable without
undertaking a data request from the consultants who undertook the original study.

The meeting closed at 3:10pm.

Port Macquarie-Hastings Council Page 10



AGENDA COAST, ESTUARY & FLOODPLAIN ADVISORY SUB-
COMMITTEE 28/03/2019

ltem: 04
Subject: DISCLOSURES OF INTEREST

RECOMMENDATION

That Disclosures of Interest be presented

DISCLOSURE OF INTEREST DECLARATION

[N E= Ve = o ) 1Y 1= = o o P
Meeting Date: e e
[tem NUMDEr: s s s s s s r e

Y] o = o 1

Pecuniary:
Take no part in the consideration and voting and be out of sight of the
meeting.

Non-Pecuniary - Significant Interest:
Take no part in the consideration and voting and be out of sight of the
meeting.

Non-Pecuniary - Less than Significant Interest:
May participate in consideration and voting.

(Further explanation is provided on the next page)
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AGENDA COAST, ESTUARY & FLOODPLAIN ADVISORY SUB-
COMMITTEE 28/03/2019

Further Explanation
(Local Government Act and Code of Conduct)

A conflict of interest exists where a reasonable and informed person would perceive that a Council
official could be influenced by a private interest when carrying out their public duty. Interests can
be of two types: pecuniary or non-pecuniary.

All interests, whether pecuniary or non-pecuniary are required to be fully disclosed and in writing.
Pecuniary Interest

A pecuniary interest is an interest that a Council official has in a matter because of a reasonable
likelihood or expectation of appreciable financial gain or loss to the Council official. (section 442)

A Council official will also be taken to have a pecuniary interest in a matter if that Council official’s
spouse or de facto partner or a relative of the Council official or a partner or employer of the

Council official, or a company or other body of which the Council official, or a nominee, partner or
employer of the Council official is a member, has a pecuniary interest in the matter. (section 443)

The Council official must not take part in the consideration or voting on the matter and leave and
be out of sight of the meeting. The Council official must not be present at, or in sight of, the
meeting of the Council at any time during which the matter is being considered or discussed, or at
any time during which the council is voting on any question in relation to the matter. (section 451)

Non-Pecuniary

A non-pecuniary interest is an interest that is private or personal that the Council official has that
does not amount to a pecuniary interest as defined in the Act.

Non-pecuniary interests commonly arise out of family, or personal relationships, or involvement in
sporting, social or other cultural groups and associations and may include an interest of a financial
nature.

The political views of a Councillor do not constitute a private interest.
The management of a non-pecuniary interest will depend on whether or not it is significant.

Non Pecuniary — Significant Interest
As a general rule, a non-pecuniary conflict of interest will be significant where a matter does not
raise a pecuniary interest, but it involves:

(&) A relationship between a Council official and another person that is particularly close, for
example, parent, grandparent, brother, sister, uncle, aunt, nephew, niece, lineal
descendant or adopted child of the Council official or of the Council official’s spouse,
current or former spouse or partner, de facto or other person living in the same household.

(b) Other relationships that are particularly close, such as friendships and business
relationships. Closeness is defined by the nature of the friendship or business
relationship, the frequency of contact and the duration of the friendship or relationship.

(c) An affiliation between a Council official an organisation, sporting body, club, corporation or
association that is particularly strong.

If a Council official declares a non-pecuniary significant interest it must be managed in one of two
ways:
1. Remove the source of the conflict, by relinquishing or divesting the interest that creates
the conflict, or reallocating the conflicting duties to another Council official.
2. Have no involvement in the matter, by taking no part in the consideration or voting on the
matter and leave and be out of sight of the meeting, as if the provisions in section 451(2)

apply.

Non Pecuniary — Less than Significant Interest

If a Council official has declared a non-pecuniary less than significant interest and it does not
require further action, they must provide an explanation of why they consider that the conflict does
not require further action in the circumstances.
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AGENDA
COMMITTEE

COAST, ESTUARY & FLOODPLAIN ADVISORY SUB-
28/03/2019

SPECIAL DISCLOSURE OF PECUNIARY INTEREST DECLARATION

By
[insert full name of councillor]

In the matter of
[insert name of environmental
planning instrument]

Which is to be considered
at a meeting of the
[insert name of meeting]

Held on
[insert date of meeting]

PECUNIARY INTEREST

Address of land in which councillor or an
associated person, company or body has a
proprietary interest (the identified land)

Relationship of identified land to councillor
[Tick or cross one box.]

0 Councillor has interest in the land (e.g. is
owner or has other interest arising out of a
mortgage, lease trust, option or contract, or
otherwise).

U Associated person of councillor has
interest in the land.

0 Associated company or body of councillor
has interest in the land.

MATTER GIVING RISE TO PECUNIARY INTEREST

Nature of land that is subject to a change
in zone/planning control by proposed
LEP (the subject land i

[Tick or cross one box]

0 The identified land.

0 Land that adjoins or is adjacent to or is in
proximity to the identified land.

Current zone/planning control

[Insert name of current planning instrument
and identify relevant zone/planning control
applying to the subject land]

Proposed change of zone/planning control
[Insert name of proposed LEP and identify
proposed change of zone/planning control
applying to the subject land]

Effect of proposed change of zone/planning
control on councillor
[Tick or cross one box]

U Appreciable financial gain.

[ Appreciable financial loss.

Councillor’s Name: .......ccceevevivieenenen

Councillor’s Signature: ..................

................... Date: ....cceevnnnnnnnn...
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AGENDA COAST, ESTUARY & FLOODPLAIN ADVISORY SUB-
COMMITTEE 28/03/2019

Important Information

This information is being collected for the purpose of making a special disclosure of
pecuniary interests under sections 451 (4) and (5) of the Local Government Act
1993. You must not make a special disclosure that you know or ought reasonably to
know is false or misleading in a material particular. Complaints made about
contraventions of these requirements may be referred by the Director-General to the
Local Government Pecuniary Interest and Disciplinary Tribunal.

This form must be completed by you before the commencement of the council or
council committee meeting in respect of which the special disclosure is being made.
The completed form must be tabled at the meeting. Everyone is entitled to inspect it.
The special disclosure must be recorded in the minutes of the meeting.

i. Section 443 (1) of the Local Government Act 1993 provides that you may have a pecuniary interest in a matter
because of the pecuniary interest of your spouse or your de facto partner or your relative" or because your business
partner or employer has a pecuniary interest. You may also have a pecuniary interest in a matter because you, your
nominee, your business partner or your employer is a member of a company or other body that has a pecuniary
interest in the matter.

ii. Section 442 of the Local Government Act 1993 provides that a pecuniary interest is an interest that a person has
in a matter because of a reasonable likelihood or expectation of appreciable financial gain or loss to the person. A
person does not have a pecuniary interest in a matter if the interest is so remote or insignificant that it could not
reasonably be regarded as likely to influence any decision the person might make in relation to the matter or if the
interest is of a kind specified in section 448 of that Act (for example, an interest as an elector or as a ratepayer or
person liable to pay a charge).

iii. A pecuniary interest may arise by way of a change of permissible use of land adjoining, adjacent to or in
proximity to land in which a councillor or a person, company or body referred to in section 443 (1) (b) or (c) of the
Local Government Act 1993 has a proprietary interest..

iv. Relative is defined by the Local Government Act 1993 as meaning your, your spouse’s or your de facto partner’s
parent, grandparent, brother, sister, uncle, aunt, nephew, niece, lineal descendant or adopted child and the spouse or
de facto partner of any of those persons.
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AGENDA COAST, ESTUARY & FLOODPLAIN ADVISORY SUB-
COMMITTEE 28/03/2019

Iltem: 05
Subject: BUSINESS ARISING FROM PREVIOUS MINUTES

Nil.
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AGENDA COAST, ESTUARY & FLOODPLAIN ADVISORY SUB-
COMMITTEE 28/03/2019

ltem: 06
Subject: HIBBARD PRECINCT FLOOD STUDY - DRAFT REPORT

Presented by: Development and Environment, Melissa Watkins

RECOMMENDATION

That the Committee recommend to Council, that the draft Hibbard Precinct
Flood Study (2019) be placed on public exhibition for not less than 28 days.

Background

In late 2016 Council engaged Advisian to prepare a Floodplain Management Plan for
the Hibbard Precinct. Part of the Floodplain Management Plan is to determine the
nature and extent of the flooding in this area, ie preparation of a Flood Study.

The primary goal of the Hibbard Precinct Flood Study is to define the extent of the
floodway at a local scale, as well as to undertake a detailed investigation to assess
options for maintaining the floodway into the future and for mitigating impacts
associated with its adoption on affected landowners.

Accordingly, the existing two-dimensional RMA-2 hydraulic model (last modified for
the Hastings River Flood Study Update 2018) was further refined to incorporate
additional topographic detail and physical features across the Hibbard Precinct. The
upgraded flood model was used to confirm the importance of the floodway and will be
used to assess options for maintaining the flood function of this area of the floodplain
when the stage 2 (options) assessment commences.

This report documents the findings from the stage 1 (Flood Study) investigations.
Discussion

The development of Floodplain Management Plans follow guidelines established in
the NSW Government’s Floodplain Development Manual (2005). The manual outlines
the steps involved in the process, and the activities required to develop a Floodplain
Management Plan in flood affected areas. The Floodplain Risk Management process
involves the following stages:

STAGE DESCRIPTION

1. Flood Study Determines the nature and extent of the flood
problem.

2. Floodplain Risk Management Study Evaluates management options for the

floodplain in respect of both existing and
proposed developments.

3. Floodplain Risk Management Plan Involves formal adoption by Council of a plan
of management for the floodplain.
4. Implementation of Plan Results in construction of flood mitigation

works to protect existing development and the

-0
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AGENDA COAST, ESTUARY & FLOODPLAIN ADVISORY SUB-
COMMITTEE 28/03/2019

application of environmental and planning
controls to ensure that new development is
compatible with the hazard.

Advisian have commenced Stage 1 (Flood Study) and have updated the previous
flood modelling that was completed as part of the Hastings River Flood Study (2006),
the Hastings River Floodplain Risk Management Study (2012) and the Hastings
River Flood Study (2018).

The Hastings River Floodplain Risk Management Study (2012) and the Hastings River
Flood Study (2018) defines flood behaviour and quantifies the flood characteristics
within the Hibbard Precinct (along with the remainder of the Hastings River catchment).
This information is presently used to assist development assessment and provides
baseline flood data that is relied upon for development within the Hibbard precinct.

The Hibbard Precinct Flood Study updates the previous Hastings River Floodplain
Risk Management Study (2012) and the Hastings River Flood Study (2018) and
provides Council with a suitable platform for undertaking the next steps in the
Floodplain Risk Management process.

Updated Model

The RMA-2 model developed for the Updated Hastings River Flood Study (2018)
was used as the base model for the Hibbard Precinct investigations. As the model
had been developed and used for regional scale investigations, it was refined for the
local scale investigations. More detailed topographic data was collected to assist
with the local scale definition of topography and key physical features. This included
Light Detection and Ranging (LiDAR) survey, spot elevations of hydraulic controls
such as road and fence (brick and concrete only) crest heights, creek cross-sections
and details of bridge and culvert crossings. The refinements in the vicinity of the
Hibbard Precinct led to an increase in the total number of nodes and elements in the
model from 49,300 and 57,800 to 64,150 and 77,700, respectively. This represents
an increase in the number of nodes and elements of more than 30%, all of which
were incorporated only in the vicinity of Hibbard. Refer to Figure 1 below.
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AGENDA COAST, ESTUARY & FLOODPLAIN ADVISORY SUB-
COMMITTEE 28/03/2019

FIGURE 4.6

)

m Advisia EXTENT OF RMA-2 MODEL REFINEMENTS
COMPLETED AS PART OF THE
HIBBARD PRECINCT FLOOD STUDY

301015-03826-Hkerd Foodmay Invessgstcn
i

Figure 1: Updated RMA-2 Model Mesh

Calibration to 2013 flood event

Calibration and verification of any hydraulic flood model is an important step in the
model development process. If an acceptable calibration of the model to recorded
events can be achieved, it ensures the reliability of the results of design flood
simulations.

The 2013 flood was an event of significance to the local community and thus, data
was gathered during the consultation process which included the location and height
that floodwaters reached at the peak of the event. Following discussions with
residents, a surveyor was commissioned to collect elevations for four flood marks
identified as representative peak levels for the February 2013 at Hibbard.

Flood levels predicted by the updated RMA-2 model for the February 2013 event are
considered to match reasonably well to the recorded data.

Previous Floodway Assessment

The floodway corridor determined as part of the Hastings River FRMS (2012) was
delineated based on a review of predicted flood behaviour and then tested and
further refined by encroachment modelling. Refer to Figure 2 below. Because the
2012 modelling relied on the broad scale flood model developed as part of the lower
Hastings River Flood Study (2006) there existed limitations in the amount of local
scale detail that could be taken into consideration.

In recognition of this, a Development Moratorium was imposed which restricted fill 282

and development west of Boundary Street until such time that the refined Hibbard A~

Floodway Investigation had been completed. PORT MACQUARIE
HASTINGS
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AGENDA COAST, ESTUARY & FLOODPLAIN ADVISORY SUB-
COMMITTEE 28/03/2019

FIGURE 9.6

- Boundary of Hastings River floodway
investigations.

Floodway

Flood Storage

Flood Fringe

HYDRAULIC CATEGORIES
g FOR THE 100 YEAR ARI FLOOD
s Coegares Zore 510 [ZONE 5]

Figure 2: Currently Adopted Hydraulic Category Mapping (as per Hastings River FRMS 2012).

The following provisions are contained within Council’s adopted Flood Policy (2018)
with the controls stemming from the Council imposed Development Moratorium:

¢ Nofilling of land is permitted west of Boundary Street until the Hibbard
Precinct Floodway Refinement Study has been undertaken. Refer to Ordinary
Council Meeting 17 February 2010, Item 06.1).

e Development (excluding filling) must be limited to areas outside the
provisional Floodway area as shown on Figure 2; and

e All development within the Hibbard (West) Precinct must be accompanied by
a Flood Risk Assessment and Flood Impact Assessment.

Refined Floodway Assessment

As discussed above, the floodway corridor was identified using a broad scale flood
model developed as part of the lower Hastings River Flood Study (2006) there
existed limitations in the amount of local scale detail that could be taken into
Consideration. However it is well recognised that this local detail is especially
important in urbanised areas such as Hibbard where floodwaters can be obstructed
and/or re-directed by hydraulic controls such as buildings, fences and road
embankments. These localised features have now been incorporated into the
Hibbard Precinct flood model with the refined model used to re-simulate design flood
conditions.

With this new information available a reassessment of the floodway corridor was
undertaken by applying a two stage analysis. Stage 1 involved a preliminary
floodway analysis and stage 2 involved an encroachment/blockage testing analysis.

Stage 1 analysis
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AGENDA COAST, ESTUARY & FLOODPLAIN ADVISORY SUB-
COMMITTEE 28/03/2019

The Stage 1 analysis involved a detailed review of the flood modelling results that
were generated using the Hibbard Precinct RMA-2 model.

The analysis involved identifying those parts of the floodplain across which velocities,
depths and the velocity-depth product were ‘locally’ high and indicative of an area
with high hydraulic importance and/or an area conveying a significant amount of the
flow occurring ‘locally’. The emphasis on ‘locally’ is included to reinforce that
floodway runners can be formed away from and separate to the greater floodplain.
This scenario of a flood runner is considered applicable to the Hibbard Precinct with
floodwaters arriving overland from the west and not from flows leaving the Hastings
River located immediately north of the Precinct.

Through the Stage 1 analysis a ‘preliminary’ floodway extent was determined through
Hibbard. The Stage 1 floodway corridor includes a main floodway arm that crosses
Tuffins Lane before turning towards the north to cross Hastings River Drive. Before
crossing Hastings River Drive the floodway arm splits into two branches which flow to
the east and west of the Riverside Resort and the brick fence that exists along its
frontage.

A secondary floodway arm that starts immediately east and downstream of Tuffins
Lane conveys floodwaters through the Ultiga Village Resort and along the narrow
canal and creek system. These floodway arms combine upstream of Hastings River
Drive. Refer to Figure 3 below.

FIGURE 7.2

e

LEGEND:

/ ‘Adopted Floodway Conidor determined
as part of the FRMS (2012)

D Advisian HIBBARD FLOODWAY CORRIDOR
DETERMINED BASED ON A REVIEW OF
101503826 Hbend Foodmey FLOOD MODEL RESULTS (STAGE 1)

FRUS
QR 0NSAE61N210_Fig 72 Siege 1-Flow 8 VaD Revewdocx

Figure 3: Stage 1 Floodway Analysis Results.

Stage 2 analysis

The Stage 2 analysis involved encroachment/blockage modelling of the Stage 1
floodway corridor to assess whether the corridor was sufficiently sized to ensure local
flows could be conveyed without causing flood level increases of greater than
100mm. The threshold of 100mm is widely used in floodplain management and is
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AGENDA COAST, ESTUARY & FLOODPLAIN ADVISORY SUB-
COMMITTEE 28/03/2019

referenced in OEHs guideline document, Floodplain Risk Management Guideline —
Floodway Definition (2007).

Five encroachment scenarios were tested by gradually increasing the encroachment
extent. This approach was adopted in lieu of simply running one scenario for the
whole floodway extent and was use to better understand any impacts at the
upstream limit of testing that may influence impacts downstream.

The Stage 2 blockage testing showed that the initial Stage 1 floodway corridor is
likely to lead to flood level increases locally of up to 100mm. Blockage of the eastern
floodway arm is predicted to cause flood levels to increase locally by up to 120mm
which is above the threshold target and therefore indicates blockage of a floodway.
Refer to Figures 4 & 5 below.

FIGURE 7.8
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Figure 4: Stage 2 Floodway Blockage Analysis Results (Scenario 6 shown).
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Figure 5: Close-up of Stage 2 Floodway Blockag

——

AIysis Results (Scenario 6 shown).

Flood levels are predicted to reach up to 50mm further upstream of the two floodway
arms, however this increase is limited by the large flood storage area to the south-
west of Hibbard.

Based on the results of the Stage 2 encroachment modelling it is proposed that the
floodway corridor delineated through the Stage 1 analysis be adopted for the Hibbard
Precinct. Refer to Figure 6 below.
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FIGURE 7.9
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Figure 6: Proposed Hydraulic Category Mapping to be adopted.
Conclusion

This Flood Study refines the Hastings River Flood Study Update (2018) model with
more detailed local data of the floodplain within the Hibbard Precinct.

The updated hydraulic model has been calibrated to historical floods confirming its
ability to reproduce historical flood behaviour on the catchment.

The updated flood study was used in a two stage approach to define the floodway
corridor through the Hibbard precinct. The updated flood study also provides Council
with a suitable platform for undertaking the subsequent stages of the Floodplain
Management process, flood planning, and development of flood risk management
strategies for the study area.

The Hibbard Precinct Flood Study (2019) is recommended to be placed on public
exhibition.

Attachments

1View. Hibbard Precinct Flood Study - Final Draft (Rev B)
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1_INTRODUCTION

The Hastings River Flood Study was published in 2006 and was based on flood modelling that
was developed over the preceding 5 years. The study was developed from topographic and
hydrographic survey data that was current at that time. The Flood Study (2006) included
modelling results for the design 5%, 2%, 1% and 0.5% Annual Exceedance Probability (AEP)
floods and for the Probable Maximum Flood (PMF), as well as mapping of provisional flood
hazard and hydraulic categories.

The Hastings Floodplain Risk Management Study (2012) (FRMS) and the Hastings Floodplain Risk

Management Plan (2014) (FRMP) examined a range of options for managing, mitigating and/or

reducing the existing flood risk that the community of the lower Hastings Valley can be exposed
to. This included consideration and modelling of structural measures such as levees, changes to
planning controls and the preparation of emergency response community data sheets.

The FRMS (2012) also included a detailed review of the provisional floodway areas that were
determined as part of the Flood Study (2006). This involved a detailed assessment of flooding
patterns across floodplain areas to identify areas of significant flow followed by encroachment
and blockage modelling to confirm and/or refine the extent of the floodway areas.

An updated flood study for the Lower Hastings River was published in September 2018. The
Hastings River Flood Study Update (2018) presents updated flood characteristics for the region
that have been derived from updated modelling that incorporates the physical changes to the
floodplain that have occurred since 2006. The most notable of these changes include the
upgrade to the Oxley Highway and construction of the new Pacific Highway between the Oxley
Highway and Telegraph Point.

In addition to these topographic changes, the updated modelling included modifications to
selected model parameters and an overall refinement of the RMA-2 model network to better
utilise the processing and modelling capabilities of present-day computers and the RMA-2
modelling software.

The Updated Flood Study (2078) includes modelling results for the 1% AEP flood and a range of
climate change scenarios. The climate change modelling considered various climate change
scenarios which were identified in the 2012 and 2014 studies to provide Council with an
understanding of the potential future changes to flood characteristics along the Hastings River
downstream of the Bains Bridge crossing near Beechwood, as well as along the Wilson and
Maria Rivers which drain the northern section of the valley.

The climate change scenario which has been relied upon for this study is based on a present day
1% AEP catchment flood event with a 900 mm provision for Sea Level Rise (SLR) and a 10%
increase in rainfall intensity and volume due to predicted changes in emissions to the year 2100.

Following completion of the Updated Hastings River Flood Study (2018), Council commissioned
Advisian to undertake detailed flood modelling and investigations for the Hibbard Precinct for
the purpose of better defining the floodway between Fernbank Creek and the Hibbard Precinct.
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The 2012 FRMS documented the provisional extent of this floodway and highlighted the need
for it to be assessed at a local scale due to the existing development within or nearby to the
floodway extent. The Implementation Plan included within the 2014 FRMP listed confirmation of
the Hibbard Floodway extent as a priority item for Council's Floodplain Management
Committee.

The primary goal of the Hibbard Precinct Flood Study is to define the extent of the floodway at a
local scale, which will then be used to undertake a detailed investigation to assess options for
maintaining the floodway into the future and for mitigating impacts associated with its adoption
on affected landowners. The detailed investigation of the selected option(s) will form a future
stage of this project.

Accordingly, the existing two-dimensional RMA-2 flood model (last modified for the Hastings
River Flood Study Update) was further refined to incorporate additional topographic detail and
physical features across the Hibbard Precinct. The upgraded flood model was used to confirm
the importance of the floodway and to assess options for maintaining the flood function of this
area of the floodplain. This report documents the findings from these investigations.
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2 DESCRIPTION OF THE HIBBARD PRECINCT

2.1 Study Area

The Hibbard Precinct is situated along the southern floodplain of the Hastings River
approximately four (4) kilometres west of the central business district (CBD) of Port Macquarie.
As shown in Figure 2.1, Hibbard is located approximately 2.1 kilometres south-east of the Maria
and Hastings River confluence and approximately 6.5 river kilometres west of the river entrance.

As shown in Figure 2.2, the Hibbard Precinct primarily consists of a mixture of residential and
commercial properties the majority of which are located along Hastings River Drive, Boundary
Street and Hibbard Drive. Many of the commercial properties are caravan parks or hotel/motel
accommodation reflecting the strength of the local tourism market. The Precinct also includes
several large areas of open space, sporting fields, creeks and wetlands. As shown in Figure 2.2,
Port-Macquarie Regional Airport is located immediately south of the Precinct.

2.2 Topography

The topography across the Hibbard Precinct generally ranges between 1.0 and 4.0 mAHD.
Between the Hastings River in the north and the Port Macquarie Airport in the south, the
floodplain is generally flat with very little overall change in elevation. The topography does
increase near the Port Macquarie Airport which is typically at or above 6.0 mAHD(refer
Figure 2.3).

The lowest elevations throughout the Hibbard Precinct occur within the creek channels and
waterbodies (lake and wetlands). The topographic mapping shown in Figure 2.3 does not
reliably represent the elevation in the vicinity of these waterbodies as the topographic data has
been derived using Light Detection and Ranging (LIDAR) survey techniques. LiDAR techniques
are not able to penetrate water surfaces. Accordingly, the elevations shown in Figure 2.3 are
likely to represent the water surface at the time of data capture.

Locations of higher terrain, such as areas with topographic elevation above 3.0 mAHD, are
generally limited to areas of development across which a fill mound had been constructed. This
includes the Ultiga Village Resort and the Riverside Residential Village, both of which are located
to the west of Hibbard, the Port Home Zone and commercial lots near the centre and the
residences to the east (refer Figure 2.3).
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_REVIEW OF AVAILABLE DATA

Topographic Data

Aerial Laser Survey (ALS) and Light Detection and Ranging (LiDAR)
Survey

The RMA-2 model that was originally developed as part of the Hastings River Flood Study
(2006) and used extensively for flood investigations up to and including the Updated
Hastings River Flood Study (Exhibition Draft, 2018) was developed based on Aerial Laser
Survey (ALS) that covered the entire Port Macquarie-Hastings Local Government Area.
The ALS data was obtained in September 2005 and comprises spot elevations across all
terrestrial sections of the lower Hastings River floodplain at an average spacing of 1.4
metres. The data is understood to have been verified to a vertical and horizontal
accuracy of 0.2 metres and 0.75 metres, respectively.

Further validation of the ALS data was undertaken by comparison against 1,970 test
points gathered by traditional survey methods. The mean difference between ALS and
field survey was found to be 0.03 metres with a standard deviation of 0.07 metres.

As part of the Hibbard Precinct Flood Study, Port Macquarie-Hastings Council provided
Light Detection and Ranging (LiDAR) survey for the study area and it's surrounds. The
metadata provided with the LiDAR survey indicates a collection date for the survey of
May 2012 and vertical and horizontal accuracies of 0.3 metres and 0.8 metres,
respectively.

The extent of 2012 LIDAR data made available for use in updating the RMA-2 flood
model is shown in Figure 3.1.

A comparison of topographic elevations between the 2012 LiDAR and 2005 ALS survey is
provided in Appendix A in Figures A1 to A4. Figures A1 and A3 provide a comparison
of topographic elevations based on an adopted low range of values of +/- 0.5 metres at
intervals of 0.05 metres. Figures A2 and A4 provide a comparison of topographic
elevations based on a high range of values of +/- 2 metres at intervals of 0.2 metres.

Figures A1 to A4 generally indicate that changes to topographic elevations are sporadic
between the two data-sets with neither clearly being higher or lower across the wider
floodplain and across the Hibbard Precinct. Several locations of significant change in
floodplain elevations align with known locations of development completed since 2002.

Hydraulic Controls

Survey data for hydraulic controls across the Hibbard Precinct was collected by Pacific
Surveys at the commencement of the study. As shown in Figure 3.2, the survey involved
collection of:

= Spot elevations along Tuffins Lane, Hastings River Drive, Boundary Street and Hibbard
Drive (including road crests);

= Hydrographic survey of creek channels through and along the boundaries of the
Ultiga Village Resort to the east of Tuffins Lane;
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= Survey of footbridges located within the Ultiga Village Resort and the Hastings River
crossing located to the west of the Aquatic Caravan Park; and,

= Elevations at the base and top of the impervious fence along the western boundary
the Ultiga Village Resort (east of Tuffins Lane) and the southern boundary of the
Aquatic Caravan Park (north of Hastings River Drive).

Additional survey data collected by King & Campbell covering the road surface and
shoulder areas of Boundary Street and parts of Hastings River Drive were also
incorporated into the topographic survey data base. The extent of this survey data is
also shown in Figure 3.2.

Cross-sections of all surveyed bridges are included within Appendix B.

Hydrographic Data

Hydrographic survey was also collected by Pacific Surveys at seventeen locations along the
creek channels that pass through and around the Ultiga Village Resort. The location and extent
of the creek cross-sections collected are shown in Figure 3.2.

The cross-section data is also included within Appendix B.

No additional hydrographic survey was collected to define bed elevations along the Hastings
River. Bathymetric data for the Hastings River was obtained as part of the Hastings River Flood
Study (2006) and incorporated into the RMA-2 model. Itis considered to still be representative
of river bed conditions in the vicinity of Hibbard and sufficiently accurate for the modelling of
flood conditions.

3.3

3.3.1

Previous Investigations

Lower Hastings River Flood Study (2006)

The Lower Hastings River Flood Study (2006) was prepared by Patterson Britton &
Partners (now Advisian) for Port Macquarie-Hastings Council. The primary objective of
the study was to quantify and define flood characteristics along the lower reaches of the
Hastings, Wilson and Maria Rivers for existing topographic and development conditions.
The report provides information relating to historic and design flood behaviour along
both the Hastings and Wilson Rivers, including the flood immunity of the existing Pacific
Highway crossing of both rivers.

The Flood Study indicates that the Hastings, Wilson and Maria Rivers have experienced
significant flooding on a number of occasions in the past. The 1963 and 1968 floods are
the largest floods to have occurred over the last 70 years and are considered to
approximate the 1% Annual Exceedance Probability (AEP) (also known referred to as the
100 year Average Recurrence Interval flood) flood along the Hastings River (Patterson
Britton, 2006).

A RAFTS-XP hydrologic model of the Hastings, Maria and Wilson River catchments was
developed as part of the study and was used to establish discharge hydrographs for the
design 20, 50, 100 and 200 year recurrence floods. The RAFTS model was calibrated
using available daily read rainfall and pluviometer data, as well as streamflow data for a
significant flood that occurred in 1978,
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The model was also verified using available rainfall and streamflow data for a smaller
flood that occurred in 1995.

Design flood characteristics for the Hastings, Maria and Wilson Rivers were defined
using a fully two-dimensional hydrodynamic model that was developed using the
RMA-2 software. The RMA-2 model was used to simulate flood behaviour during the
design 20, 50, 100 and 200 year average recurrence floods.

The Probable Maximum Flood was also approximated using an equivalent extreme
event. The extreme flood was approximated using a peak discharge equivalent to three
(3) times the peak 100 year average recurrence flood discharge.

The RMA-2 model was calibrated and verified using historic flood mark information for
floods that occurred in 1963, 1968, 1978 and 1995.

Hastings River Floodplain Risk Management Study (2012)

The Hastings Floodplain Risk Management Study (2012) (FRMS) expanded on the
investigations carried out for the Lower Hastings River Flood Study (2006) by assessing a
range of mitigation measures to reduce flood risk to the local community.

Several flood response (or structural mitigation) options were explored, including levees
at Hibbard, Settlement Point and at two different locations at North Shore. These
potential levee proposals were investigated in isolation and as part of various
combinations of levees which were targeted toward protecting existing development
from flooding while at the same time minimising the adverse impact of the levee on
predicted peak flood levels elsewhere. A high flow bypass option was also considered
for the purpose of alleviating the magnitude of flooding predicted at North Shore.

Each of the flood response options was modelled using modified versions of the existing
case RMA-2 flood model. The modelling was undertaken to quantify the potential
impact of each option on flood characteristics.

A triple-bottom line assessment was also undertaken to identify the flood response
option that afforded the greatest benefit. The option involving construction of a levee
system to protect North Shore and a concurrent levee system along Settlement Point
was identified as having the best benefit relative to cost. This option was recommended
in the Floodplain Risk Management Plan for further investigation with a view to
developing a business case to support proceeding with implementation of the
associated works.

The 2012 FRMS also addressed flood emergency management issues and provided
recommendations for additions / changes to flood-related clauses within Council’s
existing Flood Policy. Response modification measures such as installation of extra
stream flow gauges and road upgrades were proposed.

An interim assessment of climate change on flood levels was provided based on the
modelling that had been completed at that time. However, it was recommended that a
more detailed study be undertaken following the adoption of the Hastings Floodplain
Risk Management Plan.
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3.3.3 Hastings River Floodplain Risk Management Plan (2014)

The Hastings River Floodplain Risk Management Plan (2014) (FRMP) detailed the
recommended flood, property and responses modification works first proposed in the
2012 FRMS. The FRMP prioritised the proposed works into low, medium and high
priority tasks and provided an indicative cost estimate for each item of work.

Updates to planning controls and policies were given highest priority and included items
such as adopting floodway and flood storage extents, changing relevant sections of the
DCP and LEP as well as reviewing Section 149 Certificates for flood prone properties.
High priority was also given for the raising of sections of Settlement Point Road,
Shoreline Drive and North Shore Drive.

The FRMP also recommended that detailed flood modelling and investigations be
undertaken for the Hibbard Precinct in order to better define the identified floodway
between Fernbank Creek and the Hibbard Precinct. The confirmation of the Hibbard
Floodway extent was prioritised by Council's Floodplain Management Committee.
Advisian has prepared this Hibbard Precinct Flood Study in accordance with
recommendations in the 2014 FRMP.

3.3.4 Updated Hastings River Flood Study (Exhibition Draft, 2018)

Council commissioned Advisian to undertake an update to the 2006 Hastings River
Flood Study with the primary purpose of assessing the impacts of climate change on
design flood characteristics (principally peak levels), in accordance with
recommendations documented in the 2012 FRMS and 2014 FRMP. The update was also
to incorporate any further physical changes to floodplain topography that could impact
on flood characteristics.

The existing two-dimensional RMA-2 flood model was refined for this Updated Flood
Study and was used to update flood maps for the 1% AEP flood event. A range of
development that has occurred across the floodplain since 2006 was also incorporated
into the updated flood model. This included road embankments, bridge and culvert
structures associated with the Oxley Highway upgrade and the new section of the Pacific
Highway between the Oxley Highway and Telegraph Point.

The climate change assessment considered five scenarios:

= Scenario 1- 100 year ARl catchment event with 900 mm Sea Level Rise (SLR) + 10%
increase in rainfall intensity and volume

= Scenario 2 - 100 year ARI catchment event with 900 mm SLR

= Scenario 3 - 100 year ARI catchment event with 400mm SLR + 10% increase in rainfall
intensity and volume

= Scenario 4 - 100 year ARI catchment event with 400 mm SLR

= Scenario 5 - PMF event with 900 mm SLR (900 mm SLR applied to the adopted 100yr
Tide 2.2 mAHD)
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Aside from the PMF scenario, it was found that Scenario 1 provided the most
conservative estimate for flood level increases both across tidally influenced areas and in
areas further upstream.

As Scenario 1is consistent with previous NSW SLR Policy Statement benchmarks,
Council's Coast, Estuary and Floodplain Advisory Sub-Committee recommended that it
be adopted for future flood planning and floodplain management policies. Accordingly,
this study proceeded on that basis, providing peak flood levels and mapping based on
the application of Scenario 1 in the updated flood modelling.

However, at its December 2018 meeting, Council adopted Scenario 3 as the basis for
defining Flood Planning Levels (FPLs). That is, it adopted the 400 mm sea level rise
scenario as the basis for defining FPLs.

The timing of this policy decision coincided with completion of most of the modelling
that was undertaken for this report, which was based on Scenario 1. In order to ensure
that the project is not delayed, Council instructed that the Hibbard Precinct Flood Study
be completed based on the existing modelling and that further modelling to generate
flood levels and flooding mapping based on Scenario 3 be completed as part of
management study (options) phase.
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4 HIBBARD PRECINCT RMA-2 FLOOD MODEL

4.1 Background

The RMA-2 model adopted for the Hibbard Precinct investigations was first developed in the
years preceding 2006 as part of the Hastings River Flood Study (2006). The model was later
relied upon for a range of studies including the Hastings River Floodplain Risk Management
Study (2012), various studies associated with the Pacific Highway Upgrade (2007 onwards) and
the Updated Hastings River Flood Study (2018). The history of the development of the RMA-2
flood model is discussed in the following sections.

4.1.1 2006 Flood Study Model

Flood characteristics for the lower Hastings, Maria and Wilson Rivers were until recently
defined by the results of flood modelling that was completed between 2004 and 2006 as
part of the Hastings River Flood Study (2006). A two-dimensional (2D) hydrodynamic
flood model was developed as part of the Flood Study using the RMA-2 software
package. The model was calibrated against significant historical floods including the
1963 and 1968 events and was applied to simulate a range of design floods including
the 1% Annual Exceedance Probability (AEP) flood.

The RMA-2 model was developed from available bathymetric data for the major
tributaries and Aerial Laser Survey (ALS) data that was obtained for floodplain areas
extending to the predicted extent of the Probable Maximum Flood (PMF). It covered the
full extent of the Hastings River floodplain from the Bains Bridge crossing near
Beechwood to the ocean entrance at Port Macquarie. The model also included the
floodplains of the Wilson and Maria Rivers extending downstream from the Pacific
Highway crossing of the Wilson River near Telegraph Point and south along the Maria
River from its headwaters near the Port Macquarie-Hastings LGA and Kempsey Shire
LGA boundary.

The extent of the 2006 RMA-2 flood model is shown in Figure 4.1.

The 2006 RMA-2 model was limited in size and level of detail by the processing
limitations of both the modelling software and the computer hardware that was
available at the time. Itis important to recognise that although the Flood Study was
formally adopted in 2006, the network generation and flood modelling was largely
completed by December 2004. There have been many advancements in both the
software and the processing capacity of computers since then.

The 2006 model was based on topographic elevations defined at 12,900 nodes and
floodplain roughness’ defined across 14,450 model elements. The 2006 RMA-2 model
network is shown in Figure 4.1.

