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1) Why model the coast and estuaries

2) Types of coastal modelling

3) The emerging field of Nature Based Resilience
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Why use coastal models

Coastal extremes studies - waves, storm surges, cyclones

Coastal processes — tides, currents, water levels

)
)
3) Sediment processes — sand estuarine dynamics, muddy coastlines,
) Coastal designs and engineering

)

Nature based optioneering




Types of coastal modelling

Wave models

. Phase (wave) averaging — spectral wave models like SWAN, MIKE SW
. Wave group resolving - XBeach

. Phase (wave) resolving — Xbeach, Mike Boussinesq wave, CFD

. Overtopping — Neural Network, Xbeach, CFD

Coastal processes and hydrodynamics
. Tuflow FV, Tuflow, Delft3D, Telemac, Mike 21

Sediment transport
*  Tuflow FV, Delft3D, Xbeach, Mike 21, Telemac

Coastal Evolution
*  UNIBEST, LITPACK, GENESIS, Xbeach

Beach erosion Key
«  Xbeach, SBeach Commercial
Free(ish)

——
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Types of coastal modelling

Wave models

 Phase (wave) averaging — spectral wave models like SWAN, MIKE SW
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Types of coastal modelling

Wave models

 Phase (wave) averaging — spectral wave models like SWAN,

[ CaUsers\fayludord\Documents:\SWAN_example\Structured_mesh\coarse_c.swn - Notepad + + [Administrator] o [@ &
File Edit Sesrch View Encoding Language ~Settings Macro Run  Plugins Window 2
cHHE s S kM2 |in B2 S 1EIBL @EDE
5 coxse_cown 03|
1 Project 'Mounts Bay' '001'
2 SET level 2.9
3 SET NAUT
4  COORDINATES CART
5 CGRID REG 136640 -1540 0 33150 33450 442 446 CIR 24 0.04 1 29
6 INP BOT REG 136640 -1540 0 442 446 75 75
7 READ BOT 1 'C:\Cornwall\Coarse Mesh Corr_swn.txt' 1 FREE
. iy 8 WIND 22.18 180
Defines boundary conditions [ & sere

10 BOUND SHAPESPEC JONSWAP PEAK POW

Computations based on energy balance equations Defines SWAN paramatres By 5 s o e
Requires little understanding! Models are text-based, I T e i

8 TABLE 'DEF_TOES' IND 'toes_data co.txt' HSIGN HSWELL DIR PDIR RTP

Typically used for medium to large scale assessments Deles ieprojeet detals

Defines the grid/bathy
They calculate the overall wave energy

9 NGRID 'Nest' 146100 26800 0 6000 4800 €00 480

and can be as little as 20 lines. Orders SWAN to run o e e e e e

22 STOP

length : 842 lines:23 Ln:18 Col:24 Sel:0|0 UNDX UTF-8 w/o BOM INS

——



JBA

group

and engineers

Types of coastal modelling

Wave models

 Phase (wave) averaging — spectral wave models like SWAN,

7258 —
P D kM| D e|mig| 2zl
. . . = coarse_c.own B3
Defines the project details Project ‘Mounts Bay' ‘001"
2 SET level 2.9
7257 SET NAUT
B . . 4 COORDINATES CART
Deflnes the grld/bathy CGRID REG 136640 -1540 0 33150 33450 442 446 CIR 24 0.04 1 29

INP BOT REG 136640 -1540 0 442 446 75 75
READ BOT 1 'C:\Cornwall\Coarse_Mesh Corr_swn.txt' 1 FREE
. igs WIND 22.18 180
Defines boundary conditions seTue
BOUND SHAPESPEC JONSWAP PEAK POW
BOUNDSPEC SEGMENT 136640 21710 136640 -1540 169790 -1540 169790 11
GEN3 JANSSEN AGROW

