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1 Introduction

1.1 Overview

Alluvium Consulting Australia Pty Ltd (Alluvium) have been engagatertake advanced hydrodynamic

modelling of pile field groyne bank stabilisation warksinform design guidelinesTheprojectis funded by

0KS LI NIYSNEKALI 0SG6SSy (GKS ! dzaGNItALY D2OSNYyYSyaQa v
The aim of this project is to improve the understanding of the hydraulic effectiveness otfillgifoynes used

for stream bank stabilisation within Great Barrier RE@BRYatchments. The outputs of this study will assist

in advancing design approaches which may result in a more efficient allocation of funding to stream bank

stabilisation and moreosteffectivesediment reduction programs withi@BRcatchments.

This project aims to explore improvements to the design of pile field groynes for stream bank stabilisation
usingtwo- dimensional (2D) hydraulic modelling informed byhree-dimensional3-D) hydrodynamic
modelling

1.2 Project background

Pile field groynes have been extensively used for stream bank stabilisation across the GBR catchments,
accounting for over $10 million estimated expenditure in the past five y&dsse include major projects
within theh Q/ 2 y y SNary Riveta@tFintioy River(Figurel).

The aim of pile fields is to reduce near bank velocity and séteess angpromote sediment deposition and
vegdation establishment. Timber piles have a finite design life (typical§5L9ears). The design life
typicallysufficient forthe establishment ofleep rooted vegetatiomlong the bankintended toprovide the
longterm bank stability figure2). The establishment of vegetation relies the pile fields creating the

hydraulic conditions suitable faregetation establishment (i.e. reducing the high velocity and high shear stress
flow from the toe of an eroding bank).

Current design approaches are outlined in the Technical Guidelines for Waterway Management which were
developed by the Victoria@overnment in 2008. Two design approaches are presented in the guidelines:

1 The notional line of attack approach which is neither precise nor determinate and has no basis in
stream hydraulis or geomorphic processeBespite the absence dfieoretical basis foti KS Wy 2 G A2y | f
f Ay Sa 2k agprdath h@s|pved efféve in practice.

1 The sheer stress reduction approach which is basea combination of
o research undertaken by Dyer (1995) using a straight fluand

o results of research into the effectivenergy gradient on meander bends in stream meanders
of varying radius of curvature.

Both of these approaches have strong anecdotal evidense@fesshowever this may be due to the design
approaches being overly conservative (pevision ofmore pilesthan required).

In addition to the approaches set out aboa®) hydrodynamic moddihg istypicallyused by practitionerso

assess théydraulic impacts of pile field$towever, 2D modelare unable to simulate comple3D flow

patterns associated with pile fields. These flow characteristics are key drivers of scour and riverbank erosion
and have aignificantimpact on pile field performanc&hese complex flow patterns can be simulated by 3D
modelling.However, i is not feasible to use time intensive 3D models at each river restoration site

However, avancements irBDhydrodynamic modelling in recent years provitie opportunity to impove
our understanding of the complex flow responses surroundiggepermeablegroyne structures.

Hydraulic modelling of pile field groyne bank stabilisation to inform design guidelines.



Thisstudyhas used3D modelling to improve our understanding of the complex flow responses around
permeablegroynes, ando inform more readily accessib@Dhydraulicmodek.

Seven river reaches across GBR catchmemése modelled as part of this studyhestudyinvestigates the
hydraulic impacbf severalpile field desigrelementsand also assessthe impact of geomorphic factors such
as river width, flow depth, and bend sinuosity on the hydraulic effectivenepseofields.The outcome of this
work exploresthe relationship between pile field configuration and shear stress reductinaid more cost
effective design. Theesults of the investigations canform the development of guidelinds assist
practitionersunderstandng ofthe potential impacts of pile fields on river hydraulics and sediment transport
processes.

Immediately following works 5 years following works 15 years following works

Figure2. Changes to vegetation condition over time as a result of the pile field groynes

1.3 Report structure
This report has the following struuzre:

1 Sectionl Introduction - Provides projecbackground anaverview

1 Section 2Literature reviewg Provides background on the current literature and understanding of the
hydraulic and geomorphieffectsof permeable groyne structures (such as pile fields).

1 Section3 Review of existing groyne design guideline®utlines limitations of current design
guidelines

1 Sectiond4 Researchmethodology¢ Outlinesthe research methodologincluding modelling
approaches, site selection and model g&tu

Hydraulic modelling of pile field groyne bank stabilisation to inform design guidelines.



Section5 Resultsg Presents the hydraulic modelling results
Section 6 Discussi@Presents the discussion.

1 Section7 Design guidelineg Outlines recommendations and considerations for the design of pile
fields groynes.

1 Section 8 Summary and future recommeations ¢ Outlinesfuture recommendations.

2 Literature review

2.1 Overview ofgroynes

Groynes (also known as laterakes orspur dkes) are placed isequencealong streambanks tdisrupt near
bank flow lines andeducebank erosionThere are two key types of groynes

1. Impermeable groynesire solid structures designed to block and deflect flamd can be constructed
from rock, concrete,gravel or sediment.

2. Permeable groynesre vertical fence structures which allow water to flow through the structure at a
reduced velocityRrzedwojski et al1995,Zhanget. al., 2009). Permeable groynes can be
constructed from timberbamboo,or steel pileswith or without horizontal rails or cables §&

2007).

Both types of groynes are shownRigure3.

Flgure3 Example of |mpermeable rock groynes in Italy ((e‘t)khodolov 2017a,nd permeable plle field groyem
Australia (right)

Impermeable groynes are commonly used for river training. By modifying flow distribution and pushing the
thalweg away from the bank, impermeable groynes can be used to protect the riverbank and improve
navigational conditions (i.e. increase water depthz@@wojski et al.1995, Kang et gl2011). In contrast,
permeable groynes are primarily used to mitigate bank erosion, and have less impact on dowresticcam
adjacentriver hydraulics compared to impermeable groynes.

By impeding flow, impermeable grogs createa complex 3D separation of flow upstream of the structure and
vortex sheddindoscillating circular flondlownstream of thestructure Theseflow characteristiccreate
localised zones of high shear stress and turbulerselting in localised str (Teraguchi, 2011By allowing
water to flow through the structures,grmeablegroynesreduceflow velocity and turbulence proximé#b the
structure and can be used to minimise scour around groyResmeable groynes alsacilitate longitudinal
transportand depositiorof suspendededimentthrough thegroynestructures Due to sediment deposition
within permeable groynembaymentssuspended concentratiodecreasesn the downstream directionin
contrast, reductiorin suspended sediment concentration is not characteristic of impermeable groynest.(G
al., 2011) This investigation is focussed on perrhiagroynes.

Hydraulic modelling of pile field groyne bank stabilisation to inform design guidelines.



Permeable groynes pile fields

Pile fieldsconstructed from timber pilesare one example of permeable groyne structures which have been
used extensively in riverbank stabilisation projects in AustrAljgile field comprises individual timber piles
which are embededinto the riverbank Figured). Pile fields are spaced to optimise shear stress reduction and
are oriented with the riverward end pointed downstream directing flow away from the eroding bank.

The primary faction of pile fields is to reduce near bank flow velocity and shear st@ssynes increase flow
resistance, deceleratflow, and promote deposition of finand coarsesediment within embayments (the area
between two groynes) (Rutherford, 200Rigure5). Reduction of near bank velocity results in a reduction in
shear stress (i.dydraulic force) acting on a streambarand therefore a reduction in fluvial scouléckham,
2006).

The following sections provide an overview of

i. the impacts of permeable groynes of river processes and bank staaitidy,

ii. key design and environmentéactors which impact groyne performance.

: 41 o

¢ 7 = e P ’ g Py > A
Figure4. Recentlyconstructed pile fields on the Mary River, Kenilworth

Hydraulic modelling of pile field groyne bank stabilisation to inform design guidelines.



/ Embayments

Figureb. Permeable pile fields aloridpperBrisbane RiveHarlin, showingeducedflow velocitieswithin embayments

2.2 How processes around pile fields

The complex flowturbulenceand sediment transponprocesses which occtinrough andaround pile fields
are illustrated inFigure6. These flow processes are digethe adverse pressure gradient immediately
upstream of the pile which induces boundary layer separation and results in a hoesestiex at the base of
the piles (caused by downward rotation of floujuang, 2014)The subsequent formation afake vortex
(oscillating circular flow) downstream of the piles results in energy loss, reduction in flow velocig and
result a reducn in shear stress which may leadstediment deposition withirthe pile field embaymentsThe
horseshoe vortex also increases bed shear stief®nt of and betweenthe pilesresulting in localised scour
(Li, 2018).