Between 2006 and 2015, the RMA-2 model was used as the basis for numerous flood
related investigations. These included the following:

= Hydrology and Hydraulics investigations for the Pacific Highway Upgrade between
the Oxley Highway and Kundabung.
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This included investigations for the river crossings of the Hastings and Wilson Rivers
and their associated floodplains for the Environmental Impact Statement, for the
concept design and for the detail design and construction phases of the project.

= The Hastings Floodplain Risk Management Study (2012).

This involved an assessment of a range of flood modification measures aimed at
reducing potential flood damages that could be experienced in rural, commercial and
residential areas.

In addition, the RMA-2 flood model has been used extensively as a tool to assess
residential and commercial development applications proposed at a range of locations
across the floodplain including, but not limited to, Wauchope, Sancrox, Hibbard, North
Shore and the western areas of Port-Macquarie.

Each of the investigations completed post 2006 has involved varying degrees of updates
to the 2006 RMA-2 flood model. The updates have in most cases been confined to
localised network refinements completed to ensure the topography in the vicinity of the
area of interest was reliably defined. In many cases, this has involved the inclusion of
updated topographic data based on detailed site survey. An example of this is the work-
as-executed survey obtained for the Pacific Highway Upgrade Project to define the post-
development road surface and drainage infrastructure.

The updates to the RMA-2 flood model between 2006 and 2015 led to a significant
increase in model size with the total number of nodes and elements increasing to 31,600
and 35,700, respectively. This represents a 250% increase in the number of model nodes
and elements relative to 2006 and reflects the greater level of topographic detail that
was incorporated into the model over this period. This greater level of floodplain
delineation within the model network enables more reliable results to be produced.

4.1.2 2018 Updated Flood Study Model

The RMA-2 flood model that was developed as part of the Hastings Flood Study (2006),
and refined as part of subsequent flood investigations in the years following, was then
updated to formalise the network changes that have occurred since 2006 and to ensure
the model could be reliably used to simulate a range of climate change scenarios.

The following major changes to the RMA-2 model were completed as part of the
Updated Hastings River Flood Study (2018):

(i) Consolidation of all previous model updates to create the most up-to-date
representation of the Hastings River floodplain

(i) Inclusion of the recently constructed Oxley Highway between Port Macquarie and
Thrumster

(iii) Model refinement along the peripheries of the floodplain in particular for areas
between the 1% AEP and PMF flood extents

The changes outlined above led to an increase in the number of model nodes and
elements from 12,900 and 14,450 to 49,300 and 57,800, respectively. In that regard, the
present-day version of the RMA-2 model is based on four times the number of nodes
and elements to define the topography and roughness compared to the 2006 version.
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An overview of the 2018 RMA-2 updated model network is shown in Figure 4.1.

A comparison of the changes to the RMA-2 model network between 2006 and 2018 is
provided in Figures 4.2 to 4.5. The comparison shows the extent to which additional
detail has been incorporated into the RMA-2 model across the entire model domain,
including the Hibbard Precinct.

Flood Model Updates

Model Network

The RMA-2 model that was developed for the Updated Hastings River Flood Study (2018)
was used as the base model for the Hibbard Precinct investigations which are the subject
of this report. As the model had been developed and used for regional scale
investigations, it was considered beneficial to further refine the model network for the
local scale investigations required to assess the provisional floodway delineation
previously determined for the Hibbard Precinct.

More detailed topographic data was also collected as part of the study to assist with the
local scale definition of topography and key physical features. As discussed in

Section 3.1, this included Light Detection and Ranging (LiDAR) survey, spot elevations
of hydraulic controls such as road and fence (brick and concrete only) crest heights, creek
cross-sections and details of bridge and culvert crossings.

The refinements in the vicinity of the Hibbard Precinct led to an increase in the total
number of nodes and elements from 49,300 and 57,800 to 64,150 and 77,700,
respectively. This represents an increase in the number of nodes and elements of more
than 30%, all of which were incorporated only in the vicinity of Hibbard.

The final RMA-2 model network across the Hibbard Precinct is shown in Figure 4.6. The
upgraded network includes a much finer network spacing, particularly at hydraulic
controls such as roads, impervious fences, buildings and channels. In that regard, where
the topography is generally flat the network spacing can be larger without affecting the
reliability of the flood model predictions.

Model Topography

Topographic elevations within the RMA-2 model are assigned to each node based on
the most reliable data source available. In that regard, most nodes across the Hibbard
Precinct have been assigned elevations based on the 2012 LiDAR survey. The exceptions
to this are:

= Crest elevations along Tuffins Lane, Boundary Street, Hastings River Drive and
Hibbard Drive have been assigned based on surveyed spot elevations.

= Elevations at the base and crest of brick fences (such as those located along Tuffins
Lane along the part of the western boundary of the Ultiqa Village Resort and at the
Aquatic Caravan Park) based on surveyed spot elevations, refer Plates 4.1 and 4.2.

= Bed elevations along creeks based on surveyed cross-sections, and

= Elevation and locations of bridge approach abutments, piers and culverts.
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Plate 4.2 Brick Fence along Hastings River Drive and the southern boundary of the Aquatic
Caravan Park
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The final elevations assigned to the RMA-2 model nodes are shown in Figure 4.7 as
thematic terrain mapping.

Elevations for nodes outside of the study area were not changed as part of these
updates. That is, all areas outside of the study area have been unchanged from the
model version developed as part of the Updated Hastings River Flood Study (Exhibition
Draft, 2018) and as discussed in Section 4.1.2.

4.2.3 Model Roughness Values and Distribution

Roughness values for creek channels and overbank areas were estimated across the
Hibbard Precinct from aerial photograph analysis and field observations. Element types
were delineated to ‘pick-up’ distinct variations in hydraulic roughness across the
floodplain. In some instances, the RMA-2 model network was refined to allow greater
delineation of element types where it was considered that a variation in roughness was
warranted.

To allow for greater discretisation of roughness values throughout the study area a new
set of material roughness types was created for specific use within the study area. This
option was preferred as opposed to using the existing types and values that had been
adopted for the remainder of the RMA-2 model domain due to the greater
concentration of urban development.

The roughness types and values adopted for the Hibbard Precinct are listed in Table 4.1.
Table 41 ADOPTED RMA-2 MODEL ROUGHNESS PARAMETERS FOR THE HIBBARD PRECINCT

RMA-2 ELEMENT ROUGHNESS
NUMBER* DESCRIPTION PARAMETER VALUE

1 Waterway Clear 0.030
2 Waterway Cvergrown 0.080
3 Bridges & Culverts 0.100
4 Grassed Floodplain 0.035
5 Light Trees [ Foliage 0.055
6 Moderate Trees / Foliage 0075
7 Dense Trees / Foliage 0.095
8 Urban Area — Open and Unobstructed 0.040
9 Urban Area - Clutter and Fences 0.060
10 Buildings - Blocked to Flow /A

" Roadways and Hardstand Areas 0015
12 MDST Flow Confrol Element ~* MIA

A The listed element numbers and roughness types are only applicable to the RMA-2 model network across the Hibbard

Precinct study area. Accordingly, the element numbers and types does not include those adopted elsewhere across the
remainder of the model domain.

An MDST Flow Control Elements are used at critical flow locations (such as weirs, fences and road embankments) to reduce
the potential for sub-surface flows.
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The distribution of material types across the Hibbard Precinct based on the final model
network is shown in Figure 4.8.

4.2.4 Boundary Conditions

The Hastings River RMA-2 model has three upstream boundary conditions and one
downstream boundary. The three upstream boundaries are used to input flow
hydrographs into the model and are located as follows:

(i) The Hastings River approximately 500 metres upstream of Bains Bridge
(approximately 5.5 river kilometres upstream of the Wauchope Railway Bridge).

(i) The Wilson River approximately 3.5 river kilometres upstream of the Pacific Highway
Crossing at Telegraph Point, and

(iii) The Maria River approximately 1 kilometre north of the confluence with the
Wilson River.

The only downstream boundary is located approximately 1 kilometre east of the
Hastings River breakwater/river entrance and 6.5 kilometres east of Hibbard. For all
simulations time-varying ocean levels are defined at the downstream boundary.

The locations and configuration of the boundary conditions adopted for the Hibbard
Precinct RMA-2 model match those used for the Updated Hastings River Flood Study
(Exhibition Draft, 2018) modelling.

4.3 Validation to the February 2013 Flood

Calibration and verification of any hydraulic flood model is an important step in the model
development process. If an acceptable calibration of the model to recorded events can be
achieved, it ensures the reliability of the results of design flood simulations such as the

1% Annual Exceedance Probability (AEP) flood.

As discussed in Section 3.3, the RMA-2 model was calibrated and verified as part of the
Hastings River Flood Study (2006) using flood mark information recorded for floods that
occurred in 1963, 1968, 1978 and 1995. Out of these four events, one flood mark was recorded
in the vicinity of the Hibbard Precinct for the 1963, 1968 and 1995 events (refer Section 6.3 of the
2006 Flood Study).

The community consultation undertaken in the early stages of the study identified the February
2013 flood as an event of significance to the local community. Data gathered during the
consultation process included the location and height that floodwaters reached at the peak of
the event. Following discussions with residents, a surveyor was commissioned to collect
elevations for four (4) flood marks that were identified as representative peak levels for the
February 2013 at Hibbard. The location and surveyed elevation of each of the February 2013
flood marks is shown in Figure 4.9.

Rainfall and streamflow records were also obtained from data loggers for those gauges that
were operational, and which fall within the Hastings River catchment. The locations of all
streamflow gauges for which data was collected are shown in Figure 4.10.
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4.3.1 February 2013 Event Overview

On the 18" February 2013, a low-pressure system formed off the east coast of Australia.
Over the next few days the system tracked in a westerly direction, making landfall on the
north coast of New South Wales on the 22" February (refer Plate 4.3). This resulted in
widespread, persistent and heavy rainfall across the Hastings River catchment.
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Plate4.3 Mean Sea Level Pressure (MSLP) Plots for the February 2013 Event

Rainfall across the Hastings River catchment was well above average during February
2013 (refer Plate 4.4). Heaving rain and thunderstorms affected large parts of the New
South Wales east coast between the 20th and 25th of February, with locally heavy rainfall
breaking records at some locations.

Severe thunderstorms affected parts of the Hastings River catchment between the 22
and 23rd February, with multiple rainfall gauges recording over 150 mm in a 24-hour
period across the two days. The BOM rainfall gauge at Yarras recorded 415 mm in the
period between 9am on the 22" February and 9am on the 23 February.

Cumulative rainfall totals for the month of February 2013 as recorded at various daily-
read gauges and pluviographs throughout the catchment are presented in Plate 4.5.
The data shows that significant rainfall was recorded throughout February, most notably
between the 22"d and 24,

An estimate of the Annual Exceedance Probability (AEP) can be determined by
comparing the recorded rainfall totals to Intensity-Frequency-Duration for various
durations. Due to large spatial extent of the Hastings River catchment this analysis was
undertaken for rainfall data recorded across the upper, middle and lower parts of the
catchment.

28/03/2019
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Distribution Based on Gridded Data
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As shown in Plate 4.6, Plate 4.7 and Plate 4.8 for the upper, middle and lower
catchments, respectively, a maximum AEP for all gauges and durations of between 2%
and 1% AEP was recorded at the Yarras Gauge (60085) for a 24 hour duration.
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Plate 4.6 Annual Exceedance Probability (AEP) of Rainfall recorded for the February 2013 Event
across the Upper Hastings River Catchment

Based on Plate 4.6, the rainfall recorded at the Yarras Gauge over a 24 hour period was
in the order of a 1.2% AEP event; which is approximately equivalent to an average
recurrence interval of 83 years.

It should be noted that each of the Yarras, Yarrowitch, Birdwood and Elands Black Sands
Creek rainfall gauges referred to in Plate 4.6 are daily read rainfall stations; that is, the
depth of rainfall is measured once every 24 hours (typically at 9 am). All other gauges
within the catchment are continuous recording stations which have the capacity to
generate pluviographs. Therefore, for the gauges referred to in Plate 4.6, it is only
possible to approximate AEPs for the 24-hour duration storm and hence the recorded
rainfall is presented as a coloured "dot” corresponding to the different gauges.

The second largest rainfall total for the February 2013 event was recorded at the
Comboyne Gauge (560024), which is located in the southern section of the Upper
Hastings River Catchment. As shown in Plate 4.7, the Comboyne Gauge recorded
325 mm over a 24 hour period. This equates to a 5% AEP event for this duration; ie.,
equivalent to an average recurrence interval of once every 20 years.

All other gauges across the upper and middle areas of the catchment recorded rainfall
that was approximately equivalent to the ARR 87 estimate for the 20% AEP event; ie.,
equivalent to an average recurrence interval of once every 5 years.
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4.3.2 Hydraulic Model Inflows — XP-RAFTS Modelling

The validation was completed using an updated version of the XP-RAFTS hydrologic
model that was developed as part of the Updated Hastings River Flood Study (Exhibition
Draft, 2018). This updated version of the model was adopted as it incorporates
increased sub-catchment definition downstream of the boundary inflow locations to the
RMA-2 hydraulic model which can be used to validate predicted flows against those
recorded at available streamflow gauges.

An overview of the rainfall gauges relied upon and the spatial distribution adopted to
simulate the February 2013 event in XP-RAFTS is shown in Figure 4.11. Rainfall data
from a total of eleven (77) gauges was used to define the rainfall distribution across the
catchment.

Due to the lack of pluviometers in the upper catchment, sub-catchments west of
Ellenborough and Kindee Bridge relied on daily rainfall totals which were temporally
distributed according to the temporal distribution recorded at Ellenborough (207004)
and Comboyne (560024), respectively.

Figure 4.12 and Figure 4.13 provide a comparison between discharge hydrographs
simulated using XP-RAFTS and hydrographs derived from rating curves and data
recorded at the Ellenborough gauge (Hastings River) and at Avenal Gauge (Wilson River),
respectively.

As shown in Figure 4.12, the predicted flow hydrograph at Ellenborough matches well
tothe recorded data. It has a similar shape to the recorded hydrograph and generates a
similar peak discharge (3,567 m?/s compared to 3,660 m>/s).

As shown in Figure 4.13, validation of the model to recorded data from the Avenal
Gauge is less convincing. It was not possible to match both the recorded peak discharge
and the double peak evident in the recorded hydrograph shape. The multiple simulated
hydrographs presented in Figure 4.13 show the extensive scenario testing that was
undertaken to achieve better validation by using different combinations of recorded
temporal distributions and daily rainfall totals.

Because a reasonable fit between predicted and recorded discharges could not be
achieved at the Avenal Gauge (Wilson River) it was decided that the recorded flows
would be adopted for input into the RMA-2 model. This was the case only for the

Wilson River inflow with all other inflows (boundary and element) based on results

derived from the "validated” XP-RAFTS model.

4.3.3 RMA-2 Model Validation

Validation of the Hibbard RMA-2 model was undertaken by adopting the inflow
hydrographs extracted from the XP-RAFTS model at the Hastings River and Maria River
inflow locations. For the reasons outlined above, the recorded hydrograph for the
Wilson River was adopted as the upstream boundary condition at Telegraph Point.
Flows generated from rainfall falling across sub-catchments within the RMA-2 model
domain were input as local element inflows.
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A comparison of predicted flood level hydrographs to recorded levels at gauges located
within the RMA-2 model domain are shown on:

Figure 4.14 for the Hastings River at Wauchope Railway Bridge Gauge (207401)

Figure 4.15 for the Wilson River at Telegraph Point Gauge (207415)

Figure 4.16 for the Hastings River at Dennis Bridge Gauge (207444)
= Figure 4.17 for the Hastings River at Settlement Point Gauge (207418), and,
= Figure 4.18 for the Hastings River at Port Macquarie Gauge (207420).

Flood levels predicted by the RMA-2 model for the February 2013 event are considered
to match reasonably well to the recorded data. In particular, the shape of the flood level
hydrographs are well replicated and differences in peak levels were generally within 0.2
to 0.3 metres, or better. As the focus of this study is the Hibbard Precinct, the validation
evident by the comparisons outlined above were considered to be adequate.

Accordingly, no modifications were made to the RMA-2 model network or adopted
roughness parameters to try to improve the validation to recorded gauge data.

A comparison of peak February 2013 flood levels predicted using the Hibbard RMA-2
flood model against flood marks recorded in the vicinity of Hibbard is presented in
Figure 4.19.

The RMA-2 flood model generates peak flood levels which are in good agreement with
the two HWMs surveyed at a residential property located along Boundary Street.
Predicted and recorded flood levels are within 0.01 and 0.04 metres at these locations.
Predicted flood levels generated from the RMA-2 model are within 0.09 metres of the
recorded HWM located along Hibbard Drive and along the river frontage.

A final HWM located on the banks of the 'Southern Cove' is considered to be unreliable
due to conflicting information provided by the landowner.

Overall the Hibbard RMA-2 flood model is considered to predict flood levels for the
February 2013 event that are in good agreement to the three (3) reliable flood marks
located within the study area. The good agreement to these flood marks, and the
reasonable agreement to the available gauge records, indicates that the RMA-2 flood
model that has been developed for the Hibbard Precinct is a reliable tool for use in
predicting design flood characteristics across the precinct.

Sensitivity Analysis

An analysis was completed for the 1% AEP flood to assess the sensitivity of the results generated
by the Hibbard RMA-2 flood model to variations in adopted parameters and to changes to
model inputs. The following sensitivity scenarios were simulated.

= Sensitivity Scenario 1 — Modelling of buildings within the precinct based on the allowing
them to be “flooded” but applying a roughness of 0.15 as opposed to having the buildings
completely "blocked out” such that no flow travels through them during a simulation.

= Sensitivity Scenario 2 — 20% increase to the roughness value for all elements within the
study area.
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= Sensitivity Scenario 3 — 20% decrease to the roughness value for all elements within the
study area.

= Sensitivity Scenario 4 — Reduced ocean tailwater levels from peaks of 2.2 mAHD to
0.5 mAHD; reduction by 1.7 metres.

Flood level difference mapping was prepared for each sensitivity scenario and is presented in
Figures 4.20 to 4.23.

As shown in Figure 4.20, peak flood levels for the 1% AEP event were not sensitive to changes
to the approach adopted for modelling buildings (Sensitivity Scenario T). By allowing
floodwaters to enter the building footprints, albeit with a high roughness value, peak 1% AEP
flood levels reduced slightly (by up to 0.02 metres) across areas south of Hastings River Drive.
The reduction in levels is attributed to a minor increase in available flood storage.

Sensitivity Scenarios 2 and 3 were found to cause the smallest change to peak 1% AEP flood
levels across Hibbard. As shown in Figure 4.21 and 4.22, the changes to roughness values
caused maximum changes to flood levels of +/- 0.01 metres.

It is worth noting again that the changes to roughness values were only applied to those parts
of the network within the study area. Areas outside the Hibbard Precinct were not altered from
the roughness values adopted in the modelling undertaken for the Updated Hastings River
Flood Study (Exhibition Draft, 2018).

Sensitivity Scenario 4 generated the largest change in peak 1% AEP flood levels across Hibbard.
As shown in Figure 4.23, 1% AEP catchment flood levels across Hibbard would be lowered by
about 0.35 metres if the assumed peak ocean level is reduced from 2.2 to 0.5 mAHD. This
indicates that the level that floodwater reach at Hibbard during large floods is particularly
influenced by ocean entrance conditions and specifically ocean storm surge levels. The 1963
flood is considered to be the largest recorded flood in the lower Hastings Valley. It was
characterised by elevated ocean levels which prevented floodwaters from the upper catchment
discharging to the ocean. This led to elevated flood levels across the area downstream of
Dennis Bridge, including Hibbard.

Notwithstanding, the results of Sensitivity Scenario 4 also show that it takes a substantial
reduction in ocean level to result in a modest reduction in peak 1% AEP flood level at Hibbard —
compare a 1.7 m reduction in ocean level to a resultant reduction in 1% AEP flood level at
Hibbard of only 0.35 m. In reality, the meteorology that would generate major flooding in the
Hastings Valley is unlikely to be independent of an elevated ocean condition. For example, an
East Coast Low similar to that which made landfall at Newcastle in June 2007 is considered to be
characteristic of the weather event that would cause major flooding in the Hastings. East Coast
Lows typically generate ocean levels that exceed 1.8 mAHD.

Therefore, although the choice of ocean level for modelling is shown by Sensitivity Scenario 4 to
have the potential to lower 1% AEP flood levels at Hibbard, the adoption of an ocean level for
the generation of flood levels for planning purposes (e.g., setting minimum floor levels for
residential development) would necessitate the adoption of an ocean level of 1.8 mAHD or
higher, which in turn would result in very little reduction in the 1% AEP flood levels generated
for this report.
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5 DESIGN EVENT MODELLING

5.1 General

Design floods are hypothetical floods that are commonly used for planning and floodplain risk
management investigations. Design floods are based on statistical analysis of rainfall and flood
records and are defined by their probability of occurrence. For example, a 1% Annual
Exceedance Probability (AEP) flood is the best estimate of a flood that will have a 1 chance in
100 of occurring in any given year.

Design floods can also be expressed by their expected interval of occurrence, for example the
1% AEP flood can also be expressed as the 100 year Average Recurrence Interval (AR/) flood.
That is, it represents a flood that is likely to occur on average, once in every one hundred years.

It should be noted that there is no guarantee that the design 1% AEP flood will occur just once
in a one hundred year period. It may occur more than once, or at no time at all in the one
hundred year period. This is because the design floods are based upon a statistical 'average’.

5.2 Hydrodynamic Modelling

5.2.1 Design Simulations

The Hibbard RMA-2 flood model that was developed for the project was used to
simulate flooding of the Hastings River across the Hibbard Precinct and adjoining
floodplain. The model was used to simulate the design 5% and 1% AEP flood events,
and an adopted Extreme Flood.

The design simulations were based on a range of boundary condition data which is
described in the following sections.

5.2.2 Inflow Hydrographs

Upstream boundary conditions were defined for each design flood based on the inflow
hydrographs generated using the RAFTS hydrologic model developed as part of the
Lower Hastings River Flood Study (2006). In that regard, the adopted inflow hydrographs
are unchanged to those adopted for the 2006 Flood Study.

The peak flows for each design event at the three upstream inflow locations to the
RMA-2 model are listed in Table 5.1. As shown in Table 5.1, the adopted Extreme flood
event has been assumed to correspond to a flood that is three (3) times the magnitude
of the peak flow for the 1% AEP flood. Inflow hydrographs for the 5% and 1% AEP
floods and the adopted Extreme Flood are shown graphically in Figures 5.1 to 5.3 for
the Hastings, Wilson and Maria Rivers, resepctively.

5.2.3 Ocean Levels

Ocean boundary conditions for each design flood are defined based on the varying tide
levels adopted as part of the Lower Hastings River Flood Study (2006). Accordingly, a
varying tidal boundary condition with a peak level of 2.2 mAHD was adopted for all
design flood simulations.

rp301015-03826rg_crt1903 15-Hibbard Precinct FS (Rev B) page 22 Revision B

Item 06
Attachment 1

Page 53



ATTACHMENT COAST, ESTUARY & FLOODPLAIN ADVISORY SUB-COMMITTEE
28/03/2019

Port Macguarie Hastings Council

Advisian

\worleyParsons Group

Hibbard Precinct Flood Study

The adopted tidal boundary condition is shown graphically in Figure 5.4.

Table 5.1 Peak Flows for Design Events Extracted from the Flood Study (2006)

Peak Flow (m/s)

Inflow
Location 5% AEP Event 1% AEP Event Extreme Flood
Hastings River 4 565 6,848 20,550
Wilson River 1,740 2,707 8,115
ManaRwermmEm

5.3 Design Flood Modelling Results

5.3.1 Peak Flood Levels and Extents

Peak flood level estimates were extracted from the modelling results and were used to
generate flood extent and flood level plots for each design events. The plots show the
variation in flood levels across the Hibbard Precinct at contour intervals of 0.1 metres.
Mapping for the 5% and 1% AEP flood events are shown in Figures 5.5 and 5.6,
respectively. Mapping for the adopted extreme event is presented in Figure 5.7.

The variations in peak flood levels between design events are listed in Table 5.2 for six
points scattered across the Hibbard Precinct. The locations of each point selected for
this comparison are identified on Figures 5.5 to 5.7.

Table 5.2 Comparison of Peak Flood Levels Predicted for Each Design Event at Points
Throughout the Hibbard Precinct

Flood Level Predicted Flood Levels (mAHD)
Comparison
Points * 5% AEP Flood 1% AEP Flood Extreme Flood Event
A 253 3.24 757
B - 323 -
c 253 3.23 7.38
"""""""" o 2 s o1m
E 2.51 316 740
F 240 295 7.26
Gzag 296 R ?12 .................
H 235 288 7.00

A Point locations are identified on Figures 5.5tc 5.7
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5.3.2 Peak Flood Depths

5.3.3

534

Peak flood depth estimates were extracted from the flood modelling results and were
used to generate depth mapping for each of the design events. The plots show the
variation in flood depths across Hibbard at the peak of each event.

Peak depths for the 5% AEP flood event are shown in Figure 5.8. The variations in flood
depths are shown at intervals of 0.3 metres and for depths up to 3.0 metres. As shown
in Figure 5.8, flood depths are predicted to exceed 3.0 metres only within watercourses
such as creek and river channels (refer yellow shading).

Similar mapping of peak flood depths for the 1% AEP flood event is presented in
Figure 5.9. Depths for the 1% AEP event are shown at 0.5 metres and to a maximum
depth of 5.0 metres. Flood depths are only predicted to exceed 5 metres within the
Hastings River channel and in parts of the canal subdivision located downstream of
Hibbard.

Flood depth mapping for the adopted extreme flood event are shown in Figure 5.10.
Depth mapping is presented at intervals of 1.0 metre to a maximum depth of 8.0 metres.

As shown in Figure 5.10, most of Hibbard is predicted to be inundated to flood depths
of between 4.5 to 7.0 metres at the peak of the extreme event.

Peak Flow Velocities

Mapping showing the variation in peak flow velocities predicted across Hibbard for the
5% and 1% AEP floods and the adopted Extreme event are shown in Figures 5.11 to
5.13, respectively.

The mapping indicates that flow velocities for the 5% AEP event will generally range
between 0.0 and 0.4 m/s across Hibbard (refer Figure 5.11). Flow velocities are
predicted to increase slightly for the 1% AEP flood with typical velocities of between 0.1
and 0.5 m/s across Hibbard (refer Figure 5.12). Localised flow paths with higher
velocities are shown to form in between buildings and at locations where road
embankments are overtopped.

For the extreme flood event, peak flow velocities are predicted to range between 0.3 and
1.2 m/s across Hibbard (refer Figure 5.13).

Comparison to Previous Studies

Flood level difference maps have been prepared to compare the Hibbard Precinct
RMA-2 results to those generated as part of previous studies (refer Section 3.3). The
comparison plots have been prepared to cover the entire model domain with an inset
included focusing on the Hibbard Precinct.

Table 5.3 lists the design events simulated as part of the Hibbard Precinct study along
with any previous simulations from previous studies for which a comparison plot has
been prepared.
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Table 5.3 Comparison of Hibbard Design Flood Modelling Results to Results
Determined from Previous Studies
Previous Studies
Design Flood - -
Event Lower Hastings River Updated Hastings River
Flood Study (2006) Flood Study
(Exhibition Draft. 2018)
5% AEP Refer Figure C1 in Appendix C /
1% AEP Refer Figure C2 in Appendix C Refer Figure C3 in Appendix C
1% AEP Climate ) . .
Change Scenario / Refer Figure C5 in Appendix C
Extreme Flood Refer Figure G4 in Appendix C /
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6 IMPACT OF CLIMATE CHANGE ON FLOOD
CHARACTERISTICS

6.1 Background

A detailed assessment of the potential impact of climate change on peak flood levels in the
Hastings River was recently completed and documented in the Updated Hastings River Flood
Study (Exhibition Draft, 2018). The updated flood study included assessment and modelling of
five climate change scenarios with different magnitudes of sea level rise and/or increases in
rainfall intensities.

The five climate change scenarios considered were:

= Scenario1- 1% AEP catchment event with 900 mm Sea Level Rise (SLR) + 10% increase in
rainfall intensity and volume

= Scenario 2 - 1% AEP catchment event with 900 mm SLR

= Scenario 3 - 1% AEP catchment event with 400mm SLR + 10% increase in rainfall intensity
and volume

= Scenario4 - 1% AEP catchment event with 400 mm SLR

= Scenario 5 - Extreme event with 900 mm SLR
(900mm SLR applied to the adopted 100yr Tide_2.2 mAHD)

The report recommended that Climate Change Scenario 1 be adopted for the purpose of flood
planning and floodplain management (i.e., a 1% AEP event with 900 mm Sea Level Rise and 10%
increase in rainfall intensity).

Scenario 1 is also consistent with the NSW Sea Level Rise Policy Statement benchmarks, existing
planning directions of Port-Macquarie Hastings Council, and reflects the certainties of sea level
rise while acknowledging the limitations of the predicted rainfall increases. Although the NSW
Sea Level Rise Policy is no longer in effect, the guideline documents are still considered to
represent a reliable guide to the potential changes to sea levels and rainfall intensities due to
climate change.

6.2 Modelling of Climate Change Impacts

6.2.1 Boundary Conditions

The boundary conditions adopted in the modelling undertaken for the Updated Hastings
River Flood Study (Exhibition Draft, 2018) were also assumed to assess the potential
impact of climate change on peak flood levels for the Hibbard Precinct. That is, Climate
Change Scenario 1 was applied using the Hibbard Precinct RMA-2 flood model.

The magnitude of flows entering the RMA-2 flood model at the peak of the 1% AEP
event with and without climate change are listed in Table 6.1. As shown in Table 6.1, a
10% increase in rainfall intensities during the design 1% AEP rainfall event is predicted to
increase peak flows entering the study area by between 15.3% and 19.3%.
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Table 6.1 Comparison between Existing and Predicted Year 2100 Flood Flows
Peak Flow (m?¥s)
Inflow Difference
Location 0 1% AEP Event with (%)
1% AEP Event 10% Rainfall Increase
Hastings River 6,848 7,896 +15
Wilson River 2,107 3122 +15
Maria River [4k 848 +19
The ocean boundary conditions used for modelling of the 1% AEP event was modified
by increasing the tidal elevation at each timestep in the simulation by 900mm. This
resulted in a peak tidal elevation for Climate Change Scenario 1 of 3.1 mAHD;
i.e., 2.2 mAHD plus 0.9 metres SLR.
6.2.2 Results
Predicted flood levels and extents at the peak of the adopted 1% AEP climate change
scenario are shown in Figure 6.1. Variations in flood depths and flow velocities are
shown in Figures 6.2 and 6.3.
A comparison of flood levels across the Hibbard Precinct for the 1% AEP flood with and
without climate change are listed in Table 6.2. The location of each comparison point is
identified on Figure 6.1.
Table 6.2 Comparison of Peak Flood Levels Predicted for Each Design Event at Points
Throughout the Hibbard Precinct
Flood Level Predicted Flood Levels (mAHD)
Comparison Points
o .
§ 1% AEP Flood 1% AEP Flood with Difference
Climate Change
A 324 392 +0.68 m
B 323 387 +0.64 m
c 323 3.85 +0.62m
D 312 382 +0.70m
E 3.16 3.82 +0.66 m
F 295 372 +0.77m
G 296 369 +0.73m
H 288 363 +0.75m
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Difference mapping comparing peak flood levels predicted for the 1% AEP flood with
climate change based on modelling undertaken using the Hibbard RMA-2
hydrodynamic model to the results documented in the Updated Hastings River Flood

Study (Exhibition Draft, 2018) are shown in Figure C5 of Appendix C.
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7 PROVISIONAL HAZARD MAPPING

7.1 Adopted Criteria

The personal danger and physical property damage caused by a flood varies both in time and
place across the floodplain. Accordingly, the variability of flood patterns across the floodplain
over the full range of floods, needs to be understood by flood prone landholders and by
floodplain risk managers.

Representation of the variability of flood hazard across the floodplain provides floodplain risk
managers with a tool to assess the existing flood risk and to determine the suitability of land use
and future development. The hazard associated with a flood is represented by the static and
dynamic energy of the flow, which is in essence, the depth and velocity of the floodwaters.
Therefore, the flood hazard at a particular location within the floodplain, is a function of the
velocity and depth of the floodwaters at that location.

The NSW Government's ‘Floodplain Development Manual' (2005), characterises hazards
associated with flooding into a combination of three hydraulic categories and two hazard
categories. Hazard categories are broken down into high and low hazard for each hydraulic
category as follows:

® Low Hazard - Flood Fringe ® High Hazard - Flood Fringe
® Low Hazard — Flood Storage ® High Hazard - Flood Storage
® Llow Hazard — Floodway ® High Hazard - Floodway

As a result, the manual effectively divides hazard into two categories, namely, high and low. An
interpretation of the hazard at a particular site can be established from Figures L1 and L2 on
the following page, which have been taken directly from the manual.

As shown in the Figures L1 and L2, flood hazard is a measure of the degree of difficulty that
pedestrians, cars and other vehicles will have in egressing flooded areas, and the likely damage
to property and infrastructure. At low hazard, passenger cars and pedestrians (adults) are able
to move out of a flooded area. At high hazard, wading becomes unsafe, cars are immobilised
and damage to light timber-framed houses would occur.

Figure L1 and L2 show that the flood hazard throughout the floodplain is categorised according
to a combination of the flow velocity and the depth of floodwaters. The hazard categories are
defined by lower and upper bound values for the product of flow velocity and floodwater depth.

The ‘Hastings River Flood Study' (2006) found that by adopting the Low and High criteria for hazards
defined in the ‘Floodplain Development Manual' (2005) the majority of land within the lower Hastings
Valley would be classified as high hazard for large events such as the 1% AEP flood. For the purposes
of better understanding the variability of hazard throughout the floodplain the high hazard category
was further subdivided into High Hazard, Very High Hazard and Extreme Hazard. Similarly, the low
hazard category defined in the manual was subdivided to create Low Hazard and Medium Hazard
categories.
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This greater discretisation of hazards was adopted as it allows for a greater understanding of the
flood hazard affecting existing development and areas of potential future development, the low and
high hazard categories were further subdivided. A summary of the criteria adopted for each hazard
category is listed in Table 7.1 and shown in Plate 7.1.

TABLE 7.1

ADOPTED HAZARD CRITERIA

HAZARD
CATEGORY

CRITERIA

PRACTICAL APPLICATION

Low

Medium

Depth (d) < 0.4m & Velocity

(v) <0.5m/s

Suitable for cars

exceeding Low criteria, and
2.0mfs, and vxd = 0.5

d=08m,v=

Suitable for heavy vehicles and wading by able
bodied adults

High

Very High

exceeding Medium criteria, and
d=18m,v=20m/s and wd =15

Suitable for light construction, timber frame,
brick veneer efc

exceeding High criteria, and
0.5mfs < velocity < 4m/s and wxd = 2.5

Suitable for heavy construction, steel frame,
concrete efc

Extreme

exceeding Very High criteria and

v>bmls

Unsuitable for development - indicates
significant conveyance of flow or floodway

Velocity (m/s)

7.2 Updated Provisional Flood Hazards

Flood Hazards

Depth (m)

PLATE 7.1 CHART OF ADOPTED HAZARD CRITERIA

The modelling results described in Section 5 for design flood events and Section 6 for the
adopted climate change scenario we used to prepare provisional flood hazard mapping for the
Hibbard Precinct. Accordingly, the model results were analysed to determine those parts of the
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floodplain that fall within each of the Low, Medium, High, Very High and Extreme Hazard
categories that are listed in Table 7.1.
Provisional flood hazard mapping for the 5% and 1% AEP floods and the adopted climate
change scenario (refer Section 6) are presented in Figures 7.1 to 7.3, respectively.
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8 UPDATED HYDRAULIC CATEGORIES

8.1 General

A major component of the Hibbard Precinct Flood Study is the re-assessment of hydraulic
categories in the vicinity of Hibbard. This has involved a review of the existing floodway
corridor, which when defined as part of the Hastings River Floodplain Risk Management Study
(2012), was based on modelling that was broad scale and which reflected the regional focus of
that study.

As discussed in Section 4.2, the regional Hastings River flood model has been updated to
incorporate additional detail in the Hibbard area. The updates include network refinement to
incorporate building footprints, hydraulic controls such as impervious fences, culverts, bridges
and road crests, as well as general refinements to better reflect the floodplain topography.
These updates have resulted in a flood model that has greater capacity to simulate the pattern
of flooding through Hibbard which in turn, can be used to better define the hydraulic function
of areas within the precinct.

8.2 Definitions

The NSW Floodplain Development Manual (2005) defines three hydraulic categories of flood
prone land; viz, floodway, flood storage and flood fringe. Each of these hydraulic categories are
combined with flood hazard to define the variation in risk across flood-prone areas. The
combination of hydraulic categories and food hazard can be used to assess the risk to existing
development and to identify appropriate types of development for different areas of the
floodplain.