7256

Defines SWAN paramatres 13 FRIC JONSWAP CON
o - 14 TRI
POINTS 'WAVEBUOY' 149665.763 29688.834
7255 TABLE 'WAVEBUOY' IND 'buoy_data_co.txt' HSIGN HSWELL DIR PDIR RTP
POINTS 'DEF_TOES' FILE 'C:\Cornwall\Toe_ Levels6.txt'
T 18 TABLE 'DEF_TOES' IND 'toes_data co.txt' HSIGN HSWELL DIR PDIR RTP
’é" 1 NGRID 'Nest' 146100 26800 0 6000 4800 600 480
x 2 NESTOUT 'Nest' 'output_nest.txt'
£ 5
= Orders SWAN to run compuTE
.6 STOP
[=
3 7254
o
o
Q « m »
>
length : 842 lines: 23 Ln:18 Col:24 Sel:0]0 UNDX UTF-8 w/o BOM INS

7253

7252

7251

Project: Bargara SEMP

o &

aeu s Euf, Dighad3) { s, CMES
444 445 446 447 448 449 450 451 452
coordinate (km) —

b3
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Types of coastal modelling

Wave models

Wave group resolving - XBeach

Typically used for small to medium scale assessments
They calculate wave groups (sets of waves) propagating.
Computations based on wave action (energy) equations

Requires fairly detailed understanding, however the models are fairly stable

—



JBA
group
and engineer:

Types of coastal modelling

Wave models
Project: Burdekin Dune
Wave group resolving - XBeach Management Plan
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Types of coastal modelling

Wave models :
Project: Maroochy

Wave group resolving - XBeach Groynes Renewal
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Types of coastal modelling

Wave models

 Phase (wave) resolving — Xbeach, Mike Boussinesq wave, CFD

Typically used for small scale assessments
They calculate individual waves propagating.
Computations based on conservation of mass and momentum

Time consuming, traditionally prone to crashes and instabilities

—
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Types of coastal modelling

Wave models _ .
Project: River Carron

* Phase (wave) resolving — Xbeach, Mike Boussinesq wave, CFD Wave Propagation Study

.....



Types of coastal modelling

Wave models

 Phase (wave) resolving — Xbeach, Mike Boussinesq
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Types of coastal modelling

Wave models

e  Overtopping — Neural Network, Xbeach, CFD

Typically calculates the average volume of overtopping during a storm
Neural Network uses the results of laboratory results
Empirically based, inherently stable

Detailed modelling can estimate individual waves, however they are not commonly validated

—



Types of coastal modelling

Project: Rhyl Coastal Defence

Upgrade (north Wales)
After construction
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Types of coastal modelling

Wave models

e  Overtopping — Neural Network, Xbeach, CFD

/ / / References EurOtop - Neural Network for overtopping volume
ES tlm a tes are gl Ven b ased On a da taset Of aCtual phySIcaI m O del The following 22 parameters are updated into The neural network
. ; 5 Loy’ 4 to find the overtopping volume, q (litre/sec/linear m).
tests WhICh are /In ked to 22 Input param eters to flt the deSIgn The deﬂnitionsofz:cfparamet:r{explained as bE|O\L.
o Numbering
case to data from over 13,000 wave overtopping tests )
Foreshore slope, cot m 2 50.0
Water depth at toe, h (m) 3 17
Significant wave height at toe, Hmo (m) 4 2.2
Spectral wave period, Tmm10 (s} 5 10.9
Wave obliquity, B (degs) 6 0.0
Toe submergence, ht (m) 7 0.5
Width of toe berm, Bt (m) 8 3.5
Berm submergence, Hb (m) 9 17
Width of central berm, B (m) 10 0.0
cot(alpha) below the central berm 11 1.5
cot(alpha) above the central berm 12 1.5
Roughness downslope 13 0.55
Roughness upslope 14 0.55
structure elements size along cot(alpha,d), D_down (m) 15 1.2
structure elements size along cot(alpha,u), D_up (m} 16 1.2
EurOtop, (2016). Armour crest level above water, Ac (m) 17 " 10
Meural Network Wave return wall crest level about water, Rc (m) 13 1.0
for the design of ||Armour crest width, Gc (m) 13 3.3
coastal and Logical flag to get the prediction of Kr 20 0.0
harbour ; -
structures. Logical flag to get the prediction of Kt 21 0.0
http://overtoppi || Logical flag to get the prediction of q 22 1.0
ng.ing.unibo.it/o
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Types of coastal modelling