Hydraulic modelling of pile field groyne bank stabilisation to inform design guidelines.



A range of complex flow processes
around piles result in energy losses
and a reduction in flow velocity both
upstream and downstream of pile
fields

%6 Bed shear stress is inversely Bed shear stress reduces as the
Go proportional to this angle, reduction in flow velocity from the
Cad i.e. the rate of change of pile fields reduces the rate of change
flow velocity with depth of flow velocity with depth

%{
<
(<)
25
‘oo High shear stress results in Reduction in shear stress
“x sediment transport through results in reduced sediment
bedload and washload transport capacity and
processes deposition

Figure6. Flow processes around pile fieldsipacts on velocity and shear stress (top), impacts on sediment transport
(bottom).

2.3 Impactsof groyneson river procesgs
Permeable goynes impacbn the hydrodynamics and morphodynamics of rivers through three key processes:

1. Localscour near groynes,

2. Deposition within embaymentsand

3. Modification ofvelocity distribution across the river channel.

A summary of thesprocesses is provided below.

Local sournear groynes

Pile fields are used teeduceflow energy and consequently fluvial scanrthe near bank zoneonverting

sites of scour to depositional environmer{DSE 2007).However, pile field structures themselves are also
subject to scourPile fields restrict flow, creating a backwater effect which influences the pressure distribution
around the structure This changenipressure distribution can result in the formation of eddies and
consequentlyjlocal scoumnear individual piles

Hydraulic modelling of pile field groyne bank stabilisation to inform design guidelines. e
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A straight flume study byeraguchi (2011) found that scour occurs uniformly aropedneable pils. Flume
studies havealsofoundthat scour initiates at the riverward end of permeable groynes, due to flow separation
and the formation of eddies (Zhamg. al, 2009 and Dyer et al., 1995This finding is supported by field
observation (SCRC, 199The addition of a takngled 30 to 45 degrees to float the riverward end of pile
fields, reduces eddies ansicour nearby the structure and redirecting scour formation to the channel centre
(Dyer, 1995)

Depositionwithin embayments

A primaryfunction of permeable groyness to mitigate bank erosion lngducing near bank flow velocity and
increasing finend coarsesediment deposition (Alauddin, 201Heduction of flow velocity withipile field
embayments results in deposition and accumulatifrsedimens and seedscreating favourable conditions
for riparian vegetatiorestablishmentCarling, et. al, 199€Jigure7). The establishment of vegetation
increasesydraulic roughness within the pile fiebtmbayments assists in the reduction of near bank flow
velocity, andstabilises deposited sedimes{Rutherford, 2007).

Figure7. Example of vegetation establishment within the emiayts of pile fields aBlack Range Cre@kNorth East
Victoria

Velocity distribution

Permeable pile fields impact velocity distribution across the river chgfigalire8). In a flume study Zhang
(200%) found thatfree surfacelow velocities are reduced when flow approaches and passes through
permeable groynesConversely, flow velocities in the main channel are significantly increasgdual
reduction in velocity as flow entered succeeding embayments was also reported in a 3D numeadyghlyst
Shampa (2020A higher velocity band generally occurs at theerivard end of the pile fields (Gu, 2011, Zang,
2009b).

Hydraulic modelling of pile field groyne bank stabilisation to inform design guidelines.
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The distribution of the transverse velocity (across a pile field) is showigime9. Pile fields reduce bark

directed transverse velocity. The recirculating cells indicate the presence of a horseshoe vortex and a detached
shear layer adjacent to the pile fieldslow separatin is more prominent in the impermeable case compared

to the permeable caseThe neatbed recirculation is due to the overlapping horseshoe vortex, whereas the

upper recirculation is due to the detached shear layer (Shampa, 2020).
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Groynesalsodisrupt the erosive helical flow pattercharacteristic of meander besdAbad et al., 2008; Jia et
al., 2009)Thishelicalflow pattern is due to the crossectional velocity gradient and trmutward directed
centrifugal force through a meander (Bigham, 20@gurel0).

Quter bank High velocity core Inner bank

Figurel0. Aschematic of flow characteristics throutitre apexof a meander bendvith arrows depicting secondary
transversdlow direction(from Kasvi, 2017)

2.4 Impacts of groynes ondmnk stability
Pile fields mitigate river bank erositirough a range of mechanisms which are discussed below.

Reduce shear stress along toe of bank

Shear stress is the force exerted against¢hannel and floodplain boundary during flow eveats] is directly
related to variations in the velocity gradient with deptbncethe boundary materiatriticalshear stresss
reached the boundary material may begingoour. Shear stress increases wikpth, therefore higher forces
are exerted on thehannel bed andloe of bankcompared to areas higher on the bank prafilduvialscour

along the toe of bank can lead to a steepening of the bank profile and associated mass failure of the river
bank Pile fields function by reducirftpw velocity andapplied shear stress along the toetb& bank

mitigating undercuttingand steepeningf banksdue to fluvial scourThismitigating effectcancreate

hydraulic conditions suitable for vegetation estabfigenton the bank profile as this area is no longer prone to
scour and mass failure process.

Promotes vegetation establishment

By reducing flow velocity pile fields increase sediment deposition along the toe of bantedlintion in flow
velocity and thecollection of sedimenfand often seedsn this zonecanpromote vegetation establishment.
The establishment of vegetation along the lower bank can help provide long term stability to the system
beyond the design life of thgroynesvia the following mechanisms:

1 The establishment of vegetation increases hydraulic roughness within the pilefiddayments
whichresultsin areductionin near bank flow velocitandtherefore a reduction irshear stress ding
upon the bankRutherford, 2007and Blackham, 2006

1 Vegetation and root reinforcement can add geotechnical stabilitinbseasing the effective cohesion
of the bank materiaglthe level of reinforcement is dependent on root strength and density
(Abernethy& Rutherfurd, 1999)

1 By providing extensive coverage of bank surface area shrubs and grasses can limit entrainment of
bank sediment.

Role d bank reprofiling

Bank reprofilings often undertaken in conjunction with pile field design and construction. Reproffituaives
modifyinga steep riverbank to form a stable slope that is less vulnerable to gravitational mass failure and
more suitablefor vegetation establishment. Mass failure (i.e. bank slumping) occurs when gravitational forces
due to the weight of the bank exceed the cohesive forces within the f@sknan et. al.,1988Bank

reprofiling reduces riskassociated with pile fieldesigh and provides more favourable conditions for

vegetation establishmentiowever,bank profiling issssociated with a highetesign and constructiooosts.

Hydraulic modelling of pile field groyne bank stabilisation to inform design guidelines.



2.5 Keydesignfactors which impact on pile field performance

Groyne spacing

Groyre spacing impacts shear stress reductirstraight flume study byeret al. (1995) found that pile

fields reduce velocity, downstream of the structure, for a distance up to 40 times the pile height (depending on
flow depth).Peng et. al. (199@Isofound that a decrease in the distance between groynes decreases the
overall bed shear stress between the groynésaddition, ple fields should be spaced to ensure that flow
passing downstream from one pile field is intercepted by the subsequent pilgJhthsoret. al., 93) This

results in a cumulative shear stress reduction in a downstream dire(fignrell).

Optimisation of pile field spacing should enatdeget shear stress, for the design flow, to be achieved within
the first several pile fieldSTo achieve target shear stress, the mosttugam pile fields are generally closer
together, with spacing gradually increasing downstream. As spacing decreases sssim@atecconstruction
costs. Therefore, optimisation of groynes spacing is key to reducing costs associated with bank stabilisatio

\Flnw
Reward |

Retard 2

Figurell. Cumulative impact of pile fielas flow(from DES, 2007)

Groyneand pileheight

The pile height above the riverbéahpacts the downstream distance influenced by the pile field $hear

stress reduction]DSE, 2007However, he ratio of pile height to flow depth will impact on the downstream
hydraulic impact of the groyneTheTechnical Guidelines for Waterway Managem@gE 2007)
recommendghat the pile height is théessor of one third of the annual flood stage and annual bankfull stage
with additional height applied near barfguidance based on designer experienather than hydraulick.