Floodways are those areas of a floodplain where a significant discharge of water occurs during
floods. They are often aligned with naturally defined channels and are areas that if only partially
blocked, would cause a significant redistribution of flood flow, or a significant increase in flood
level. By definition, floodways are areas of high flow conveyance and can often be identified by
areas of high flow velocity (NSW Office of Environment & Heritage, 2013).

The blocking of floodways typically results in significant impacts on flood characteristics such as
increases in predicted peak flood level and changes in flow velocities. Therefore, it is important
to define floodways in floodplain risk management so that areas where development is
undesirable can be identified.

8.3 Previous Investigations

Hydraulic category mapping for the lower Hastings River floodplain is documented in Section 9
of the Hastings River Floodplain Risk Management Study (2012).

In order to delineate the floodway corridor a three-stage approach was adopted based on a
methodology outlined by Thomas et at (2072). Stage 1 of this approach involved delineation of
a 'preliminary’ floodway extent that was based on a detailed review of existing flood modelling
results that considered the following:

= the location of flood storages readily identifiable from aerial photography;
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= available ALS / LiDAR terrain data;

= the location and potential impacts of hydraulic controls;

= mapping of contours of ‘velocity-depth’ product (V x D);

= mapping of the variation in flood depths and peak flow velocities; and,

= the distribution of floodwater flow, including the area required to carry 80% of the peak flow
in the 1% AEP flood.

The 'preliminary’ floodway corridor determined from this Stage 1 analysis was then tested and
verified as part of the second stage of the process which involved selective encroachment
analysis.

The Stage 2 analysis involved flood modelling to test whether the “blockage” of areas outside of
the preliminary floodway corridor would result in significant increases in local flood levels; i.e.,
increases of more than 100 mm. Where encroachment modelling results in flood level increases
that are greater than 100 mm it follows that the preliminary floodway corridor is too narrow
requiring it to be widened and re-tested. This iterative approach led to the development of the
Stage 2 floodway corridor.

The final and third stage involved a joint review of the Stage 2 floodway corridor by
representatives from Council, the Office of Environment and Heritage (OEH) and Advisian
(WorleyParsons at the time). The review relied upon flood engineering judgement and
experience and a practical "common sense” check of the floodway line against cadastral and
property constraints to “fine tune” the floodway extent mapping

Once the floodway extent was defined, investigations were undertaken to determine the flood
storage and flood fringe. In order to determine the boundary between flood storage and fringe,
the variation in peak flood depths in areas outside of the floodway extent were mapped. A
depth of 0.3 metres was selected as the transitionary point between flood storage and fringe;
i.e., an area is designated as flood fringe if the flood depths are 0.3 metres or less.

8.4 Re-Assessment of the Hibbard Floodway Corridor

As discussed in Section 8.3, the floodway corridor determined as part of the Hastings River
FRMS (2072) was delineated based on a review of predicted flood behaviour and then tested
and further refined by encroachment modelling. Because both of these stages of assessment
relied on the broad scale flood model developed as part of the Lower Hastings River Flood Study
(2006) there existed limitations in the amount of local scale detail that could be taken into
consideration. Having the local scale detail is especially important in urbanised areas such as
Hibbard where floodwaters can be obstructed and/or re-directed by hydraulic controls such as
buildings, fences and road embankments.

These localised features have now been incorporated into the Lower Hastings River/Hibbard
Precinct flood model and the refined model has been used to re-simulate design flood
conditions. With this new information available a re-assessment of the floodway corridor was
undertaken by applying the same methodology adopted for the Lower Hastings Floodplain Risk
Management Study (2012). The method also considered the findings of additional research
documented in Thomas et al (2018).
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As the floodway re-assessment was focused only on a localised part of the lower Hastings River
floodplain that covers less than 1% of the total floodplain assessed as part of the floodplain risk
management study, it is possible that the previously adopted flood level increase criteria, that is
the 100 mm increase, may not be entirely applicable.

This recognises that the encroachment/blockage testing will be applied only to the southern
floodplain and the presence of a significant flood storage area upstream of Hibbard which
would dampen the peak magnitude of any resulting increases in flood levels.

The applicability of the increase threshold value, and the findings of the Stage 1 and Stage 2
investigations are documented in the following sections.

8.4.1 Applicability of the Stage 2 Flood Level Increase Criteria

As discussed in Section 8.3, the Stage 2 analysis undertaken as part of the FRMS (2072)
involved flood modelling to test whether the "blockage” of areas outside of the Stage 1
floodway corridor would result in flood level increases of more than 100 mm. Where the
encroachment modelling indicated that flood level increases were greater than 100 mm,
this indicated the floodway corridor was too narrow requiring it to be widened and re-
tested.

Although this same approach can be applied to test floodway corridors at Hibbard the
100 mm increase criteria may only be applicable at a ‘local’ scale such as directly against
a blockage point instead of across a widespread area. This is particularly the case for
any flood level increases that extend upstream of Hibbard (ie., west of Tuffins Lane) due
to the large flood storage area located upstream and to the south-west which would act
to dampen the peak magnitude of any increase in flood level due to a localised floodway
encroachment.

A secondary reason the 100 mm increase criteria will not be possible to achieve over an
extended area is due to the encroachment/blockage testing applying only to Hibbard
and the southern floodplain.

In that regard, the encroachment/blockage scenarios will not apply to the full "width” of
the floodplain which would typically be necessary to cause the widespread 100mm
increase to occur. For example, the main Hastings River channel and the Kings Point
floodway channel crossing were retained as "unblocked” flow paths during the analysis
carried out to assess the extent of the Hibbard Precinct floodway.

Notwithstanding, the encroachment/blockage modelling can still be applied at Hibbard
to test whether a proposed floodway extent has been sized sufficiently for the passage
of local flood flows. Accordingly, the 100 mm criteria was adopted and used to assess
the impact of encroachment scenarios on peak flood levels immediately upstream of
Hibbard or adjacent to the floodway itself.
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8.4.2 Stage 1 - Delineating the Floodway based on Existing Modelling Results

The Stage 1 analysis involved a detailed review of the flood modelling results
documented in Section 5.3.

The analysis involved identifying those parts of the floodplain across which velocities,
depths and the velocity-depth product were ‘locally’ high and indicative of an area with
high hydraulic importance and/or an area conveying a significant amount of the flow
occurring ‘locally’. The emphasis on ‘locally’ is included to reinforce that floodway
runners can be formed away from and separate to the greater floodplain. This scenario
of a flood runner is considered applicable to the Hibbard Precinct with floodwaters
arriving overland from the west and not from flows leaving the Hastings River which is
located immediately north of the Precinct (refer Figure 8.1).

This separation of the flows that are conveyed through Hibbard from those to the north
(within the Hastings River and the northern floodplain) is evident by comparing the
magnitude of the velocity-depth product.

In that regard, the velocity-depth product for the 1% AEP event across Hibbard is
predicted to reach up to 1.2 m2/s compared to 2.6 m2/s across the floodplain north of
the Hastings River (refer Figure 8.1). The difference in flood characteristics is even more
evident when comparing the magnitude of flows through the northern and southern
(Hibbard Precinct) floodplains at the peak of the 1% AEP flood.

As shown in Figure 8.1, a peak flow magnitude of 900 m3/s is predicted across the
northern floodplain compared to 280 m?/s through Hibbard.

Application of Stage 1 of the assessment procedure led to identification of a
‘preliminary’ floodway extent for the Hibbard Precinct. This is shown in Figure 8.2.

The Stage 1 floodway corridor includes a main floodway arm that crosses Tuffins Lane
before turning towards the north to cross Hastings River Drive. Before crossing Hastings
River Drive the floodway arm splits into two branches which flow to the east and west of
the Riverside Resort and the brick fence that exists along its frontage (refer Figure 8.2).

A secondary floodway arm that starts immediately east and downstream of Tuffins Lane
conveys floodwaters through the Ultiga Village Resort and along the narrow canal and
creek system. As shown in Figure 8.2, this floodway arm joins the western floodway
branch upstream of Hastings River Drive.

In determining the Stage 1 floodway corridor, flow distributions were analysed relative
to the predicted velocity-depth product. As shown in Figure 8.2, the Stage 1 floodway
corridor aligns generally well with a velocity-depth value in the range of 0.7 m?/s to

1.2 m?/s.

Although there are several locations where flow paths exhibit velocity-depth values
within or near this range these were not included as they either conveyed a relatively
(assessed based on local flow distributions) low proportion of the local flow and/or were
separated from the main floodway arm by a band of lesser hydraulic importance. For
locations falling in the latter category inclusion of the area was only considered where it
was required to maintain the conveyance capacity of the corridor.
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Thomas et al (2072 and 2018) and the Hastings River FRMS (20172) determined that for
most situations the area of the floodplain that conveys 80% of the peak 1% AEP flow is
representative of the floodway extent. However, a strict application of this criterion to
the Hibbard Precinct, when considered in isolation, is not considered appropriate. This is
because if the full width of the Hastings floodplain at Hibbard is considered, those areas
to the north of Hibbard that were identified in the 2102 FRMS already convey over 80%
of the total flow.

Therefore, in applying a flow criterion to the Hibbard floodway arm a value of 60% of the
total local flow was initially adopted.

Stage 2 - Encroachment/Blockage Modelling

Encroachment modelling was undertaken for the Stage 1 floodway corridor to assess
whether the corridor was sufficiently sized to ensure all local flows could be conveyed
without causing flood level increases of greater than 100 mm locally and adjacent to

blockage locations.

Five encroachment scenarios were set-up and simulated by gradually increasing the
encroachment extent. This approach was adopted in lieu of simulating a single scenario
in which the whole floodway extent was blocked on the basis that any impacts at the
upstream limit of testing could influence impacts for sections downstream. Therefore,
this issue was avoided by simulating gradual increases in the encroachment extent.

The results of the five encroachment scenarios are presented as flood level difference
mapping in Figure 8.3 to Figure 8.7.

The flood level difference plots indicate that the maximum flood level increase caused
by any of the modelled scenarios is predicted to be 100 mm. This maximum increase
occurs for the second encroachment scenario. This scenario was the first to include
blockages to areas outside of both floodway arms, including blockage of Boundary
Street (refer Figure 8.4). This indicates that the width of both floodway arms is sufficient
to ensure flood level increases locally do not exceed 100 mm.

For all other blockage/encroachment scenarios the maximum flood level increase is
predicted to be 50 mm. Although this magnitude of increase is below the target criteria
of 100 mm, the large spatial extent across which it occurs (extending approximately 4.2
km upstream to Dennis Bridge and the Pacific Highway and 5.0 km to the south-west into
the large flood storage area) makes it an unreasonable target (refer discussion under
Section 8.4.1).

In order to confirm the importance of maintaining the two floodway arms that cross
Hastings River Drive to the west and east of the Riverside Resort, a final encroachment
scenario was run that blocks the eastern floodway arm as far south as Hastings River
Drive. As shown in Figure 8.8, blockage of the eastern floodway arm causes flood levels
toincrease locally by up to 120 mm, which is in excess of the 100 mm criterion.

As for other blockage scenarios, the extent of flood level increases are significant. They
extend across all of Hibbard and include areas upstream and west of Tuffins Lane.
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8.4.4 Final Floodway Extent
The Stage 2 encroachment modelling shows that the Stage 1 floodway corridor will lead
to flood level increases locally of up to 100 mm (refer Figure 8.4). Blockage of the
eastern floodway arm is predicted to cause flood levels to increase locally by up to
120 mm which is above the threshold target and therefore indicates blockage of a
floodway (refer Figure 8.8).
Although flood level increases further upstream of the two floodway arms are only
predicted to reach up to 50 mm, these increases are effectively "damped” by the
extensive floodplain storage upstream and to the south-west of Hibbard. This floodplain
storage feeds floodwaters into the Hibbard floodway during major flooding of the
Hastings River. Although the predicted increases are less than the 100 mm criteria that
is typically adopted, the extent of the floodplain over which they would occur indicates
that the associated blockage of the Hibbard floodway arms would result in significant
impacts (refer Figure 8.4 to Figure 8.7).
Therefore, based on the discussion above and the results of the Stage 2 encroachment
modelling, it is proposed that the floodway corridor delineated through the Stage 1
analysis be adopted for the Hibbard Precinct.
8.5 Flood Storage and Fringe
As discussed in Section 8.2, in the Hastings River FRMS (20172) the transition between areas
categorised as flood storage and flood fringe was delineated based on mapping flood depths of
up to 0.3 metres. Accordingly, flood storage and flood fringe were defined as:
= Flood Storage - those parts of the floodway outside of the floodway corridor and with depths
of over 0.3 metres at the peak of the 1% AEP flood.
= Flood Fringe - those parts of the floodway outside of the floodway corridor and with depths
of up to 0.3 metres at the peak of the 1% AEP flood.
It is proposed that these criteria for flood storage and fringe areas be retained for the mapping
of hydraulic categories at Hibbard.
Notwithstanding, as design flood behaviour has changed as a function of the hydraulic model
updates made as part of this study (refer Section 4.2) remapping of storage and fringe areas is
recommended.
8.6 Hydraulic Category Mapping for the Hibbard Precinct
Mapping of hydraulic categories for the Hibbard Precinct are shown in Figure 8.9 for the
1% AEP flood.
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9 CONCLUSIONS AND RECOMMENDATIONS

9.1 Conclusions

The Hibbard Precinct is an area to the west of Port Macquarie that has developed as “strip”
development adjacent to Hastings River Drive which served historically as the major connection
between the CBD and the Pacific Highway. Development occurred due to proximity to
infrastructure, the river and Port Macquarie Regional Airport. This includes service industries to
support the airport, tourism facilities including accommodation, and more recently, commercial
and bulky goods development that could take advantage of the relatively flat land and good
access afforded by the road network.

However, parts of Hibbard are very low lying and have historically served to convey floodwaters
from the extensive flood storage area located to the south west of the airport back into the
main channel of the Hastings River. The Hastings River Floodplain Risk Management Study
(2012) identified the importance of the connection between this flood storage and the main
channel of the Hastings River. Investigations completed for the FRMS identified a provisional
floodway corridor through the Hibbard Precinct and sought to formally recognise the need for
the free passage of floodwaters to be maintained into the future.

Notwithstanding, the FRMS recognised that floodway mapping prepared at that time was based
on a broad scale assessment of flood characteristics commensurate with the valley wide scale of
the study. The FRMS recommended that a more detailed investigation was required to confirm
the existence of a floodway through the Hibbard Precinct, and if one existed, to more accurately
define its extent and function.

Investigations completed for this study have confirmed that a floodway corridor does exist
through the Hibbard Precinct. Flood modelling of blockage scenarios has established that if a
floodway is not retained through the Hibbard Precinct then 1% AEP flood levels in areas
upstream and particularly to the south-west can be expected increase. This could reduce the
level of service currently afforded by important infrastructure, including the Port Macquarie
Regional Airport.

Notwithstanding, the investigations have established that the extent of the floodway required is
less than the extent that was provisionally determined as part of the 2012 FRMS. The
recommended floodway is presented in Figure 8.9.

9.2 Recommendations

The follow recommendations are made:

(i) Revised 1% AEP flood levels for the Hibbard Precinct be adopted based on the peak flood
levels presented in Figure 5.6 and Table 5.2.

(i) Revised 1% AEP Hazard Categories be adopted based on the mapping presented in
Figure 7.2.

(iii) Revised Hydraulic Categories, including the "new” floodway, be adopted based on the
mapping presented in Figure 8.9.
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(iv) Revised Flood Planning Levels for the Hibbard Precinct be considered in the floodplain risk
management study phase
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FIGURE 5.6

DURING THE 1% AEP FLOOD
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FIGURE 5.7
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FIGURE 5.9

Flood depths predicted to be
greater than 4 metres

DURING THE 1% AEP FLOOD

PREDICTED PEAK FLOOD DEPTHS
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FIGURE 6.1
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. . Port Macquarie Hastings Council
Advisian Hibbard Precinct Flood Study
WworleyParsons Group
Appendix A

Comparison of 2005 ALS Survey and 2012 LiDAR
Topographic Data
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Comparison of Hibbard Design Flood Modelling
Results to Previous Studies

rp301015-03826rg_crt1903 15-Hibbard Precinct FS (Rev B) Revision A

Item 06
Attachment 1

Page 150



COAST, ESTUARY & FLOODPLAIN ADVISORY SUB-COMMITTEE

ATTACHMENT

28/03/2019

[

ST3AON 2-VINY TYNOISNINIQ-OML AQNLS AOO1d SONILSVYH 9002
ANV AdNLlS dOO0Td LIONID3dd auvddiH 6102 3HL N33mL3d
S73A3T AOOTd dIAV %S MVId 40 NOSIHVJINOD

ESEEG_B_?E .
ae Jey) seale papooy Aisnoinald

fup aq 01 paropaid
fisnoinaid sease papooy ApaN D

W 70 -

w00 -

Jed se apew sajepdn
C-VIAY JO Ju9IX3

W oo - r

SIRI4 Aempoof § pIEqqIH-9Z8E0-S LOLOE

dnoun suosiegKapom

ueisinpy

[wlwaw

Item 06

Attachment 1

Page 151



COAST, ESTUARY & FLOODPLAIN ADVISORY SUB-COMMITTEE

ATTACHMENT

28/03/2019

ST3A0N 2-VINYE TVNOISNINIQ-OML AANLS AOO01d SONILSVH 900¢
ANV AQNLlS dO0Td LONID3dd advadiH 6102 3HL NI3mL3g

S73A3T7 AOOTd d3V %l MVId 40 NOSIHVJINOD

w0 +
fup aq oy paripaid

ESEEG_E?E
mﬁumzpmmmﬁcmcoﬁu: .h_m:c;mi .
fisnoinaid sease papooy ApaN D

w /10

w Lo+

SIRI4 Aempoof § pIEqQIH-9Z8E0-S LOLOE

| Py

AR

Apmis preqqiH au jo ,,
vied se spews sajepdn | $

C-VIAlY Jo Juapg

Item 06

Attachment 1

Page 152



COAST, ESTUARY & FLOODPLAIN ADVISORY SUB-COMMITTEE

ATTACHMENT

28/03/2019

wn_mn_Os_N-<_>_N_|_<ZO_w2ms__n_.O>>._.>n:._.mn_OO|_u_n_m._.d.n_n_:m_.cw mzfséiéﬁexaiiaam
ANV AdNLlS dO0Td LONID3dd advadiH 6102 3HL NI3mL3g A
ST13A37 AO01d d3V %I MVId 40 NOSIIVdINOD

=X

fip 29 01 patoipasd mou

2 1ey) sease papooy Aisnoinald .

Apnis pieqqiH auy jo
yed se spew sajepdn

C-VIAY Jo Juepg

fup aq 01 paropaid
fisnoinaid sease papooy ApaN

Item 06

Attachment 1

Page 153



COAST, ESTUARY & FLOODPLAIN ADVISORY SUB-COMMITTEE

ATTACHMENT

28/03/2019

ST3AON 2-VINY TYNOISNINIQ-OML AQNLS dOO1d SONILSVYH 9002 SINE ReNpOof 4 PEGQIH-92350°S LOLOE
ANV AdNLlS dOO0Td LIONID3dd auvddiH 6102 3HL NI3mL3d
ST3A3T LNIAT AOOTd FNIULXI MVId 40 NOSIHVYAINOD

s

woLL+
wsgQ+

w50 +

Apnis pleqqiH a4 jo
vied se spew sajepdn |,
2-VINY J0 1ue1g

fip 99 01 patoipasd mou .
dJe Jey) seale papooy .h_m_‘_c;m._n_ wggQ+
fup aq 01 paripaid
fisnoinaid sease papooy ApaN D

w ol +

Item 06

Attachment 1

Page 154



COAST, ESTUARY & FLOODPLAIN ADVISORY SUB-COMMITTEE

ATTACHMENT

28/03/2019

ST3A0N 2-VINY TYNOISNINIT-OML AAQNLS AO0O7d4 a3lvadn 810¢ SIS ABNDO0 DRATI-9Z950 S LOLOE
ANV AdNLS dO074 LONID3dd aydvdadiH 6102 3HL NI3ml3d e
ST3A3T AOO0Td OIYVYNIIS FONVHD ILVINITO 40 NOSIHVYJINOD ueisinpy H

oy b L wioon

e E T wooog

Apms pieqaiH sy jo
ved se spew sajepdn
2-YINY J0 Juakg

fup aq o1 paripaid

angogmgceﬁ_;oc
ma_mgmmm_mumcoc;mjcsm_n_ .
fisnoinaid sease papooy ApaN D

Item 06

Attachment 1

Page 155



AGENDA COAST, ESTUARY & FLOODPLAIN ADVISORY SUB-
COMMITTEE 28/03/2019

ltem: 07

Subject: NORTH BROTHER LOCAL CATCHMENTS FLOOD STUDY - DRAFT
REPORT

Presented by: Development and Environment, Melissa Watkins

RECOMMENDATION

That the Committee recommend to Council that the draft North Brother Local
Catchments Flood Study (2019) be placed on public exhibition.

Background

Following the receipt of grant funding during late 2016 from the NSW Floodplain
Management Program managed by the Office of Environment and Heritage (OEH),
Jacobs Pty Ltd has been engaged by Port Macquarie — Hastings Council (PMHC) to
undertake the North Brother Local Catchments Flood Study and Floodplain Risk
Management Study and Plan for the North Brother local catchment area.

The North Brother Local Catchments Flood Study was conceived following a desire
to quantify and sequentially address the range of ongoing local overland stormwater
flooding issues experienced within the catchment that were occurring as a result of

prior development planning.

Development within the catchment has been occurring from the early 1900's through
to the present day with the majority of development having occurred between
1970-2000. The construction of associated drainage infrastructure also primarily
dated from this time, with the result being that the majority of watercourses stemming
from the upstream slopes of the North Brother Mountain were historically either built
over, filled, redirected, piped or crossed by road embankments, often resulting in
urban development occurring in extremely unsuitable locations.

Localised flooding occurs within the catchments on a frequent bases to varying
degrees and commonly leads to damage to properties and infrastructure.

Whilst PMHC is aware of numerous stormwater overland flooding issues within the
catchment, a holistic catchment wide approach to the identification and assessment
of those issues is required to ensure that remedial actions and funding for those
actions is prioritised appropriately based on an assessment of catchment wide risks.

Study Area

The study area includes parts of the villages of Kew, Lakewood, West Haven,
Laurieton and Deauville which are situated at the foot of North Brother Mountain. The
study area is shown in Figure 1 below and generally comprises the northern and
eastern faces of the North Brother Mountain and the associated urban areas
between the foot of the mountain and the adjoining receiving waters.
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i @

Figure 1 — Study catchment area

The study area has an approximate area of 1,852.2 Ha, with the North Brother
Mountain extending to a height of 490 meters, dominating the landscape.

The upper reaches of the study area are predominantly the Dooragan National Park,
containing the North Brother Mountain itself, below which is situated the Laurieton
CBD, various vegetated natural gullies and flow paths as well as significant
established low and medium density residential, caravan parks and holiday
accommodation precincts.

From the North Brother Mountain, stems a number of small, steep and unnamed
local catchments which discharge to one of the many waterways surrounding the
mountain.

The relatively short flow path between the foot of the North Brother Mountain and the
adjoining downstream receiving waters mean that stormwater flows are
characteristically high energy and fast flowing.

Urban development at the foot of the North Brother Mountain is typically bounded by
diversion drains and natural gullies which direct the large volumes of stormwater
runoff safely around developed lands and into the downstream waterways. There are
a number of locations where flows are captured and conveyed via a traditional pit
and piped drainage system through the downstream urban areas.

The North Brother Local Catchments Flood Study

The development of Floodplain Management Plans follow guidelines established in
the NSW Government’s Floodplain Development Manual (2005). The manual
outlines the steps involved in the process, and the activities required to develop a
Floodplain Management Plan in flood affected areas.

The Floodplain Risk Management process involves the following stages:
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STAGE DESCRIPTION

1. Flood Study Determines the nature and extent of the flood
problem.

2. Floodplain Risk Management Study Evaluates management options for the
floodplain in respect of both existing and
proposed developments.

3. Floodplain Risk Management Plan Involves formal adoption by Council of a plan
of management for the floodplain.
4. Implementation of Plan Results in construction of flood mitigation

works to protect existing development and the
application of environmental and planning
controls to ensure that new development is
compatible with the hazard.

This report details the results of the first phase of this project, being the completion of
the draft North Brother Local Catchment Flood Study.

Pending the endorsement of the Coast, Estuary and Floodplain Advisory Sub-
Committee, it is proposed to report the draft study to Council and for the study to be
placed on public exhibition, prior to future adoption and progression to the Floodplain
Risk Management Study phase of the project.

The draft North Brother Local Catchments Flood Study is the culmination of
significant data collection and analysis, community consultation, survey, analysis and
hydraulic modelling and serves to define the flood behaviour within the catchment.

Design flood events including the 20% and 5%, 2%, 1% and 0.5% AEP and the
Probable Maximum Flood (PMF) have been modelled. In this regard, the 20% event
has been added to the suite of events historically modelled for riverine type flooding
(Hastings and Camden Haven Rivers) on the basis that many of the issues within the
catchment will require a solution (at least in part) involving an upgraded local
stormwater drainage system. PMHCs AUSPEC Standards required that stormwater
drainage systems in residential areas typically achieve compliance with the
‘Major/Minor’ drainage principals of Australian Rainfall and Runoff 2016 (ARR 2016),
whereby the piped drainage system conveys storm flows generated by a 5% AEP
event, and larger flows are conveyed safely within the road reserve or other
designated flow paths.

In addition to the above, flood behaviour was estimated for a climate change
scenario comprising the 1% AEP plus 10% increase in rainfall plus 0.9m sea level
rise. The climate change scenario modelled for this study again differed to the
methodology adapted by PMHC for riverine flood study. In this regard, whereas the
Camden Haven River Flood Study adopted a climate change scenario of a 10%
increase in rainfall intensity coupled with a tail-water equivalent to the 1% flood level
plus 900mm sea level rise, it was felt that this approach would be not reflect the
specific North Brother Mountain catchment conditions.

The likelihood of coincident flooding within the two catchments is considered low
based on differing times of concentration and the type of flooding being assessed by
each study is also different — with the Camden Haven River Study investigating and
assessing riverine flood flows, whereas the North Brother Local Catchments Flood
Study is assessing the risks associated with short duration flash flooding type events
offering within the local catchment only.
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Further, with the Camden Haven River climate change flood levels being around 3
—4m AHD, these levels resulted in the inundation of many low lying areas in the
catchment. This resulted in the modelling not identifying the risks of localised flash
flooding in those low lying areas.

Consequently, a lower tail-water level equal to an ocean storm surge of 2.1m AHD
(20yr Camden Haven river), plus 0.9m sea level rise and no coinciding river
flooding was adopted for the draft North Brother Local Catchments Flood Study.

Flood mapping of depth and flow velocity was undertaken for all event AEPs.

The draft North Brother Local Catchments Flood Study clearly highlights the extent of
the existing local overland stormwater flood issues and highlights those areas where
the greatest flood risks are likely to occur.

Following future adoption, the study will form the basis of the future North Brother
Floodplain Risk Management Study and Plan.

The general approach and methodology employed in preparing the draft North
Brother Local Catchments Flood Study is as follows:

Compilation of available information
A range of data was obtained by Jacobs in July/August 2017 and is summarised in
Table 3-1 of the attached report. Data collection generally included:

o Copies of numerous previously completed stormwater and flood studies in the

catchment,

e Historic rainfall data obtained from within the catchment as obtained by
PMHC,

¢ Dalily rainfall data for five stations in the vicinity of the study area from the
BoM,

e Topographic mapping of the catchment,
¢ LiDAR data for the study area,
o Detailed design plans for all existing subdivisions and infrastructure,

e Records of historic customer requests, photographs and information
pertaining to local flooding events,

¢ Relevant GIS mapping data including stormwater and drainage infrastructure
e Aerial photography (current and historic),

e Relevant council policies (including Flood Policy 2015),

Site inspections were undertaken on 27 July 2017 to gain a detailed understanding of
the catchment characteristics, the nature of existing development and hydraulic
conditions (including flow patterns, drainage arrangements, hydraulic features etc.) in
known flood problem areas, and likely flood risk.

Data gap analysis

A data analysis and gap analysis was undertaken to assess the adequacy of existing
information and to determine the suitability of the information for use in completing
the Flood Study. This analysis identified the need for more detailed topographic data
in many locations to assist with the local scale definition of topography and key
physical features.
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In particular, the LIDAR data set was reviewed for key drainage areas, and it was
observed that in areas with a thick tree canopy or in-channel vegetation there was
generally a low density of data points as shown in Figure 2 below.

This data analysis led to the preparation of a detailed site survey plan to capture
missing data and ensured that sufficient information was available to accurately
represent existing hydraulic controls such as open drains, diversion mounds, creek
cross-sections and details of bridge and culvert crossings.

DN it

Hole and “"dam” shown in
channel. Survey commissioned
to confirm featurs

) ’ (X 3 . ‘A + &
_ b 1 3 aeh i)
2 L3 \'\‘ + &0 - R -

Figure 2 — Example of sparse LIiDAR ground points

In addition to topographical features, the availability of historic rainfall data was also
reviewed. Historic daily rainfall data was obtained from the Bureau of Meteorology’s
(BOM) website. Data from five sites in the vicinity of North Brother Mountain was
obtained and is summarised in Figure 3 below. All five sites are located at or below
55m AHD and the sites are unlikely to represent rainfall on the 490m high North
Brother Mountain due to orographic effects.

Gauge Name and Distance Completeness
Elevation from Study %)
Area

(k)

Laurieton (Eloura 5t)

1] 11711885 3072017 1327 87.0
12m AHD
Lorne (Lome Rd)

30027 7 1Me3a 30/DE2016 TBG ars
55m AHD
Moordand {Denno-an)

30024 1B 111/1eas 3072017 131.8 0.3
Sm AHD
Hannam Vale

080017 {Hannam Vale Rd) P | 10201026 | 31072017 0186 o7
33Im AHD
Fort Macquarne Airport

DE00128 WS dm AMD 25 28/07/M1805 1710B2017 21 280

B
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Figure 3 — BoM Rainfall Gauges

Pluviograph data for specific historic storm events was obtained for model calibration.
Pluviograph data is available from PMHC-operated sewage treatment plants (STP)
and sewer pumping stations (SPS), with the closest and most relevant gauge
locations to the study area being:

e Camden Haven SPS #1 (Wharf Street, Laurieton)

e Camden Haven STP (Dunbogan), and

e Kew — Kendall STP (Pacific Highway, Herons Creek).
Community consultation

Newsletters, media releases and information posted on PMHCs webpage was
undertaken to announce the commencement and provide background on the study.

Following a review of the available data and site inspections, a community survey
was mailed out to residents with the study newsletter asking residents for information
on previous flooding events that they experienced in the study area.

A total of 302 responses were received. The responses assisted the project team in
identifying the most significant flooding events in recent history which would be
suitable for model calibration and verification. Submissions included flood depths,
flow patterns and durations of flooding. Residents also submitted photographs and
videos of flooding during the events.

The survey identified numerous flooding events over the past 20 years with no
particular standout events. The March 2013 event was reported in six responses,
while the April 2008 event, which resulted in the most intense rainfall for the storm
event data available, was reported twice. The February 2002 event was reported four
times, however sub-daily rainfall data is not available for that event.

Further analysis of the rainfall events that occurred during the March 2013 and April
2008 events indicated that those two events corresponded approximately with the
20% AEP (5yr) and 10% AEP (10yr) events respectively. On the basis that good
rainfall records were available for those two events, that the community had provided
responses and records of those events, and that the timing was relatively recent,
these two events were selected for model calibration and verification purposes.

The responses and information received was utilised in both model calibration and to
assist in assessing the completeness of the available topographic data

Detailed feature survey

Following the completion of the data review and community consultation, Jacobs
engaged local surveying firm, Local Government Engineering Services to undertake
detailed topographic survey of a number of features in the catchment in order to
develop a representative digital elevation model (DEM) of the study area, focusing on
areas where the existing data was not representative of site conditions or complete.

Hydrologic Modelling
A hydrologic model was prepared to estimate storm and flood flows for the study
area for the historic and design rainfall storm events.
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The hydrologic modelling adopted involved a ‘lumped catchment modelling approach’
for the watercourses draining off the mountain, and a direct rainfall approach for the
more dispersed overland flow catchment areas at the foot of the mountain.

In this regard, the steep and well defined gullies stemming from the North Brother
Mountain and upstream of the urban areas at the base of the mountain were
modelled separately to the lower catchments.

This lumped hydrologic modelling was undertaken using the RAFTS hydrology
module in the DRAINS modelling software and resulted in simplified model of the
upper steep and forested catchments and a number of defined points of discharge for
those upper catchments into the downstream 2D TUFLOW model.

The RAFTS module is considered to be suitable for assessment of sub-catchments
with areas up to 100 hectares and permits routing of runoff through the catchment.
The DRAINS software is one of the few modelling packages that currently
incorporate ARR 2016 design rainfalls and procedures.

These upper catchment areas on North Brother Mountain were divided into 56 sub-
catchments which drain to the gullies and watercourses running off the mountain
through the study area. Mapping of the sub-catchment boundaries is shown on
Figure 4 below. These sub-catchments are natural vegetated areas and a nominal
impervious fraction of 5% was assumed.

Sub-catchment flow path slopes are steep to very steep, with catchment flow path
slopes ranging from 15 — 70%. DRAINS/RAFTS and most other hydrologic models
have an upper limited slope parameter value of 30%, and this is adopted for the sub-
catchments with slopes exceeding this value. It is likely that that catchment slopes
steeper than 30% would result in faster catchment flow travel times producing higher
peak flows, however this is able to be compensated for via model calibration and the ‘
adjustment of other factors such as rainfall losses, orographic rainfall scaling factor, > ‘
blockage factors, and roughness within the model at the model calibration and M 9
verification phase. ~0 4
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JACOBS

Hydrologic Model

Sub-Catchments
PROJZCT  North Brother Local

Catchments Flood Study

) 0 2,000 | FIGURE 4-1

\ 1
Figure 4 — Model Sub Catchments

Detailed information on the model parameters can be found in section 4 of the draft
Flood Study.

The lumped catchment model provided inputs into the downstream 2D model.
Hydraulic Modelling

A TUFLOW combined one-dimensional (1D) and two-dimensional (2D)
hydrodynamic model was developed for this study.

The TUFLOW model comprised of:

o A 2D domain of the study area surface reflecting the catchment topography,
with varying roughness as dictated by land use. The watercourses were in
general modelled in 2D. Diversion drains are in 2D.

e A 1D network of pits, pipes and culverts representing the stormwater network.
Inflow capacities for pits were defined based on their type and size.

e Obstructions to flow are represented as 2D objects, including existing
buildings.

The model extent covered an area of 12.6km? and includes the foot of the North
Brother Mountain along its western, northern and eastern sides and the adjacent
developed lower-lying areas down to the receiving waters at Camden Haven River,
Queens Lake and Stingray Creek.

The various features in the TUFLOW model are shown on Figure 5 below:
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Legend

1D Pipes and Culverts
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Tailwater Boundary
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Applied)

Direct Rainfall

No Scaling Factor

[57] sesting Factor Applied

[ TurLow Extent

JACOBS

TUFLOW Model
Configuration

=T North Brother Local
Catchments Flood Study

0 2,000 l

i‘. |
Figure 5 — TUFLOW Model Configuration

FIGURE 5-1

The topography of the catchment was represented in the model using a 2m grid. This
level of precision in the grid was considered necessary in order to represent detailed
flood behaviour in a fully developed catchment. Finer model grid sizes such as 1m
grid were not considered practical given the large size and expected excessively long
computing times.

The stormwater pit and pipe network was modelled as a 1D network, coupled to the
2D TUFLOW Model domain with building polygons identified form aerial photography
and modelled as solid objects in the floodplain.

All surfaces within the model were assigned an appropriate roughness based on
zoning and ground cover as viewed from aerial photographs. The roughness values
utilised were based on engineering experience and typical values used in previous
flood studies and are considered representative of the study area.

In addition to the model inflows at the upper ends of the catchments, a rainfall
hyetograph (rainfall depth per time interval) was directly input into the TUFLOW
model in the areas where direct rainfall applied.

Model Calibration and Verification

Rigorous model calibration of overland flood models cannot generally be carried out
because direct measurements of overland flows and accurate measurements of flood
levels are usually not available. Localised features may also be present which
influence flow patterns but are not detected in the catchment-scale topographic data.

Hence, overland flood models are often verified using observations of flood depths
and flood behaviour as a way of “sanity-checking” the modelling and confirming its
reliability.
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This study relied mainly on observed depths of flooding during past flood events
given by local residents. This anecdotal information was generally considered
indicative as often only the general location of the observation was usually given, and
approximate depths of flooding. The reported flood observations were also from
numerous separate storm events, while the model calibration focussed on only two
events selected based on availability and quality of observed data. However, the
reported flood depths were still useful information for validating the general behaviour
of flooding simulated by the flood models.