Coastal processes and hydrodynamics
e Tuflow FV, Delft3D, Telemac, Mike 21

Can estimate tides, water levels, currents, cyclones and wave conditions.
Couples hydrodynamic simulations (tides, currents) and spectral wave modelling

...(also morphology models for sediment transport and bed morphology)

Waves ' Initial Bathymetry and
. g Boundary Conditions
Tides _— T

Bathymet Wave, Tide and Flow
ymony Hydrodynamic Calculation
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Types of coastal modelling

TUFLOW
Project: Midge Point
Coastal processes and hydrodynamics Coastal Protection
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Types of coastal modelling

TUFLOW
Coastal processes and hydrodynamics Project Douglas Shire-Wide

 Delft3D, Tuflow, Telemac, Mike 21 coastal storm surge mapping




Types of coastal modelling

Coastal processes and hydrodynamics

South China Sea

uuuuu

DELFT3D
Project: Hong Kong

Storm Surge Analysis




Types of coastal modelling

Sediment transport
 Tuflow FV, Delft3D, Xbeach, Mike 21, Telemac

Hydrodynamic modelling:
Estuarine tides, currents,
™ shear stress

=)

Longshore sediment
transport modelling:
Build-up at structures

Longshore sediment
transport modelling:
Incoming sand

Cross-shore sediment Hydrodynamic

transport modelling: modelling:
Beach erosion Tidal conditions
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Types of coastal modelling

Sediment transport
 Tuflow FV, Delft3D, Xbeach, Mike 21, Telemac

In addition to your hydrodynamic model you need to have:

 Sediment information (sand or cohesive sediment can be modelled)

* Turbidity information helps define suspended solids and bedloads

—
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Types of coastal modelling

: Project: Sovereign Island Dredge
Sediment transport Management — Options testing

 Tuflow FV, Delft3D, Xbeach, Mike 21, Telemac

6317 500

2
More deposition in ( .
the channel
\ Less scour
1
#
1 More scour s [
=
£ E317,000 1o
=
s
=
2 =
= . ~| Less deposition 05

.* .
-1
)/A LT )
616,700
4

39,000 f39 SDD 540,000
¥ coordinate (km) —




JBA JBA JBA
group scientists consulting risk
and engineers management

Simple models can also be setup using the Delft Dashboard —
including fast model builder, global tidal database, global

 Tuflow FV, Delft3D, Xbeach, Mike 21, Telemac  bathymetric information

Types of coastal modelling

Sediment transport

Depth averaged velocity
05-Jan-2016 00:00:00

5821

582+

-y
4o~ JEDE

o
@
=
@

y coordinate (m) —s

5816

5814

5812
4

1 1 1 1 1 1
2 422 424 426 428 43 432
x coordinate (m) —

Aberdyfi, West Wales
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Simple models can also be setup using the Delft Dashboard —
including fast model builder, global tidal database, global

 Tuflow FV, Delft3D, Xbeach, Mike 21, Telemac  bathymetric information

Types of coastal modelling

Sediment transport

. Shear stress 05
x10° 05-Jan-2016 00:00:00
58256 ! — 4
5824 03
0.2
5822+
T 0.1
£ se2t
i)
g 0
<
S 58181
- 0.1
5316+
02
5314+ .
i 5812 L L . . ) ; i ; 04
Aberdyﬁ; West Wales 42 422 424 426 428 43 432 434 436

% coordinate (m) — x10°

05

——
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Types of coastal modelling

Beach erosion

* Vellinga equations, XBeach

« Estimated based on empirical datasets
« We have developed the JBP Erosion Prone Area (JBPA) tool

« This predicts the beach erosion under extreme wave, period and storm tide conditions.