The elevatior(height up the bankdf the most landward pile is dependent on the design flow andeptable
designshear stress along the barilkthe pile fields do not extend far enough up the bank faceur of the
upper bank may occupotentially outflankinghe works

Groyne porosity

A straight flume study bpyer(1995)found thatpile field porosity (i.e. ratio of pilerosssectional aredo
open areabetween individual pilespfluences velocity profiles in embayments. For examples, dipite
porosity of 50% results in lower relative velocity in downstream embayntéats a porosity of 60%-igure
12). CorrespondinglyKang et. al. (2011) found that a porosity greater than 60% does not reglmety in the
recirculation zone (downstream of the structure).

Nasrollahi (2008) showetiat pile field porosityalsohas considerable influe@ on the maximum scour depth
As porosity increases, the scour depth decreaSawsilarly, Kang et. al. (2011) demonstrated that a porosity
less than 40% creates erosive downward floWserefore,design should considéne impact of porosity on
both near bank velocity and scour.

Hydraulic modelling of pile field groyne bank stabilisation to inform design guidelines.
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Groyne angle

Thestraight flume study bypyer(1995)found that the angle of the permeable groyne to flow does not have
significant impact on the performance of the groyne. However, a slight downstream orientation allows for
debris sheddingSCRC (1994)so concluded thatydraulic performance of the pile field is notedted by the
groyne angle

Groyne length

Groyne length is dependent on the desired degree of alignment training. A long pile field which extends past
the existing toe of bankignificantly alters crossectionallyhydraulics pushingthe thalwegaway from the toe

of bankandrealigning the river (Rutherfurd, 2007). Short groynes, which generally extend to the existing toe
of bank provide limitedalignment traininghowever, arecheaper to construct and have less impact on river
processes

Embeament depth

Timber piles must be embedded to a depth that will enable the pile to withstand drag, impact and resistance
forces within a river (DSE, 200F)aximum scour depth around piles should inform design embedment depth.
Abam (1995) found depth of ereldment to be the most important of both design and environmeffiégtors

on groyne stabilitylncreasecembedment depthcan assist in providing long tergnoynestability.

Groyne material

Permeable groynes can be constructed from timber, bamlooacreteor steel piles The groyne material
must havesufficient structure strength to withstand both hydraulic and debris forces witloitical failure
(DSE, 2007)n tidal reaches the design life timbstructures may be reduced due to attack ¢aconsumption)
by marine borers (lvezich, 201R)arine grade timber can reduce the risk of decay in these environments.

2.6 Key environmental factors which impact on pile field performance

Flow regime

Water leve] flow velocity, and consequently flow discharge, influence pile fieldormance. In most river
systems, @charge variethroughout hydrological seasons. &keasonality oflows and flood frequencgan
have significant impact of groyne stability

Hydraulic modelling of pile field groyne bank stabilisation to inform design guidelines.
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File field performance has been found to be sojstimalin reaches with prolonged sustained flow periods and
low sediment supply(Rutherfurd et. al., 2007 This is due to prolonged peds of low to moderate flow

where the critical shear stress of the boundary sedimeithin the embaymentss slightly exceeded. Over
extended periods this can result in significant sediment mobilisation within pile field embayments.

In addition, high flow velocities increase the dynamic force on pile fields, this force acts to overturn individual
piles Stability isachievedby ensuring lateral earth pressure acting on the pile exséleel dynamic flow force
(Abam, 1995)The lateral eah pressure relates to the embedment depth.

Sediment supply regime

Sediment supply and transpantithin river systems is key to pile field performance. Higd andsuspended
sediment loads provide the requisite supply of sediment for deposition wiitbimeablegroyne embayments
(Alauddin, 2011)In turn, aggregationf sediments creasfavourable conditions fothe establishment of
vegetation(Carling, et. al, 1996n conditions of low sediment supply there will be limited deposition within
embaymens, and vegetatiormay struggle to establishTimber piles have a finite design life (typically1B)
years) Therefore, vithout the establishmenbf vegetation along the bank the works will be unabletovide
longterm bank stability

Bioregion

Bioregion characteristics including climate, soil type and vegetation influences pile field perforrGéincaic
conditions and sotlype influence the ability of vegetation to establish, and subsequently support the
structural works by increasing cridicshear strength of the channel boundary and structural stability of the
bank.The establishment of vegetation is a critical component of pile field performance in the long term.
Without vegetation establishment the pile fields are unlikely to perform their design intent of reducing long
term erosion.As a result, these environmental factors can impact on the-teng success of the works
regardless of the hydraulic and geomorpp&rformance of the works.

Revegetation effort

Vegetation forms a critic@lomponentof stream bank stabilisation works. Without the appropriate investment
in revegetation design, monitoring and maintenaribe pile fields are unlikely to perform thedesign intent

of reducing long term erosion

Hydraulic modelling of pile field groyne bank stabilisation to inform design guidelines.
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3 Existing goyne designapproaches andjuidelines

There arehree commonapproaches to pile field desigrsed within Australia

1. the notional line of attack approach
2. the shear stresapproach and
3. 2D modelling

The notional line of attack approach is detailed in @eidelines for Stabilising Waterwa&CRC,991). This
approach was developed based tire authors knowledge and experienceS|P2007) The shear stress

approach was developed based both research undertaken by Dyer (1995) using a straight flume with
alternative pile field configurations, and research into the effective energy gradient on stream meander bends
of varying radius of curvatureThese two ajproaches araletailed in theTechnical Guidelines for Waterway
Management(DSE 2007)and aresummarised below.

3.1 Notional line of attack approach

This approach is based on disrupting the critical lines of attack around a bend or through a reach. The
approachcompriseghree key stepswhich are illustrated irfrigurel3 (SCRC, 1991)

1. Identify the critical lines of attach (i.e. using aerial imagery).

2. Starting from the upstream extent use the critical lines of attack to inform the angle of each pile field.
The pile fields should bengled 5 to 15 degrees downstream to the perpendicular of the line of
attack. The hydraulic performance of the fieldsis not affected by the groyne angle. However, the
pile fields should be angled downstream to enable debris shedding.

3. The pile fieldshouldalsobe oriented to ensure the landward end of each pile field is upstream of the
intersection of the critical linef attack from the preceding (upstream) pile field and the streambank.

Hydraulic modelling of pile field groyne bank stabilisation to inform design guidelines.
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3.2 Shear stress approach

The shear stress approach can be used in conjunction with the notional lines of attack approach to develop a
conservative design. For example, the notional line of attack approachecased to inform the orientation

(angle) of the pile fields, and theadr stress approach to inform the spacing of the pile field groyiRiés field
spacingand length accounts for the river width and depth, the radius of curvature of the river bend at the
study site, direction and velocity of design flow, and the desuadcity in the embgments.

The shear strss approacho the design of pile fields comprises 8ylsteps (DES, 2007):

1. Identify acceptable design risk for tlsée based on the vegetation establishment periodda
likelihood of an event occurring within this period which would potentially mobilise sediment and
causethe proposed works to fail.

2. ldentify the design flow associated with the design criteria in Step

3. Identify thetarget shear stress for the design flow based on the critical shear stress of the bed and
bank sediments.

4. Estimated he designshear stress for the design evegne. using ane-dimensional1-D)or 2D
model).

5. Adjust the effective shear stress to account for the radius of curvature within the study area.
6. Determine targéshear stress reduction based effective shear stressna target design shear stress

7. Determine he downstream extent of shear stress reducatiachieved by the first (most upstream)
pile field based on pile porosity, height and distance from the baisk. shear stress reduction to
inform the distance to the next downstream pile field.

8. Analysis of thespacing osubsequent downstream pile fieldhould be mformed by the shear stress
reduction of the preceding (upstream) pile field.

3.3 Two dmensional hydraulic modelling

2D modelling is often used for pile field desigowever no design guidelines were identifitht provide an
approach to desigbased on 2D hydraulic modellinthe concept used in design has been to reduce the shear
stress for design flow eventsyithin the embaymentsto below the critichshear stress for the mobilisation of
bed and bank mizrial. A number of issues ag with this approach including, the ability to scale the model cell
size to reflect the pile sizéhe selection and analysis of suitable design flow eventsthadalidty of 2D

modelled bed shear stress

Cell sizingRecent advancement in 2D modelling have now allowed variable grid sizes which allow small cell
sizeg(i.e. 0.1 mpeurounding piles to mpe accurately simulate flow dynamics surrounding the groynes. Prior
to this advancemenit was difficult to accurately model piles due to the large number of cells reduitgch
increased computational requirements

Design flow events: The issue of design flow events has been resolved to a large extent through the
development ofcumulative failureanalysis $ection 7.3

2D model validityThere is also some uncertainty surrounding the calculation of shear stress in 2D models and
how this compares to published shear stress thresholds which developed fromone-dimensional, reach
averaged, model outputs. Hydraulic parameters which retatenergy losses (such as shear stress) will

typically be higher iDmodel outputs due to differences in the treatment of these energy losses (compared

to one-dimensional analysisThisissuerequires further resarch to help determine shear stress thresholds for

2D modeloutputs.