The general approach involved running the hydrologic and hydraulic models and
comparing the flood depths and flow patterns to reported observations. The model
configuration and parameter values were adjusted as necessary with the aim of
achieving a satisfactory fit to the observations.

Flooding was reported for numerous individual storm events occurring over the last
20 years from the community survey responses. Two historic storm events were
selected for model calibration and verification based on the number of responses for
each event and the magnitude of the storm event. These events included:

e 24 April 2008. The most intense rainfall recorded based on the available
data. Significant number of photographs are available for this event.

e 2 March 2013. This is a relatively intense storm with the majority number of
survey responses.

Characteristics of the selected storm events are provided in Figure 6 below:

Daily Main Sterm Appreximate Event
Rainfall Burst Rainfall | AEP
Depth Depth and
Duration
24 April 13Gmim 48mm im 45 mins | 10% AEP Rainfall data available from
2008 &5mm im 60 mins Camden Haven PS5
(Laurieton)
2 March 152mim 43mm im 60 mins | 20% AEP Rainfall available from
2013 Gimm im 1.5 hrs Camden Haven 5TF
(Dunbogan)

Figure 6 — Calibration storm event characteristics

The above two rainfall events were modelled for model calibration purposes and
resulted in the refinement of a number of key modelling parameters including:

Rainfall losses,
Orographic rainfall scaling factor,
Blockage factors, and,

Roughness

The Model calibration and verification report (2018) (attached) details the results of
this process. This report was placed on public exhibition during 2018 via PMHCs
website and a targeted mail out to those residents who had responded to the prior
consultation survey.

Two community information sessions were undertaken as part of this process.
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Comparing the model results and observed/reported information, it is considered that
the TUFLOW model provides a reasonable match to the observed flood behaviour in
the historic events and is therefore considered to be suitable for the estimation of
design flood behaviour in the study area.

Estimation of Design Floods

This flood study is based on ARR 2016 design rainfalls and procedures. Each design
storm AEP and duration consists of an ensemble of 10 storm temporal patterns
which define the timing and intensity of rainfall throughout a given storm event. Each
storm in the 10 temporal pattern ensemble has an equal probability of occurring.

Design rainfall data was downloaded from the BOM website, including ARR 2016
design rainfall depths and temporal patterns relevant to the study area.

Tail-water conditions were based on the OEH guidance in “Modelling the Interaction
of Catchment Flooding and Oceanic Inundation in Coastal Waterways” (OEH, 2015).

In the design flood estimation for North Brother Mountain overland flooding, local
catchment flood events were coincided with elevated ocean water level, rather than a
coinciding river flood event. There is considered to be a higher probability that the
local catchment storm would coincide with a storm surge event. Local catchment
flooding occurred sometime (0.5-2 days) before the river flooding occurred or peaked
during the flood events of 2008 and 2013. Hence, peak river flood levels as
coinciding tail-water conditions is considered overly conservative.

The storm events modelled include the 0.2 Exceedances per Year (“EY”) (20%), 5%,
2%, 1% and 0.5% AEP and Probable Maximum Flood (PMF) events for current
climate conditions. The storm durations that were initially assessed include the 15
and 30 minute and 1, 1.5, 2 and 3 hour durations for up to the 0.5% AEP events.

The critical durations (those that gave the maximum flood levels) varied for the
different AEPs. The 15, 30 and 45 minute and 1 hour durations were modelled for the
PMF event.

A climate change flood scenario was also assessed, consisting of the existing 1%
AEP storm plus a 10% increase in rainfall intensity, combined with a 1% AEP ocean
level with a 0.9m sea level rise.

Design Flood Results

1. Provisional Flood Mapping

[}
Utilising the calibrated model and design Rainfall Events, flood modelling to
determine of peak water levels and flow velocities throughout the study area for the
design flood events including the 20% and 5%, 2%, 1% and 0.5% AEP and the PMF
events, plus a climate change scenario were undertaken, with mapping presented
within Appendix E of the report.

Overland flow depths on properties are typically up to 0.3m in up to the 1% AEP
event. Depths exceed 0.5m in a number of locations in the 20% event, and exceed
1m in the 5% and 1% AEP events. Areas of deeper flows include main flow paths
and drainage low points in a number of roads.
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During the PMF event, property and road flooding exceeding 0.5m depth is
widespread, with property and road flooding of 1m depth also common. Depths of
flooding exceeding 2m occur on approximately 20 properties in the study area.

Flow velocities are swift in a number of overland flow paths through properties and
particularly in roads. Typical flow velocities are 0.5 — 1m/s in the 20% event, and 1 —
1.5m/s in the 1% AEP event.

High flow velocities of 2 — 3m/s occur in a number of locations including roads and
properties. These flows are likely to be highly hazardous to people and risk
significant damage to buildings and property.

Flow velocities of 3 — 4m/s are commonplace in the PMF, with some locations
experiencing velocities over 4m/s.

Overland flooding in the study area is generally a result of intense short-duration
rainfall events. As a result, the duration of inundation of roads and built areas is
typically short, limited to 1 — 2 hours in up to the 0.5% AEP event.

Durations of inundation are likely to be up to 4 hours in the PMF event particularly in
some flood storage locations, affecting roads including Botanic Drive and Ocean
Drive west of Lakewood shopping centre.

The change in flood levels in the 1% AEP event due to climate change were mapped
with most areas affected by overland flow experiencing flood level increases of up to
0.1m due to increased rainfall and reduced drainage capacity from higher tail-water
levels caused by sea level rise. Locations along the river and lakes would be
impacted by 0.9m increases in flood levels directly due to sea level rise, while
adjacent areas would be impacted typically by up to 0.5m increases in flood level.

Typical flood extent map excerpts from the Flood Study are copied below:

| Legend
Peak Flood Depth (m)

JACOBS

1% AEP Design Flood
Peak Flood Depths

¢t North Brother Local
Catchments Flood Study

MAP E-4(D)

A i
Figure 7 — Sample flood depth mapping for Laurieton
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2. Provisional Hazard Mapping

[ ]
Following the completion of the velocity and depth mapping for the design events,
flood Hazard mapping was prepared for the 1% AEP event (current conditions) and
for the 1% AEP event under the adopted climate change scenario (increased rainfall
intensity by 10% and with 0.9m sea level rise).

Flood hazards were assessed based on the criteria as outlined within the Australian
Disaster Resilience Handbook 7. Managing the Floodplain: A Guide to Best Practice
in Flood Risk Management in Australia (AIDR, 2017a) and as follows:

e H1 - Generally safe for people, vehicles and buildings;
e H2 — Unsafe for small vehicles;

e HS3 - Unsafe for vehicles, children and the elderly;

e H4 - Unsafe for people and vehicles;

¢ H5 - Unsafe for people and vehicles. Buildings require special engineering
design and construction; and

e H6 — Unsafe for people or vehicles. All buildings types considered vulnerable
to failure.

5 | Legend
{ Flood Hazard Category

i H1 - Generally safe for
vl I vetices. people and
buildings.

= H2 - Unsafe for small
vehicles.

[ 3 Ureete for o vebices,
children and the elderly.
[[] H4; Unsafe for ot people
and al vehicles.
H5 - Unsafe for all people
[ 28 hides. Bukdrgs
require special engineering
design and construction.
H8 - Unsafe for Vehicles and
[ P00 i ko types
considersd vulnerable to
failure.

EI Study Area

........ Limit of Mapping

NOTE: The mapping shown here is
for North Brother local catchment
Hooding only. Refer to the Camden
Haven and Lakes System Flood Study
(2013) for riverine ficoding mapping.

1% AEP Design Flood
Flood Hazard Categories

PROJECT  North Brother Local
Catchments Fiood Study

500 oy

ioo E DN
A e TR 5

Figure 8 — Sample Provisional Hazard Mapping for Laurieton

MAP G-1(D)

3. Provisional Hydraulic Categories Mapping

[ ]
Three flood hydraulic categories are identified in the Floodplain Development Manual
(NSW Government, 2005).

These are also defined in PMHCs Flood Policy (2015):

.
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¢ Floodway, where significant discharge of water occurs during floods and
blockage could cause redirection of flows. Generally characterised by
relatively high flow rates; depths and velocities;

o Flood storage, characterised by relatively deep areas of floodwater and low
flow velocities. Floodplain filling of these areas can cause adverse impacts to
flood levels in adjacent areas; and

¢ Flood fringe, areas of the floodplain characterised by shallow flows at low
velocity.

For the purposes of this study, the criteria used to define the provisional hydraulic
categories are shown in Figure 8.

Hydraulie Criteria
Categery
Floodway Area within the flood extent where:
+ Velocity x Depth = 0.2m¥s AND
* Velocity = 0.5m/s AND
& Depth > 0.15m.
Flood Storage Remaining area within 1% AEP fiood extent where Depth = 0.15m
Flood Fringe Remaining area in the floodplain (i.e. area within PMF extent) outside the Floodway
and Flood Storage areas.

Figure 8 — Provisional Hydraulic Categories Criteria

The provisional hydraulic categories mapping is presented in Appendix G of the
report (excerpt in Figure 9 below) for both the 1% AEP design flood and for the 1%
AEP event with climate change. The mapping is provisional and will need to be
considered in further detail in the Floodplain Risk Management Study phase.

Legend

Hydraulic Categories
Floodway

I 7oo Storage

[ Ficod Fringe

I atercourse

ssssnens Limit of Mapping

E Study Area

NOTE: The mapping shown here is.
for North Brother local catchment
fooding only. Refer to the Camden
Haven and Lakes System Flood Study
{2013) for riverine fiooding mappng

GDA 1934 MGA Zone 56
Scale A3

Data Sources: LPI, OEH, Counci

JACOBS
o 1% AEP Design Flood -
TLE  Hydraulic Categories :', ) ”,
Y 500 i J.. g ) . e MAP G-2(D) *
A B :L\ : s PORT MACQUARIE
Figure 9 — Sample Provisional Hydraulic Categories Mapping for Laurieton HASTINGS
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Conclusions

Hydrologic and hydraulic models were developed with a focus on local catchment
and overland flooding originating from runoff from the North Brother Mountain and
study area catchment. The modelling did not focus on mainstream flooding from the
Camden Haven River and other waterways.

The model has been calibrated to historical floods confirming its ability to reproduce
historical flood behaviour on the catchment.

The updated flood study provides PMHC with a suitable platform for undertaking the
subsequent stages of the Floodplain Management process, flood planning, and
development of flood risk management strategies for the study area.

The draft North Brother Local Catchments Flood Study is attached for consideration.

Attachments

1View. Model Calibration and Verification Report
2View. North Brother Local Catchment Flood Study (2019)
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Foreword

The primary objective of the New South Wales Govemment's Flood Prone Land Policy is to reduce the impact
of flooding and floed liability on individual owners and occupiers of flood prone property, and to reduce private
and public losses resulting from floods, utilising ecologically positive methods, wherever possible. Under the
Policy, the management of flood prone land remains the responsibility of local government.

The policy provides for a floodplain management system comprising the following five sequential stages:
1. Data Collection Involves compilation of existing data and collection of additional data
2. Flood Study Determines the nature and extent of the flood problem

3. FloodplainRisk  Evaluates management options in consideration of social, ecological and
Management economic factors relating to flood risk with respect to both existing and
Study future development

4. Floodplain Risk Involves formal adoption by Council of a plan of management for the
Management floodplain
Plan

5. Implementation Implementation of flood, response and property modification measures
of the Plan (including mitigation works, planning controls, flood wamings, flood
preparedness, environmental rehabilitation, ongoing data collection and
monitoring by Council

Port Macquarie Hastings Council is undertaking this study for the North Brother Local Catchments study area to
investigate the existing and future flood risks in the study area in accordance with the NSW Govemment's
Floodplain Development Manual. The study will also identify and assess potential flood mitigation options and
guide land use planning and future development on the floodplain in the study area.

This study represents Stages 1 to 4 of the management process and has been prepared for Council by Jacobs.
This report is a progress report of Stage 2 Flood Study.
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Important note about this report

The sole purpose of this report and the associated services performed by Jacobs is to undertake a flood study
for the North Brother Local Catchments study area located in New South Wales in accordance with the scope of
services set out in the contract between Jacobs and Port Macquarie Hastings Council (the Client). That scope
of services, as described in this report, was developed with the Client.

In preparing this report, Jacobs has relied upon, and presumed accurate, any information (or confirnation of the
absence thereof) provided by the Client and/or from other sources. Except as otherwise stated in the report,
Jacobs has not attempted to verify the accuracy or completeness of any such information. If the information is
subsequently determined to be false, inaccurate or incomplete then it is possible that our observations and
conclusions as expressed in this report may change.

Jacobs derived the data in this report from information sourced from the Client, third parties, and/or available in
the public domain at the time or times outlined in this report. The passage of time, manifestation of latent
conditions or impacts of future events may require further examination of the project and subsequent data
analysis, and re-evaluation of the data, findings, observations and conclusions expressed in this report. Jacobs
has prepared this report in accordance with the usual care and thoroughness of the consulting profession, for
the sole purpose described above and by reference to applicable standards, guidelines, procedures and
practices at the date of issue of this report. For the reasons outlined above, however, no other warranty or
guarantee, whether expressed or implied, is made as to the data, observations and findings expressed in this
report, to the extent permitted by law.

This report should be read in full and no excerpts are to be taken as representative of the findings. No
responsibility is accepted by Jacobs for use of any part of this report in any other context.

Topographic data used in this study included that sourced from a LiDAR survey and ground survey which were
undertaken by third parties. Undertaking independent checks on the accuracy of the data was outside Jacobs'’s
scope of work for this study.

This report has been prepared on behalf of, and for the exclusive use of, Jacobs’s Client, and is subject to, and
issued in accordance with, the provisions of the contract between Jacobs and the Client. Jacobs accepts no
liability or responsibility whatsoever for, or in respect of, any use of, or reliance upon, this report by any third

party.
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1. Introduction

1.1 Background

Jacobs has been engaged by Port Macquarie Hastings Council (Council) to undertake a flood study and
floodplain risk management study of the North Brother Local Catchments area. The study area is located on the
Mid North Coast of NSW, and includes parts of the villages of Kew, Lakewood, West Haven, Laurieton and
Deauville which are situated at the foot of North Brother Mountain (Figure 1-1). Development in the area has
occurred in sometimes unsuitable locations as a result of poor drainage planning, leading to localised nuisance
flooding on residential properties at a number of locations on a regular basis. Numerous gullies and
watercourses drain from North Brother Mountain through the developed areas, which over time have been
piped, filled, crossed by road embankments or redirected, contributing to the existing flooding problems.
Localised flooding in some areas may interact with and be exacerbated by mainstream flooding in Queens
Lake, Stingray Creek and Camden Haven River.

Objectives of the study include:

2  Develop and calibrate hydrologic and hydraulic modelling to estimate flooding conditions for a range of
design events

Z  Identify flood problem priority areas and identify and assess structural and non-structural mitigation
measures to manage flood risk.

Z Review existing planning, policy and emergency management for gaps and inconsistencies relating to
floodplain planning, then develop proposed amendments to address residual flood risk

2 Prioritise the works and measures, including economic and multi criteria appraisal of options.

Z  Develop an implementation program for recommended works and measures including timing, responsibility
and sources of funding.

2  Conduct consultation with the community and key stakeholders throughout the study to obtain information
and intelligence for input into the study. Gauges the perceptions of the community on flooding matters.
Obtain feedback on the findings and recommendations of the study.

This report documents the development, calibration and verification of hydrologic and hydraulic models for
estimating flooding behaviour in the study area. Sensitivity testing of model parameter values is also discussed.
The models will be used in the subsequent estimation of design flooding conditions and in the identification and
assessment of flood mitigation works.

1.2 Structure of this Report

This report is structured by the following sections:

2 Section 2 lists the available data

Z  Section 3 describes the site visits undertaken for the study

2 Section 4 reviews and describes relevant aspects of the available data
2  Section 5 describes the hydrologic modelling approach

7  Section 6 details the development of the hydraulic model

2  Section 7 discusses the calibration of the flood modelling to historic flood events, including sensitivity
testing of key model parameters and assumptions

Z  Section 8 provides conclusions and recommendations to this phase of the study.
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2. Available Data
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A range of data was obtained by Jacobs or provided by Council and other agencies in July/August 2017 and is
summarised in Table 2-1 below. The data includes reports of studies that have been undertaken in the area,
drainage models, spatial data including stormwater assets, zoning and other GIS layers, photographs and
resident reports of previous flooding in the study area. Discussion on key datasets is provided in Section 4.

Table 2-1 Data inventory

“

Reports

West Haven System Analysis
report
West Haven Concept Design
Report

Camden Haven and Lakes System
Flood Study

Port Macquarie Hastings Council
Flood Plicy

Spatial and Design Data

Study area

LiDAR data

LiDAR data

Aerial photography

Aerial photography

Stormwater infrastructure

Hydrologic and hydraulic analysis of
VWest Haven stormwater system and
catchment

Concept design report of proposed
mitigation works in West Haven

Mainstream flood study - river design
flood levels Adopted 2013.

PMHC flood policy adopted 2015.
Includes guidelines for development,
hydraulic classification, climate change,
flood planning level allowances for
different development, development
controls.

Study area extent

Classified C3 LAS and thinned ground
point data

1m gridded DEM obtained for LPI
dataset (available within Jacobs).
Merged for study area

Nearmap 7cm res. Use this for existing
case modelling

Other older datasets available, varying
resolution

Bridges
Culverts

GHD 2007

GHD 2007

Worley Parsons 2013

PMHC

PMHC

NSW LPI 2012 (via PMHC)

NSW LPI 2012 (via Jacobs)

NearMap May 2017 (via
PMHC)

NearMap, LPI (via PMHC)

PMHC

Item 07
Attachment 1

Page 180



ATTACHMENT

COAST, ESTUARY & FLOODPLAIN ADVISORY SUB-COMMITTEE

28/03/2019

Model Calibration and Verification Report JACOBS

Zoning

Cadastre

Ecology

Erosion risk

Road feature

Flood and sea level rise

Drainage plans - Historic

Hydrographic and Dredging Plans
- Camden Haven Area - historic

Parks and Reserve Plans

Rural roads plans

Subdivision plans

Urban Roads

Stormwater Box Culvert

Stormwater End Structure

Stormwater Junction Sideline
Stormwater Open Drain

Stormwater Pipe

Stormwater Pit

Stormwater SQID (Stormwater Quality

Improvement Device)
Land use zoning PMHC

Lot parcels PMHC

Endangered ecological communities

2014

Vegetation Management Plans PMHC
SEPP14 Coastal Wetlands

Soil Erosion Risk PMHC
Road Surface (road centreline)

Kerb/Gutter line PMHC

Footpaths

Camden Haven River flood and sea

. Flood and sea level rise
level rise extents

Various drainage/stormwater/WQ

. . . PMHC
designs, various locations and ages
River bathymetry, dredging, tidal
analysis. 1970s 1980s. Felhe
Parks and reserves layouts 1980s -
2000 PMHC
Ocean Drive - historical plans PMHC
Historic subdivision plans dated 2006
and 2010 PMHC
Urban roads- historic plans PMHC
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NSW wide GIS layer on hydrologic soils
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Hydrologic Soil Group group (classification A to D reflecting OEH (online)
permeability and runoff potential)

Recorded Data

Daily Rainfall Data Daily rainfall data for five stations inthe = BoM
vicinity of North Brother
Pluvio data & minute intervals 1/03/2012

Pluviograph Data to 1/02/2016 at various sewage PMHC
treatment plants and pumping stations
in Port Macquarie Hastings LGA.
Pluvio data is also available from Manly | MHL
Hydraulics Laboratory (MHL) for Locans
Crossing

Modelling Data

West Haven DRAINS models DRAINS models of existing and GHD 2007
mitigated cases relating to West Haven
System Analysis report and West Haven
Concept Design Report

Historic Flooding

Flood mapping Historic flood outlines and flood prone PMHC
land/ flood planning mapping for
mainstream flooding

Flood marks Historic flood marks for Camden Haven = PMHC
River flooding

Photographs Photos of previous flooding (various PMHC
locations and events)

Flooding complaints Flooding and drainage complaints from | PMHC

residents and logged on Council register
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Site Visit

Site inspections were undertaken on 27 July 2017. The purpose of the site inspection was to gain a further
understanding of the catchment characteristics, the nature of existing development and hydraulic conditions
(including flow patterns, drainage arrangements, hydraulic features etc.) in known flood problem areas, and
likely flood risk. Members of the Jacobs project team were accompanied by Council officers. Locations
inspected on the site visit included trouble spots identified by Council and significant drainage locations:

Black Swan Terrace, West Haven

Ringtail Cl, Lakewood

Lilli Pilli Cl, Lakewood

Mission Termrace, Lakewood

Kirmington Termrace, and Pelican Ct, Westhaven
Flinders Dr Estate, Laurieton

Bold Street, Laurieton

Quarry Way, Laurieton

Lake Street, Laurieton

St Joseph'’s School, Laurieton.

Observations made during the site visit included:

The terrain in the developed sections of the study area, at the foot of North Brother Mountain, is generally
flat to moderately sloped (grades of 5 — 15%) with elevations from less than 2m AHD up to 50m AHD.

The middle and upper catchment areas, upstream of the developed areas, are densely forested and
generally within Dooragan National Park. Terrain is generally very steep, with watercourse grades of up to
50% and ground elevations up to 490m AHD.

There were no permanently flowing watercourses observed at the time of the site visit, which occurred
following a month of dry weather conditions. Most minor flow paths have been piped to pass through
residential development. The larger watercourses have been maintained in a generally natural state and
development has not encroached on these watercourses. All of the flow paths and watercourses are
crossed by Ocean Drive and other roads with culverts as they drain to Queens Lake and Stingray Creek.

Many watercourses and other drainage features are covered by dense rainforest vegetation.

Soil landscapes along watercourses were observed to include high permeability gravel and rubble beds in
the stream beds and along some stream banks. Council officers described that during storm events, in
some locations the stream flows infiltrate into these gravel and rubble beds, flowing sub-surface and then
resurfacing in different locations. This is reflected in residents’ reports and accompanying photos.

An additional site visit was undertaken on 30 April 2018 during the model setup and calibration to inspect
selected drainage features and confirm the model performance and representation of flood behaviour.
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Figure 3-1 Eastern side of north Brother Mountain, illustrating steepness of the terrain

Figure 3-2 Shotcrete-lined informal channel in Lakewood
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Figure 3-3 Natural flow path through forested area in West Haven
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Figure 3-6 Upstream side of flow path road crossing, West Haven
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Figure 3-8 Trunk drainage culvert discharging to open channel next to development, Laurieton
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4, Review of Available Data

41 Port Macquarie Hastings Council Flood Policy (2015)

Council’s Flood Policy (adopted 21 October 2015) outlines the considerations to be made by Council in
exercising its environmental assessment and planning functions in relation to development in the Port
Macquarie Hastings Local Government Area (LGA). It reflects the direction of flood risk management in NSW
Government's Flood Prone Land Policy and draws on the guidance on this provided in the Floodplain
Development Manual (2005). It outlines a number of objectives in achieving sound flood management, namely:

I.  Tomaintain the existing Flood regime and flow conveyance capacity;

Il.  toreduce the impact of Flooding and Flood liability on individual owners and occupiers of Flood prone
property;

lll.  toreduce private and public losses resulting from Floods;
IV.  toincrease public safety with respect to Flood events;

V.  to protect the operational capacity of emergency services and emergency response facilities during
Flood events;

VI.  toincrease public awareness of the potential for Flooding across the range of Flood events up to the
Probable Maximum Flood level;

VII.  to inform the community of Council’s policy in relation to the use and Development of Flood Prone Land;

VIII.  toensure that planning and Development of essential services and land use makes appropriate
provision for Flood related risk;

IX.  toutilise best engineering practice for determination of Flood conditions, impact and risk.
X.  to utilise ecologically positive methods of Flood protection wherever possible;

Xl.  to ensure that any New Development or modifications to existing Development must, as far as practical,
result in a reduction in the existing Flood Risk, and in no circumstances should the Flood Risk be made
worse; and,

Xll.  to deal equitably and consistently with all matters requiring Council approval on land affected by
potential floods, in accordance with the principles contained in the NSW Government’s Floodplain
Development Manual (2005).

The flood policy provides definitions for the different hydraulic classifications of the floodplain, flood planning
level categories and provisions for different types of development (pemissible development types, minimum
floor levels), filling, fencing, boundary adjustments, rezoning and subdivision in the different hydraulic zones in
the floodplain.

4.2 Previous Studies
421 GHD Stormwater Analysis and Design Studies (2007)

In response to previous poor performance of the drainage system, a stormwater hydrologic and hydraulic study
was undertaken by GHD for Council for the West Haven area, and a concept design prepared for a proposed
drainage upgrade and flood mitigation program. These are documented in the following reports:

2 West Haven Stormwater Study Area Final Systems Analyses Report (GHD, April 2007)
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2 Report for Buller Street and West Haven Stormwater Catchment Studies S.600.110.05.61 Concept Design
Report - West Haven Study Area (GHD, September 2007).

DRAINS models were developed for the study for the existing and proposed design cases to quantify system
flows and identify/confirm system constraints. The models were not calibrated to historic flooding events. Design
event flows were validated against rational method estimates. Relatively conservative hydrologic parameters
were assumed for the catchment hydrology, including assumptions on the soil type (soil type 4 or D, high runoff
and very low infiltration rates).

The existing case modelling indicated flood problem areas in the following locations
2  South of No. 9 Black Swan Terrace / No. 20 Kirmington Terrace;

2  Koonwarra Street drainage easement Lot 29;

2  Ocean Drive cross culverts adjacent No. 374 — No. 384 Ocean Drive; and

Z DRAINS also indicated problems with the Elouera Place cross culvert.

The concept design proposed a range of pit and pipe network upgrades and modifications, formalisation of two
existing flood storages (referred to as “detention basins” in the GHD study) and construction of a large diversion
channel upstream of Black Swan Terrace. The works were designed to achieve compliance for the minor (5
year) storm event with a review of the effect on the 100 year capacity.

The works were costed with a Net Present Value of $4.7 million (2007 dollars) excluding GST. It has not been
confirmed with Council if any of the proposed mitigation works were implemented.

Sub-catchment boundaries are not available as spatial layers. The pit and pipe names in the DRAINS model are
not consistent with the drainage asset layer provided by Council. Hence, the DRAINS model data is not directly
suitable for the development of flood models in this study, but the results may be useful for model validation
purposes.

4.2.2 Camden Haven River and Lakes System Flood Study (Worley Parsons, 2013)

This flood study estimated existing flooding conditions for mainstream flooding in Camden Haven River,
Camden Haven Inlet, Queens Lake, Stingray Creek and Watsons Taylor Lake in the study area. The study was
based on hydrologic and hydraulic modelling in XP-RAFTS and RMA-2, respectively, for the 5, 20, 50, 100 and
200 year floods and Probable Maximum Flood (PMF). The study estimated 100 year flood levels of
approximately 2.9 — 3m AHD in Camden Haven Inlet, Stingray Creek and Queens Lake affecting parts of the
study area, and 4.3m AHD in Camden Haven River near the Pacific Highway bridge, potentially affecting the
south-westem portion of the study area.

4.3 Spatial and Design Data

4.31 Topographic Data

Topographic data across the study area consists of LIDAR data captured by NSW Land and Property
Information (LPI) in 2012. The dataset has a vertical accuracy of 0.15m (one standard deviation). Council
provided classified and thinned ground point data for the study. Jacobs obtained the 1m digital elevation model
(DEM) grid developed by LPI from this data, which is held in-house. The data tiles were merged together by
Jacobs to form a continuous DEM across the study area and surrounds. The DEM showing the study area
terrain is presented on Figure 4-1.
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The thinned ground points data set was reviewed for key drainage areas, and it was observed that in areas with
a thick tree canopy or in-channel vegetation there was generally a low density of data points. This indicates that
the LIDAR was only able to penetrate the tree canopy in sparsely spaced locations, and that the DEM is unlikely
to accurately represent any drainage features which may be beneath the tree canopy. A similar issue is
expected for channels with standing water or in-channel vegetation. Review of the DEM confirmed that some
channel and drainage features are not represented in detail and do not match site observations.. Examples are
shown on Figure 4-2 below. Ground survey was commissioned to collect more accurate topographic information
of the study area terrain and features.

Figure 4-2 Example - sparse LiDAR ground points in vegetated areas and potentially inaccurate channel definition. Kirmington
Terrace - Koonwarra Street, West Haven

Hole and “dam” shown in
channel. Survey commissioned
to confirm feature

!"?k“\--t,{-

4.3.2 Aerial Photography

Several different aerial photograph data sets were provided by Council, the most recent and highest resolution
being NearMap imagery (May 2017, 7cm resolution). This imagery covers the developed areas at base of North
Brother Mountain, and is supplemented with other imagery supplied by Council (dated 2012 and 2013) to cover
the entire study area and surrounds.

4.3.3 Stormwater and Drainage Infrastructure

Layers for a range of stormwater drainage assets and features have been provided by Council including pits,
pipes, culverts, headwalls and water quality improvement devices. Details (dimensions and levels) are missing
for a number of the drainage assets and require survey. The source and accuracy of those assets with details is
not known, although it is noted that the network layout is consistent with recent subdivision road layouts (e.g.
Fairwinds Avenue detention basin and Wedgetail Drive, both in Lakewood). Data entry dates are also observed
to be recent (up to 2015). The locations and details of open drains and swales in the study area are not included
in the spatial layers.
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4.3.4 Historical Subdivision Design

Sub-division designs are available from Council for a number of developments in the study area as pdf files.
Most are dated pre-2010 and review of the locations of these developments against recent aerial photos
indicates that the majority have been constructed.

Designs for drainage features including the flow path and berms downstream of the Fairwinds Avenue detention
basin are reflected in the LiDAR and stormwater spatial layers.

4.3.5  Additional GIS data

Additional GIS layers obtained include:

Z Road centrelines, kerb/gutter lines, footpaths
Z  Cadastre

2 LEP and zoning

2 Land use

Z  Ecological features.

4.4 Recorded Data
4.4.1 Rainfall Data
4.4.1.1 Daily Rainfall

Historic daily rainfall data was obtained from the Bureau of Meteorology's (BOM) website. Data from five sites in
the vicinity of North Brother was obtained and is summarised in Table 4-1: Site locations for the selected
gauges and other regional gauges are shown on Figure 4-3. It is to be noted that all five sites are located at or
below RL 55m and the sites are unlikely to represent rainfall on the 490m high North Brother Mountain due to
orographic effects.

The steep and smaller nature of the catchments in the study area mean that intense short duration (sub-daily)
storm events or storm bursts are more likely to be critical in causing peak flooding during flash flood events.
Mainstream flooding is more likely to result from multi-day duration events. Hence, the reported daily rainfall
depths may not indicate the critical historic storm events which resulted in peak flash flooding. Those short (say,
less than 6 hours in duration) and intense rainfall events may result in the worst flash flooding conditions but are
not reflected by exceedingly high daily rainfall depths. The daily rainfall data is therefore of limited use in
indicating when the worst flash flooding events occurred, although it is useful for showing general trends of
when wet periods occurred, during which the critical storm events may have happened. The data is also useful
for validating any recorded sub-daily rainfall data.
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Table 4-1 Daily Rainfall Data

Distance Start Date
from Study

Area

Gauge Name and
Elevation

Gauge
Number

(kmy)

Laurieton (Eloura St)

060022 1/1/1885 310712017
12m AHD
Lorne (Lorne Rd)
060027 17 1/01/1938 30/06/2016
55m AHD
Moorland (Denro-an)
060024 19 1/11/1885 31/07/2017
5m AHD
Hannam Vale
060017 (Hannam Vale Rd) 21 10211926 31/07/2017
33m AHD
Port Macquarie Airport
0600139 AWS 4m AHD 25 26/07/1995 = 17/08/2017
Figure 4-3 BOM Rainfall Gauges in Laurieton region (source: BoM website.
http:/inww.bom.gov.awclimate/data/index.shtml?bookmark=136)
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The daily rainfall data from the BOM Laurieton rainfall gauge has been analysed and summarised for the top-
ranking 1-day and 2-day recorded rainfall depths in Table 4-2. Rainfall values are based on daily rainfall
recorded to 9am as per BOM convention. Hence, the peak flooding may have occurred a day previous to the
reported rainfall depth.

Table 4-2 Highest ranked recorded 1-day and 2-day rainfall depths at Laurieton rainfall gauge (060022).

2 day
Start date Depth (mm) Start date Depth (mm)

1 29/04/1963 448.3 29/04/1963 462.3
2 5/01/1959 325.1 28/04/1963 448.3
3 22/1/1895 310.6 12/03/1974 389

4 20/03/1978 279.6 21/1/1895 384.8
5 28/02/1983 250 27/2/1892 377.7
6 16/3/1887 241.3 11/03/1974 368.6
7 28/03/1978 232 22/1/1895 328.4
8 6/02/2002 232 4/01/1959 325.1
9 9/11/2004 222 5/01/1959 325.1
10 6/04/1934 217.9 2/8/1899 318.7

4.4.1.2 Pluviograph data

Pluviograph data for specific historic storm events has been obtained from Council for model calibration. The
historic storm events of interest were identified from the responses from the community survey. Pluviograph
data is available from Council-operated sewage treatment plants (STP) and sewer pumping stations (SPS), with
the closest and most relevant gauge locations to the study area including:

2  Camden Haven SPS #1 (Wharf Street, Laurieton)
2  Camden Haven STP (Dunbogan), and

Kew — Kendall STP (Pacific Highway, Herons Creek).
The pluviograph stations are in the immediate vicinity (up to 3km) from the study area. Manly Hydraulics
Laboratory (MHL) operates as pluviograph station at Logans Crossing, approximately 6km from the study area.
This site is located further away from the study area than the Council STP gauge sites. The data from this

gauge was obtained for selected storm events for comparison purposes. Refer to Figure 4-4 for locations of
pluviograph stations in the vicinity of the study area.
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Figure 4-4 Pluviograph locations in vicinity of the study area

Kew/Kendall STP
(PMHC)

Logans
Crossing (MHL)

- 4

Camden Haven
SPS#1 (PMHC)

4.4.2 Water Level Data

Water levels are recorded by MHL at several locations in the vicinity of the study area:
Lakewood (Queens Lake)
2 West Haven (Stingray Creek)

2 Laurieton (Camden Haven River).

Data from these sites will be obtained for model calibration to historic storm events.
4.5 Topographic and Hydraulic Structures Survey

Survey of drainage and topographic features and hydraulic structures was commissioned for this study and
undertaken in January — February 2018. The survey data has been incorporated into the hydraulic modelling of
the study area. Features surveyed included selected stormwater pits, pipes and culverts, earthen diversion
drains and berms, natural channels and concrete channels. A summary map of surveyed features is provided in
Appendix B

Survey of drainage and topographic features in the vicinity of Black Swan Termace was previously undertaken
and supplied by Council.

4.6 Reports and Photographs of Historic Flooding and Drainage Issues

Council provided a number of photographs and written submissions from residents reporting drainage and
flooding problems during historic storm events. Dates of the reported events are listed below. The Annual
Exceedance Probability (AEP) of the 2013 and 2016 storm events were estimated by Jacobs from the Council
pluviograph data from Camden Haven sewer pumping station.

Z 18 October 2004. 127mm recorded daily depth.
2 25 February 2008.112mm recorded daily depth.
2 24 April 2008 (10% AEP event). 49mm in 45minutes; 65mm in 60 minutes; 136mm in 24 hours.
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14 June 2011. 96mm recorded 2-day depth.
2 March 2013 (20% AEP) 81mm in 1.5 hours; 152mm in 24 hours.
5 January 2016 (20 — 50% AEP) 54mm in 1.5 hours.

Rainfall data for the 2008, 2013 and 2016 events has been analysed and is plotted in Appendix A. Notable
flooding reports are from locations including:

Black Swan Terrace and Waterview Drive. Watercourse is piped through properties. The existing pipe inlet
is undersized and the inlet debris screen regularly blocks. Overflows pass through residential yards, with
paling fences having been washed away in previous floods.

St Josephs’s School, Laurieton. Video footage taken of significant flows along walkways between school
buildings in the March 2013 event, which was a relatively frequent flood event.

Ocean Drive. Flooding in numerous locations where a number of flow paths draining off North Brother
Mountain cross this main road through the study area.

Flooding to depths of up to 1m in low points in roads at a number of locations in the study area. This has
been reported at Lilli Pilli Close, Sirius Drive, Mahogany Close and Honeysuckle Avenue, Lakewood; and
Pelican Court, West Haven, among others.

Flooding through Laurieton town centre including Bold Street, Lake Street and Tunis Street.

Kirmington Temrace. Storm flows occurring within adjacent diversion drains further up the mountain have
infiltrated into the soil and then resurfaced as groundwater “springs” in residential yards and under
buildings. Note that the flood models developed in this study would not be able to represent this
phenomenon as a flood flow. However, remediation measures may be suggested as a part of the study.