0.5
— 2.00

7.6 7.6 w
=047 1.28 0.56 + 18
(HOS> Y [(HOS) Q0268 ™

Where, H,, = significant ‘deep water’ wave height and w = fall velocity of sand

P. Vellinga (1982). “Beach and dune erosion during storm surges” Delft Hydraulics Laboratory

—
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Types of coastal modelling

Beach erosion

* Vellinga equations, XBeach

JBP

scientists
and engineers
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Types of coastal modelling

WL (mAHD)

Beach erosion

50 100 150
Time (min)

* Vellinga equations, XBeach

-2

Alternatively a process-based
Xbeach model can be used to

consider different beaches and

vegetation types

WL (mAHD)

425 450 475 500 525 550 575 60
Chainage (m)
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Types of coastal modelling

Nature Based Solutions
* Assessment of mangrove efficiency and ideal forest widths
* Placement of pile fields,

* Design of rock fillets

5.0 5.0
10 45 45 & .
2 2 JBA
E 40 l Eaon consulting
w w
£ £
8 35 35
3.0+ T T T T d 3.0 T T T T
0 1 2 3 4 5 0 1 2 3 4 2 - :: : :
Time (min) Time (min) ;}é‘ and
|

t = 0.02 mins




Nature based resilience

Log-Brush Mattress

Nature-based coastal resilience measures are
being increasingly recommended to protect Do e
against coastal and estuarine erosion.

Brushwalls ]

‘Hard’ Engineering Geotextile Matting }

Working
With
Nature

Walling -\ 5 Large Woody Debris

Flow Modification

They are gaining interest as a substitute for —
or in conjunction with — standard engineering
designs

Revegetation

However, implementation has been limited in
many areas

Courtesy Matt Eliot, Damara
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Nature based resilience

Challenges in implementing nature-based designs  lowaresedsem- - Creationaf semi-sheltredone,
submerged rock breakwaters Preventmgwayesover ongest fetc

1. Lack of local case studies

2. Planning requirements

3. Certainty in designs (modelling can help) g

How to make your

Seawall

more environmentally friendly

a &

GEORGES
NSW RIVER

New mangrove establishment "=
through propagules

Carss Bush Park environmentally friendly
seawall — Stage 1

New low-set grasses with pedestrian
fencing to restrict access to escarpment

Author: Tom Heath, Georges River Council
Georges River Council is moving towards new foreshore development projects which enhance
habitat complexity, supplement existing natural foreshore areas and improve biodiversity.
Carss Bush Park seawall is the largest example of the Georges River Council's foreshore habitat
improvement approach.

Creation of semi-sheltered zone,
Low crested rock fillet closer to shore, with bank protection

Connecting.arm:protects
against high-flow discharging
from channel

Are you planning to build a new seawall New rock acts

or to upgrade an existing one along an as fish-habitat
estuary foreshore?

Published by the Department of Environment and Climate Find out how you can design your seawall
Change NSW on behalf of Sydney Metropolitan Catchment to reduce erosion while improving its value
Management Authority o lar e A

D ahsenc i T New mangrove establishment
59 Goulburn Street, Sydney, PO Box A290, Sydney South Your seawall could be fish habitat! g % g
131555 h propagules
Email:  info@environment.nsw.gov.au : - = "
Website: www.environment.nsw.gov.au C M A\ %EV’
ISBN 978 174232 253 7 DECC 2009/327 June 2009 M itan

S
AT MANACEUET ATHORTY

Figure 1. Section of the completed Carss Bush Park seawall including rockpools and saltmarsh.

Project need
Carss Bush Park is located in Carss Park, along the western foreshore of Kogarah Bay (Georges River estuarine
bay), Sydney. The site’s vertical concrete seawall was historically constructed to reclaim land from Kogarah Bay,
developing the existing foreshore shape.

Over time and with the influence of tide and wave action, systematic structural failures in the seawall grout and
concrete occurred. These structural failures resulted in erosion behind the wall and consequent subsidence
following king-tides or storm surges. Large holes became apparent behind the seawall, creating a health and
safety concern due to their location along a popular walking route and adjacent playing fields.