Hydraulic modelling of pile field groyne bank stabilisation to inform design guidelines.
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3.4 Summary of design approaches

Boththe notional line of attacland shear stress approach have strong anecdotal evidence of success;
however, this success may be due to the design approaches being overly conservative (i.e. more piles are used
than are required).

There are severahallenges associated with modellipde fields in onedimensional and twalimensional
models 1-D models can simulate the magnitude of hydraulic parameters, such as velocity and shear stress, at
delineated channel crossections. Howeverl-D modelsare unable to model:

i.  Variations in hydraulic parameters across the section and in the areas betweersegEms, or
ii.  The hydraulic effect of changes in cregstional geometry and meander bends.

Consequentlyl-D models are not able to directly simulate complex flow patgeassociated with pile fields
such as zones of accelerated flow between piles, and increased shear stress at outer meander bends.

2Dmodels can simulate both the flow direction and velocity at hydraulics structures. Ther2forepdels can
more accurgely simulate hydraulic behaviour of flows around pile fields. Accura2ipafodelling of pile

fields is largely dependent on the selected model cell size and time step, and the shape and size of the
elevation shape used to simulate the pile fields. Hegre likel-D models,2Dmodels are unable to simulate
complex3Dflow (depth) patterns associated with pile fields. Such as flow separation and associated scour
around pile fieldsand the erosive helical flopattern characteristic of meander bendfheg 3D flow
characteristics are key drivers of scour and riverbank erosion and have considerable impact on pile field
performance.

Advancements iBDhydrodynamic modelling in recent years provide the opportunity to improve our
understanding of the compleflow responses surrounding these impermeable groyne structures.

Hydraulic modelling of pile field groyne bank stabilisation to inform design guidelines.
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4 Researchmethodology

This sectioroutlinesthe research methodology undertaken for this project including: the hydraulic modelling
approactes pile field site selection, the development of pile field configurations for simulatiod,the
modellingsetup.

4.1 Hydraulic modelling approaches

A range of methods for modelling pile fields were considered as part of this project. An overview of each of the
modelling approaches and their strengths and weaknesses in relation to modelling pile fields is discussed
below.

CFD model

Computational fluil dynamics (CFDyodels attempt to simulate the interaction of fluids around surfaces by
solving the full NavieBtokes equations. CFD methods can broadly be separated into two categories: Eulerian
and Lagrangian. In the Eulerian approach the companati domain is discretised by a finite set of points

called a grid (or mesh) and the approximate solution is computed at these grid points. In the Lagrangian
approach the computational region is discretised by a set of particles which move at thedacaéfocity and
approximate solutions are computed at the position of each particle at each discrete time. CFD models are
often used in the design process for aerodynamic and hydrodynamic processes.

CFD models can be used with grid scales in the afd@(10? ¢ 10)m. CFD models are able to explicitly
model all the physical processes involved in flow through a pile field. The biggest disadvantage of CFD models
is the huge computational requirements with super computers often being needed.

Ly GKA& LINR2SOG 6S AyAGAFEE& |GG SivudingtRe OFR Mol f @S G KS
Phoenicslttps://www.cham.co.uk/phoenics.php however due to the extent of the domains atie

required memory needed meant that we were unable to get either grid to run with the available computer
resources. With sufficient computer power it may be possible to use a CFD model to fully simulate a pile field

or potentially a suksection of a ge field.

3D modelling

3D environmental scale models solve the unsteady Reyrmldeaged NavieBtokes equations. The major
difference between 3D environmental scale models and Computational Fluid Dynamics models (discussed
above) is that environmentaicale models do not explicitly model the turbulent processes but instead require

a subgrid scale turbulence closure scheme. In this project the 3D model AEM3D has been used. 3D models
are used when vertical stratification of the water column becomesoirtgmt.

The main advantage of 3D models for sediment transport studies is their ability to simulate the vertical
structure in velocity and in particular to capture the bottom boundary profile. 3D models are generally used
with horizontal grid scales imé order of O(18¢ 10°)m and are not usually setup with grids capable of
accurately resolving pile fields. The biggest disadvantage of 3D models over 2D models is the computational
expense.

2D modelling

2D models work by solving the twbmensional deptkaveraged NavieBtokes equations for incompressible
fluids. 2D models are most appropriate for situations where the vertical distribution of velocity and scalars
(temperature, salinity, nutrients, etcye insignificant. 2D models are often used in flood modelling studies
where it is assumed that the large horizontal velocities act to create turbulence and mix the water column
vertically.

The main advantage of 2D models over 3D models is the redueegutational time. Solving the depth
integrated momentum and transport equations rather than the full 3D equations is much simpler and allows

Hydraulic modelling of pile field groyne bank stabilisation to inform design guidelines.
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greater horizontal resolution to be used. A further advantage of 2D models is because there are no vertical
layers in the grid structure the bathymetry of the water body can be fully resolved.

The biggest disadvantage of 2D models when simulating sediment transport is that the bottom boundary
velocity profile is not resolved. By definition, in a 2D model, thecitglds assumed to be constant over the

full depth and the bottom drag force is therefore applied uniformly over the depth. 2D models can also have
issues when the river channel is density stratified. Density stratification can occur either due ty salinit
temperature effects. When density stratification is important the 2D assumption becomes invalid and the
integrated velocity is not representative of the bottom velocity, this in turn effects the calculated shear stress
and sediment transport. 2D modtealso are unable to accurately represent horizontal drag forces at sharp
boundaries in the bathymetry or at the boundary with a pile or groyne.

2D and 3D hydraulic modelling\¥ebeen used for this investigatiofihe hydraulic modelling approaches
adopted for this study were AEM3D and HECRAS2D. An overview of these models is providedhid 8ektio
analysis of the 3D and Ziydraulic modelling results is provided in Section 5 and 6.

4.2 dte selection

Overview

Areview of pile field sites across Great Barrier Reef catchments and eastern Australia more hasaoien
undertaken A database of these sites was created which outlines the key site parameters including channel
width, radius of curvature, bank heightioregion and sediment regim@ll of these sites are existing pile field
sites where there is some data to enable additional anali/s@m this database sample of sitebave been
selected for the modelling and analysis component of the project.

dx sites have been identified withi@BRcatchments for this study. Selected sites have unique hydro
geomorphic characteristics intended to exemplify the impact of a range parameters on the hydraulic
effectiveness of pile field groyne®ne additional site as identified on tight meander of the Yarra River
(Victoria); this unique hydrgeomorphic characteristic was not otherwise represented by sites within GBR
catchmentsThe study studies are shownhigurel4 and summarised iffablel. Each of thesevenpile field
study sites are discussed below.

The pile fieldbank stabilisatiorspedfications for each site are providein Attachment A.

Hydraulic modelling of pile field groyne bank stabilisation to inform design guidelines.
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Figurel4. The location of theevenstudy sites
Tablel. Summary of thestudy sites
Study Site ReefNRM region Site description
Mary Riverg BurnettMary Wide channel, with anediumsinuosity platform
Carters
Mary Riverg . . . . .
Kenilworth Park BurnettMary Medium width channel, with a lowinuosityplatform
gitgll 2YYy it Mackay Whitsunday = Mediumwidth channel, and higsinuosityplatform
gitglz 2y it Mackay Whitsunday  Narrowwidth channel, and a lowinuosityplatform
St Helen Creek Mackay Whitsunday = Mediumwidth channel, and mediursinuosityplatform
Molongle Creek Burdekin Mediumwidth channel, and mediursinuosityplatform
Yarra River - Narrow channel, and higbinuosityplatform

Mary Riverc Kenilworth Park

The Mary River Kenilworth Park site is located on an outside meander opposite the Obi Obi Creek confluence
(approximately 1 km upstream of the Kenilworth Bridge, and 430 m downstream of Carters Site). Prior to
reprofiling, the site consisted of a newertical bank, approximately 8 m in heigligurel5).

Hydraulic modelling of pile field groyne bank stabilisation to inform design guidelines.
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Figurel5. The nearvtll nk aJacen to Kenllwrt Pnllworth(looklng upstream) 7
The Mary River, adjacent to Kenilworth Park, has a channel witihradius of curvature of 120 m and 504 m
respectively. This section of the Mary River is classified as having a medlthmchannel, with a low
sinuosityplatform. Key hydredynamic parameters characteristic of this reach smenmarised imrable2.