Numerous photos of overland flooding were taken by Murray Dalton surveyors during the April 2008 storm,
summarised in Table 4-3 below.

It is noted that the storm events resulting in the reported flooding and drainage complaints and problems have
been relatively frequent and smaller magnitude events. Local flooding events of similar frequency and
magnitude to planning flood events (i.e. the 1% AEP) or even moderate frequency (e.g. 5% AEP) have not been
experienced in the study area in recent times.

JACOBS
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Table 4-3 Summary list of photographs taken during 24 April 2008 storm event by Murray Dalton Surveyors

LAURIETON LOCAL STORM EVENT
24" APRIL, 2008 @ 8 am

Photao catalogue

2008_010
2008_011
2008_012
2008_013
2008 014
2008_015
2008_016
2008 017
2008_018
2008 019
2008_020
2008_021
2008_022
2008_023
2008_024
2008_025
2008_026
2008_027
2008_028
2008_029
2008_030
2008_031
2008 032
2008_033
2008_034
2008_035
2008036
2008_042
2008_043
2008_044
2008_045
2006_046
2008 047
2008_048
2008_049

Queens Lake Village - flow down pathway

Queens Lake Village - western grated inlet pit
Queens | ake Village - pathway flow

Queens Lake Village - culvert flows

Queens Lake Village - Eastern Culvart

Mission Terrace — Gutier in front of Anglican Rectory
Oczan Crive looking west to Flinders Drive

Culvert east of Flinders Drive

2™ Culvert east of Flinders Drive

Creek at 416 Ocean Drive, West Haven

Ocean Drive intersection with Mission Terrace
Mission Terrace — gutter in front of Anglican Rectory
Ocean Drive looking at Laurieton Cemetery

Ocean Crive looking east at Flinders Drive, Laurieton
Flinders Drive intersection with Ocean Drive

Culvert at St Josephs

Western culvert above Queens Lake Village
Wollworths culvert at Lakewood

Sirius Drive from temporary access to Ringtail, Lakewood
Drain above Woolworths culvert from Ringtail Access
Drain above Woolwortns culvert

Sag pit in Ringtail Close

Ringtail Close looking towards cul-de-sac

Ocean Drive culverts west of Woolworths — looking east
Creek below Fairwinds at Ocean Drive

Creek below Fairwinds at Ocean Drive — watermain
Flow above Amaroo detention basin — headwall blocked by ply
Creek at 416 Ocean Drive, West Haven

View up driveway at 414 Ocean Drive, VWest Haven
Western culvert at St Josephs

Sewer Manhole at Laurieton Caltex

Sewer Manhole at Callex

Rosewood Court and Mission Terrace intersection
Rosewaod Court at top of hill

Queens Lake village drains
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Figure 4-5 Infiltrated floodwaters emanating as a “spring” from the ground in residential yard, Kirmington Terrace, June 2011.
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Figure 4-7 Overland flows from creek across Ocean Drive, West Haven, April 2008
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4.7 Floor Level Survey

Floor level survey is currently not available for residential and commercial buildings in the study area. These
data are required for the flood damages assessment to be undertaken during this study, and will be collected for
selected properties based on their flood affectation and historic flooding.

4.8 Community Consultation
4.8.1 Initial Consultation

Community consultation has been undertaken throughout this study, including distribution of newsletters and
media releases and the hosting of a website on Council's webpage to announce the commencement and
provide background on the study.

4.8.2 Community Survey

A community survey was mailed out to residents with the study newsletter asking residents for information on
previous flooding events that they experienced in the study area, refer to Appendix B for the survey. A total of
302 responses were received. The responses assisted the project team in identifying the most significant
flooding events in recent history which would be suitable for model calibration and verification. Observations
including noted flood depths, flow patterns and durations of flooding were reported. Residents also submitted
photographs and videos of flooding during the events.

The survey identified numerous flooding events over the past 20 years with no particular standout events. The
March 2013 event was reported in six responses, while the April 2008 event, which resulted in the most intense
rainfall for the storm event data available, was reported two times. The February 2002 event was reported four
times, however, sub-daily rainfall data is not available for that event.
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5. Hydrologic Modelling

51 Modelling Approach

A hydrologic model is required to estimate storm and flood flows for the study area for the historic and design
rainfall storm events. The terrain of the study area is such that:

Z  There are numerous natural watercourses and gullies which flow down the face of North Brother Mountain
and then through the developed areas of the study area.

2  On the flatter areas at and below the foot of the mountain and away from the watercourses, drainage paths
are often less defined, with more dispersed overland flows affecting existing development.

The hydrologic modelling adopted involved lumped catchment modelling approach for the watercourses
draining off the mountain, and a direct rainfall approach for the more dispersed overland flow catchment areas
at the foot of the mountain. The lumped catchment modelling estimates inflow hydrographs (flow versus time)
which are input into the hydraulic model in the watercourses. The direct rainfall approach inputs rainfall versus
time data onto the modelled catchment surface in the hydraulic model itself, which then generates estimated
flows intemally in the model. This report section describes the lumped hydrologic modelling. Refer to Section
6.3.2 for further discussion.

The lumped hydrologic modelling has been undertaken using the RAFTS hydrology module in the DRAINS
modelling software. The RAFTS module is suitable for assessment of sub-catchments with areas up to 100
hectares and permits routing of runoff through the catchment. The DRAINS software is one of the few modelling
packages that currently incorporate Australian Rainfall and Runoff 2016 (ARR 2016) design rainfalls and
procedures.

5.2 Sub-Catchment Data

The catchment areas on North Brother Mountain are divided into 56 sub-catchments which drain to the gullies
and watercourses running off the mountain through the study area. Mapping of the sub-catchment boundaries is
shown on Figure 5-1. These sub-catchments are natural vegetated areas and a nominal impervious fraction of
5% is assumed.

Sub-catchment flow path slopes are steep to very steep, with catchment flow path slopes ranging from 15 —
70%. DRAINS/RAFTS and most other hydrologic models have an upper limited slope parameter value of 30%,
and this is adopted for the sub-catchments with slopes exceeding this value. It is likely that that catchment
slopes steeper than 30% may result in faster catchment flow travel times producing higher peak flows.
However, limited information is available rainfall runoff generation from very steep catchments.

A PERN catchment roughness value of 0.1 was adopted for the forested sub-catchment areas.
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5.3 Hydrologic Parameters
5.3.1 Rainfall Losses

An initial and continuing loss model is utilised in the RAFTS module which represents rainfall losses during
storm events such as depression storage and soil infiltration. The following loss values are proposed for the
design event runs:

2 Pervious areas: Initial loss 15mm, continuing loss 2.5mm/hr

2  Impervious areas: Initial loss 1mm, continuing loss Ommvhr.

Soil characteristics on the mountain are observed and reported to be very impermeable, and lower rainfall
losses could normally be considered for such soils. Due to the steepness of the catchment areas and limited
slope parameter values in the modelling these moderately low rainfall losses were retained.

Rainfall losses adopted for the calibration events are discussed in Section 7.3.1.
5.3.2 Storage Routing Factor

RAFTS includes the “Bx” storage routing factor which can be adjusted to chance the runoff response of the
catchment. With a default value of 1.0, the factor can be reduced to increase the runoff response, resulting in a
more peaky flood. It is usually adjusted when there is sufficient data, such as flow gauging, to validate the
adjustments.

Reducing the Bx value was considered to account for the very steep slopes on North Brother Mountain and the
limited slope parameter value of 30% in the hydrologic modelling. However as there is no flow gauging for the
mountain an adjustment of the Bx factor could not be justified for this study. Sensitivity runs also indicated
minimal increases in peak flows for sample sub-catchments for Bx values of down to 0.2, which is not
considered to be a reasonable adjusted value for this parameter. Modest increases in peak flows were
observed for a Bx value of 0.1, but this is also considered a highly unreasonable value.
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6. Hydraulic Modelling
6.1 Model Selection

A TUFLOW combined one-dimensional (1D) and two-dimensional (2D) hydrodynamic model has been
developed for this study. TUFLOW is an industry-stand ard flood modelling platform, which was selected for this
assessment as it has:

2  Capability in representing complex flow pattems on the floodplain, including flows through street networks
and around buildings.

Z  Capability in representing the stormwater drainage network, including pit inlet capacities and interflows
between the network and floodplain including system surcharges.

2  Capability in accurately modelling flow behaviour in 1D channel, bridge and culvert structures and
interflows with adjacent 2D floodplain areas.

2  Easy interfacing with GIS and capability to present the flood behaviour in easy-to-understand visual
outputs.

The model was developed and run in TUFLOW 2018-03-AA-iDP-w64, in the Heavily Parallelised Compute
(HPC) module. The HPC module was preferred over TUFLOW “Classic” as it permits significantly faster run
times, which are required for this relatively large model extent and with direct rainfall being applied.

6.2 Configuration of Hydraulic Model
6.2.1 Extent and Structure

The TUFLOW model is comprised of:

2 A 2D domain of the study area surface reflecting the catchment topography, with varying roughness as
dictated by land use. The watercourses are in general modelled in 2D. Diversion drains are in 2D.

2 A 1D network of pits, pipes and culverts representing the stormwater network. The pits have a defined
inflow capacity as dictated by their type and size.

Z  Obstructions to flow are represented as 2D objects, including existing buildings.

The model extent covers an area of 12.6km? and includes the foot of North Brother Mountain along its western,
northem and eastern sides and the adjacent developed lower-lying areas down to the receiving waters at
Camden Haven River, Queens Lake and Stingray Creek. Refer to the following report sections for details on
these features. The model domain and locations of various features in the TUFLOW model are shown on Figure
6-1.
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6.2.2 Model Topography

The topography of the catchment is represented in the model using a 2m grid. This level of precision in the grid
is considered necessary in order to represent detailed flood behaviour in a fully developed catchment. Finer
model grid sizes such as 1m grid are not considered practical given the large size and expected excessively
long computing times. The basis of the topographic grid used in the TUFLOW model is the LIiDAR data set in
addition to ground survey.

6.2.3 Stormwater Pits

The stormwater pits provide a dynamic linkage between the underground drainage network and the 2D
TUFLOW model domain, representing the floodplain. Water is able to flow between the drainage network and
floodplain, depending on the hydraulic conditions.

The location of the stormwater pits and associated attributes were available from Council in GIS format. Pit
inflow relationships were defined in terms of flow depths versus pit inflow.

TUFLOW automatically calculates hydraulic energy losses in the pits based on the alignment of pipes
connected to each pit and the flows in each pipe. The calculations are based on the Engelhund manhole loss
approach (TUFLOW User Manual, BMT WBM, 2017).

6.2.4 Stormwater Conduits

Stormwater pits and pipes identified in Council's data base and from survey are also modelled in the TUFLOW
models. Several pipes down to a diameter of 225mm are represented but are typically larger than 300mm. The
conduits are represented as circular pipes or rectangular culverts with dimensions matching those adopted in
the DRAINS models.

6.2.5 Building Polygons

This study considers buildings as solid objects in the floodplain. This means that buildings form impermeable
boundaries within the model, and while water can flow around buildings, it cannot flow across their footprint.
The building footprints in the TUFLOW model were digitised based on the 2017 aerial imagery. The building
polygons were superimposed on the model grid to make model computational cells under the footprints inactive.

6.2.6 Surface Hydraulic Roughness

All parts of the study area within the TUFLOW model were assigned hydraulic roughness values in a “materials
layer” according to the LEP zoning and ground cover. These are based on engineering experience and typical
values used in previous flood studies undertaken in the Sydney Region by Jacobs and other consultants. A
moderately high Manning's n value of 0.05 for the residential land use accounts for expected obstructions such
as minor features (steps, planter boxes etc.) and landscaping, which are typically not detected by LIDAR survey.
The adopted Manning's n values are mapped on and summarised in Table 6-1.
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Table 6-1 TUFLOW Model Grid Hydraulic Roughness Values

R m_

Commercial 0.035 Zoning B2, B4

Residential 0.05 Zoning R1, R2, including schools

Public Recreation 0.1 Zoning RE1

Rural 0.035 Zoning RU1

Special Use 0.05 Zoning SP2. Cemetery, water supply

W aterways 1 0.05 Zoning W1

W aterways 2 0.035 Zoning W2

Forest and vegetated areas 0.1 Zoning E1, E2, E3 and E4 and other vegetated areas

Road 0.025 Where present, overwrites land use zoning areas listed above
Paved areas 0.02 Where present, overwrites land use zoning areas listed above
Fire Trail 0.035 Where present, overwrites land use zoning areas listed above
Diversion drain 0.04 Diversion drain, maintained, clear

Diversion drain with blockages 0.20 Unmaintained, heavy vegetation and fallen trees etc. Prone to

further blockages from flood-borne debris

Property fence lines 0.30 Paling and Colourbond fences which are initially solid but prone to
failure and flow-through

6.2.7 Property Fence Lines

Fence lines have typically not been explicitly represented in the model and floodwaters are allowed to flow
across them freely. Although fences may obstruct overland flood flows in some parts of the catchment,
experience indicates that representing fences in the hydraulic model requires making unvalidated assumptions
about depths at which fences overflow or fail.

The potential obstruction to flow caused by fences was represented in the model by increasing the cell
roughness (Manning's n values) along selected property fence lines on and adjacent to main flow paths to a
value of n = 0.3. This approach provides some resistance to flows against and along a fence, although it
probably does not represent the full obstructing effect of a fence before it fails under the force of flood flows.
There are other approaches which can represent a fence as a solid obstruction which dynamically fails in the
model once flow depths become great, but this approach is somewhat impractical to implement on a catchment
scale, requiring significant effort and detail. The adopted approach was considered a more practical means of
representing the hydraulic effects on flood flows. The modelled fence lines are shown on .

6.3 Boundary Conditions and Tailwater Conditions
6.3.1 Model Inflows

The inflow hydrographs from the DRAINS/RAFTS model are input into the watercourses and gullies upstream of
the developed areas of the study area. The inflow boundaries are shown on Figure 6-1.

6.3.2 Direct Rainfall

A rainfall hyetograph (rainfall depth per time interval) is directly input into the TUFLOW model in the areas
where direct rainfall applies. Similarly to the catchment hydrologic modelling discussed in Section 5.3.1, rainfall
losses are applied in the conversion of direct rainfall to runoff in the TUFLOW model. The rainfall losses
proposed for design flood estimation are:

Item 07
Attachment 1

Page 209



ATTACHMENT COAST, ESTUARY & FLOODPLAIN ADVISORY SUB-COMMITTEE
28/03/2019

Model Calibration and Verification Report JACOBS

2 Pervious areas: Initial loss 15mm, continuing loss 2.5mm/hr

2  Impervious areas: Initial loss 1mm, continuing loss Ommvhr.

Most impervious areas in the study area are explicitly represented including road areas, roof areas and other
large paved areas. The remaining developed areas for which impervious areas have not been digitised are
assumed to be 20% impervious to account for driveways and other small paved areas, and the rainfall losses
have been accordingly reduced to account for this partial imperviousness.

As discussed in Section 6.2.5, the model cells covering building footprints are made inactive. The rainfall falling
on the roof areas of these buildings is therefore applied to the area immediately surrounding each building.
Roofs are considered to be impervious areas with the corresponding rainfall losses applied.

Areas where direct rainfall is applied are shown on Figure 6-1. The areas where direct rainfall is scaled up for
orographic effects (refer Section 7.3.2 for discussion) are also indicated.

6.3.3 Tailwater Boundaries

Tailwater boundaries are located along the shoreline on the receiving waterways including Camden Haven
River, Stingray Creek, Queens Lake and Watsons Taylor Lake. Refer to the discussion in the subsequent model
calibration section and the design event modelling section for details on the adopted tailwater levels.
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7. Model Calibration and Verification

7.1 Overview

Rigorous model calibration of overland flood models cannot generally be carried out because direct
measurements of overland flows and accurate measurements of flood levels are usually not available. Localised
features may also be present which influence flow patterns but are not detected in the catchment-scale
topographic data. Hence, overland flood models are often verified using observations of flood depths and flood
behaviour as a way of “sanity-checking” the modelling and confirming its reliability.

This study has relied mainly on observed depths of flooding during past flood events given by local residents.
This anecdotal information is generally considered indicative as often only the general location of the
observation is usually given, and approximate depths of flooding. The reported flood observations are also from
numerous separate storm events, while the model calibration focusses on only two events selected based on
availability and quality of data. However, the reported flood depths are still useful information for validating the
general behaviour of flooding simulated by the flood models.

Photographs and video of flooding have also been provided which offer more detailed information of the
flooding behaviour at specific locations. Consideration is needed on whether the photos were taken at the peak
of the flooding.

The general approach involved running the hydrologic and hydraulic models and comparing the flood depths
and flow pattems to reported observations. The model configuration and parameter values were adjusted as
necessary with the aim of achieving a satisfactory fit to the observations.

7.2 Selection of Verification Events

Flooding was reported for numerous individual storm events occurring over the last 20 years from the
community survey responses. Two historic storm events were selected for model calibration and verification
based on the number of responses for each event and the magnitude of the storm event. These events
included:

2 24 April 2008. The most intense rainfall recorded based on the available data. Significant number of
photographs are available with Council for this event.

2 2 March 2013. This is a relatively intense storm with the majority number of survey responses.

Characteristics of the selected storm events are provided in Table 7-1. The cumulative rainfall depths are
plotted in Appendix A. A comparison of the recorded rainfall against the design IFD is also shown in Appendix
A. Although the April 2008 storm event resulted in a lower daily rainfall depth than the March 2013 event, it
produced a significantly more intense burst of rainfall over a period of one hour. Given the nature the flash
flooding catchments in the study area these short duration bursts are the critical events for peak flooding.
Hence, the April 2008 storm is considered to be a rarer and greater magnitude event than the March 2013
event, based on rainfall records.

Table 7-1 Calibration storm event characteristics

Daily Rainfall | Main Storm Burst | Approximate Event AEP

Depth Rainfall Depth
and Duration

24 April 2008 136mm 49mmi in 45 mins 10% AEP Rainfal data available from Camden
&5mmi in 60 mins Haven SPS (Laurieton)

2 March 2013 152mm 43mmi in 60 mins 20% AEP Rainfal available from Camden
&1mmin 1.5 hrs Haven STP (Dunbogan)
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Note that several storm events in circa 2000 and 2002 were reported by long-term residents as being the most
severe that they have experienced. However, suitable rainfall data for the model calibration were not available
for these earlier storm events and hence these were not selected for the model calibration and verification.

7.3 Adopted Parameter Values for Model Verification
7.3.1 Rainfall Losses

Rainfall losses reflect the ability for the catchment to absorb some rainfall during a storm event due to capture
on vegetation and trapped low points and from infiltration into the soil. The magnitude of the rainfall losses
depends largely on how wet the catchment is due to preceding rainfall and the soil types in the catchment, with
sandy soils generally being more permeable and hence water can infiltrate into the soil column at faster rates.

The assumed rainfall loss parameter values are selected based on a review of daily rainfall records and initial
runs of the modelling for the calibration events. Both the April 2008 and the March 2013 storm events occurred
after significant preceding rainfall:

2 Approximately 200mm of rainfall fell in the week before the 24 April 2008 flood event.

2 Over 280mm of rainfall fell in approximately the two weeks before the 2 March 2013 flood (from 17 — 27
February) followed by an additional 39mm on 28 February and 1 March, prior to the main flood event on 2
March.

Hence it is highly likely that the catchment was saturated prior to the two calibration storm events with little to no
capacity to absorb further rainfall. The following rainfall loss values are therefore adopted for the model
calibration and verification:

2  Pervious areas: Initial loss Omm, continuing loss 2.5mm/hr
2  Impervious areas: Initial loss Omm, continuing loss Ommvhr.

Higher initial losses were initially tested in the hydrologic and hydraulic modelling. However, sufficiently high
rates and volumes of runoff could not be produced to achieve a good match to the reported flooding at several
locations. Other hydrologic factors such as the methods for representing the high catchment slopes and runoff,
blockages, drainage patterns etc. were also considered and trialled but did not produce reasonable matches for
observed flood behaviour, and hence were discounted from the model calibration process and informed the
selection of the assumed rainfall losses.

7.3.2 Orographic Rainfall Scaling

North Brother Mountain, being a significant topographic feature of over 450m elevation and with steep slopes,
has the potential to result in orographic enhancement of rainfall during storm events as the wind flow carrying
rain-bearing clouds rises over the mountain and results in increased precipitation. Hence, rainfall intensities on
the mountain, away from the rainfall gauge locations, may be higher than those at the gauge locations situated
on lower areas at some distance away from the mountain.

BMT WBM (2018) has undertaken the Coffs Creek and Park Beach Flood Study at Coffs Harbour, where the
catchment is bounded by a steep escarpment along its westem and north-western sides to elevations over
400m. As a part of the model calibration for that study rainfall data from numerous rain gauges in the catchment
were analysed for the March/April 2009 flood event, and a marked rainfall gradient was observed between the
coastal part of the catchment and the middle and upper sections of the catchment. Rainfall depths recorded for
the 24 hours to 9am on 1 April 2009 ranged from 260 — 280mm in the coastal areas, up to 530mm at gauges in
the upper section of the catchment, with maximum estimated rainfall depths in this zone of up to 560mm (or
double the rainfall recorded in the coastal areas). Analysis of the November 1996 storm event observed rainfall
depths 2.5 times higher in the upper section compared to the coastal zone.

As a result of the rainfall analyses and model calibration in the Coffs Creek study, BMT WBM (2018) adopted
scaling factors of 1.2 to 1.6 for the design flood estimation in that study, whereby the design rainfall intensities
adopted for the coastal areas were increased by 1.2 to 1.6 times for application on the escarpment areas and
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foothills of the catchment. The study cited that the previous Coffs Creek Flood Study (WMA, 2001) adopted
significantly higher scaling factors of up to 2.25, depending on the ground elevation of a particular location.

The topography for North Brother Mountain differs from Coffs Creek catchment, in that the Goffs Creek
catchment is an incised valley which would funnel wind flows up the valley, concentrating the rain clouds. The
same funnelling effect is unlikely to occur at North Brother Mountain due to its shape as a peak protruding from
the sumrounding coastal plain rather than a valley feature. To account for the orographic effects in the study area
and to provide a better calibration fit the catchment inflows from North Brother Mountain and the rainfall on the
foothills of the mountain were increased by 20% (i.e. an orographic scaling factor of 1.2),based on the recorded
rainfall and design rainfall being derived for the coastal plains area. Accordingly, rainfall on the low areas below
the foot of the mountain was not adjusted from the recorded depths.

As per the selection of rainfall losses, other model parameters and assumptions were initially tested and
analysed in the calibration process but could not replicate the observed flooding depths and flow patterns, as
the model is generally less sensitive to these other parameters. Hence these preliminary runs informed the
scaling of rainfall for the model calibration. There is some uncertainty about the actual increased rainfall depths
and spatial distribution of the increases during the historic events since there are no rainfall gauges on North
Brother Mountain, however, a uniform scaling factor of 1.2 appeared to provide the best fit to observed flooding
across the study area for the calibration events. A higher scaling factor could be considered appropriate for the
design event runs.

7.3.3 Blockage of Hydraulic Structures

Guidance on blockage of hydraulic structures has generally been sought from Australian Rainfall and Runoff
Revision Project 11— Blockage of Hydraulic Structures Stage 2 (Engineers Australia, 2013).

Culverts were generally assumed to be 50% blocked for the model calibration events. There are photos and
observations during historic flood events of large gravel and rocks being washed down the watercourses and
deposited in drainage lines, and recurring blockage due to debris. Blockages at a few specific structures were
reduced or increased to provide a better calibration fit.

Assumed blockage of stormwater pit inlets are generally consistent with guidance in ARR 2016. The large
maijority of pits in the study area are observed to be combination kerb inlet and grated pits. The assumed
blockages are:

Z  Sag pits: kerb inlet assumed clear and grate 100% blocked.

2  On-grade pits: 90% of the combined kerb inlet and grate flow capacity (i.e. 10% blockage factor).
7.3.4 Blockages in Flow Diversion Drains

Several respondents reported and provided photographs of overgrown vegetation and fallen trees in adjacent
flow diversion drains at the foot of the mountain contributing to the drains overflowing and causing flooding of
properties and dwellings. Observations on site also indicated localised build-up of rock rubble and tree trunks in
the larger drains and watercourses. Blockages of these drains are represented in the model to replicate these
flooding patterns.

7.3.5 Tailwater Conditions

Recorded water level hydrographs for the receiving waterways are adopted as tailwater boundaries for the
calibration events.

7.4 Comparison to Observed Flooding

The community survey responses were reviewed for observations of flooding behaviour including dates of storm
events, depths of flooding, flow patterns and resulting damage to property. Photos and videos provided with the
responses or separately were also reviewed. Notes from Council on flooding problem spots were also
considered.
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The modelled flood behaviour was compared to the residents’ observations and were generally found to be
consistent with the observations. Refer to Table C-1 in Appendix D for comparison of modelled flood behaviour
to the reported observations. Mapping of flood depths for the historic events is also shown in Appendix D.

The modelling generally produced reasonable matches to the observed flood behaviour along main flow paths
and ponding/storage areas. Areas affected by shallow sheet overland flows were more difficult to replicate
observations during previous storms, as such shallow flows are more sensitive to small-scale ground and built
features which could not be picked up in the topographic model on a catchment-wide scale. The main flow
paths and storage areas are the focus of the flood study as this is where flood risk and hazards are greatest.

There are some locations where a good match could not be achieved and this may be attributed to localised
factors which may have occumred such as blockages of drains and drainage infrastructure by debris and
sediment but which were omitted from the modelling if there were no specific reports of blockages. Information
was sought whether any maintenance or upgrade works were conducted on the flow diversion drains uphill of
the residential properties at the foot of the mountain which may have altered flow capacities and behaviour.
Drains may have been cleared in recent times and reflected in survey of the drains, but may have been blocked
by debris and vegetation at the time of historic flood events. However, Council and National Parks and Wildlife
Service (NPWS) stated they did not undertake works in recent years. Council advised that Crown Lands
Department may have undertaken works but no specific information was available.

There is also some uncertainty in the exact rainfall which fell on the mountain catchments as the orographic
effects are likely to have caused localised and non-uniform enhancement of rainfall. While the rainfall data is
sourced from gauges which are in or relatively close to the study area, these are located relatively at lower
elevations in or to the east of the study area and may have varied from rainfall in the west of the study area or
on the mountain.

Overall, the TUFLOW model provides a reasonable match to the observed flood behaviour in the historic events
and is therefore considered to be suitable for the estimation of design flood behaviour in the study area.

7.5 Sensitivity Testing of Calibration Parameters

A number of scenarios have been assessed for the April 2008 flood event to test the sensitivity of the model
results to changes in the adopted parameter values. The tested parameters include:

Z Rainfall and flow Scaling
2 Rainfall losses
Z Blockage of hydraulic structures

Z  Surface hydraulic roughness

The scenarios are described and the impacts summarised in Table 7-2. Flood levels and depths are relatively
sensitive in particular to the changes in rainfall scaling (both increase and decrease) with changes of +/-
200mm, and to blockages (both fully open and fully blocked) with changes of up to +/- 700mm, mainly upstream
and downstream of culvert structures. The flood levels are also moderately sensitive to the assumed changes in
Manning's n on the main flow paths, which are assumed to be of high roughness in forested areas, with
resulting changes in flood levels of +/~- 150mm. Flood levels are typically insensitive to changes in rainfall losses
(+/- 30mm), although flooding in selected storage areas are more sensitive to the increased rainfall losses
(-280mm) than to the decreased losses (+80mm).
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8. Conclusions and Recommendations

Hydrologic and hydraulic models for the North Brother Local Catchments study area have been developed
based on available data from Council and other sources, and topographic and hydraulic structures survey
collected during this study. The models have been developed with a focus on local catchment and overland
flooding originating from runoff from North Brother Mountain and from within the study area itself. The modelling
does not focus on mainstream flooding from the Camden Haven River and other waterways.

The models have been calibrated to the April 2008 and March 2013 local catchment flood events based on
responses to the community consultation survey and other reports and flooding complaints lodged with Council.
Model parameters adjusted to achieve a satisfactory fit to historic flood observations include rainfall losses,
hydraulic roughness of the floodplain surface and blockages of hydraulic structures and of diversion drains. An
orographic scaling factor of 1.2 has been adopted to increase rainfall and catchment flows by 20% to achieve a
satisfactory calibration. This factor accounts for increased rainfall intensities during storm events due to the
orographic effects resulting from the North Brother Mountain topography, and is relative to the unscaled
recorded rainfall from gauges on the coastal plain away from the mountain.

A number of scenarios have been assessed for the April 2008 flood event to test the sensitivity of the model
results to changes in the adopted parameter values. The tested parameters include:

Z Rainfall and flow scaling
2 Rainfall losses
Z Blockage of hydraulic structures

2 Surface hydraulic roughness

Flood levels and depths are relatively sensitive in particular to the changes in rainfall scaling (both increase and
decrease) with changes of +/- 200mm, and to blockages (both zeroed and fully blocked) with changes of up to
+/- 700mm, mainly upstream and downstream of culvert structures. The flood levels are also moderately
sensitive to the assumed changes in Manning's n on the main flow paths, which are assumed to be of high
roughness in forested areas, with resulting changes of +/- 150mm. Flood levels are typically insensitive to
changes in rainfall losses (+/- 30mm), although flooding in selected storage areas is more sensitive to the
increased rainfall losses (-280mm) than to the decreased losses (+80mm).

It is recommended that the community be consulted to obtain concurrence on the model calibration. The
calibrated hydrologic and hydraulic models would then be used for the estimation of flood behaviour for the
selected design flood events.
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10. Glossary

Annual Exceedance Probability
(AEP)

Australian Height Datum (AHD)

Average Annual Damage (AAD)

Average Recurrence Interval (ARI)

Catchment

Development

Effective Warning Time

The chance of a flood of a given or larger size occurring in any one year, usually
expressed as a percentage. In this study AEP has been used consistently to define
the probability of occurrence of flooding. 1tis to be noted that design rainfalls used
in the estimation of design floods up to and including 100 year ARI (ie. 1% AEP)
events was derived from 1987 Australian Rainfall and Runoff. Hence the flowing
relationship between AEP and AR applies to this study.

20% AEP =5 year ARI; 10% AEP =10 year ARI; 5% AEP =20 year ARI; 2% AEP
=50vyear ARI; 1% AEP =100 year ARI.

A common national surface level datum approximately corresponding to mean sea
level.

Depending on its size (or severity), each flood will cause a different amount of flood
damage fo a flood prone area. AAD is the average damage per year that would
occur in a nominated development situation from flooding over a very long period of
time.

The long-term average number of years between the occurrences 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. ARl is another way of expressing the likelihood of occurrence of a flood
event.

The land area draining through the main stream, as well as tibutary streams, to a
particular site. It always relates to an area above a specific location.

|5 defined in Part 4 of the EP&A Act

In fill development: refers to the development of vacant blocks of land that are
generally surrounded by developed properties and is permissible under the current
zoning of the land. Conditions such as minimum floor levels may be imposed on
infill development.

MNew development: refers to development of a completely different nature to that
associated with the fomer land use. Eg. The urban subdivision of an area
previously used for rural purposes. New developments involve re-zoning and
typically require major extensions of exiting urban services, such as roads, water
supply, sewerage and electric power.

Redevelopment: refers to rebuilding in an area. Eg. As urban areas age, it may
become necessary to demolish and reconstruct buildings on a relatively large
scale. Redevelopment generally does not require either re-zoning or major
extensions to urban services.

The time available after receiving advise of an impending flood and before the
floodwaters prevent appropriate flood response actions being undertaken. The
effective warning time is typically used to move fam equipment, move stock, raise
furniture, evacuate people and transport their possessions.
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Flood

Flood fringe areas

Flood liable land

Floodplain

Floodplain risk management
options

Floodplain risk management plan

Flood plan (local)

Flood planning levels (FPLs)

Flood proofing

Flood readiness

Flood risk

Relatively high stream flow 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.

The remaining area of flood prone land after floodway and flood storage areas have
been defined.

Is synonymous with flood prone land (i.e.) land susceptibility to flooding by the PMF
event. Note that the term flooding liable land covers the whole floodplain, not just
that part below the FPL (see flood planning area)

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 measures that might be feasible for the management of particular area of the
floodplain. Preparation of a floodplain nsk management plan requires a detailed
evaluation of floodplain risk management options.

A management plan developed in accordance with the principles and guidelines in
this manual. Usually include both written and diagrammatic information describing
how particular areas of flood prone land are to be used and managed to achieve
defines objectives.

A sub-plan of a disaster plan that deals specifically with flooding. They can exist at
state, division and local levels. Local flood plans are prepared under the leadership
ofthe SES.

Are the combination of flood levels (derived from significant historical flood events
or floods of specific AEPs) and freeboards selected for floodplain risk management
purposes, as determined in management studies and incorporated in management
plans. FPLs supersede the "designated flood" or the “flood standard” used in earlier
studies.

A combination of measures incorporated in the design, construction and alteration
of individual buildings and structures subject to flooding, to reduce or eliminate
flood damages.

Readiness is an ability to react within the effective warning time.

Potential danger to personal safety and potential damage to property resulting from
flooding. The degree of nsk vanes with circumstances across the full range of
floods. Flood risk in this manual is divided into 3 types, existing, future and
continuing risks. They are described below.

Existing flood risk: the risk a community is exposed to as a result of its location on
the floodplain.

Future flood risk: the risk a community may be exposed to as a result of new
development on the floodplain.
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Flood storage areas

Floodway areas

Freeboard

Hazard

Local overland flooding

m AHD

m/s

m3/s

Mainstream flooding

Modification measures

Overland flow path

Probable Maximum Flood (PMF)
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Continuing flood risk: the risk a community is exposed to after floodplain risk
management measures have been implemented. For a town protected by levees,
the continuing flood risk is the consequences of the levees being overtopped. For
an area without any floodplain risk management measures, the continuing flood risk
is simply the existence of its flood exposure.

Those parts of the floodplain that are important for the temporary storage of
floodwaters during passage of a flood. The extent and behaviour of flood storage
areas may change with flood severity, and loss of flood storage can increase the
severity of flood impacts by reducing natural flood attenuation. Hence, itis
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 increase in flood levels.

Provides reasonable certainty that the risk exposure selected in deciding on a
particular flood chosen as the basis for the FPL is actually provided. It is a factor of
safety typically used in relation to the setting of floor levels, levee crest levels, efc.
Freeboard is included in the flood planning level.

A source of potential harm or situation with a potential to cause loss. In relation to
this manual the hazard is flooding which has the potential to cause damage to the
community.

Inundation by local runcff rather than overbank discharge from a stream, river,
estuary, lake or dam.

Metres Australian Height Datum (AHD)
Metres per second. Unit used to describe the velocity of floodwaters.

Cubic metres per second or "cumecs”. A unit of measurement of creek or river
flows or discharges. It is the rate of flow of water measured in terms of volume per
unit time.

Inundation of normally dry land occurring when water overflows the natural or
artificial banks of a stream, river, estuary, lake or dam.

Measures that modify either the flood, the property or the response to flooding.

The path that floodwaters can follow as they are conveyed towards the main flow
channel or if they leave the confines of the main flow channel. Overland flow paths
can occur through private property or along roads.

The largest flood that could conceivably occur at a particular location, usually
estimated from probable maximum precipitation couplet with the worst flood
producing catchment conditions. Generally, itis not physically or economically
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possible to provide complete protection against this event. The PMF defines the
extent of flood prone land, that is, the floodplain.

Probable Maximum Precipitation The PMP is the greatest depth of precipitation for a given duration

(PMP) meteorologically possible over a given size storm area at a particular location at a
particular time of the year, with no allowance made for long-temm climatic trends
(World Meteorological Organisation, 1986). Itis the primary input to PMF
estimation.

Risk Chance of something happening that will have an impact. It is measured in terms of
consequences and likelihood. In the context of the manual it is the likelihood of
consequences arising from the interaction of floods, communities and the
environment.

Runoff The amount of rainfall which actually ends up as a streamflow, also known as
rainfall excess.

Stage Equivalent to water level (both measured with reference to a specified datum)

TUFLOW TUFLOW is a computer program which is used to simulate free-surface flow for
flood and tidal wave propagation. It provides coupled 1D and 2D hydraulic solutions
using a powerful and robust computation. The engine has seamless interfacing with
GIS and is widely used across Australia.