Phone:

New low-set grasses with pedestrian
fencing to restrict access to escarpment




Nature based resilience

e John Oxley Reserve, SE QLD

* 120m of eroded estuarine banks.

* Near-vertical banks 0.5m to 2.0m

* Undercut scarps

* ~5m lateral erosion over ten years
(approx. 0.5m/yr)

Over-consolidated
Sands and Gravels

1.90m

Under-cut bank Alluvial Deposits

~

Q



Nature based resilience

* High boat wake wave environment

Sy

0.05 ”

-0.05

Water level (m)
o

0.1

-0.15
10:56:40  10:56:49  10-56:57  10:57:06 105715 105723  10:57:32  10:57:40
Time (AEST)

scientists
and engineers




JBA
gr

Nature based resilience
Design

* Inspiration from NSW, but
limited published design
guidance

s P --r.?t\\ho\,""*»)‘y"f#v,-Tf"'.
e r.",' Yo ‘,‘ff.-:'» Vyhao g

Newly installed rock fillet, rock fillet protecting saltmarsh, mangrove trees behind
rock fillet

Ash Island (Hunter River NSW) eroding bank before, during and 3 years after
installation of rock fillet, showing mangrove seedling colonisation of still water
between rock fillet and previously eroding bank
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Nature based resilience
Design

ul

* Inspiration from NSW, but
limited published design
guidance
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Newly installed rock fillet, rock fillet protecting saltmarsh, mangrove trees behind
rock fillet

Ash Island (Hunter River NSW) eroding bank before, during and 3 years after
installation of rock fillet, showing mangrove seedling colonisation of still water
between rock fillet and previously eroding bank
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Nature based resilience
Design

* Inspiration from NSW, but
limited published design
guidance
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Newly installed rock fillet, rock fillet protecting saltmarsh, mangrove trees behind
rock fillet

Ash Island (Hunter River NSW) eroding bank before, during and 3 years after
installation of rock fillet, showing mangrove seedling colonisation of still water
between rock fillet and previously eroding bank




Nature based resilience
Design

* Inspiration from NSW, but
limited published design
guidance

Ideally using %
volume rock

JBA
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Newly installed rock fillet, rock fillet protecting saltmarsh, mangrove trees behind
rock fillet

Ash Island (Hunter River NSW) eroding bank before, during and 3 years after
installation of rock fillet, showing mangrove seedling colonisation of still water
between rock fillet and previously eroding bank
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Nature based resilience
Design

* Inspiration from NSW, but
limited published design

| T s
guidance
Newly installed rock fillet, rock fillet protecting saltmarsh, mangrove trees behind
rock fillet
New bank planting

Ash Island (Hunter River NSW) eroding bank before, during and 3 years after
installation of rock fillet, showing mangrove seedling colonisation of still water
between rock fillet and previously eroding bank
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Nature based resilience
Design

* Inspiration from NSW, but
limited published design
guidance
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Newly installed rock fillet, rock fillet protecting saltmarsh, mangrove trees behind

Encouraging new rock fillet
mangrove growth

Ash Island (Hunter River NSW) eroding bank before, during and 3 years after
installation of rock fillet, showing mangrove seedling colonisation of still water
between rock fillet and previously eroding bank
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Nature based resilience
Design

* Inspiration from NSW, but
limited published design

e el
Y Te W e i A A Y ks

guidance
This is ’the - ! Newly installed rock fillet, rock fillet protecting saltrmarsh, mangrove trees behind
bank stabilisation | rpjs gliows vegetation rock fillet
to establish e