Table2. Key hydrodynamic parameters; Mary River Kenilworth Park study site

Average Radius Ratio
Site Reef Construction bank r?ei ht Channel  Width curvature RC/ Sinuosity
Catchment date (m) 9 width (m)  class (RC) channel class
width
Mary Riverg BumettMary 2014 8 120 Medium 504 4.2 Low

Kenilworth Park

Mary Riverg Carters

The Mary River Carters site is locatggproximately 1.7 km upstream from the Eumuik@nilworth Road

crossing. Prior to reprofiling, the site consisted of a reatical bank, approximately 9 m in heigfigurel6).

At the upstream extent of the site, the bank transitioned to a steep bank, approximately 8 m in height. The site
abuts a floodplain that sits approximately}c® m above the inset floodplain immediately upstream of the site.

Hydraulic modelling of pile field groyne bank stabilisation to inform design guidelines.
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Figurel6. The nearvertical bank in the downstream section of #ary RiverCarters site (looking upstreart®017)

The Mary River, adjacent to Carters site, has a channel width and radius of curvature of 200 m and 320 m
respectively This section of the Mary River is classified as having a wide channelmétiam-sinuosity
platform. Key hydredynamic parameters characteristic of this reach swenmarised inrable3.

Table3. Key hydrodynamic parameters; Mary River Carters study site

Average Radius Ratio
. Reef Construction 9e Channel  Width RC/ Sinuosity
Site bank height . curvature
Catchment date width (m)  class channel class
(m) (RC) ]
width
Mary River BurnettMary 2019 9 200 Wide 360 18 Medium
Carters

hQ/ 2yyStf wWA@GSNI {AGS wm
¢CKS hQ/2yyStt wABSNI { AiS approkidately 2. DRRIZSHRY 2yNB IyY 20T aRRS /Y
CrossingThe site abuts an inset floodplain which is not used for agricultural purp®&ses to reprofiling the

pankwas currently near verticalyith coarse sediment deposition along the tdédurel?).

W

Figurel17. Looking acros& G NB I Y 4 h Q/ 2 y y S fcharaterise@byla $tefejii sAndyupperthéng and draived A &
deposits at the toe of the bank.
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Table4. Key hydrodynamic parametergsh Q/ 2 yy St f wAGBSNJ aidzRe aAidsS wm

Average Radius Ratio
. Reef Construction ge Channel Width RC/ Sinuosity
Site bank height . curvature
Catchment date width (m)  class channel class
(m) (RC) :
width
Oonnell River 1. Mackay 2015 7 145 Medium 220 15 High

(A2) Whitsunday

hQ/ 2yyStft wWAGSNI {AGS w

CKS hQ/2yyStt wapgéinbtdlyPb&RAa oy aid NBOYIi8R (@M I LISNRA / NP
R2gyaiaNBlIY 2F hQ/ 2yyStt thesiteSonsisted af $nearitidal barkJuRtdid ni 2 NB LINE
in height,with limited vegetation alonghe bank faceKigurel8).

Bahctnae =

% 2 ,‘ 5 Smen o
24 theNdBrk is he@r/vettifay vth dredomingielyNilads Apécks

Figurel8.[ 221 Ay 3 R2gyaldNBI Y
growing within the riparian zone

tKS hQ/2yyStt wWAGSNE | R2FOSyid (2 ¢2N1ax Kra | OKIFyySt
NBALISOGAGStEed ¢KAAa a&sosifledag hagif a inddidmidihhagnglyaSdhigh wA @S NJ A
sinuosityplatform. Key hydredynamic parameters characteristic of this reach suenmarised inrable4.

Table5. Key hydrodynamic parametersh Q/ 2y y St wA@GSNIJ addzRe aAxdS w

Average Radius Ratio
. Reef Construction e Channel  Width RC/ Sinuosity
Site bank height . curvature
Catchment date width (m)  class channel class
(m) (RC) :
width
Oonnell River - Mackay 2018 8 104 Narrow - - Straight

2 (A1) Whitsunday

Molongle Creek

The Molongle Creek site is locatddwnstream of the Bruce Highwagpproximatelyl.8 km upstream of the
creek mouth The eroded section of bankagpproximately 300n in length and 3.5m in heiglat the bend and
up to 6m in height upstream of the ben@Figurel9).

Hydraulic modelling of pile field groyne bank stabilisation to inform design guidelines.
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Figurel9. olongle Creek bank erosidnoking upstreangleft), looking downstreamrit.

Molongle Creek, adjacent to works, has a channel width and radius of curvature of 73 m and 196 m
respectively. This section of the Molongle Creek is classified as having a meiditmthannel, and medium
sinuosityplatform. Key hydredynamic parameters @racteristic of this reach arsummarised ifmable6.

Table6. Key hydredynamic parameters; Molongle Creekstudy site
Average Radius Ratio RC/

Site Reef Construction bank height Channel Width curvature  channel Sinuosity
Catchment date (m) width (m) class (RC) width class
Molongle Creek Burdekin Design stage 3 73 Medium 196 2.7 Medium

St Helens Creek

The St Helens Creek Site is located in lower St Helens Creek, approximately 2 km downstream of the Bruce

Highway Figure20). Lower St Helens Creek is slightly confingderraces with extensive zones of inset
floodplains.

St Helens Creek, adjacent to works, has a channel width and radius of curvature of 118 m and 299 m
respectively. This section of the St Helens Creek is classified as having a watdtluchannel, and medium
sinuosityplatform. Key hydredynamic parametersharacteristic of this reach asimmarised ifmable7.

Hydraulic modelling of pile field groyne bank stabilisation to inform design guidelines.
23



Table7. Key hydredynamic parameters; St HelenLreekstudy site

Average Radius Ratio
. Reef Construction Y Channel Width RC/ Sinuosit
Site bank height - curvature
Catchment date width (m) class channel y class
(m) (RC) :
width
StHelens 1 Site 6, Mackay 2018 5 118 Medium 299 2.5 Medium
Whitsunday

Yarra River

The Yarra River Site is located on an outside meander bend within the Yering reach of the Yarra River, east of
Yarra GlenPrior to works the bank was poorly vegetateshd consequently provided little resistance to the
stream powers exerted upon them ingh flow events. This led to undercutting at the toe of the bank and

bank slumpingKigure21).

i

Figure21: Looking upstream at the outside bank of the first meander l{k=ig), looking downstream at the near
vertical and undercut banks (right)

The Yarra River, adjacent to works, has a channel width and radius of curvature of 25 m and 40 m respectively.
This section of the Yarra River is classified as having a ndneowel, and higksinuosityplatform. Key hydre
dynamic parameters characteristic of this reach smenmarised ifrable8.

Table8. Key hydredynamic parameterg; Yarra Rivestudy site

Reef Construction Average Channel Radius Ratio RC/ Sinuosi
Site Catchment  date bank width Width class curvature channel class ty
height(m)  (m) (RC) width
Yarra River - 2008 - 25 Narrow 40 1.6 High

Hydraulic modelling of pile field groyne bank stabilisation to inform design guidelines.
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4.3 Development of pile field configurations

The existing pile fields desigfts each sitewere designedusing the shear stress approach to inform pile field
spacing, and the notional line of attack approach to inform fidiel anglerelative to flow The pile field bank
stabilisationworks for each site are shown kigure22 and Figure28.

Alternative pile fielcconfigurationswere developed for each site to test elementspie field design such as

pile field spacing, and height. The alternate designs were informed by the existing pile field design at each site.
Six alternativepile field design configurationsere developed foreach of the sites, andonsised of variation

in one of six key desigmarameters including

Sacing of individual piles (i.e. groyne porosity)

The number of groynes and spacing between groyhesdistance to downstream pile)
The exposed height of pil¢above the riverbed)

Groyne lenght past toe of bank (into channel)

Groyne angle relative to upstream flow

=A =4 =4 =4 =4 -4

Stagger piles (i.e. each pile field comprising two stagger rows)

At each site, the existing design, three degigmameters and six alternative configurations (ite:o
configurations for each desigrarametel) were assessedhealternativepile field configurations are intended
to exemplify the impact of key desigrarameterson the hydraulic effectiveness of pile field groyifes. the
impact of increase of decreasing pile porosity relative to the existing deJige)six key desigrarameters
assessed are illustrated Figure29, and the design assessed are summariserainle9. The pile field design
configurations for the seven sites are summariged@able10to Tablel6.