XP-RAFTS XP-RAFTS is a computer program which is used to simulate catchment rainfall-
runoff and is widely used across Australia.
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Appendix A. Analysis of Historic Rainfall Event Data

Cumulative rainfall depths have been plotted for two recent storm events for which data is currently available.
These include:

24 April 2008 (10% AEP) 49mm in 45minutes; 65mm in 60 minutes; 136mm in 24 hours.
2 March 2013 (20% AEP) 81mm in 1.5 hours; 152mm in 24 hours.
2 5January 2016 (20 — 50% AEP) 54mm in 1.5 hours.
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Appendix B. Summary of Topographic Survey
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=*>  PORT MACQUARIE-HASTINGS
1

CoOuUNCI

Community Bulletin No. 1 - October 2017

JACOBS

North Brother Local Catchments Flood Study

Port Macquarie Hastings Council is currently conducting the North Brother Local Catchments Flood
Study. This Community Bulletin is the first in a series of Bulletins aimed at informing residents of the
status of the project and how they can be involved in the process. Council has engaged consultants,
Jacobs Group Australia, to undertake the Study.

The focus of the study is to understand the behaviour of local catchment flash flooding from North
Brother Mountain and the flood risk that it poses to the community. This will assist Council to develop
measures to manage the impact of flooding and guide strategic planning for future development of
the area. It includes areas of the villages of Laurieton, West Haven, Lakewood, Kew and Deauville.

An integral part of the study process is community consultation and involvement. This element of the
process aims to inform the community of the study and invite residents to provide information on their
views and experiences with flooding in the area. The management of flood prone land is primarily the
responsibility of Councils and follows a number of stages as shown below. The projectis cumrently in
the Flood Study stage, and will later move to the Floodplain Risk Management Study and Floodplain
Risk Management Plan stages as the project progresses.

The Stages of Floodplain Risk Management

Floodplain Floodplain

Data Risk Risk Plan
Collection [> Flood Study [> Management Manage ment Implementation
Study Plan

Review

Objectives of the Study

The objectives of the study are to:

1. Define the overland and flash flooding behaviour in the study
area. Computer flood modelling will be undertaken to do this
during the current flood study stage.

2. Identify and evaluate possible flood mitigation and
management measures to reduce the flood risk. These may
be structural and planning measures or “response” measures. k

3. Develop a staged plan for implementing these measures.

Community Survey

We are seeking feedback from the community on previous flooding events in the area and views
on possible management measures via the attached survey. The results of the survey will help
inform a flood study for the area, which will be placed on public exhibition in early 2018, and a
subsequent floodplain risk management study. The information that you provide will improve the
flood model being developed.
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Study Area

The Flood Problem

The study area typically experiences
short duration flooding, which occurs
when intense rainfall exceeds the
capacity of the stormwater network or
|| creek channel. In urbanised areas,
this flooding has the potential to cause
major damage to property and risk to
life. Notable local flash flooding in the
study area recently occurred in:

« April 2008
e June 2011
= March 2013
} eJanuary 2016.
How can you get involved?
Engagement of the community in the -Background to the study and context
floodplain risk management process Community * BUllEtins to update community on the project
is very important to Council. We will Bulletins~  Progress

be providing a number of
opportunities for the community to

« An opportunity to tell us about flooding in your

have input during the course of this area (via the attached survey)

study. v
R '

Some of the most important - Opportunity to find out more about flood studies for

information for the study is collected your area and provide some feedback

from residents and local business /

operators. We would be very
interested to receive records of
flooding in your area including
photographs, observations of flood
depths or some comments on your
experience. You can help us with this
information by completing the questionnaire for your area and returning the completed community
survey by 31 October 2017. The questionnaires can be found in Council's web site
www_haveyoursay pmhc.nsw.gov.au/ Port Macquarie Hastings Council appreciates your cooperation
and will keep you informed with ongoing community bulletins.

\
- Contact details for queries relating to the study
and how you can be involved.

For more information contact Port Macquarie Hastings Council on
(02) 6581 8111 or visit haveyoursay.pmhc.nsw.gov.au
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Foreword

The primary objective of the New South Wales Government's Flood Prone Land Policy is to reduce the impact
of flooding and flood liability on individual owners and occupiers of flood prone property, and to reduce private
and public losses resulting from floods, utilising ecologically positive methods, wherever possible. Under the
Policy, the management of flood prone land remains the responsibility of local government.

The policy provides for a floodplain management system comprising the following five sequential stages:
1. Data Collection Involves compilation of existing data and collection of additional data
2. Flood Study Determines the nature and extent of the flood problem

3. Floodplain Risk Evaluates management options in consideration of social, ecological and

Management economic factors relating to flood risk with respect to both existing and
Study future development

4. Floodplain Risk Involves formal adoption by Council of a plan of management for the
Management floodplain
Plan

5. Implementation Implementation of flood, response and property modification measures
of the Plan {including mitigation works, planning controls, flood warnings, flood

preparedness, environmental rehabilitation, ongoing data collection and
monitoring by Council

Port Macquarie Hastings Council is undertaking this study for the MNorth Brother Local Catchments study area to
investigate the existing and future flood risks in accordance with the NSW Government's Floodplain
Development Manual. The study identifies and assesses potential flood mitigation options and guides land use
planning and future development on the floodplain in the study area.

This study represents Stages 1 to 4 of the management process and has been prepared for Council by Jacobs.
This is the Draft Report of the Stage 1 and Stage 2 of the study.
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Executive Summary

Background

Jacobs was engaged by Port Macquarie Hastings Council (Council) to undertake a flood study and a floodplain
risk management study of the MNorth Brother Local Catchments area. The study area is located on the Mid North
Coast of NSW, and includes parts of the villages of Kew, Lakewood, West Haven, Laurieton and Deauville
which are situated at the foot of North Brother Mountain.

Study Area

The study area comprises the northern and eastern faces of the North Brother Mountain and the associated
urban areas between the foot of the mountain and the adjoining receiving waters. It has an approximate area of
1,852ha, with the North Brother Mountain extending to a height of 490m AHD, dominating the landscape. The
upper reaches of the study area are predominantly the Dooragan Mational Park, containing the MNorth Brother
Mountain itself, below which is situated the Laurieton CBD, various vegetated natural gullies and flow paths as
well as significant established low and medium density residential, caravan parks and holiday accommodation
precincts. The topography within the catchment varies significantly with the upper parts of the catchment being
very steep in nature (grades of up to 50%), the mid zone is moderately graded (slopes in the order of 10-15%),
and lower areas adjoining the Camden Haven River floodplain being reasonably flat (grades averaging 5%).
The relatively short flow path lengths between the foot of the MNorth Brother Mountain and the adjoining
downstream receiving waters mean that stormwater flows are fast flowing.

Development of the study area has been occurring from the early 1900's through to the present day with the
majority of development having occurred between 1970 - 2000. The construction of associated drainage
infrastructure has also primarily dated from this time, with the result being that the majority of watercourses
stemming from the North Brother Mountain have either been built over, filled, redirected, piped or crossed by
road embankments, often resulting in urban development occurring on flood prone lands. Urban development at
the foot of the Mountain is typically bounded by diversion drains and largely natural gullies which generally
direct large volumes of stormwater runoff safely around developed lands and into the downstream waterways.
However, developments have occurred in some locations in close proximity to natural watercourses and man-
made surface drainage and are at risk to flooding when the drainage capacities are exceeded. In addition,
localised flooding in some areas are exacerbated by mainstream flooding in Queens Lake, Stingray Creek and
Camden Haven River.

Available DataA range of data was obtained by Jacobs or provided by Council and other agencies for this
study. The data includes reports of studies that have been undertaken in the area; spatial data including
stormwater assets, aerial photography and other GIS layers; recorded rainfall, water level and tide data; and
flood modelling data including drainage models of West Haven. Additional topographic survey as collected of
selected hydraulic structures, open channels and other topographic features in January — February 2018

Community Consultation

Community consultation undertaken for the study included overviews and updates of the study posted on
Council’s website, a newsletter and questionnaire mailed out to the community, and community information
sessions during the calibration stage of the flood model.

Hydrologic and Hydraulic Modelling

The hydrologic modelling adopted in the study to estimate rainfall-runoff involved lumped catchment modelling
approach for the watercourses draining off the mountain, and a direct rainfall approach for the more dispersed
overland flow catchment areas at the foot of the mountain. The lumped catchment modelling was undertaken in
DRAINS software with the RAFTS hydrologic module estimates inflow hydrographs (flow versus time) which
were input into the hydraulic model for the watercourses and overland flow paths. The direct rainfall approach
input rainfall versus time data onto the modelled catchment surface in the hydraulic model itself, which then
generated estimated flows internally in the model.
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A TUFLOW combined one-dimensional (1D) and two-dimensional (2D) hydrodynamic model was developed for
this study. The TUFLOW model is comprised of:

« A 2D domain of the study area surface reflecting the catchment topography, with varying roughness as
dictated by land use. The watercourses are in general modelled in 2D and diversion drains are modelled in
2D.

. A 1D network of pits, pipes and culverts representing the stormwater network. The pits have a defined
inflow capacity as dictated by their type and size.

. Obstructions to flow are represented as 2D objects, including existing buildings.

The flood model was calibrated and verified to the historic flood events of April 2008 and March 2013, based on
residents’ observations during these flood events reported in the community questionnaire.

Design flood events including the 0.2EY and 5%, 2%, 1% and 0.5% AEP and the Probable Maximum Flood
(PMF) events were analysed for current climate conditions. Flood behaviour was estimated for a climate
change scenario comprising the 1% AEP plus 10% increase in rainfall plus 0.9m sea level rise. Flood mapping
of depth and flow velocity was undertaken for all event AEPs.

Flood Behaviour

Overland flow depths on properties are typically up to 0.3m in the 1% AEP event. Depths exceed 0.5min a
number of locations in the 0. 2EY event, and exceed 1m in the 5% and 1% AEP events. Areas of deeper flows
include main flow paths and drainage low points in a number of roads. During the PMF event, property and road
flooding exceeding 0.5m depth is widespread, with property and road flooding of 1m depth also common.
Depths of flooding exceeding 2m occur on approximately 20 properties in the study area.

Flow velocities are fast in a number of overland flow paths through properties and particularly on roads. Typical
flow velocities are 0.5 — 1m/s in the 0.2EY event, and 1 — 1.5m/s in the 1% AEP event. High flow velocities of 2
— 3m/s occur in a number of locations including roads and properties. These flows are likely to be highly
hazardous to people and risk significant damage to buildings and property. Flow velocities of 3 — 4m/s are
commonplace in the PMF, with some locations experniencing velocities over 4m/s.

Overland flooding in the study area is generally a result of intense short-duration rainfall events. As a result, the
duration of inundation of roads and built areas is typically short, limited to 1 — 2 hours in up to the 0.5% AEP
event. Flood storage areas such as road sag points in Sirius Drive and Lilli Pilli Close in Lakewood may be
inundated for longer durations of up to 3 hours due to constrained capacities of stormwater drainage servicing
these areas. Durations of inundation are likely to be 1 —4 hours in the PMF with longer durations affecting some
flood storage locations and roads including Botanic Drive and Ocean Drive west of Lakewood shopping centre.
MNote that the duration of flooding for depths greater than 0.3m, at which stage floodwaters become impassable
for most passenger vehicles, is generally limited to approximately 1 hour duration in most roads. A river flooding
event may occur shortly after overland flooding in the study area, in which case the low-lying areas of the study
area may experience extended durations of flooding.

In the climate change scenario, most areas affected by overland flow experience flood level increases of up to
0.1m due to increased rainfall and reduced drainage capacity from higher tailwater levels caused by sea level
rise. Locations along the river and lakes would be impacted by 0.9m increases in flood levels directly due to sea
level rise, while adjacent areas would be impacted typically by up to 0.5m increases in flood level. MNote that
these impacts are estimated based on the overland flooding assessment of North Brother. Increases in flood
levels due to climate change effects on riverine flooding may be different, refer to the Camden Haven River and
Lakes Flood Study (Worley Parsons, 2013).

Flood Hazard Mapping

The flood hazard categories were defined based on the Australian Institute of Disaster Resilience (AIDR)
categories and mapped for the 1% AEP current climate and climate change scenarios. There are numerous
areas of high flood hazard (>H5) typically reflect the swift overland flows in watercourses and flow paths
including roadways.
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Flood hydraulic categories were mapped for the 1% AEP curmrent climate and climate change scenarios.
Floodway areas are generally located within the natural watercourses and flow paths, although there are a
number of roads which contain floodways throughout the study area. Floodways pass through properties on
Black Swan Terrace, Koonwarra Street, Pelican Court, Elouera Place, Flinders Drive, St Joseph's School,
Peach Grove, Gow Place, Kew Road and in Laurieton between Quarry Place and Bold Street, among others.

Flood Problem Areas

Flooding hot spots are identified in the flood study, confirming problem areas previously identified by Council.
The hot spots are summarised in Table 1 below. Critical areas with consideration of high flood depths,
velocities or hazard are highlighted with orange cell or text shading. In summary, the identified critical locations
include:

Black Swan Terrace, West Haven

Kirmington Terrace, Koonwarra Street, Captain Cook Drive villas and Ocean Street property and Pelican Court, West
Haven

Bold Street, Laurieton

- Laurieton Hotel and adjoining areas

- Harbourside Crescent villas

Lake Street property, Laurieton. Comer Seymore Street

St Joseph's School, Laurieton

Lilli Pilli Close, Lakewood (road flooding).

Sirius Drive, Honeysuckle Avenue and Mahogany Close, Lakewood (road flooding).
Ocean Drive between Fairwinds Avenue and Mission Terrace (road flooding).
Pelican Court, West Haven (road flooding).

Waterview Crescent, Kirmington Terrace and Koonwarra Drive, West Haven (road flooding).
Bold Street between Laurie Street and Mill Street (road flooding).

Lord Street at Seymour Street, Laurieton (road flooding).

JACOBS
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Property flooding

Black Swan Terrace, West Haven

Ringtail Cl, Lakewood

Lilli Pilli Cl, Lakewood

Mission Terrace, Lakewood

Kirmington Terrace to Pelican Court, West
Haven

Flinders Dr Estate, Laurieton

Bold Street area, Laurieton

Quarry Way, Laurieton

Flow depths on properties of up to 0.5m in the 0.2EY event
and up to 0.7m in the 1% AEP event. Swift flows of 2m/s.
Flood hazard up to H5 rating in the 1% AEP event.

Overflows from open channel onto properties with flooding in
backyards to depths 0.2 —0.3m in the 1% AEP event.
Relatively low flooding impact.

Flooding in backyards to depths of 0.3 — 0.5m in the 1% AEP
event from open drain overflows. Flooding in cul-de-sac to
depths up to 0.8m.

Also significant flooding of car park around Lakewood
shopping centre.

Overflows with depths of 0.1 — 0.3m in the 1% AEP event from
cul-de-sac onto downhill property. Overflows from the overland
flow path on to uphill side properties with depths up to 0.2m

Flows through properties on low side of Koonwarra Street of
0.3m in the 0.2EY event and exceeding 0.5m in the 1% AEP
event. Velocities up to 2m/s in the 1% AEP. Flood hazard up to
H4 (some localised H5) rating in the 1% AEP.

Flow depths 0.5m in the 0.2EY event and up to 0.8m in the 1%
AEP event on Captain Cook Bicentennial Drive villas and
Ocean Drive property, at dwellings. Flood hazard up to H4
rating in the 1% AEP event.

Flood depths of 0.6 — 0.8m in the 0.2EY event within Pelican
Court roadway and pedestrian walkway. Depths up to 0.6m at
dwellings in 1% AEP event. Flood hazard up to H4 rating on
properties and HS in roadway in the 1% AEP event.

Groundwater springs occur inthis area but are not directly
related to the surface water flood risk. These springs appear to
be a spatially random occurrence.

Overflows from drainage easement swale onto properties with
depths to 0.3m in the 0.2EY event and 0.5m in the 1% AEP
event.

Overflows from Reliance Crescent sag point onto properties to
depths of 0.2m in the 0.2EY event and 0. 4m in the 1% AEP
event.

Significant flows through Laurieton Hotel with H4 hazard rating.

Trapped drainage point on western side of commercial
properties with significant depths, though local drainage may
be present which would mitigate the flood depths.

Overflows down fire trail at Norman Street/ Mill Street affecting
properties with depths up to 0.3m in the 1% AEP.

Overflows onto units on Harbourside Crescent from trunk
drainage channel to depths exceeding 0.5m in the 1% AEP
event, with H5 hazard rating.

Overflows from flow diversion drain to depths of 0_5m in the

1% AEP event on properties. The drain is reported to be
affected by significant debris blockage.
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Lake Street, Laurieton

St Joseph's School, Laurieton.

Properties adjacent to Stingray Creek and
Camden Haven River, Laurieton

Blackbutt Crescent and Peach Grove,
Laurieton

Elouera Place, West Haven

Sirius Drive, Honeysuckle Avenue and
Mahogany Close, Lakewood

Sirius Drive and Oak Close, Lakewood
Sandpiper Close

Properties on lower side of Ocean Drive, 200m
east of Hoschke Road, West Haven

Roads

Ocean Drive west of Lakewood shopping
centre

Botanic Drive, Lakewood

Lilli Pilli Close, Lakewood

Ocean Drive east of Lakewood shopping
centre

Sirius Drive, Honeysuckle Avenue and
Mahogany Close, Lakewood

Ocean Drive between Fairwinds Avenue and
Mission Terrace

Ocean Drive and Mission Terrace intersection

| Ocean Drive near Waterview Crescent

COAST, ESTUARY & FLOODPLAIN ADVISORY SUB-COMMITTEE
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Flood depths up to 1m in the 1% AEP event affecting dwelling
corner Lake Street and Seymour Street, unsure if above floor
flooding. To be confirmed.

Overflows from Lake Street onto properties between Ocean
Drive and Castle Street to depths of 0.3m in the 1% AEP.

Swift flows in overland flow paths to depths of 0.8m and
velocities exceeding 2m/s in the 1% AEP event.

Flows between buildings are 0.4m in the 0.2EY event and
0.6m in the 1% AEP event, with velocities up to 2m/s. Flood
hazard rating of H4 in pedestrian walkways and H5 in overland
flow paths in the 1% AEP event.

MNumerous properties on low-lying land at risk of oceanic
inundation during storm surge events. Estimated depths on the
flood mapping expected to be conservative due to likely
attenuation of ocean inflows through the river mouth.

Overflows from flow diversion drain to depths of 0_5m in the
1% AEP event on properties. The drain form and capacity
significantly reduces near its discharge point onto Peach
Grove at Tunis Street. Flows into the drain originate from
natural watercourse further uphill, which is significantly
affected by rubble and debris blockage.

Overflows from watercourse and diversion drain. Depths over
0.3m in the 0.2EY eventand 0.5m in the 1% AEP event.

Flood depths on properties 0.3 — 0.5m in the 1% AEP event,
built up from road ponding areas.

Depths 0.3 — 0.4m and velocities 1m/s in the 1% AEP event.

Overflows from concrete channel along Ocean Drive. Depths
0.3 — 0.4m and velocities 1m/s in the 1% AEP event.

Road low point overflows onto properties with depths of 0.5m
and velocities of 1m/s in the 1% AEP event.

5% AEP event flood depths of 0.4m
1% AEP event flood depths of 0.5m, H3 hazard rating

_ 1% AEP event flood depths of 0.4m, H2 hazard rating

5% AEP event flood depths of 0.6m
1% AEP event flood depths of 0.7m, H3 hazard rating

5% AEP event flood depths of 0.3m

1% AEP event flood depths of 0.35m, =H4 hazard rating
0.2EY event flood depths of 0.6 — 0.7m

1% AEP flood depths 1m, H3 hazard rating

0.2EY events flood depths of 0.5m

1% AEP event flood depths of 0.7m, =H4 hazard rating
0.2EY event flood depths of 0.4m

1% AEP event flood depths of 0.6m, H3 hazard rating
5% AEP eventflood depths of 0.2 — 0.3m
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Ocean Drive near Pelican Court

Pelican Court, West Haven

Waterview Crescent, Kirmington Terrace and
Koonwarra Drive, West Haven

Ocean Drive east of Hoshcke Road

Ocean Drive east of Flinders Drive

Kew Road/Bold Street near Tunis Street,
Laurieton

Bold Street between Laurie Street and Mill
Street

Bold Street north of Hanley Street, Laurieton

Lord Street at Seymour Street, Laurieton

Flinders Drive, Laurieton
Tunis Street, Laurieton

Rosewood Court and Mission Terrace,
Lakewood

Diamentina Way, Lakewood

Recommendations
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28/03/2019

JACOBS

1% AEP event flood depths of 0.3m, low hazard rating but long
section of flooding

5% AEP event flood depths of 0.3m

1% AEP event flood depths of 0.4m, H3 hazard rating
0.2EY event flood depths 0.6m

1% AEP event flood depths of 1m, H5 hazard rating

0.2EY event flood depths of 0.2m with 2m/s velocity; max 0.6m
depths (low velocity)

1% AEP event flood depths up to 0.7m, H5 — H6 hazard rating

0.2EYevent flood depths of 0. 4m

1% AEP event flood depths of 0.5m, H3 hazard rating
5% AEP event flood depths of 0.3m

1% AEP event flood depths of 0.4m, H3 hazard rating

1% AEP event flood depths of 0.5m, H2 hazard rating

0.2EY event flood depths over 0.5m
1% AEP event flood depths 0.6 — 0.8m, H5 hazard rating

0.2EYevent flood depths of 0.3m with 1m/s velocity
1% AEP event flood depths up to 0.5m, H3 hazard rating

0.2EY event flood depths of 0.5m
1% AEP event flood depths up to 0.7m, H3 hazard rating

H5 hazard rating on steep sections of road (1% AEP event)

Recommendations from this flood study include:
It is recommended that this report be reviewed by Council prior to being placed on public exhibition for

feedback from the community.

It is recommended that Council considers the adoption of this Flood Study and the outputs to guide
floodplain management and land use planning in the MNorth Brother local catchments study area. The
subsequent Floodplain Risk Management Study should consider the management of flood risk in the
catchment, particularly at the identified flooding “hot spots”, which may include the development of flood

mitigation strategies.

Council should consider geological and geotechnical investigations to assess the groundwater spring
issues in the study area which result in surface water discharge and subsequent property damage or are

otherwise nuisance occurrences.
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Important note about this report

The sole purpose of this report and the associated services performed by Jacobs is to undertake a flood study
for the North Brother Local Catchments study area located in New South Wales in accordance with the scope of
services set out in the contract between Jacobs and Port Macquarie Hastings Council (the Client). That scope
of services, as described in this report, was developed with the Client.

In preparing this report, Jacobs has relied upon, and presumed accurate, any information (or confirmation of the
absence thereof) provided by the Client and/ar from other sources. Except as otherwise stated in the report,
Jacobs has not attempted to verify the accuracy or completeness of any such information. If the information is
subsequently determined to be false, inaccurate or incomplete then it is possible that our observations and
conclusions as expressed in this report may change.

Jacobs derived the data in this report from information sourced from the Client, third parties, and/or available in
the public domain at the time or times outlined in this report. The passage of time, manifestation of latent
conditions or impacts of future events may require further examination of the project and subsequent data
analysis, and re-evaluation of the data, findings, observations and conclusions expressed in this report. Jacobs
has prepared this report in accordance with the usual care and thoroughness of the consulting profession, for
the sole purpose described above and by reference to applicable standards, guidelines, procedures and
practices at the date of issue of this report. For the reasons outlined above, however, no other warranty or
guarantee, whether expressed or implied, is made as to the data, observations and findings expressed in this
report, to the extent permitted by law.

This report should be read in full and no excerpts are to be taken as representative of the findings. No
responsibility is accepted by Jacobs for use of any part of this report in any other context.

Topographic data used in this study included that sourced from a LIDAR survey and ground survey which were
undertaken by third parties. Undertaking independent checks on the accuracy of the data was outside Jacobs's
scope of work for this study.

This report has been prepared on behalf of, and for the exclusive use of, Jacobs’s Client, and is subject to, and
issued in accordance with, the provisions of the contract between Jacobs and the Client. Jacobs accepts no
liability or responsibility whatsoever for, or in respect of, any use of, or reliance upon, this report by any third
party.
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1. Introduction

1.1 General

Jacobs was engaged by Port Macquarie Hastings Council (Council) to undertake a flood study and floodplain
risk management study of the MNorth Brother Local Catchments area. The study area is located on the Mid North
Coast of NSW, and includes parts of the villages of Kew, Lakewood, West Haven, Laurieton and Deauville
which are situated at the foot of North Brother Mountain. Development in the area has occurred in sometimes
unsuitable locations as a result of poor drainage planning, leading to localised nuisance flooding on residential
properties at a number of locations on a regular basis. Numerous gullies and watercourses drain from the North
Brother Mountain through the developed areas, which over time have been piped, filled, crossed by road
embankments or redirected, contributing to the existing flooding problems. Localised flooding in some areas
may interact with and be exacerbated by mainstream flooding in Queens Lake, Stingray Creek and Camden
Haven River.

Objectives of the study include:

. Develop and calibrate hydrologic and hydraulic models to estimate flooding conditions for a range of design
events.

. Identify flood problem priority areas and identify and assess structural and non-structural mitigation
measures to manage flood risk.

. Review existing planning, policy and emergency management for gaps and inconsistencies relating to
floodplain planning, then develop proposed amendmenits to address residual flood risk.

. Prioritise the works and measures, including economic and multi criteria appraisal of options.

. Develop an implementation program for recommended works and measures including timing, responsibility
and sources of funding.

. Conduct consultation with the community and key stakeholders throughout the study to obtain information
and intelligence for input into the study. Gauges the perceptions of the community on flooding matters.
Obtain feedback on the findings and recommendations of the study.

This Draft Flood Study Report documents the collection and review of relevant data and the development and
calibration of hydrologic and hydraulic models for the purpose of defining flood behaviour for the full range of
design flood events in the study area. The design flood conditions, the flood risk and flood hazard are
estimated, and flooding trouble areas confirmed. Note that this study focusses on overand flooding resulting
from runoff from MNorth Brother Mountain and surrounding areas. Riverine flooding is addressed separately in
the Camden Haven and Lakes System Flood Study (Worley Parsons, 2013), prepared for Council.

The outcomes from this flood study will form the basis for the identification, assessment and prioritisation of
management measures during the subsequent floodplain risk management study and plan.

1.2 Floodplain Risk Management

Council is responsible for managing the existing, continuing and future flood risk for its Local Government Area
(LGA). The floodplain risk management planning process, as set out in the Floodplain Development Manual
(NSW Government, 2005) has a number of steps which are illustrated in Figure 1-1. The current Flood Study
phase of this study defines the flooding problem. Once the Flood Study has been endorsed by Council, the
study moves to the Floodplain Risk Management Study and Plan phase, which seeks to identify and prioritise
feasible options for mitigating the flood risk.

The Floodplain Risk Management Advisory Committee for Council was established in 2018 and includes a
number of Council Representatives, staff from the Office of Environment and Heritage (OEH), the State
Emergency Services (SES), in addition to local stakeholders including community representatives.
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Floodplain Risk Management Advisory Committee
Established by Council to oversee process and provide local input

l

1

This report is structured by the following sections:

Section 2 provides background on the study area.

Section 3 reviews and describes relevant aspects of the available data

Section 4 describes the hydrologic modelling undertaken for this study.

Section 5 details the development of the hydraulic model.

Data Collection Flood Study Floodplain Risk Floodplain Risk Implementation of
Compilation and Defines the nature Management Study Management Plan Plan
review of existing ] and extent of the > Determinesoptions Recommends options for  [—*  Council implements
flood problem in consideration of future floodplain risk
social, ecological and management
economic factors
relating to flood risk
3 Structure of this Report

Section 6 discusses the calibration of the flood modelling to historic flood events, including sensitivity
testing of key model parameters and assumptions.

Section 7 discusses the approach in estimating the design flooding conditions.

Section 8 describes the study results and flood mapping, including the scale of the flooding problem in the

area.

Section 9 provides conclusions and recommendations to this phase of the study.

Section 10 acknowledges those agencies and organisations who assisted with the study.

Section 11 cites the literature references.

Section 12 provides a glossary of terms.
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2. Background on the Study Area

2.1 Catchment Description

The study area is shown on Figure 2-1 and generally comprises the northern and eastem faces of the North
Brother Mountain and the associated urban areas between the foot of the mountain and the adjoining receiving
waters.

The study area has an approximate area of 1,852ha, with the North Brother Mountain extending to a height of
490m AHD, dominating the landscape. The upper reaches of the study area is predominantly the Dooragan
MNational Park, containing the North Brother Mountain itself, below which is situated the Laurieton CBD, various
vegetated natural gullies and flow path as well as significant established low and medium density residential,
caravan parks and holiday accommodation precincts.

From the Morth Brother Mountain, stems a number of small, steep and unnamed local catchments which
discharge to one of the many waterways surrounding the mountain:

e  On the north side of North Brother Mountain is Queens Lake,
. On the east is the Pacific Ocean.
« To the south is Watson Taylors Lake (through which Camden Haven River flows), and

. On the west is the Camden Haven River

The topography within the catchment varies significantly with the upper parts of the catchment being very steep
in nature (grades of up to 50%), the mid zone is moderately graded (slopes in the order of 10-15%), and lower
areas adjoining the Camden Haven River floodplain being reasonably flat (grades averaging 5%).

Ground cover within the study area also varies considerably and is generally varied in accordance with slope
changes. The upper portions of the catchment are heavily forested, with the mid and lower areas consisting of
lawns, residential gardens, pavements and roof areas. The relatively short flow path lengths between the foot of
the North Brother Mountain and the adjoining downstream receiving waters mean that stormwater flows are
characteristically high energy and fast flowing.

The study area experiences overland flooding originating from North Brother Mountain runoff, while areas at
lower elevations are also at risk from riverine flooding from the Camden Haven River and lakes system.

2.2 Existing Development

Development of the study area has been occurmring from the early 1900's through to the present day with the
majority of development having occurred between 1970 - 2000. The construction of associated drainage
infrastructure has also primarily dated from this time, with the result being that the majority of watercourses
stemming from the North Brother Mountain have either been built over, filled, redirected, piped or crossed by
road embankments, often resulting in urban development occurring in unsuitable locations.

Urban development at the foot of the North Brother Mountain is typically bounded by diversion drains and
largely natural gullies which direct the large volumes of stormwater runoff generated safely around developed
lands and into the downstream waterways. However as mentioned above, development has occurred in some
location in close proximity to natural watercourses and man-made surface drainage and is at risk to flooding
when the drainage capacity is exceeded.

Development in the study area is predominantly low-density residential, with some higher density developments
located in West Haven and Laurieton, including retirement villages. Residential development is ongoing, notably
in parts of Lakewood. Commercial areas are located in Lakewood and Laurieton.

Item 07
Attachment 2

Page 270



COAST, ESTUARY & FLOODPLAIN ADVISORY SUB-COMMITTEE

28/03/2019

L-¢ 3dN9ld

Apmis pool4 sjuswyoed

|eo0 Jayjo1g ypoN  LOIroHd

ealy Apnis IuL

sa0ovr

“dew siy

Ul PaUIEJUOD UONEWLIOJUIO AJBINJJE pUe
fouawnd ayy buipieBal suonejuasaidal
2)ew Jo 39)uelend ‘JueLem Jou

S30p sqoder “sqoder Aq pasedaid Apnis
POO|4 SjusWPIED [BD0T JaUj0Ig UHON
3y Ul payRuaPI suondwnsse pue ejep
uo paseq si buiddew siy1 :SNOILV.LINM
119Un0Y ‘H3O ‘Id1 $32IN0S Elea

£V -3es

96 3UOZ VOW ¥661 YAD

ERRAISINEENS®

DTN ee— . .

000C 0

Item 07

Attachment 2

Page 271

ATTACHMENT

yied [euonenN _U
ealy Apnig _U

puabaT




ATTACHMENT COAST, ESTUARY & FLOODPLAIN ADVISORY SUB-COMMITTEE
28/03/2019

Draft Flood Study Report JACOBS

2.3 History of Flooding

A number of trouble spots and significant drainage locations were identified by Council based on previous
flooding and include:

. Black Swan Terrace, West Haven

. Ringtail Cl, Lakewood

«  Lilli Pilli Cl, Lakewood

. Mission Terrace, Lakewood

. Kimington Termrace, and Pelican Ct, Westhaven

. Flinders Dr Estate, Laurieton

. Bold Street, Laurieton

. Quarry Way, Laurieton

. Lake Street, Laurieton

. St Joseph’s School, Laurieton.

In several locations there are localised existing features such as open drains and diversion berms which are not

currently performing properly. The heavily-vegetated upper catchments contribute significant volumes of flood
debris which impacts on the capacity of the existing drainage and hydraulic structures.

Overland flooding was experienced in numerous times in recent history, with events occurring in 2002, 2004,
2008, 2011, 2013, 2015 and 2016, among others. Photos of previous flooding are shown in Section 3.7.
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A range of data was obtained by Jacobs or provided by Council and other agencies in July/August 2017 and is
summarised in Table 3-1 below. The data includes reports of studies that have been undertaken in the area,
drainage models, spatial data including stormwater assets, zoning and other GIS layers, photographs and
resident reports of previous flooding in the study area. Discussion on key datasets is provided in Section 2.

Table 3-1 Data inventory

““

Reports

West Haven System Analysis
report

West Haven Concept Design
Report

Camden Haven and Lakes System
Flood Study

Hydrologic and hydraulic analysis of
West Haven stormwater system and
catchment

Concept design report of proposed
mitigation works in West Haven

Mainstream flood study - river design
flood levels Adopted 2013.

GHD 2007

GHD 2007

Worley Parsons 2013

Port Macquarie Hastings Council
Flood Policy

Spatial and Design Data

Study area

LIDAR data

LiDAR data

Aerial photography

Aerial photography

PMHC flood policy adopted 2015.
Includes guidelines for development,

hydraulic classification, climate change,

flood planning level allowances for
different development, development
controls.

Study area extent

Classified C3 LAS and thinned ground
point data

1m gridded DEM obtained for LPI
dataset (available within Jacobs).
Merged for study area

MNearmap 7cm res. Use this for existing
case modelling

Other older datasets available, varying
resolution

PMHC

PMHC

NSW LPI 2012 (via PMHC)

NSW LPI 2012 (via Jacobs)

NearMap May 2017 (via
PMHC)

NearMap, LPI (via PMHC)
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Stormwater infrastructure

Zoning

Cadastre

Ecology

Erosion risk

Road feature

Flood and sea level rise

Drainage plans - Historic

Hydrographic and Dredging Plans
- Camden Haven Area - historic

Parks and Reserve Plans

Rural roads plans

Subdivision plans

Bridges

Culverts

Stormwater Box Culvert
Stormwater End Structure
Stormwater Junction Sideline
Stormwater Open Drain
Stormwater Pipe

Stormwater Pit

Stormwater SQID (Stormwater Quality

Improvement Device)

Land use zoning

Lot parcels

Endangered ecological communities
2014

Vegetation Management Plans

SEPP14 Coastal Wetlands

Soil Erosion Risk

Road Surface (road centreline)
Kerb/Gutter line

Footpaths

Camden Haven River flood and sea
level rise extents

Various drainage/stormwater/WQ
designs, various locations and ages

River bathymetry, dredging, tidal
analysis. 1970s 1980s.

Parks and reserves layouts 1980s -
2000

Ocean Drive - historical plans

Historic subdivision plans dated 2006
and 2010

28/03/2019

JACOBS

PMHC

PMHC

PMHC

PMHC

PMHC

PMHC

Flood and sea level rise

PMHC

PMHC

PMHC

PMHC

PMHC
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Urban Roads Urban roads- historic plans PMHC
NSW wide GIS layer on hydrologic soils

Hydrologic Soil Group group (classification A to D reflecting OEH (online)
permeability and runoff potential)

Recorded Data

Daily Rainfall Data Daily rainfall data for five stations in the = BoM
vicinity of North Brother
Pluviograph data 5 minute intervals

Pluviograph Data 1/03/2012 to 1/02/2016 at various PMHC
sewage treatment plants and pumping
stations in Port Macquarie Hastings
LGA.

MHL

Pluviograph data is also available from
Manly Hydraulics Laboratory (MHL) for
Locans Crossing

Modelling Data

West Haven DRAINS models DRAINS models of existing and GHD 2007
mitigated cases relating to West Haven
System Analysis report and West Haven
Concept Design Report

Historic Flooding

Flood mapping Historic flood outlines and flood prone PMHC
land/ flood planning mapping for
mainstream flooding

Flood marks Historic flood marks for Camden Haven ~ PMHC
River flooding

Photographs Photos of previous flooding (various PMHC
locations and events)

Flooding complaints Flooding and drainage complaints from PMHC

residents and logged on Council register

3.2 Port Macquarie Hastings Council Flood Policy (2015)

Council’s Flood Policy (adopted 21 October 2015) outlines the considerations to be made by Council in
exercising its environmental assessment and planning functions in relation to developmentin the Port
Macquarie Hastings Local Government Area (LGA). ltreflects the direction of flood risk management in NSW
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Govermnment’s Flood Prone Land Policy and draws on the guidance on this provided in the Floodplain
Development Manual (2005). It outlines a number of objectives in achieving sound flood management, namely:

| To maintain the existing flood regime and flow conveyance capacity;

Il to reduce the impact of flooding and flood liability on individual owners and occupiers of flood prone
property;

1. to reduce private and public losses resulting from floods;
V. to increase public safety with respect to flood events;

V. to protect the operational capacity of emergency services and emergency response facilities during
flood events;

VI to increase public awareness of the potential for flooding across the range of flood events up to the
Probable Maximum Flood level;

WVII. to inform the community of Council’s policy in relation to the use and development of flood prone land;

VIIL. to ensure that planning and development of essential services and land use makes appropriate
provision for flood related risk;

I1X. to utilise best engineering practice for determination of flood conditions, impact and risk.