Ash Island (Hunter River NSW) eroding bank before, during and 3 years after
installation of rock fillet, showing mangrove seedling colonisation of still water
between rock fillet and previously eroding bank
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* Design

e (Fl

B4m? o
CONTINUES ONTO SHEET -

HAT 1.5

ZOME 3 = SALTMARSH UPPER
EATTER PLANTING Gim*

ZONE 2 = SALTMARSH LOWER

ZOME 4= TOP OF
BANE PLANTING 4/m™

BATTER PLANTING Sim™

ZONE 1 = MANGROVES 1/m2 —.-r—ﬂ—

EXMTING BURFACE LEVEL

INETALL JUTE MAT OM 20ME 2 AKD 3
P 1" TO SECURE

PLACE 200mm THICK OF LOGSE S0IL SUITABLE FOR PLANTING

RIF SITE 20LE 200mm THICK

IRSTALL LOCSE WEANE JUTE
FPINMED AT Um INTERVALE

AL

GENERAL XS

ALIGNMENT
CENTRELINE

ROCK FILLETS CONSTRUCTED OF
NOMINAL 400mm Dnb0 STONE
GRADED AS PER SPECIFICATION

SANDY
GRAVEL 0765
mAHD
BANK REGRADED USING
COMBINATION
OF SITE WON AND IMPORTED
FILL MATERIAL AREA TO REAR OF ROCK FILLETS
TO 1:3 GRADE TO BE FILLED WITH EXCESS
EXCAVATED MATERIAL IF ‘
SILTY REQUIRED \
CLAY ROCK FILLETS CONSTRUCTED OVER |
GEOTEXTILE FILTER EXCAVATED ‘
MIN 100mm INTO INTER-TIDAL SHELF !
|

BB

ROCK FILLET ! BATTER REGRADE - BANK STABNISATION TREATMENT
SCALE=NTS

SCALE #4900
a 2 B
-~
GG

T ZOME 1 = MANGROVES
Ll PLANT EETWEEN 0.02 -1 ZmAHD
Densiy 1M

ZOME 2 = SALTMARSH LOWER
PLANT EETWEEN 1.2 - 15mAHD
DEMEITY S

ZOMNE 3 = SALTMARSH UPPER
PLANT EETWEEN 1.5 - 20mAHD
PLANT Sm*

ZOMNE 4 = TOP OF BANK
PLANT ABOVE 2.0mAHD
DEMEITY S

ZOME 5 - VEGETATION MANAGEMENT)|
CONDUCT WEED CONTROL NO PLANTING

Ausralan Wetisngs Conzsuitng Pty Lid

P (02) £58S 5466 | 1300996 514
W 2MCONEUR COMm 3

AWC ™

& CEORGES 5T, BANGALOW NIW 2475 Mo =t

rqto

MURRUMBA DOWNS, NORTH PINE RIVER, QLD

DILAANG REV.
SOUTHERN %
& | FOR APPSR ]
mugst JOHN OXLEY RESERVE
BANK STABILISATION

v

c

DO ROT SCALE FROM PLAME, 90 BE SCALE 1200 @ A%
ADAPTED OH SITE By CONTRACTOR &

COMPRMED BY THE  PROJEC]

o 25 Sire
DESIOHED  jjaess

AT FILE N

1-20342_MDF_REHAB DWG

COMFRMED EY EMGMEER o | DRAAM g

— | WO e
CHECKED e | 1-204342_MDF_REHAB_03
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Nature based resilience

e Construction




Nature based resilience

* Construction
 Why the bank work and planting?
* We need successful, good looking case studies in QLD to act as
demonstration projects

Ash Island (Hunter River NSW) eroding bank before, during and 3 years after
installation of rock fillet, showing mangrove seedling colonisation of still water
between rock fillet and previously eroding bank
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Go check out the site yourself!

Head to Edgewater Ct,
Murrumba Downs QLD 4503

Bribje.Isfana

| M1 |
@
5 Moreton
Caboolture Islana
[ 11 ]
4,
ic”
q’&
'Edge.aater Ct %
122]
Chermside
Brisbane
North
@ (53] b Stradbroke
43 Islana,
47 |
M2
5] @
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Dan Rodger

, : . Alex Maskell
Daniel.Rodger@jbpacific.com.au Alexandra.Maskell@jbpacific.com.au
BRISBANE PERTH

Thank you!

www.jbpacific.com.au
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