& . B 7] 2 ik b

Figure22. Mary River Kenilworth pile field bastabilisation Aerialview (left),oblique view(right).

Hydraulic modelling of pile field groyne bank stabilisation to inform design guidelines.
25



Y i

-nj ) A i
t pileviiel@and stablisatrierialview (left),looking upstream (middle), looking

7 i
Figure24. h Q/ 2 y y St
downstream(right).

: A SEREN
Figure26. St Helengile field bank stabilisatiorAerialview (left),Looking downstrear(right).
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Figure28. Yarra Rivepile field bnk stabilisatiorAerialview (left),looking downstreangright).

Hydraulic modelling of pile field groyne bank stabilisation to inform design guidelines.
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Figure29. Overview of ley pile field desigrparameters.

Table9. Summary of pile field design variations.
Pile field desigrparameter Variation

Pile field spacing

reductionapproact)
Porosity (% open) 33, 50, 60 70%
Pile height above riverbed 1,15,225m
Groyne angléo upstream flow 45, 65 90°
Groyne length past toe of bank 2¢12m

Tablel0 Pile field configurations; Mary RiverKenilworth (green indicates variation).

Pile field design Base Existing case Design1  Design 2 Design Design 4
parameter case 3
8, 8, 8, 20,
20, 20, 15, 30, 35,
Pile field spacing (m) 22' §’23§'112'1 20,20, 35,35, 35. e")‘(sis'fi‘:]r e"’:js‘t’if]r
1983 3L 59, 20, (+28%) 9 9
20.(-26%)
Number of pile fields - 9 12 7 9 9
Porosity (% open) - 50% 50% 50% 50% 50%
Pile diameter (mm) - 300 300 300 300 300
Grovne angle 65°to 9(° to 45°to
y 9 65°to flow flow 65° to flow flow flow

Staggered pile fields - - - - - -

TYPICAL PLAN OF PILE FIELDS POROSITY

-26%to +29%existing designb@sed orshear stress

Design 5

as perexisting

9
50%
300

65°to flow

Staggered
with existing

design pile
field spacing

Design 6

as per
existing

9
50%
300

65°to flow
Staggered
with
increased
pile field
spacing

Tablel1. Pile field configurations; Mary River Carters (greeimdicates variation).

Hydraulic modelling of pile field groyne bank stabilisation to inform design guidelines.
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Pile field design
parameter

Pile field spacing (m)

Number of pile fields
Porosity (% open)

Pile diameter (mm)

Pile height above
riverbed (m)

Base
case

Existing
case

9, 11, 20,
24,27, 24,
25, 24.

9
50%
300

15

Design 1

7.5,7.5,7.5,
20, 20, 20,
20, 20, 20,
20.(-19%)

11
50%
300

15

Design 2 Design 3 Design 4

L, 2N as per as per
Sl exisrt)in exisrt)in
30. (+17%) 9 9
8 9 9
50% 33% 70%
300 300 300
15 15 15

Table12. Pile fieldconfigurationch Q/ 2 Yy St f (gneangnflidated variatn) m

Pile field design
parameter

Pile field spacing (m)

Number of pilefields

Pile height above
riverbed (m)

Porosity (% open)
Pile diameter (mm)

Groyne length past toe

Base
case

Existing
case

10, 11, 16,
21,19, 21.

15
50%
300

Design 1

8,7.5,8.5,

11, 17,17,
16, 16.
(-20%)

9
15
50%
300

Design 2 Design3  Design 4

12, 13, 24,
25, 26 as per as per
(+i9%) existing existing
6 9 9
15 2 25
50% 50% 50%
300 300 300
4 4 4

Hydraulic modelling of pile field groyne bank stabilisation to inform design guidelines.

Design 5
as per

existing

50%
300

Design 5

as per
existing

15
50%
300

Design 6
as per

existing

50%
300

Design 6

as per
existing

15
50%
300

12
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Table13. Pile fieldconfigurationch Q/ 2 yy St f (greandnSidhieq variat®n) H

Pile field design Base Existingcase  Designl Design2 Design3  Design 4
elements case

6, 6, 10

o 10, 10, 10,
Pile field spacing (m) 7,7,7,14,20, 10,10, 14, 15, 19, 21. as per as per
14, 16. 14, 15. (+14%) existing existing

(-11%) .
Number of pile fields - 8 9 7 9 9
Pile height above - 15 15 15 15 15
riverbed (m)
Porosity (% open) - 50% 50% 50% 33% 60%
Pile diameter (mm) - 300 300 300 300 300

Stagger piles - - - - - -

Tablel4. Pile fieldconfiguration¢ St Helens Creefgreen indicates variation)

Pile field design Base Existing case  Design 1 Design 2 Design 3 Design 4
parameter case
13, 10, 10,

Pile field spacing (m) 13, 16, 16, 23, gi gg 2(8) 14, 20, 21, as per as per

pacing 23,34,22,23. [ so s> 20,2121, exisng  existing

. 20(-25%)

Number of pile fields - 9 11 8 9 9
P_lle height above ) 15 15 15 15 15
riverbed (m)
Porosity (% open) - 50% 50% 50% 33% 70%
Pile diameter (mm) - 300 300 300 300 300
Groyne angléo 45°to flow 45°to flow  45°to flow 45°to flow  45°to flow

upstream flow

Tablel5. Pile fieldconfiguration ¢ Molongle Creegreen indicates variation)

Pile field design Base Existing case Design1l Design2 Design3  Design 4
parameter case
10, 8, 11, 8, 21,
i . ) 20, 22, 21, 21, As per as per as per as per
Pile field spacing (m) 21, 20, 17, 22, existing existing existing existing
19, 21, 19, 19.
Number of pile fields - 18 18 18 18 18
Pile height above - 15 15 15 15 15
riverbed (m)
Porosity (% open) - 50% 33% 60% 50% 50%
Pile diameter (mm) - 300 300 300 300 300
Groyne length past toe - - - - 3 6
Groyne angléo - 65°to flow 65°to flow 65°to flow 65°to flow 65°to flow

upstream flow

Hydraulic modelling of pile field groyne bank stabilisation to inform design guidelines.

Design 5

as per
existing

9
1

50%

300

Stagger
piles with
existing
spacing

Design 5

as per
existing

9
15

50%
300

90°to flow

Design 5

as per

existing
18
15

50%
300

95°to flow

Design 6

as per
existing

9
2

50%

300

Stagger
piles with
increased

spacing

Design 6

as per
existing

9
15

50%
300

65°to flow

Design 6

as per
existing

18
15

50%
300

45°to flow
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Tablel6. Pile fieldconfiguration¢ Yarra Rivefgreen indicates variation)

Pile field design Base Existing case Design 1
parameter case
10, 13, 13,

Pile field spacing (m) 20,7, 23, 10,8, 15, 11.

’ (15%)
Number of pile fields - 7 6
Pile height above
riverbed (m) ) 15 L5
Groyne length past toe ) 0 0
of bank(m)
Porosity (% open) - 50% 50%
Pile diameter (mm) - 300 300

Groyne length past toe R -

Design 2

8, 7, 10,
10, 10, 8,
9.
(-12%)
8

15

0

50%
300

Design 3

50%
300

Design 4

50%
300

Design 5

15

50%
300

Design 6

15

50%
300

A summary of the selected sites, and the key pile field dgsagametesto be assessed at each site, is
provided inTablel7. A summary of the key hydnoumeric parameters for each of the seven study sites is

provide inTablel8.

Table1l7. Summary table okelected sites, andéey pile fielddesignparametersto be assessed at eadf the sevensites.