X. to utilise ecologically positive methods of flood protection wherever possible;

X1 to ensure that any new development or modifications to existing development must, as far as practical,
result in a reduction in the existing flood risk, and in no circumstances should the flood risk be made
worse; and,

Xl to deal equitably and consistently with all matters requiring Council approval on land affected by

potential floods, in accordance with the principles contained in the NSW Govemment's Floodplain
Development Manual (2005).

The flood policy provides definitions for the different hydraulic classifications of the floodplain, flood planning
level categories and provisions for different types of development (permissible development types, minimum
floor levels), filling, fencing, boundary adjustments, rezoning and subdivision in the different hydraulic zones in
the floodplain.

3.3 Previous Studies
3.3.1 GHD Stormwater Analysis and Design Studies (2007)

In response to previous poor performance of the drainage system, a stormwater hydrologic and hydraulic study
was undertaken by GHD for Council for the West Haven area, and a concept design prepared for a proposed
drainage upgrade and flood mitigation program. These are documented in the following reports:

«  West Haven Stormwater Study Area Final Systems Analyses Report (GHD, April 2007)

. Report for Buller Street and West Haven Stormwater Catchment Studies 5.600.110.05.61 Concept Design
Report - West Haven Study Area (GHD, September 2007).

DRAINS models were developed for the study for the existing and proposed design cases to quantify system
flows and identify/confirm system constraints. The models were not calibrated to historic flooding events. Design
event flows were validated against rational method estimates. Relatively conservative hydrologic parameters
were assumed for the catchment hydrology, including assumptions on the soil type (soil type 4 or D, high runoff
and very low infiltration rates).
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The existing case modelling indicated flood problem areas in the following locations
. South of No. 9 Black Swan Terrace / No. 20 Kirmington Terrace;

. Koonwarra Street drainage easement Lot 29;

. Ocean Drive cross culverts adjacent No. 374 — No. 384 Ocean Drive; and

. DRAINS also indicated problems with the Elouera Place cross culvert.

The concept design proposed a range of pit and pipe network upgrades and modifications, formalisation of two
existing flood storages (referred to as “detention basins” in the GHD study) and construction of a large diversion
channel upstream of Black Swan Termrace. The works were designed to achieve compliance for the minor (5
year) storm event with a review of the effect on the 100 year capacity.

The works were costed with a Net Present Value of $4.7 million (2007 dollars) excluding GST. It has not been
confirmed with Council if any of the proposed mitigation works were implemented.

Sub-catchment boundaries are not available as spatial layers. The pit and pipe names in the DRAINS model are
not consistent with the drainage asset layer provided by Council. Hence, the DRAINS model data is not directly
suitable for the development of flood models in this study, but the results may be useful for model validation
purposes.

3.3.2 Camden Haven and Lakes System Flood Study (Worley Parsons, 2013)

This flood study estimated existing flooding conditions for mainstream flooding in Camden Haven River,
Camden Haven Inlet, Queens Lake, Stingray Creek and Watsons Taylor Lake in the study area. The study was
based on hydrologic and hydraulic modelling in XP-RAFTS and RMA-2, respectively, forthe 5, 20, 50, 100 and
200 year floods and Probable Maximum Flood (PMF). The study estimated 100 year flood levels of
approximately 2.9 — 3m AHD in Camden Haven Inlet, Stingray Creek and Queens Lake affecting parts of the
study area, and 4.3m AHD in Camden Haven River near the Pacific Highway bridge, potentially affecting the
south-western portion of the study area.

3.4 Spatial and Design Data

3.4.1 Topographic Data

Topographic data across the study area consists of LIDAR data captured by NSW Land and Property
Information (LPI) in 2012. The dataset has a vertical accuracy of 0.15m (one standard deviation). Council
provided classified and thinned ground point data for the study. Jacobs obtained the 1m digital elevation model
(DEM) grid developed by LPI from this data, which is held in-house. The data tiles were merged together by
Jacobs to form a continuous DEM across the study area and surrounds. The DEM showing the study area
terrain is presented on Figure 3-1.
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The thinned ground points data set was reviewed for key drainage areas, and it was observed that in areas with
a thick tree canopy or in-channel vegetation there was generally a low density of data points. This indicates that
the LIDAR was only able to penetrate the tree canopy in sparsely spaced locations, and that the DEM is unlikely
to accurately represent any drainage features which may be beneath the tree canopy. A similar issue is
expected for channels with standing water or in-channel vegetation. Review of the DEM confirmed that some
channel and drainage features are not represented in detail and do not match site observations.. Examples are
shown on Figure 3-2 below. Ground survey was commissioned to collect more accurate topographic information
of the study area terrain and features.

Figure 3-2 Example — sparse LiDAR ground points in vegetated areas and potentially inaccurate channel definition. Kirmington
Terrace — Koonwarra Street, West Haven

Hole and “dam” shown in
channel. Survey commissioned
to confirm feature

3.4.2 Aerial Photography

Several different aerial photograph data sets were provided by Council, the most recent and highest resolution
being NearMap imagery (May 2017, 7cm resolution). This imagery covers the developed areas at base of North
Brother Mountain, and is supplemented with other imagery supplied by Council (dated 2012 and 2013) to cover
the entire study area and surrounds.

3.43 Stormwater and Drainage Infrastructure

Layers for a range of stormwater drainage assets and features have been provided by Council including pits,
pipes, culverts, headwalls and water quality improvement devices. Details (dimensions and levels) are missing
for a number of the drainage assets and require survey. The source and accuracy of those assets with details is
not known, although it is noted that the network layout is consistent with recent subdivision road layouts (e .g.
Fairwinds Avenue detention basin and Wedgetail Drive, both in Lakewood). Data entry dates are also observed
to be recent (up to 2015). The locations and details of open drains and swales in the study area are not included
in the spatial layers.
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3.4.4 Historical Subdivision Design

Sub-division designs are available from Council for a number of developments in the study area as pdf files.
Most are dated pre-2010 and review of the locations of these developments against recent aerial photos
indicates that the majority have been constructed.

Designs for drainage features including the flow path and berms downstream of the Fairwinds Avenue detention
basin are reflected in the LIDAR and stormwater spatial layers.

3.4.5 Additional GIS data

Additional GIS layers obtained include:

. Road centrelines, kerb/gutter lines, footpaths
. Cadastre

. LEP and zoning

¢ Land use

. Ecological features.
3.5 Recorded Data
3.5.1 Rainfall Data
3.5.1.1 Daily Rainfall

Historic daily rainfall data was obtained from the Bureau of Meteorology’s (BOM) website. Data from five sites in
the vicinity of North Brother was obtained and is summarised in Table 3-2: Site locations for the selected
gauges and other regional gauges are shown on Figure 3-3. It is to be noted that all five sites are located at or
below RL 55m and the sites are unlikely to represent rainfall on the 490m high Morth Brother Mountain due to
orographic effects.

The steep and smaller nature of the catchments in the study area mean that intense short duration (sub-daily)
storm events or storm bursts are more likely to be critical in causing peak flooding during flash flood events.
Mainstream flooding is more likely to result from multi-day duration events. Hence, the reported daily rainfall
depths may not indicate the critical historic storm events which resulted in peak flash flooding. Those short (say,
less than 6 hours in duration) and intense rainfall events may result in the worst flash flooding conditions but are
not reflected by exceedingly high daily rainfall depths. The daily rainfall data is therefore of limited use in
indicating when the worst flash flooding events occurred, although it is useful for showing general trends of
when wet periods occurred, during which the critical storm events may have happened. The data is also useful
for validating any recorded sub-daily rainfall data.
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Table 3-2 Daily Rainfall Data

Gauge Gauge Name and Distance Length of | Completeness
Number Elevation from Study record (%)

Area (VCELS))

(km)

Laurieton (Eloura St)

060022 0 1/1/1885 310712017 132.7 87.0
12m AHD
Lorne (Lorne Rd)

060027 17 1/01/1938 30/06/2016 786 97.5
55m AHD
Moorland (Denro-an)

060024 19 1/11/1885 31/07/2017 131.8 90.3
5m AHD

Hannam Vale

060017 (Hannam Vale Rd) 21 1/0211926  31/07/2017 916 7.1
33m AHD
Port Macquarie Airport

0600139 AWS 4m AHD 25 26/07/1995 = 17/08/2017 221 98.0

Figure 3-3 BOM Rainfall Gauges in Laurieton region (source: BoM website.
http:/lwww.bom.gov.aulclimate/datal/index.shtml?bookmark=136)
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The daily rainfall data from the BOM Laurieton rainfall gauge was analysed and summarised for the top-ranking
1-day and 2-day recorded rainfall depths in Table 3-3. Rainfall values are based on daily rainfall recorded to
9am as per BOM convention. Hence, the peak flooding may occurred one day prior to the reported rainfall
depth.

Table 3-3 Highest ranked recorded 1-day and 2-day rainfall depths at Laurieton rainfall gauge (060022).

1 day 2 day
Start date Depth (mm) Start date Depth (mm)
1 29/04/1963 4483 29/04/1963 4623
2 5/01/1959 3251 28/04/1963 448 3
3 22/1/1895 310.6 12/03/1974 389
4 20/03/1978 2796 21/1/1895 3848
5 28/02/1983 250 271211892 3rr.7
6 16/3/1887 2413 11/03/1974 368.6
7 28/03/1978 232 22/1/1895 3284
8 6/02/2002 232 4/01/1959 3251
9 9/11/2004 222 5/01/1959 325.1
10 6/04/1934 2179 2/8/1899 318.7

3.5.1.2 Pluviograph data

Pluviograph data for specific historic storm events was obtained from Council for model calibration. The historic
storm events of interest were identified from the responses from the community survey. Pluviograph data is
available from Council-operated sewage treatment plants (STP) and sewer pumping stations (SPS), with the
closest and most relevant gauge locations to the study area including:

. Camden Haven SPS #1 (Wharf Street, Laurieton)

. Camden Haven STP (Dunbogan), and

. Kew — Kendall STP (Pacific Highway, Herons Creek).

The pluviograph stations are in the immediate vicinity (up to 3km) from the study area. Manly Hydraulics
Laboratory (MHL) operates as pluviograph station at Logans Crossing, approximately 6km from the study area.
This site is located further away from the study area than the Council STP gauge sites. The data from this

gauge was obtained for selected storm events for comparison purposes. Refer to Figure 3-4 for locations of
pluviograph stations in the vicinity of the study area.
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Figure 3-4 Pluviograph locations in vicinity of the study area

Kew/Kendall STP
(PMHC)

Logans
Crossing (MHL)

Camden Haven
STP (PMHC)

Camden Haven
SPS#1 (PMHC)

3.5.2 Water Level Data

Water levels are recorded by MHL at several locations in the vicinity of the study area:
» Lakewood (Queens Lake)

« West Haven (Stingray Creek)

. Laurieton (Camden Haven River).

Data from these sites will be obtained for model calibration to historic storm events.
3.6 Topographic and Hydraulic Structures Survey

Survey of drainage and topographic features and hydraulic structures was commissioned for this study and
undertaken in January — February 2018. The survey data was incorporated into the hydraulic modelling of the
study area. Features surveyed included selected stormwater pits, pipes and culverts, earthen diversion drains
and berms, natural channels and concrete channels. A summary map of surveyed features is provided in
Appendix B.

Survey of drainage and topographic features in the vicinity of Black Swan Terrace was previously undertaken
and supplied by Council.

3.7 Reports and Photographs of Historic Flooding and Drainage Issues

Council provided a number of photographs and written submissions from residents reporting drainage and
flooding problems during historic storm events. Dates of the reported events are listed below. The Annual
Exceedance Probability (AEP) of the 2013 and 2016 storm events were estimated by Jacobs from the Council
pluviograph data from Camden Haven sewer pumping station.

. 18 October 2004. 127mm recorded daily depth.
. 25 February 2008.112mm recorded daily depth.
. 24 Aprnl 2008 (10% AEP event). 49mm in 45minutes; 65mm in 60 minutes; 136mm in 24 hours.
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14 June 2011. 96mm recorded 2-day depth.
2 March 2013 (20% AEP) 61mm in 1.5 hours; 152mm in 24 hours.
5 January 2016 (20 — 50% AEP) 54mm in 1.5 hours.

Rainfall data for the 2008, 2013 and 2016 events was analysed and is plotted in Appendix A. Notable flooding
reports are from locations including:

Black Swan Terrace and Waterview Drive. Watercourse is piped through properties. The existing pipe inlet
is undersized and the inlet debns screen regularly blocks. Overflows pass through residential yards, with
paling fences washed away in previous floods.

St Josephs’s School, Laurieton. Video footage taken of significant flows along walkways between school
buildings in the March 2013 event, which was a relatively frequent flood event.

Ocean Drive. Flooding in numerous locations where a number of flow paths draining off North Brother
Mountain cross this main road through the study area. Significant amount of cobblestones and other debris
washed from watercourses and deposited on road.

Flooding to depths of up to 1m in low points in roads at a number of locations in the study area. This was
reported at Lilli Pilli Close, Sirius Drive, Mahogany Close and Honeysuckle Avenue, Lakewood; and
Pelican Court, West Haven, among others.

Flooding through Laurieton town centre including Bold Street, Lake Street and Tunis Street.

Kimington Terrace. Storm flows occurring within adjacent diversion drains further up the mountain
infiltrated into the soil and then resurfaced as groundwater “springs” in residential yards and under
buildings. Note that the flood models developed in this study would not be able to represent this
phenomenon as a flood flow. However, remediation measures may be suggested as a part of the study.

Numerous photos of overland flooding were captured by Murray Dalton surveyors during the April 2008
storm, summarised in Table 3-4 below.

It is noted that the storm events resulting in the reported flooding and drainage complaints and problems were
relatively frequent and smaller magnitude events. Local flooding events of similar frequency and magnitude to
planning flood events (i.e. the 1% AEP) or even moderate frequency (e.g. 5% AEP) are yet to be experienced in
the study area in recent times.
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Table 3-4 Summary list of photographs taken during 24 April 2008 storm event by Murray Dalton Surveyors

LAURIETON LOCAL STORM EVENT
24" APRIL, 2008 @ 8 am

Photo catalogue

2008_010
2008_011
2008_012
2008_013
2008_014
2008_015
2008_016
2008_017
2008 018
2008 019
2008_020
2008_021
2008_022
2008_023
2008_024
2008_025
2008_026
2008_027
2008_028
2008_029
2008_030
2008_031
2008_032
2008 033
2008_034
2008_035
2008_036
2008_042
2008_043
2008_044
2008_045
2008_046
2008_047
2008_048
2008_049

Queens Lake Village — flow down pathway

Queens | ake Village — western grated inlet pit
Queens Lake Village — pathway flow

Queens Lake Village — culvert flows

Queens Lake Village — Eastern Culvert

Mission Terrace — Gutter in front of Anglican Rectory
Ocean Drive looking wast to Flinders Drive

Culvert east of Flinders Drive

2™ Culvert east cf Flinders Drive

Creek at 416 Ocean Drive, West Haven

Ocean Drive intersection with Mission Terrace
Mission Terrace — gutter in front of Anglican Rectory
Ocean Drive looking at Laurieton Cemetery

Ocean Drive looking east at Flinders Drive, Laurieton
Flinders Drive intersection with Ocean Drive

Culvert at St Josephs

Western culvert sbove Queens Lake Village
Wollworths culvert at Lakewood

Sirius Drive from temporary access to Ringtail, Lakewood
Drain above Woclworths culvert from Ringtail Access
Drain above Woclworths culvert

Sag p't in Ringtail Closa

Ringtail Close locking towards cul-de-sac

Ocean Drive culverts west of Woolworths — lcoking east
Creek below Fairwinds at Ocean Drive

Creek below Fairwinds at Ocean Drive — watermain
Flow above Amaroo detention basin — headwall blocked by ply
Creek at 416 Ocean Drive, West Haven

View up driveway atl 414 Ocean Drive, West Haven
VWestern culvert at St Josephs

Sewer Manhole at Laurieton Caltex

Sewer Manhole at Callex

Rosewood Court and Mission Terrace intersection
Rosewood Court at top of hill

Queens Lake village drains
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Figure 3-5 Infiltrated floodwaters emanating as a “spring” from the ground in residential yard, Kirmington Terrace, June 2011.
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Figure 3-7 Overland flows from creek across Ocean Drive, West Haven, April 2008
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3.8 Floor Level Survey

Floor level survey is currently not available for residential and commercial buildings in the study area. These
data are required for the flood damages assessment to be undertaken during this study, and will be collected for
selected properties based on their flood affectation and historc flooding.

3.9 Site Inspections

Site inspections were undertaken on 27 July 2017 The purpose of the site inspection was to gain a further
understanding of the catchment characteristics, the nature of existing development and hydraulic conditions
(including flow pattems, drainage arrangements, hydraulic features etc.) in known flood problem areas, and
likely flood risk. Members of the Jacobs project team were accompanied by Council officers. Locations
inspected on the site visit included those flood problem areas previously identified by Council and described in
Section 2.3.

Observations made during the site visit included:

« Thetemrain in the developed sections of the study area, at the foot of North Brother Mountain, was
generally flat to moderately sloped (grades of 5 — 15%) with elevations from less than 2m AHD up to 50m
AHD.

« The middle and upper catchment areas, upstream of the developed areas, were densely forested and
generally within Dooragan Mational Park. Terrain was generally very steep, with watercourse grades of up
to 50% and ground elevations up to 490m AHD.

« There were no permanently flowing watercourses observed at the time of the site visit, which occurred
following a month of dry weather conditions. Most minor flow paths were piped to pass through residential
development. The larger watercourses were maintained in a generally natural state and development did
not encroach these watercourses. All of the flow paths and watercourses were crossed by Ocean Drive
and other roads with culverts as they drain to Queens Lake and Stingray Creek.

. Many watercourses and other drainage features were covered by dense rainforest vegetation.

. Soll landscapes along watercourses were observed to include high permeability gravel and rubble beds in
the stream beds and along some stream banks. Council officers described that during storm events, in
some locations the stream flows infiltrate into these gravel and rubble beds, flowing sub-surface and then
resurfacing in different locations. This is reflected in residents’ reports and accompanying photos.

An additional site visit was undertaken on 30 April 2018 during the model setup and calibration to inspect
selected drainage features and confirm the model performance and representation of flood behaviour.

Item 07
Attachment 2

Page 288



ATTACHMENT COAST, ESTUARY & FLOODPLAIN ADVISORY SUB-COMMITTEE
28/03/2019

Draft Flood Study Report JACOBSQ

Figure 3-9 Eastern side of north Brother Mountain, illustrating steepness of the terrain

Figure 3-10 Shotcrete-lined informal channel in Lakewood
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Figure 3-11 Natural flow path through forested area in West Haven
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Figure 3-14 Upstream side of flow path road crossing, West Haven
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Figure 3-16 Trunk drainage culvert discharging to open channel next to development, Laurieton
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310 Community Consultation
3.10.1 Initial Consultation

Community consultation was undertaken throughout this study, including distribution of newsletters and media
releases and the hosting of a website on Council’'s webpage to announce the commencement and provide
background on the study.

3.10.2 Community Survey

A community survey was mailed out to residents with the study newsletter asking residents for information on
previous flooding events that they experienced in the study area, refer to Appendix B for the survey. A total of
302 responses were received. The responses assisted the project team in identifying the most significant
flooding events in recent history which would be suitable for model calibration and verification. Observations
including noted flood depths, flow patterns and durations of flooding were reported. Residents also submitted
photographs and videos of flooding during the events.

The survey identified numerous flooding events over the past 20 years with no particular standout events. The

March 2013 event was reported in six responses, while the April 2008 event, which resulted in the most intense
rainfall for the storm event data available, was reported two times. The February 2002 event was reported four
times, however, sub-daily rainfall data is not available for that event.

3.10.3 Community Information Sessions

Two community information sessions were held at Laurieton Library in August 2018. Residents were invited to
view flood mapping for the model calibration and provide feedback on the results and other general concerns
relating to flooding in the study area. Approximately 40 residents attended over the two sessions. The modelling
was updated based on several resident comments for the final model calibration runs and design flood
estimation.
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4. Hydrologic Modelling

41 Modelling Approach

A hydrologic model was required to estimate storm and flood flows for the study area for the historic and design
rainfall storm events. The terrain of the study area is such that:

«  There are numerous natural watercourses and gullies which flow down the face of North Brother Mountain
and then through the developed areas of the study area.

. On the flatter areas at and below the foot of the mountain and away from the watercourses, drainage paths
are often less defined, with more dispersed overland flows affecting existing development.

The hydrologic modelling adopted involved lumped catchment modelling approach for the watercourses
draining off the mountain, and a direct rainfall approach for the more dispersed overland flow catchment areas
at the foot of the mountain. The lumped catchment modelling estimated inflow hydrographs (flow versus time)
which were input into the hydraulic model in the watercourses. The direct rainfall approach input rainfall versus
time data onto the modelled catchment surface in the hydraulic model itself, which then generated estimated
flows internally in the model. This report section describes the lumped hydrologic modelling. Refer to Section
5.3.2 for further discussion.

The lumped hydrologic modelling was undertaken using the RAFTS hydrology module in the DRAINS modelling
software. The RAFTS module is suitable for assessment of sub-catchments with areas up to 100 hectares and
pemmits routing of runoff through the catchment. The DRAINS software is one of the few modelling packages
that currently incorporate Australian Rainfall and Runoff 2016 (ARR 2016) design rainfalls and procedures.

4.2 Sub-Catchment Data

The catchment areas on North Brother Mountain were divided into 56 sub-catchments which drain to the gullies
and watercourses running off the mountain through the study area. Mapping of the sub-catchment boundaries is
shown on Figure 4-1. These sub-catchments are natural vegetated areas and a nominal impervious fraction of
5% was assumed.

Sub-catchment flow path slopes are steep to very steep, with catchment flow path slopes ranging from 15 —
70%. DRAINS/RAFTS and most other hydrologic models have an upper limited slope parameter value of 30%,
and this is adopted for the sub-catchments with slopes exceeding this value. It is likely that that catchment
slopes steeper than 30% would result in faster catchment flow travel times producing higher peak flows.
However, limited information is available rainfall runoff generation from very steep catchments.

A PERN catchment roughness value of 0.1 was adopted for the forested sub-catchment areas.

Item 07
Attachment 2

Page 295



28/03/2019

COAST, ESTUARY & FLOODPLAIN ADVISORY SUB-COMMITTEE

ATTACHMENT

L-¥ 3dNOld

Apmis poold syuswyole)
[e207 JoyjoIg YHON  LOrOHd

sjuswyoeD-qns I
[9POIN 9160]0IPAH

saoovr

“dew siy}

Ul PBUIBJUOD UOIJRWLIOJULO ADRINDOE pue
Kouaum ayy buipiebal suogejuasaldal
ayeuw Io 33juesens ‘Juelem jou

s20p sqoder ‘sqoder Aq pasedaid Apnis
PO0j 4 SjuaWydled [BI07 J3Uj0lg UHON
23U} Ul pauYu P! SUORAWINSSE PUE Ejep
uo paseq s| Buiddew siu] ‘SNOLIV.LIIIT
119UnoY ‘H30 ‘Id1 :$321N0S Ejed

€V 31eds

96 3U0Z YOW ¥661 YAD

SjPINQ juswyed-ans o
syury ebeurelq

sealy juswyded-qng
ealy Apnis

puaba

Item 07

Attachment 2

EEDEN e— )

Page 296




ATTACHMENT COAST, ESTUARY & FLOODPLAIN ADVISORY SUB-COMMITTEE
28/03/2019

Draft Flood Study Report JACOBS

4.3 Hydrologic Parameters
4.31 Rainfall Losses

An initial and continuing loss model was utilised in the RAFTS module which represented rainfall losses during
storm events such as depression storage and soil infiltration. The following loss values were adopted for the
design event runs:

. Pervious areas: Initial loss 15mm, continuing loss 2. 5mm/hr

. Impervious areas: Initial loss 1mm, continuing loss Omm/hr.

Soil characteristics on the mountain were observed and reported to be very impermeable, and lower rainfall
losses could normally be considered for such soils. Due to the steepness of the catchment areas and limited
slope parameter values in the modelling these moderately low rainfall losses were retained.

Rainfall losses adopted for the calibration events are discussed in Section 6.3.1.
4.3.2 Storage Routing Factor

RAFTS includes the “Bx” storage routing factor which can be adjusted to change the runoff response of the
catchment. With a default value of 1.0, the factor can be reduced to increase the runoff response, resulting in a
more peaky flood. It is usually adjusted when there is sufficient data, such as flow gauging, to validate the
adjustments.

Reducing the Bx value was considered to account for the very steep slopes on Morth Brother Mountain and the
limited slope parameter value of 30% in the hydrologic modelling. However as there were no flow gauging data
for the mountain, an adjustment of the Bx factor could not be justified far this study. Sensitivity runs also
indicated minimal increases in peak flows for sample sub-catchments for Bx values of down to 0.2, which was
not considered to be a reasonable adjusted value for this parameter. Modest increases in peak flows were
observed for a Bx value of 0.1, but this was also considered a highly unreasonable value.
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5. Hydraulic Modelling

51 Model Selection

A TUFLOW combined one-dimensional (1D) and two-dimensional (2D) hydrodynamic model was developed for
this study. TUFLOW is an industry-standard flood modelling platform, which was selected for this assessment
as it has:

. Capability in representing complex flow patterns on the floodplain, including flows through street networks
and around buildings.

. Capability in representing the stormwater drainage network, including pit inlet capacities and interflows
between the network and floodplain including system surcharges.

. Capability in accurately modelling flow behaviour in 1D channel, bridge and culvert structures and
interflows with adjacent 2D floodplain areas.

. Easy interfacing with GIS and capability to present the flood behaviour in easy-to-understand visual
outputs.

The model was developed and run in TUFLOW 2018-03-AA-IDP-w64, in the Heavily Parallelised Compute
(HPC) module. The HPC module was preferred over TUFLOW “Classic” as it permits significantly faster model
run times, which was required for this relatively large model extent and with direct rainfall being applied.

5.2 Configuration of Hydraulic Model
521 Extent and Structure

The TUFLOW model comprised of:

« A 2D domain of the study area surface reflecting the catchment topography, with varying roughness as
dictated by land use. The watercourses were in general modelled in 2D. Diversion drains are in 2D.

« A 1D network of pits, pipes and culverts representing the stormwater network. Inflow capacities for pits
were defined based on their type and size.

. Obstructions to flow are represented as 2D objects, including existing buildings.

The model extent covered an area of 12.6km?2 and includes the foot of the North Brother Mountain along its
westem, northern and eastem sides and the adjacent developed lower-lying areas down to the receiving waters
at Camden Haven River, Queens Lake and Stingray Creek. Refer to the following report sections for details on
these features. The model domain and locations of various features in the TUFLOW model are shown on Figure
5-1.
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5.2.2 Model Topography

The topography of the catchment was represented in the model using a 2m grid. This level of precision in the
grid was considered necessary in order to represent detailed flood behaviour in a fully developed catchment.
Finer model grid sizes such as 1m grid were not considered practical given the large size and expected
excessively long computing times. The basis of the topographic grid used in the TUFLOW model was the LIDAR
data set in addition to ground survey.

5.2.3 Stormwater Pits

The stormwater pits provide a dynamic linkage between the underground drainage network and the 2D
TUFLOW model domain, representing the floodplain. Water is able to flow between the drainage network and
floodplain, depending on the hydraulic conditions.

The location of the stormwater pits and associated attributes were available from Council in GIS format. Pit
inflow relationships were defined in terms of flow depths versus pit inflow.

TUFLOW automatically calculates hydraulic energy losses in the pits based on the alignment of pipes
connected to each pit and the flows in each pipe. The calculations are based on the Engelhund manhole loss
approach (TUFLOW User Manual, BMT WBM, 2017).

5.2.4 Stormwater Conduits

Stormwater pits and pipes identified in Council's data base and from survey were also modelled in the TUFLOW
models. Several pipes down to a diameter of 225mm were represented but are typically larger than 300mm_
The conduits were represented as circular pipes or rectangular culverts with dimensions matching those
adopted in the DRAINS models.

5.25 Building Polygons

This study considered buildings as solid objects in the floodplain. This means that buildings form impermeable
boundaries within the model, and while water would flow around buildings, it could not flow across their
footprints. The building footprints in the TUFLOW model were digitised based on the 2017 aerial imagery. The
building polygons were superimposed on the model grid to make model computational cells under the footprints
inactive.

526 Surface Hydraulic Roughness

All parts of the study area within the TUFLOW model were assigned hydraulic roughness values in a “materials
layer” according to the LEP zoning and ground cover. These were based on engineering experience and typical
values used in previous flood studies undertaken in the Sydney Region by Jacobs and other consultants. A
moderately high Manning’s n value of 0.05 for the residential land use accounts for expected obstructions such
as minor features (steps, planter boxes etc.) and landscaping, which are typically not detected by LIDAR survey.
The adopted Manning’s n values are mapped on Figure 5-2 and summarised in Table 5-1.
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Table 5-1 TUFLOW Model Grid Hydraulic Roughness Values

Land Use Type/Material

Commercial 0.035 Zoning B2, B4

Residential 0.05 Zoning R1, R2, including schools

Public Recreation 0.1 Zoning RE1

Rural 0.035 Zoning RU1

Special Use 0.05 Zoning SP2. Cemetery, water supply

Waterways 1 0.05 Zoning W1

Waterways 2 0.035 Zoning W2

Forest and vegetated areas 0.1 Zoning E1, E2, E3 and E4 and other vegetated
areas

Road 0.025 Where present, overwrites land use zoning areas
listed above

Paved areas 0.02 Where present, overwrites land use zoning areas
listed above

Fire Trail 0.035 Where present, overwrites land use zoning areas
listed above

Diversion drain 0.04 Diversion drain, maintained, clear

Diversion drain with blockages 0.20 Unmaintained, heavy vegetation and fallen trees etc.
Prone to further blockages from flood-bome debris

Property fence lines 0.30 Paling and Colourbond fences which are initially
solid but prone to failure and flow-through

5.2.7 Property Fence Lines

Fence lines were typically not explicitly represented in the model and floodwaters were allowed to flow across
them freely. Although fences would obstruct overland flood flows in some parts of the catchment, experience
indicates that representing fences in the hydraulic model requires making unvalidated assumptions about flood
depths at which fences would overflow or fail.

The potential obstruction to flow caused by fences was represented in the model by increasing the cell
roughness (Manning’s n values) along selected property fence lines on and adjacent to main flow paths to a
value of n = 0.3. This approach would provide some resistance to flows against and along a fence, although it
probably would not represent the full obstructing effect of a fence before it fails under the force of flood flows.
There are other approaches which could represent a fence as a solid obstruction which would dynamically fail in
the model once flow depths become great, but this approach was considered somewhat impractical to
implement on a catchment scale, requiring significant effort and detail. The adopted approach was considered a
more practical means of representing the hydraulic effects on flood flows. The modelled fence lines are shown
on Figure 5-2.

5.3 Boundary Conditions and Tailwater Conditions
5.3.1 Model Inflows

The inflow hydrographs from the DRAINS/RAFTS model were input into the watercourses and gullies upstream
of the developed areas of the study area. The inflow boundaries are shown on Figure 5-1.
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5.3.2 Direct Rainfall

A rainfall hyetograph (rainfall depth per time interval) was directly input into the TUFLOW model in the areas
where direct rainfall applied. Similarly to the catchment hydrologic modelling discussed in Section 4.3.1, rainfall
losses were applied in the conversion of direct rainfall to runoff in the TUFLOW model. The rainfall losses
proposed for design flood estimation were:

. Pervious areas: Initial loss 15mm, continuing loss 2.5mm/hr

. Impervious areas: Initial loss 1mm, continuing loss Omm/hr.

Most impervious areas in the study area were explicitly represented including road areas, roof areas and other
large paved areas. The remaining developed areas for which impervious areas were not digitised were

assumed to be 20% impervious to account for driveways and other small paved areas, and the rainfall losses
were reduced accordingly to account for this partial imperviousness.

As discussed in Section 5.2.5, the model cells covering building footprints were made inactive. The rainfall
falling on the roof areas of these buildings was therefore applied to the area immediately surrounding each
building. Roofs were considered to be impervious areas with the corresponding rainfall losses applied.

Areas where direct rainfall was applied are shown on Figure 5-1. The areas where direct rainfall was scaled up
for orographic effects (refer Section 6.3.2 for discussion) are also indicated.

53.3 Tailwater Boundaries
Tailwater boundaries were located along the shoreline on the receiving waterways including Camden Haven

River, Stingray Creek, Queens Lake and Watsons Taylor Lake. Refer to the discussion in the subsegquent model
calibration section and the design event modelling section for details on the adopted tailwater levels.
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6. Model Calibration and Verification

6.1 Overview

Rigorous model calibration of overland flood models cannot generally be carried out because direct
measurements of overland flows and accurate measurements of flood levels are usually not available. Localised
features may also be present which influence flow patterns but are not detected in the catchment-scale
topographic data. Hence, overland flood models are often verified using observations of flood depths and flood
behaviour as a way of “sanity-checking” the modelling and confirming its reliability.

This study relied mainly on observed depths of flooding during past flood events given by local residents. This
anecdotal information was generally considered indicative as often only the general location of the observation
was usually given, and approximate depths of flooding. The reported flood observations were also from
numerous separate storm events, while the model calibration focussed on only two events selected based on
availability and quality of observed data. However, the reported flood depths were still useful information for
validating the general behaviour of flooding simulated by the flood models.

Photographs and video of flooding were also provided which offer more detailed information of the flooding
behaviour at specific locations. Consideration was needed on whether the photos were taken at the peak of the
flooding.

The general approach involved running the hydrologic and hydraulic models and comparing the flood depths
and flow patterns to reported observations. The model configuration and parameter values were adjusted as
necessary with the aim of achieving a satisfactory fit to the observations.

6.2 Selection of Verification Events

Flooding was reported for numerous individual storm events occurring over the last 20 years from the
community survey responses. Two historic storm events were selected for model calibration and verification
based on the number of responses for each event and the magnitude of the storm event. These events
included:

. 24 Aprnl 2008. The most intense rainfall recorded based on the available data. Significant number of
photographs are available with Council for this event.

. 2 March 2013. This is a relatively intense storm with the majority number of survey responses.

Charactenstics of the selected storm events are provided in Table 6-1. The cumulative rainfall depths are
plotted in Appendix A. A comparison of the recorded rainfall against the design IFD is also shown in Appendix
A Although the April 2008 storm event resulted in a lower daily rainfall depth than the March 2013 event, it
produced a significantly more intense burst of rainfall over a period of one hour. Given the nature the flash
flooding catchments in the study area these short duration bursts are the crtical events for peak flooding.
Hence, the April 2008 storm is considered to be a rarer and greater magnitude event than the March 2013
event, based on rainfall records.
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Table 6-1 Calibration storm event characteristics

Daily Main Storm Approximate Event
LETLELL Burst Rainfall | AEP
Depth Depth and
Duration
24 April 136mm 49mm in 45 mins | 10% AEP Rainfall data available from
2008 65mm in 60 mins Camden Haven SPS
(Laurieton)
2 March 152mm 43mm in 60 mins | 20% AEP Rainfall available from
2013 61mm in 1.5 hrs Camden Haven STP
(Dunbogan)

MNote that several storm events in circa 2000 and 2002 were reported by long-term residents as being the most
severe that they experienced. However, suitable rainfall data for the model calibration were not available for
these earlier storm events and hence these were not selected for the model calibration and verification.

6.3 Adopted Parameter Values for Model Verification
6.3.1 Rainfall Losses

Rainfall losses reflect the ability for the catchment to absorb some rainfall during a storm event due to capture
on vegetation and trapped low points and from infiltration into the soil. The magnitude of the rainfall losses
depends largely on how wet the catchment is due to preceding rainfall and the soil types in the catchment, with
sandy soils generally being more permeable and hence water can infiltrate into the soil column at faster rates.

The assumed rainfall loss parameter values were selected based on a review of daily rainfall records and initial
runs of the modelling for the calibration events. Both the April 2008 and the March 2013 storm events occurred
after significant preceding rainfall:

«  Approximately 200mm of rainfall was recorded in the week before the 24 April 2008 flood event.

. Over 280mm of rainfall was recorded approximately two weeks before the 2 March 2013 flood (from 17 —
27 February) followed by an additional 39mm rainfall on 28 February and 1 March, prior to the main flood
event on 2 March.