Pile field . . . Groyne length
. : Porosity (% Pile height above y g Staggered e
Study sites spacing . past toe of - Angle
open) riverbed (m) fields
(m) bank (m)
Mary Riverg Carters n n n 6 ] )
Mary Riverc Kenilworth n 6 6 ) n n
hQ/ 2yy &fSite 1w n K] n n 8 )
hQ/ 2yy &fSite 2w n n 6 ] n )
St Helens n n ] 6 ] n
Molongle Creek s} n ] n ] n
Yarra River n 6 n n ] 6
Table18. Summary table of &y hydro-dynamic parameterdor each of the seven study sites.
Site Reef Adjoining Constuct baAnVIf Irwi?eht CVCI‘E?; el Width Radius Ratio Sinuosity
Catchment Landuse date (m) g (m) class curvature  RC/width class
Mary River
s Burnett Recreation 5014 8 120 Medium 504 4.2 Low
Kenilworth Mary park
Park
Mary River  Burnett Grazing 2019 5.5 200 Wide 360 18 Medium
¢ Carters Mary
O@onnell Mackay Natural )
River Site 1 Whitsunday area/grazing 2018 8 88 Pty ) ) Low
Oo@onnell Mackay . .
River Site 2 Whitsunday Cropping 2015 7 145 Narrow 220 15 High
Mackay . . .
St Helens Whitsunday Cropping 2018 5 118 Medium 299 25 Medium
Molongle Burdekin Agriculture Design 3 104 Medium 196 1.9 Medium
Creek stage
Yarra
River - Grazing 2008 25 Narrow 40 1.6 High

Hydraulic modelling of pile field groyne bank stabilisation to inform design guidelines.
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4.4 Model setup

AEM3D

The P model used for simulating the pile fields is the Aquatic Ecosystem Model 3D (AEM3D). AEM3D is an
updated version of ELCOBIEDYM (produced by Centre for Water Research, UWA) that is developed and
distributed by Hydronumerics. Technical details for AEM&Dhe found at
http://www.hydronumerics.com.au/#software

In terms of the hydrodynamics cogihe AEM3D transport equations solve unsteady Reynaldgaged
NavierStokes equations and scalar transport equations with the Boussinesq approximation using hydrostatic
pressure assumption. The free surface evolution is governed by an evolution eqdatieloped by a vertical
integration of the continuity equation applied to the Reynchiseraged kinematic boundary condition. The
equations are solved using the TRIM numerical scheme with modifications to improve accuracy, scalar
conservation, numerical flusion, and implementation of a mixddyer turbulence closure scheme. Solutions
are made on an Arakawadtid (orthogonal with option of varying width) in which flow velocity is defined on
cell faces and the fresurface height and scalar concentraticare solved at the cell centre. The frsarface

height in each column of grid cells moves vertically through the grid to improve computational efficiency and
allows sharper vertical gradients to be maintained with coarse grid resolutions.

AEM3D computesolutions at time steps of order of minutes using the following steps:
introduce surface heating/cooling in the surface layer;

mix scalar concentrations and momentum using a mibeger model;

introduce wind energy as a momentum source in the winiced layer;

solve the freesurface evolution and velocity field;

apply horizontal diffusion of momentum;

advection of scalars; then

N oo o M 0w N PE

horizontal diffusion of scalars.

Heat exchange through the surface is not modelled in the current study.

Resuspension stre¢$ is calculated as
ty " 00 65 S

Where” is density Gis a drag coefficientandu andv are the velocity components

Bathymetrygrids

Idealiseddigital elevation nadels (DEMS[0.2 m resolution) for the sites were developed from LIDAR datasets
for input into the 3Dmodel Figure33to Figure38). ThesadealisedDEMswere developed with the aim to
NBRAZ OS¢ a X FA&X¥ 2RSSt 2dzilddzia oA dPSd o0SR aKSIFN aiNBaavo
idealised channel captures key geomorphic features of the site, including bank,leighhel width and

sinuosity, geomorphic units (i.e. benches), and reacheslTheDEMsincorporated a reprofiled bankdq an
approximategradient of 1V:3Hjexcluding the Yarra River Sjt&) ensure the impact of pile fields design
parametess, rather than the bank morphology, was being assessed. Shapefiles of the pile field configurations
were then developed for input into the AEM3D model, with the elevation (m AHD) of the top of each individual
pile assigned to each pile polygon. For the fiiéld scenarios pile fields were built into tBEMs

AEM3D bathymetric grids were generated frtime idealisedDEMs and shapefiles of the existing and design
pile field locations. To resolve the 8 pile field grids a 10cm horizontal grid in theioggof the pile field

was required. The horizontal grid sig@s then increased gradually out to a resolution ghaway from the

pile field. Pile field cells are set to the height of the pile when the centre of the grid cell is within the circular

Hydraulic modelling of pile field groyne bank stabilisation to inform design guidelines.
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polygon shape that defines the pile in the shapefile. Example plots for the Mary River Carters site are shown in
Figure30and Figure31.
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Figure30. Full AEM3D bathymetric grid for MaRiver Carters domain.
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Figure31. Close ups of the pile field region of the Mary River Carters bathymetric grld.

Model setup
Each model domain was configured with an upstream inflow boundary condition and a downstream open
boundary condition. On the upstream inflow boundary condition, a constantwitesvspecified and on the
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downstream open boundary condition, a constant heigpécifieda Y YAy 3Qa y NBE3IA2ya gSNB
based on analysis on high resolution aerial imagery.

At each sitethree design flows were identified fssesshe hydraulic effectiveness of pile fields under various
flow elevations relative to piland bank height

1. flow height at the top of the riverward piles (ifow height 1.5 m above the bed),

2. flow approximately twice the height of the riverward pilés. flow heightapproximately 25 ¢ 3 m
above the bed), and

3. flow overtopping the landwat piles(all piles submerged)
Exemplar design flows developed for the Mary River Carters site are shdiguie39.

The model timestep for all domains wsst to 1second For each domain the following steps were
undertaken:

1. Ano pile field modeivas initialised with a constant surface level and run for 2 hours of simulation
time to allow the free surface gradient to be setup and stabilise;

2. The final simulated height from the no pile field initial nwas used as the initial surface level for each
of the pile field designs (including a rerun of the no pitddficase);

3. Each desigoonfiguration for each sitand each flow ratevas run for 30 minutes to allow the system
to stabilise(i.e. to reacha & (i SFGRPG S €

4. Processing of the resuspension stress@s undertakenusing theaverage of thdinal 10 minutes of
each simulatior{to eliminate discrepancies in flow oscillations between the pile field and no piles
field scenariok

HECRA3D

2Dhydrodynamic simulation for this study were performed using {RAS (version 6.0); using the Shallow
Water Equations (SWHjor the 2D cell shear stress is the average shear stress across each face, then
interpolated between face.

Shearstress(t is calculated as
torw

Wherer is the unit weight of waterR is the hydraulic radius, afdisthe friction slope of water.

As far as possible, ttBD modelling procedures were replicated for t2® model setup; to enable comparieo
of 3Dand2Dmodel results. RASmapper was used for the-RBS 2D model set up. The idealised terrain
model, developed for AEM3D, was input into 22model. The pile fieldsvere then built into theinto the
terrain.

A2Dcomputational mesh was used telineatethe model domain, with a base resolution of 5 m by 5 m, and

a higher resolution adjacent to the piles fieldsl{(th by 01 m). The celkizewasgraduallyincrease from 0.1 m

adjacent to the pile fieldgut to a resolution of 3n. For each design flow an unsteady flow simulation was

performed, however, the peak flow was run for an extended periGB K 2 dzZNE 0 (2 ady&id# & §So | aa
The model used a variable time step, witmaimumcomputational intervabf 0.1¢ 0.5 seconds.
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and theof36alizedterrain model

and theof36alizedterrain model

Pile fields

Figure36. St Helens Creek site showing the existin
the of36alizedterrain model
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Figure37. Molongle Rivesite showing the existing pile fied dsign (left), hillshade of thevprés terrain (middle), and
the of37alizedterrain model
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Figure38. Yarra Rivesitesowing the existing pile field design (left), hillshade of thenmiks terrain (middle), and the
of37alizedterrain model
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Figure39. Crosssection showing the three flows modelled at Mary River (Carters).
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5 Results

The 3D and2D models use different bed shear stresgpiations (as outlined in Sectidii3). The percentage
change in bed shear stress wamsidered of most useful comparator between the tmodelling approaches
The 3D and 2Ppercentage change in beshear stress equations are provided below.

Energy loss, stream power and shear str¢gsom Tilleard, 1999)

Water can have potential enerdpy virtue of its elevation. As water flows within a channel this potential
energy is converted into kinetic energy of moving water and any debris and sediment load that is carr
Energy is dissipated as the result of turbulence within the dlodvby frction between the flow (and any
load) and the channel boundariestream powetis the rate of energy expenditure.