Hence it is highly likely that the catchment was saturated prior to the two calibration storm events with little to no
capacity to absorb further rainfall. The following rainfall loss values are therefore adopted for the model
calibration and verification:

. Pervious areas: Initial loss Omm, continuing loss 2. 5mm/hr

. Impervious areas: Initial loss Omm), continuing loss Omm/hr.

Higher initial losses were initially tested in the hydrologic and hydraulic modelling. However, sufficiently high
rates and volumes of runoff could not be produced to achieve a good match to the reported flooding at several
locations. Other hydrologic factors such as the methods for representing the high catchment slopes and runoff,
blockages, drainage patterns etc. were also considered and frialled but did not produce reasonable matches for
observed flood behaviour, and hence were discounted from the model calibration process and informed the
selection of the assumed rainfall losses.

6.3.2 Orographic Rainfall Scaling

The MNorth Brother Mountain, being a significant topographic feature of over 450m elevation and with steep
slopes, has the potential to result in orographic enhancement of rainfall during storm events as the wind flow
carrying rain-bearing clouds rises over the mountain and results in increased precipitation. Hence, rainfall
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intensities on the mountain, away from the rainfall gauge locations, may be higher than those at the gauge
locations situated on lower areas at some distance away from the mountain.

BMT WBM (2018) has undertaken the Coffs Creek and Park Beach Flood Study at Coffs Harbour, where the
catchment is bounded by a steep escarpment along its western and north-westem sides to elevations over
400m. As a part of the model calibration for that study rainfall data from numerous rain gauges in the catchment
were analysed for the March/April 2009 flood event, and a marked rainfall gradient was observed between the
coastal part of the catchment and the middle and upper sections of the catchment. Rainfall depths recorded for
the 24 hours to 9am on 1 April 2009 ranged from 260 — 280mm in the coastal areas, up to 530mm at gauges in
the upper section of the catchment, with maximum estimated rainfall depths in this zone of up to 560mm (or
double the rainfall recorded in the coastal areas). Analysis of the November 1996 storm event observed rainfall
depths 2.5 times higher in the upper section compared to the coastal zone.

As a result of the rainfall analyses and model calibration in the Coffs Creek study, BMT WBM (2018) adopted
scaling factors of 1.2 to 1.6 for the design flood estimation in that study, whereby the design rainfall intensities
adopted for the coastal areas were increased by 1.2 to 1.6 times for application on the escarpment areas and
foothills of the catchment. The study cited that the previous Coffs Creek Flood Study (WMA, 2001) adopted
significantly higher scaling factors of up to 2.25, depending on the ground elevation of a particular location.

The topography for the MNorth Brother Mountain differs from Coffs Creek catchment, in that the Coffs Creek
catchment is an incised valley which would funnel wind flows up the valley, concentrating the rain clouds. The
same funnelling effect is unlikely to occur at the North Brother Mountain due to its shape as a peak protruding
from the surrounding coastal plain rather than a valley feature. To account for the orographic effects in the study
area and to provide a better calibration fit the catchment inflows from the North Brother Mountain and the rainfall
on the foothills of the mountain were increased by 20% (i.e. an orographic scaling factor of 1.2) based on the
recorded rainfall and design rainfall being derived for the coastal plains area. Accordingly, rainfall on the low
areas below the foot of the mountain was not adjusted from the recorded depths.

As per the selection of rainfall losses, other model parameters and assumptions were initially tested and
analysed in the calibration process but could not replicate the observed flooding depths and flow patterns, as
the model was generally less sensitive to these other parameters. Hence these preliminary runs informed the
scaling of rainfall for the model calibration. There was some uncertainty about the actual increased rainfall
depths and spatial distribution of the increases during the historic events since there were no rainfall gauges on
the North Brother Mountain, however, a uniform scaling factor of 1.2 appeared to provide the best fit to
observed flooding across the study area for the calibration events.

6.3.3 Blockage of Hydraulic Structures

Guidance on blockage of hydraulic structures was generally sought from Australian Rainfall and Runoff
Revision Project 11— Blockage of Hydraulic Structures Stage 2 (Engineers Australia, 2013).

Culverts were generally assumed to be 50% blocked for the model calibration events. There are photos and
observations during historic flood events of large gravel and rocks being washed down the watercourses and
deposited in drainage lines, and recurring blockage due to debris. Blockages at a few specific structures were
reduced or increased to provide a better calibration fit.

Assumed blockage of stormwater pit inlets are generally consistent with guidance in ARR 2016. The large
majority of pits in the study area were observed to be combination kerb inlet and grated pits. The assumed
blockages were:

. Sag pits: kerb inlet assumed clear and grate 100% blocked.
. On-grade pits: 90% of the combined kerb inlet and grate flow capacity (i.e. 10% blockage factor).

6.3.4 Blockages in Flow Diversion Drains

Several respondents reported and provided photographs of overgrown vegetation and fallen trees in adjacent
flow diversion drains at the foot of the mountain contributing to the drains overflowing and causing flooding of

Item 07
Attachment 2

Page 306



ATTACHMENT COAST, ESTUARY & FLOODPLAIN ADVISORY SUB-COMMITTEE
28/03/2019

Draft Flood Study Report JACOBS

properties and dwellings. Observations on site also indicated localised build-up of rock rubble and tree trunks in
the larger drains and watercourses. Blockages of these drains were represented in the model to replicate these
flooding patterns.

6.3.5 Tailwater Conditions

Recorded water level hydrographs for the receiving waterways were adopted as tailwater boundaries for the
calibration events.

6.4 Comparison to Observed Flooding

The community survey responses were reviewed for observations of flooding behaviour including dates of storm
events, depths of flooding, flow patterns and resulting damage to property. Photos and videos provided with the
responses or separately were also reviewed. Notes from Council on flooding problem spots were also
considered.

The modelled flood behaviour was compared to the residents’ observations and were generally found to be
consistent with the observations. Refer to Table D-1 in Appendix D for comparison of modelled flood behaviour
to the reported observations. Mapping of flood depths for the historic events is also shown in Appendix D.

The modelling generally produced reasonable matches to the observed flood behaviour along main flow paths
and ponding/storage areas. Areas affected by shallow sheet overland flows were more difficult to replicate
observations during previous storms, as such shallow flows are more sensitive to small-scale ground and built
features which could not be picked up in the topographic model on a catchment-wide scale. The main flow
paths and storage areas are the focus of the flood study as this is where flood risk and hazards are greatest.

There are some locations where a good match could not be achieved and this may be attributed to localised
factors which may have occurred such as blockages of drains and drainage infrastructure by debris and
sediment but which were omitted from the modelling if there were no specific reports of blockages. Information
was sought whether any maintenance or upgrade works were conducted on the flow diversion drains uphill of
the residential properties at the foot of the mountain which may have altered flow capacities and behaviour.
Drains could be cleared in recent times and reflected in survey of the drains, but could be blocked by debris and
vegetation at the time of historic flood events. However, Council and MNational Parks and Wildlife Service
(NPWS) stated they did not undertake works in recent years. Council advised that Crown Lands Department
may have had undertaken works but no specific information was available.

There is also some uncertainty in the exact rainfall which fell on the mountain catchments as the orographic
effects are likely to have caused localised and non-uniform enhancement of rainfall. While the rainfall data is
sourced from gauges which are in or relatively close to the study area, these are located relatively at lower
elevations in or to the east of the study area and may have varied from rainfall in the west of the study area or
on the mountain.

Overall, the TUFLOW model provides a reasonable agreement to the observed flood behaviour in the historic
events and is therefore considered to be suitable for the estimation of design flood behaviour in the study area.

6.5 Sensitivity Testing of Calibration Parameters

A number of scenarios were assessed for the April 2008 flood event to test the sensitivity of the model results to
changes in the adopted parameter values. The tested parameters included:

. Rainfall and flow Scaling

¢ Rainfall losses

. Blockage of hydraulic structures

. Surface hydraulic roughness
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The scenarios are described and the impacts summarised in Table 6-2. Flood levels and depths are relatively
sensitive in particular to the changes in rainfall scaling (both increase and decrease) with changes of +/- 0.2m,
and to blockages (both fully open and fully blocked) with changes of up to +/- 0.7m, mainly upstream and
downstream of culvert structures. The flood levels are also moderately sensitive to the assumed changes in
Manning’s n on the main flow paths, which are assumed to be of high roughness in forested areas, with
resulting changes in flood levels of +/- 0.15m. Flood levels are typically insensitive to changes in rainfall losses
(+/- 0.03m), although flooding in selected storage areas are more sensitive to the increased rainfall losses (-
0.28m) than to the decreased losses (+0.8m).
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7. Estimation of Design Floods

71 Adopted Model Parameters for Design Events
711 Design Rainfall

This flood study is based on Australian Rainfall and Runoff (ARR) 2016 design rainfalls and procedures. Each
design storm AEP and duration consists of an ensemble of 10 storm temporal pattems which define the timing
and intensity of rainfall throughout a given storm event. Each storm in the 10 temporal pattern ensemble has an
equal probability of occurring.

Design rainfall data was downloaded from the Bureau of Meteorology website, including ARR 2016 design
rainfall depths and temporal patterns relevant to the study area. The data was extracted for a representative

location in the study area (West Haven; 31 6375 S, 152.7875 E).

Design rainfall time series were derived for the Probable Maximum Precipitation (PMP) events, based on the
Generalised Short Duration Method (GSDM) in The Estimation of Probable Maximum Precipitation in Australia:
Generalised Short Duration Method (BOM, 2003).

The design rainfall depths for design events up to 0.5% AEP adopted in this study are summarised in Table 7-1.
The PMP depths for the events assessed with durations up to 1 hour are summarised in Table 7-2.

Table 7-1 Design Rainfall Depths for Selected Storms

all Depth (mm)
Storm

Duration
0.2EY 5% AEP 2% AEP 1% AEP 0.5% AEP*

15 minute 289 393 46.7 524 57.6
30 minute 40 551 65.9 745 82.0
1 hour 527 738 89.5 102 112.2
1.5 hour 614 86.6 106 122 134.2
2 hour 68.4 97 119 137 150.7
3 hour 801 114 140 161 177.1

* Initially estimated for sub-daily durations as 10% greater than the 1% AEP design rainfall depths, based on BOM data for
24 hour and longer durations. Sub-daily design rainfall depths for the 0.5% and other rare storms were released by BOM in
Movember 2018 which confirmed this assumption. The design rainfall depths in the above table were retained.
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Table 7-2 Probable Maximum Precipitation Event Rainfall Depths

Rainfall Depth (mm)

15 minute 190
30 minute 280
45 minute 350

1 hour 440

71.2 Rainfall Losses
An initial and continuing loss model was utilised in the RAFTS module which represents rainfall losses during
storm events such as depression storage and soil infiltration. The adopted loss values are summarised for the

design event runs.

Table 7-3 Adopted Rainfall Losses

- Up to 1% AEP event PMF event

Pervious areas Initial Loss: 15mm Initial Loss: Omm
Continuing Loss: 2. 5mm/hr* Continuing Loss: 1mm/hr

Impervious areas Initial Loss: 1Tmm Initial Loss: Omm
Continuing Loss: Omm/hr Continuing Loss: Omm/hr

* Pervious area continuing loss estimated during model calibration and verification.

ARR 2016 recommendations for rainfall losses are also based on an initial loss/continuing loss model, with
storm loss depths (pre-burst + burst losses) prescribed by the ARR Datahub for the study area as:

. Storm initial loss: 37mm, with median pre-burst loss of Omm fora 1% AEP 1 hour storm. Therefore, burst
loss = 37mm. Rainfall losses are not provided in DataHub for sub-hourly storm durations.

. Continuing loss: 5.5mm/hr.

The above rainfall losses are applicable to pervious areas in rural catchments. DataHub states that these are
not for use in urban areas.

The initial loss values from DataHub need to be treated with caution, with consideration of the limitations of the
data. The ARR 2016 losses are derived from analysis of main river catchment streamflow data, with different
rainfall-runoff characteristics to local overland flow catchments such as around MNorth Brother. The high initial
loss depth of 37mm (burst only) appears exceedingly high compared to values previously used for pervious
areas in similar overland flow studies (typically up to 15mm). Itis not expected that in a storm event in this study
area, a pervious area would only begin to generate runoff after the first 37mm of rainfall, particularly for the
short-duration storm events being considered for the local overland flow areas. For these reasons the ARR
2016 initial losses are not considered appropriate for this study, and a more conservative initial loss of 15mm is
adopted for pervious areas for the design flood estimation.

Similarly, the continuing loss of 5.5mm/hr from DataHub was considered relatively high for the study area. While
there are likely to be areas on the mountain with highly permeable soils, the infilirated water re-emerges as
spring flows in certain locations, and hence the infiltrated water is not lost to deep groundwater and may
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contribute to flood flows. The adopted continuing loss of 2. 5mm/hr, estimated during the model calibration and
verification, attempts to strike a balance between the potentially high infiltration rates and re-emergence of
spring flows.

713 Orographic Rain Scaling

As per the model calibration and vernification, an orographic rain scaling factor of 1.2 was applied to areas on the
MNorth Brother mountainside, refer to Figure 5-1.

7.1.4 Blockage of Hydraulic Structures

Similar to the model verification (refer Section 6.3.3), guidance on blockage of hydraulic structures was
generally sought from Australian Rainfall and Runoff Revision Project 11— Blockage of Hydraulic Structures
Stage 2 (Engineers Australia, 2013). Blockages of stormwater pits and culvert inlets were assumed as per
below:

. Sag pits: kerb inlet assumed clear and grate 100% blocked.
. On-grade pits: 90% of the combined kerb inlet and grate flow capacity (i.e. 10% blockage factor).

. Culverts were generally assumed to be 50% blocked for design event runs.
7.1.5 Blockages in Flow Diversion Drains

Blockage condition of flow diversion drains due to unmanaged vegetation, based on resident reports and site
observations and adopted in the model verification, was retained for the design runs.

7.1.6 Tailwater Conditions
Selection of tailwater conditions was based on the OEH guidance in “Modelling the Interaction of Catchment
Flooding and Oceanic Inundation in Coastal Waterways” (OEH, 2015). Recommended combinations of flooding

and tailwater is summarised below in Table 7-4 (excerpt from the document).

Table 7-4 Combinations of Catchment Flooding and Oceanic Inundation Scenarios

Design AEP for | Catchment | Ocean Water Level Comment/
peak Flood Boundary Reference
levels/velocities Scenario Scenario
50% AEP 50% AEP HHWS(SS8) Dynamic hydrograph can be taken from Appendix C
20% 20% AEP HHWS(SS) with peak flood to coincide with HHWS(SS) highest
peak for highest water levels
9% W% AEP HHWS(SS) Peak HHWS(SS) 1.25m AHD
5% 5% AEP HHWS(SS)
2% 2% AEP 5% AEP Dynamic ocean water level boundary hydrograph
Appendices A or B for relevant waterway type
1% Envelope level 5% AEP 1% AEP Envelope provides 1% AEP design flood estimate
1% Envelope level 1% AEP 5% AEP Dynamic ocean water level boundary hydrograph
Appendices A or B for relevant waterway type
1% Envelope velocity 1% AEP ISLW Dynamic hydrograph can be taken from Appendix C
with peak flood to coincide with ISLW lowest trough
for peak velocities in entrance.
Fixed ISLW approx. -0.95m AHD
0.5% 0.5% AEP 1% AEP Dynamic ocean water level boundary hydrograph
0.2% 0.2% AEP 1% AEP Appendices A or B for relevant waterway type
PMF PMF 1% AEP
1% Catchment 1% HHWS(SS) Suggested envelopes for analysis of catchment
PMF Catchment PMF HHWS(SS) fiooding only

Note: Individual projects ane likely to specify the use of only a select number of AEPs outlined in the table.

In the design flood estimation for North Brother overland flooding, local catchment flood events were coincided
with elevated ocean water level, rather than a coinciding river flood event. There is considered to be a higher
probability that the local catchment storm would coincide with a storm surge event. Local catchment flooding
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occurred sometime (0.5-2 days) before the river flooding occurred or peaked during the flood events of 2008
and 2013. Hence, peak river flood levels as coinciding tailwater conditions is considered overly conservative.

The adopted tailwater levels for the local catchment flood modelling are summarised in Table 7-5. Given the
short duration of the local catchment flood events, a constant tailwater level was assumed.

Table 7-5 Adopted tailwater levels for North Brother local catchment flooding

Design Flood North Brother Local Tailwater Condition Comment
Catchment Flood (Ocean Water Level)
Event
0.2EY 0.2EY HHWS(SS)" 1.25m HHWS in the river/lakes system
AHD is 0.2 —0.6m AHD (ref: MHL,
5% AEP 5% AEP HHWS(SS) 1.25m 2012).
AHD

2% AEP 2% AEP Estuary Type B entrance.

1% AEP (local flood)' | 1% AEP 5% AEP: 2m AHD River 5% AEP flood level is
higher than adopted TWL?Z, at
2.3—-24m AHD.

1% AEP (storm 5% AEP 1% AEP: 2.1m AHD Estuary Type B entrance.

surge)' River 1% AEP flood level is

0.5% AEP 0.5% AEP 1% AEP: 2 1m AHD | Significantly higher than
adopted TWL2, at 2.9 — 3m

PMF PMF 1% AEP: 2.1m AHD

AHD ref: Worley Parsons,
2013).

1% AEP Climate
Change Scenario

1% AEP + 0.9m sea
level rise: 3.0m AHD

1. Maximum envelope derived from 1% AEP local catchment flood and storm surge scenarios to define 1% AEP design
flood.

2. HHWS(SS) = High High Water Spring (Summer Solstice) i.e. “*king” tides. TWL = Tailwater Level.

1% AEP (+10%
increase in rainfall)

7.2 Simulated Design Events

The storm events modelled include the 0.2 Exceedances per Year (‘EY”), 5%, 2%, 1% and 0.5% AEP and PMF
events for current climate conditions. The storm durations that were initially assessed include the 15 and 30
minute and 1, 1.5, 2 and 3 hour durations for up to the 0.5% AEP events. The critical durations (those that gave
the maximum flood levels) varied for the different AEPs.

The 15, 30 and 45 minute and 1 hour durations were modelled for the PMF event. The critical duration for the
PMF varies throughout the catchment.

A climate change flood scenario was also assessed, consisting of the existing 1% AEP storm plus a 10%
increase in rainfall intensity, combined with a 1% AEP ocean level with a 0.9m sea level rise.
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8. Design Flood Results

8.1 Final Model Runs and Processing of Results

ARR 2016 guidelines stipulate that for each ensemble of 10 storm temporal patterns it is the storm producing
the just above the median flow or flood level which should be considered as the “representative” storm temporal
pattern. The flood study modelling is based in part on direct rainfall hydrology, hence the selection of a median
flood level from the TUFLOW results is appropriate. The TUFLOW model resulis for up to the 0.5% AEP were
processed in the following manner:

1) Review the preliminary model results to identify the critical storm durations and representative temporal
patterns for each AEP. That is, for each 10 storm ensemble identify the storm just-above median and the
durations which give the maximum flood level. The representative storms are summarised in Table 8-1.

2) Undertake final model runs for the selected representative storms.

3) Foreach storm AEP, the maximum envelope of the flood level from each representative storm is derived to
define the design flood level surface.

4) Steps 3 repeated for the flood depth, velocity and flood hazard results, and other parameters.
The PMF was run for the 15, 30 and 45 minute and 1 hour durations. Only one storm temporal pattern was

applied to each PMF duration, hence only a maximum envelope of the results from each duration was derived
to define the design PMF flood surface.

Table 8-1 Selected ARR 2016 Representative Storms for Design Flood Definition

AEP Representative Storms

0.2EY 30min (TP10), 1hr (TP8), 2hr (TP10)
5% 1hr (TP10), 2hr (TP8), 3hr (TP4)

2% 30min (TP5), 1hr (TP6), 2hr (TP8)
1% 30min (TP5), 2hr (TP6)

Also 5% AEP 3hr (TP4) for coincident ocean inundation flood event.
Refer Table 7-5 for adopted coincident flood scenarios.

1% Climate Change Adopt same as 1% AEP
0.5% Adopt same as 1% AEP

PMF All storms selected

8.2 Flood Mapping

Design flood mapping is presented in Appendix E for flood depths/extent and velocities. The flood mapping
filters out areas with flood depths less than 0.05m (50mm) to exclude areas of shallow sheet flow.

8.3 Description of Flooding Conditions
8.3.1 Flood Depth
Overland flow depths on properties are typically up to 0.3m in up to the 1% AEP event. Depths exceed 0.5m in

a number of locations in the 0.2EY event, and exceed 1m in the 5% and 1% AEP events. Areas of deeper flows
include main flow paths and drainage low points in a number of roads.
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During the PMF event, property and road flooding exceeding 0.5m depth is widespread, with property and road
flooding of 1m depth also common. Depths of flooding exceeding 2m occur on approximately 20 properties in
the study area.

The flood depth mapping shows relatively high depths of ponding on the upstream sides of many buildings. In
most cases this is due to the model terrain not allowing free drainage of water around the buildings. In real life
the ground surface around buildings is usually graded to allow water to drain off and not form trapped points.
There may also be property stormwater drainage present which is not included in the model. Some care
therefore needs to be taken in the review of the flood depth mapping.

8.3.2 Flow Velocity

Flow velocities are swift in a number of overland flow paths through properties and particularly in roads. Typical
flow velocities are 0.5 — 1m/s in the 0.2EY event, and 1 — 1.5m/s in the 1% AEP event. High flow velocities of 2
— 3m/s occur in a number of locations including roads and properties. These flows are likely to be highly
hazardous to people and risk significant damage to buildings and property.

Flow velocities of 3 — 4m/s are commonplace in the PMF, with some locations experiencing velocities over
4m/s.

8.3.3 Duration of Flooding

Overland flooding in the study area is generally a result of intense short-duration rainfall events. As a result, the
duration of inundation of roads and built areas is typically short, limited to 1 — 2 hours in up to the 0.5% AEP
event. Storage areas such as road sag points in Sirius Drive and Lilli Pilli Close in Lakewood may be inundated
for longer durations of up to 3hrs due to constrained capacity of stormwater drainage servicing these areas.

Durations of inundation are likely to be up to 4 hours in the PMF event particularly in some flood storage
locations, affecting roads including Botanic Drive and Ocean Drive west of Lakewood shopping centre.

MNote that the duration of flooding for depths greater than 0.3m, at which stage floodwaters become impassable
for most passenger vehicles, is generally limited to approximately 1 hour duration in most roads.

A river flooding event may occur shortly after overland flooding in the study area, in which case the lower-lying
areas of the study area may experience more extensive durations of flooding. River flooding was not assessed
in this study.

8.3.4 Climate Change Impacts

The change in flood levels in the 1% AEP event due to climate change are presented on Figure E-15 in
Appendix E. Most areas affected by overland flow experience flood level increases of up to 0.1m due to
increased rainfall and reduced drainage capacity from higher tailwater levels caused by sea level rise. Locations
along the river and lakes would be impacted by 0.9m increases in flood levels directly due to sea level rise,
while adjacent areas would be impacted typically by up to 0.5m increases in flood level.

MNote that these impacts are estimated based on the overland flooding assessment of Morth Brother. Increases
in flood levels due to climate change effects on riverine flooding may be different, refer to the Camden Haven
River and Lakes Flood Study (Worley Parsons, 2013).

8.4 Summary of Flood Levels and Flow Conditions

Table F-1 in Appendix F summarises the peak flood levels and flow velocities at locations throughout the study
area. Table F-2 in Appendix F summarises the peak flow rates for selected locations in the study area.
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8.5 Provisional Flood Hazard Mapping

Flood hazard mapping was prepared for the 1% AEP event for cumrent climate conditions and for the 1% AEP
event under the adopted climate change scenario (increased rainfall intensity by 10% and with 0.9m sea level
rise). Recent research has been undertaken into the hazard that flooding poses and the vulnerability of the public
and assets when interacting with floodwaters. A combined flood hazard classification is presented in Australian
Disaster Resilience Handbook 7. Managing the Floodplain: A Guide to Best Practice in Flood Risk Management
in Australia (AIDR, 2017a) and Guideline 7-3 Flood Hazard (AIDR, 2017b) based on this research, and is
illustrated in Figure 8-1. The flood hazard categories according to the AIDR definition are:

. H1 — Generally safe for people, vehicles and buildings;

. H2 — Unsafe for small vehicles;

. H3 - Unsafe for vehicles, children and the elderly;

. H4 - Unsafe for people and vehicles;

. H5 - Unsafe for people and vehicles. Buildings require special engineering design and construction; and
. H6 — Unsafe for people or vehicles. All buildings types considered vulnerable to failure.

The flood hazard classification is more discrete and provides guidance on flood hazard thresholds to different
members of the community (e.g. children and elderly) and different assets (small versus larger vehicles, standard
versus specialised engineered buildings). The AIDR flood hazard definition potentially provides a mare suitable
guideline for assessing flood hazard on the floodplain from an emergency management perspective.

The flood hazard mapping is provided in Appendix G and is denoted provisional. The provisional mapping is
based on direct flood modelling outputs and was not updated to reflect the “true” flood hazard to take into
consideration evacuation, isolation and other emergency management aspects. There are numerous areas of
high flood hazard (>H5) typically reflect the swift overland flows in watercourses and flow paths including
roadways.

Figure 8-1 General flood hazard vulnerability curves, Australian Institute for Disaster Resilience (AIDR) definition. Reproduced
from Figure 6 in Guideline 7-3: Flood Hazard (AIDR, 2017b)
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8.6 Provisional Hydraulic Categories Mapping

Three flood hydraulic categories identified in the Floodplain Development Manual (NSW Government, 2005).
These are also defined in Council’s Flood Policy (2015):

. Floodway, where significant discharge of water occurs during floods and blockage could cause redirection
of flows. Generally characterised by relatively high flow rates; depths and velocities;

. Flood storage, characterised by relatively deep areas of floodwater and low flow velocities. Floodplain filling
of these areas can cause adverse impacts to flood levels in adjacent areas; and

. Flood fringe, areas of the floodplain characterised by shallow flows at low velocity.

There is no firm guidance on hydraulic parameter values for defining these hydraulic categories, and
appropriate parameter values may differ from catchment to catchment. For example, the minimum threshold
flows and depths which might define a floodway in an overland flow catchment may be markedly lower than
those for a large lowland river due to the different scale of flooding. The category definition adopted in the
Hastings River Flood Study (PBP, 2006) and Hastings River Floodplain Risk Management Study (Worley
Parsons, 2012) was initially considered for this study. For the Hastings River the floodways were defined as
areas in the 1% AEP flood with flows greater than 2m, velocities greater than 0.5m/s and velocity x depth
greater than 1m2/s. This does not agree with the flooding conditions in the Morth Brother study area, where 1%
AEP flows are generally less than 1.5m deep. Hence, an altemative hydraulic category system is required.

Howells et. al. (2003) suggest that consideration of flow depths, velocities and velocity x depth of flood flows
can be used to help define the hydraulic category areas. Various combinations of flow, depth and velocity were
trialled for appropriate threshold values for the hydraulic categories. For the purposes of this study, the hydraulic
categories were defined as per the cnteria in Table 8-2, which were selected following trials of different criteria
values and categorisation methods. These cntena are consistent with those adopted by a number of other
councils in NSW for overland flooding.

Table 8-2 Hydraulic Categories Criteria

Hydraulic

Category

Floodway Area within the flood extent where:
e Velocity x Depth > 0.3m3/s AND
+ Velocity > 0.5m/s AND
« Depth>0.15m.

Flood Storage Remaining area within 1% AEP flood extent where Depth > 0.15m

Flood Fringe Remaining area in the floodplain (i.e. area within PMF extent) outside the Floodway
and Flood Storage areas.

The provisional hydraulic categones mapping is presented in Appendix G for both the 1% AEP design flood for
current climate, and for the 1% AEP event with climate change. The mapping is treated as provisional and may
need to be considered in further detail to ensure a continuous floodway strip (where appropriate) and to
remove/reclassify isolated areas which currently meet the floodway criteria to either flood storage or flood fringe
categories. This would be achieved by manual inspection and adjustment of the mapped floodway areas.

Floodway areas are generally located within the natural watercourses and flow paths, although there are a
number of roads which contain floodways throughout the study area. Floodways pass through properties on
Black Swan Terrace, Koonwarra Street, Pelican Court, Elouera Place, Flinders Drive, St Joseph's School,
Peach Grove, Gow Place, Kew Road and in Laurieton between Quarry Place and Bold Street, among others.
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8.8 Flooding Hot Spots

This study confirms flooding issues at the locations identified by Council and listed in Section 2.3. It also
identifies a number of additional locations where there is elevated potential for flooding to cause a hazard to
people, damage to properties and disruption to transportation routes. These are described in Table 8-3. Critical
areas with consideration of high flood depths, velocities or hazard are highlighted with orange cell or text
shading.
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Table 8-3 Description of Flooding Hot Spots. Critical locations are highlighted orange

_

Property flooding

Black Swan Terrace, West Haven

Ringtail Cl, Lakewood

Lilli Pilli Cl, Lakewood

Mission Terrace, Lakewood

Kirmington Terrace to Pelican Court, West
Haven

Flinders Dr Estate, Laurieton

Bold Street area, Laurieton

Quarry Way, Laurieton

Flow depths on properties of up to 0.5m in the 0.2EY event
and up to 0.7m in the 1% AEP event. Swift flows of 2m/s.
Flood hazard up to H5 rating in the 1% AEP event.

Overflows from open channel onto properties with flooding in
backyards to depths 0.2 —0.3m in the 1% AEP event.
Relatively low flooding impact.

Flooding in backyards to depths of 0.3 — 0.5m in the 1% AEP
event from open drain overflows. Flooding in cul-de-sac to
depths up to 0.8m.

Also significant flooding of car park around Lakewood
shopping centre.

Overflows with depths of 0.1 — 0.3m in the 1% AEP event from
cul-de-sac onto downhill property. Overflows from the overland
flow path on to uphill side properties with depths up to 0.2m

Flows through properties on low side of Koonwarra Street of
0.3m in the 0.2EY event and exceeding 0.5m in the 1% AEP
event. Velocities up to 2m/s in the 1% AEP. Flood hazard up to
H4 (some localised H5) rating in the 1% AEP.

Flow depths 0.5m in the 0.2EY event and up to 0.8m in the 1%
AEP event on Captain Cook Bicentennial Drive villas and
Ocean Drive property, at dwellings. Flood hazard up to H4
rating in the 1% AEP event.

Flood depths of 0.6 — 0.8m in the 0.2EY event within Pelican
Court roadway and pedestrian walkway. Depths up to 0.6m at
dwellings in 1% AEP event. Flood hazard up to H4 rating on
properties and HS in roadway in the 1% AEP event.

Groundwater springs occur inthis area but are not directly
related to the surface water flood risk. These springs appear to
be a spatially random occurrence.

Overflows from drainage easement swale onto properties with
depths to 0.3m in the 0.2EY event and 0.5m in the 1% AEP
event.

Overflows from Reliance Crescent sag point onto properties to
depths of 0.2m in the 0.2EY event and 0. 4m in the 1% AEP
event.

Significant flows through Laurieton Hotel with H4 hazard rating.

Trapped drainage point on western side of commercial
properties with significant depths, though local drainage may
be present which would mitigate the flood depths.

Overflows down fire trail at Norman Street/ Mill Street affecting
properties with depths up to 0.3m in the 1% AEP.

Overflows onto units on Harbourside Crescent from trunk
drainage channel to depths exceeding 0.5m in the 1% AEP
event, with H5 hazard rating.

Overflows from flow diversion drain to depths of 0_5m in the

1% AEP event on properties. The drain is reported to be
affected by significant debris blockage.

Item 07
Attachment 2

Page 320



ATTACHMENT

Draft Flood Study Report

Lake Street, Laurieton

St Joseph's School, Laurieton.

Properties adjacent to Stingray Creek and
Camden Haven River, Laurieton

Blackbutt Crescent and Peach Grove,
Laurieton

Elouera Place, West Haven

Sirius Drive, Honeysuckle Avenue and
Mahogany Close, Lakewood

Sirius Drive and Oak Close, Lakewood
Sandpiper Close

Properties on lower side of Ocean Drive, 200m
east of Hoschke Road, West Haven

Roads

Ocean Drive west of Lakewood shopping
centre

Botanic Drive, Lakewood

Lilli Pilli Close, Lakewood

Ocean Drive east of Lakewood shopping
centre

Sirius Drive, Honeysuckle Avenue and
Mahogany Close, Lakewood

Ocean Drive between Fairwinds Avenue and
Mission Terrace

Ocean Drive and Mission Terrace intersection

| Ocean Drive near Waterview Crescent
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Flood depths up to 1m in the 1% AEP event affecting dwelling
corner Lake Street and Seymour Street, unsure if above floor
flooding. To be confirmed.

Overflows from Lake Street onto properties between Ocean
Drive and Castle Street to depths of 0.3m in the 1% AEP.

Swift flows in overland flow paths to depths of 0.8m and
velocities exceeding 2m/s in the 1% AEP event.

Flows between buildings are 0.4m in the 0.2EY event and
0.6m in the 1% AEP event, with velocities up to 2m/s. Flood
hazard rating of H4 in pedestrian walkways and H5 in overland
flow paths in the 1% AEP event.

MNumerous properties on low-lying land at risk of oceanic
inundation during storm surge events. Estimated depths on the
flood mapping expected to be conservative due to likely
attenuation of ocean inflows through the river mouth.

Overflows from flow diversion drain to depths of 0_5m in the
1% AEP event on properties. The drain form and capacity
significantly reduces near its discharge point onto Peach
Grove at Tunis Street. Flows into the drain originate from
natural watercourse further uphill, which is significantly
affected by rubble and debris blockage.

Overflows from watercourse and diversion drain. Depths over
0.3m in the 0.2EY eventand 0.5m in the 1% AEP event.

Flood depths on properties 0.3 — 0.5m in the 1% AEP event,
built up from road ponding areas.

Depths 0.3 — 0.4m and velocities 1m/s in the 1% AEP event.

Overflows from concrete channel along Ocean Drive. Depths
0.3 — 0.4m and velocities 1m/s in the 1% AEP event.

Road low point overflows onto properties with depths of 0.5m
and velocities of 1m/s in the 1% AEP event.

5% AEP event flood depths of 0.4m
1% AEP event flood depths of 0.5m, H3 hazard rating

_ 1% AEP event flood depths of 0.4m, H2 hazard rating

5% AEP event flood depths of 0.6m
1% AEP event flood depths of 0.7m, H3 hazard rating

5% AEP event flood depths of 0.3m

1% AEP event flood depths of 0.35m, =H4 hazard rating
0.2EY event flood depths of 0.6 — 0.7m

1% AEP flood depths 1m, H3 hazard rating

0.2EY events flood depths of 0.5m

1% AEP event flood depths of 0.7m, =H4 hazard rating
0.2EY event flood depths of 0.4m

1% AEP event flood depths of 0.6m, H3 hazard rating
5% AEP eventflood depths of 0.2 — 0.3m
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Ocean Drive near Pelican Court

Pelican Court, West Haven

Waterview Crescent, Kirmington Terrace and
Koonwarra Drive, West Haven
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1% AEP event flood depths of 0.3m, low hazard rating but long
section of flooding

5% AEP event flood depths of 0.3m

1% AEP event flood depths of 0.4m, H3 hazard rating
0.2EY event flood depths 0.6m

1% AEP event flood depths of 1m, H5 hazard rating

0.2EY event flood depths of 0.2m with 2m/s velocity; max 0.6m
depths (low velocity)

1% AEP event flood depths up to 0.7m, H5 — H6 hazard rating

Ocean Drive east of Hoshcke Road 0.2EYevent flood depths of 0.4m

1% AEP event flood depths of 0.5m, H3 hazard rating

Ocean Drive east of Flinders Drive 5% AEP event flood depths of 0.3m

1% AEP event flood depths of 0.4m, H3 hazard rating

Kew Road/Bold Street near Tunis Street,
Laurieton

Bold Street between Laurie Street and Mill
Street

1% AEP event flood depths of 0.5m, H2 hazard rating

0.2EY event flood depths over 0.5m
1% AEP event flood depths 0.6 — 0.8m, H5 hazard rating

Bold Street north of Hanley Street, Laurieton 0.2EYevent flood depths of 0.3m with 1m/s velocity

1% AEP event flood depths up to 0.5m, H3 hazard rating

Lord Street at Seymour Street, Laurieton 0.2EY event flood depths of 0.5m

1% AEP event flood depths up to 0.7m, H3 hazard rating

Flinders Drive, Laurieton H5 hazard rating on steep sections of road (1% AEP event)

Tunis Street, Laurieton

Rosewood Court and Mission Terrace,
Lakewood

Diamentina Way, Lakewood

8.9 Groundwater Springs in the Study Area

There are a number of reports of groundwater springs occurring in the study area, with infiltrated rainwater
discharging to the surface and in some cases causing damage to property. These appear to be spatially random
and due to the particular soil structure on the North Brother Mountain, where accumulated groundwater causes
piping through the soil and then eventually washing out the soil to form a discharge point at the ground surface.
Similarly, there are loc