In a channel, at least part of the energy expenditure occurs as a result\odltioity gradientin the flow
close to the boundaries. This shearing of flow close to the boundary occurs as a result of the force ex
the flow by the irregularities associated with the boundaries at a particle and a bedform scale. Per un
area of boundary, this force is tla@erage boundary shear stress

Shear stresss the force exerted against the channel and floodplain boundary during flow events. Oncg
critical shear stress value (for sediment mobilisation) is reached the chanmaldry material may begin tq
erode(mobilise)

3D percentage change in bed shear stress is calculated as:

D QGEQI 61 QDI FEROUNEDE &I UMNEQI 01 /| QDI Vit QRQANGNE Oi Q¢
DQMEQl 61 N QDI V5 QOU A& QF pmn

2D percentage change in bed shear stress is calculated as:

RO 01 GIARQAENE GIKROI 01 @i&s QRQAENE O "Qpén

RO 01 @id QAU E i Q¢ n

Both the no pile field and the pile fiektenariosncorporateda reprofiled banktp an approximategradient of
1V:3H)excluding the YarrRiver Site)Therefore, the shear stress reduction due to pile field bank stabilisation
(and associated bank reprofiling) compared to eroding bank conditionsérical banks) is likely greater than
results indicate

Box plots of the variation in neabank(i.e. within the pile field embaymentgercentage change in bed shear
stressfor the design configurations at each sétee shownin Figure40to Figure46. The top plots show the
results of the3Dsimulations, and the badm plots show the results of th2D simulations.Spatialdistribution
of the percentage change in bed shear stress for the alternative design scenarios for each site mndelled
AEM3D and HERAS 205 provided in AttachmerB.

The box plointerquartile range (IQR) is a visual representation ofrdmege (ofpercentage change in bed
shearstress)rom the first to the third quartile. The upper whisker extesfdom the top of the box to the
largest data element that igss than or equal td.5timesthe IQRThe lower whisker extends from the

bottom of the box to the smallest data element that is larger than 1.5 the TRR.3D shear stress results were
averaged over a tfinute period at peak flow to eliminate discrepancies in flow osailtest between the pile
field and no piles field scenarios. Where the bed shear stress for the no pile field scenario was very small
compared to the existing pile field scenario the percentage change was very high in isolatédece?500%)
Therefore, for clarify, outliers are not shown on the boxplots.

A summary of resultkr eachpile field design parameter assessed is provided below.
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Groyne porosity

The 2D and3D simulationsshow a similar tendency with the pile fields resulting aagee reduction bed shear
asgroyne porosity decreasef@m 50% to 33% operfrigure4l, Figure43, Figure44, andFigure4b).

Reduction in shear stress, due to a decrease in porosity, was generally slightlpotetsée in the low flow
scenarios. At the Molongle River site the existing scenario (50% porosity) (low flow) had a ahediga in

bed shear stressf -68% and62%for the 2D and 3D simulations respectively. Reducing porosity to 33%
results in an additional 12% and 14% reduction. Comparative reductions, due to reduction in porosity, were
evident at the St Helens Creek site.

Spacing between groynes

The 2D and3D simulationsindicate thatreducing the spacing betweepile fields resulsin moderatereduction
in bed sheal(Figure40, Figure4l, Figure4?2,, Figure43, Figure45, andFigure46). Reduction in shear stress,
due to a decreas pile field spacingwasrelatively consistent acrodew, mid and highlow scenaris.
Decreasing pile field spacity 25% at St Helens Creek ondgulted in &%5 and6% change in bed shear
stress in the 2D and 3D low flow scenarios respectiveblightly larger decrease was evident at Mary River
Kenilworth where decreasing pile field spacing by 26% resulted%i@and-11% change in bed shear stress
in the 2D and 3D low flow scenarios respectively.

The exposed height of piles (above the riverbed)

The3D and 2D results shothat pile fields resulin a greater reductionin bed shearstressasthe exposed
heightof the pile increase (Figure41, Figure42, andFigure46). Reduction in shear stress, due toiacrease
in the exposed height of the pile fieldwas generally most notable in timeid and highflow scenaris. At
hQ/ 2y y St f thevkigiSgNiedanol(fle 1mb above riverbed) (high flojad a mediarchange in bed
shear stresof -26%for both the 2D and 3D simulationsompared witha significant469%) reductionfor the
pile 2.5 m above riverbed scenario.

Groyne length past toe of bank (intohannel)

The 3D simulations show that groyne length past toe of bank had a variable impact on shear stress reduction.
(Figured?2, Figure44 and Figure46). Extending the groyne past the toe adilkgenerallyresulted in aslightly

lesser reduction imear bank shear stress in low flepand generallgreater reductiornin shear stress in mid

and high flove. However, this trend was not consistent across all threess@@mparatively, the 2D

simulaions show that extending the groyne length past toe of bank results in a lesser reduction in bed shear
stress across all three sgggunder all threeflow scenariosFor theMolongle Creek site the existing scenario
(groyne 3 m past bank toe) (low flow) had a mediange in bed shear stree§-68%for the 2D simulations
compared with-62% and57% for the 6 m and 9 m groyne length past bank toe scenarios respectively.
Addtionally, the low flow scenariodyave higher interquartile range compared with the mid and high flow
scenarios, suggesting higher variability.

Groyne angle relative taipstreamflow

The 2D and 3D simulations show that groyne angle relatifi@wodirection had marginal impactmshear
stress reductior{Figure40, Figure44 and Figure45). At the Mary RiveKenilworthsite adjusting the groyne
angle from 90to 45° (relative toupstreamflow) resulted in a%6 and+4% change in bed shestress in the

3D and 2D lovilow scenarig respectively.However, at mid and high flows reducing groyne angle relative to
flow resulted in a marginal decrease in bed shear stragproximately-2 to-6%) at the Mary River Kenilworth
site for both 2D and 3D simulation.

Stagger pils(i.e. each pile field comprising two stagger rows)

The 2D and3D simulations show thastaggering the pile fieldenerallyresults in a considerable reduction in

shear stresgFigure40andFigure43), exceptF 2 NJ G KS 05 h Q/ 2y y Simuatiomign'SNI { A4S H
results in arincrease in shear stress. However, this rhaya result of the water level being close to where

there is a drop in the bathymetry which also coincides with the gradient the model goidtheMary

Kenilworth &e the existing scenaritmedium flow)had a mediarchange in bed shear streef-43%and-42%
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for the 2D and 3D simulations respectivelgmpared with-66%and-58%for staggered (with existing design)
scenarios This represents &3%and 36%overall ceaease inshear stresselativeto the existing design.
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Figure45. Boxand-whiskershowing variation in percentage change in lsbear stress between ti#t Helens
Creeldesign scenarioand no pile field scenario for thieree flows simulatedAEM3D(top), HECRAS2D

(bottom).

200
150

100

Change in shear stress(%)

-100

-150

200

150

100

%
=]

(=}

Change in shear stress (%)

-100

-150

B Low flow @ Medium flow [l High flow

3D model

2D model
Existing design Pile field Pile field Pile height  Pile height Piles Piles
Piles 1.5m spacing spacing 1 mabove 2mabove extended 2m extended 4 m
above increased decreased bed riverbed past toe past toe
riverbed. (+15%) (-12%)

Figure46. Boxand-whiskerplot showing variation in percentage change in lsbear stress between théarraRiverdesign
scenariosnd no pile field scenario ftie three flows simulatedAEM3D(top), HECRAS2D (bottam)

Hydraulic modelling of pile field groyne bank stabilisation to inform design guidelines.

44



6 Discussion

6.1 Overview

Hydraulic modelling shows thafle fields impacspatialvelocitydistribution across the river channétile
fields result in a reduction in nedrank velocity (within pd field embayments) and an increase in flow velocity
in the main channglFigure47?). Pile fields also prevent bantlirected flow downstream of the structures.

As expected, modelling indicates that the pile field groynesgeresrallymore effective during low (frequent)
flow events when the pile fields are fully engaged (i.e. not overtopgatirestingly, the 2D simulations
generally indicate a greater reduction in bed shear than3bemodel for all flow events

A summary of the hydraulic impacts of pile field design variablesirdluence of hydogeomorphic features,
is provided below.
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Figure47.AD|stribution of thevspatial velociiyn/s) at the St Helens Creek 5(me flow, 2D modelNo pile field scenario
(left), existing pile field design 50p®rosity (iddle), and decreased porosity scenario 33% (right).

6.2 Groyne porosity

Reducingr increasing groyne porosity has a significant impact on-baak shear stress. At the St Helens
Creek site decreasing porosity from 50% to 33% oapenlted in a 30% decreased in percent change in shear
stress Figure48). Whereas increase porosity resulted in a 17% relative increase. However, reduasgypor
(below 40%) is correlated with an increase in erosive downward flelaad et. al., 2011 herefore, design
should consider the impact of porosity on both near bank velocity and scour.
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