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MORPHODYNAMI C EVOLUTI ON OF AN ESTUARY I NLET

Har shi ni e 'Kaorsuen aHbartrhibHbelbleon e Bdamd ndhmimmifc E. Reeve

Abstract

This paper presents the applicati onploysiac smogrpihroadiymlae
investigate moraphodmpmlye xc hasntgwrearoyf i nl et system in th
combines a simple governimgdedpuwuathiyonret wyt data seh o
mor phol ogy change. The modelling method suggests tF
principal medium term morphodynamic trends in the
est bat Wy metar ysekde lapmpltiscabi |linweaméabhe model to
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1.l ntroducti on

Estuary morphology change is a complex process th
Ti mescales of ¢ hsamogret hndaeyr g (soy mé d oo nttehrsm t o) ,a few vy
l ong decadda(tew hund)rednd egtest(mgiveahl millennia). I n

di mensimircg oémoe phodynamic phenomena are the developm
dunes soendithieadt Cthamtgemtu d d &lhatnsn,el s acdt shhoril sedra&s me
scal et eManclr o scale chandebtaaket ptiatefT haa sc hmanndg @ sn | tea
the entire estuary and t he assurnsemgsal ;i ({dPecdasgteald, arld®a®

et al ., 2004).

Model I i ng and henrdpehrosdtyannadniincg change of estuaries is
i ts compl exity, encompassing a |l arge range of tiom
mor phol ogigceaoll ogli crade and geomor phol ogi cal erveol uti on
someti mes r e fdeorwmwne dmptdae | &9 | v o p, 1989; Stive et al .,
Karunarathna andhBeevenod2088) devel oped on either e (
oriented principles, axpembhtasadatowsiesmpomfr phba@abhg@gutak C
However, |l ack of physical interpretation of the hy
model s i mposes serious | imitations to their applica
t woor tdhirmeeen si onal hydrodynamic models combined with
routibesVYriend and Ribberink, 1996 ; Faiedsucbsesahudl I/
used to model short term mohreprheo | loggv e alb e e aatgtee mEtve n
based model s td osmigmuleatme moe pihwhogy change (van de |
200M&on et adnger2toali2znt,y in boundary conditions, Il ack
hydrodywamphodynami c interactions and excessive ¢co0mj
beyond thenshbaefrtewm, ®©®either of the above modelll ir
medi um term morphol ogi cal evadl uftoirons unshtiacihn aibd e p anatnia
estuaries
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With, tdalhternative modelling techniqguamorm@avehdemen
hybridtmadelcombphgsredupednci ples and either histor
have nprtoovebe isnucnoedseslfiiuiunmy t er m mor hodynamic evoluti ol
useful for estuary planner2s00a8n)d managers (Karunar at h

This paper investigates and discussesphalynamicevolution of an estuary inlet driven by a complex
regime of hydrodynamicssing atwo-d i mensi on-phyéredédcendr phodynami c mode
the papedescribeshe modelling approach. Section 3 introduces the selected test stydy sitee [2ben
estuary in the UKSection4 presents and discusses the application of the proposed modelling approach to
the study site in order totcapturéthe werghbdyngraie¢velutianbf¢he model 6 s
Debenestuaryinlet. Section &oncludeghe paper.

2. Study Site

Deben estuaryipcatedon the coast of Suffolk, eastern England, Wg(re J is used in this study as
the test site. Thestuary occupies a northwesiutheast trending valley that extends from the town of
Woodbridge to the sea just north of Felixstowe (Burningham and French, Zb@6peberEestuary is an
area of outstanding ecological importance resulting in internat{@uabpean) and national designations
including RAMSAR, Special Protection Area (SPA), Site of Special Scientific Interest (SSSI) and is within
the Suffolk Area of Outstanding Natural Bead{River Deben Association, 2014).

The estuary is mestidal and the mean spring tidal range varies from 3.2 m at Felixstowe Ferry to 3.6
m at Woodbridge (Hydrographic Office, 2000). The tidgdchof the Deben estuary is approximately 18
km, andthe mean spring tidal pristis approximatet 17x1¢ m® (Burningham and French, 2006) with peak
spring tidal discharge at the inlet of 1708/snBased on measurements takea &ication2 km upstream
of the tidal limit, the mean flow of the River Deben (from 1964 to 2014) is around5§NRFA,2014).
The tidal estuary is narrow, constrained by embankmemtstructedover the last 500 yeats hold a
single low tide channel flanked by narrow tidal flats and saltmarsh.
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Figurel. A) Location of the DebeRstuaryand River Debn and B) detai#d morphology of the Deben
inlet and ebHidal delta in 2013Karunarathna et al., 2016)
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The estuary is tiddominated.However, the inlet is subjected to a significant amount of littoral
sediment transport driven by wave activities. The ebb tidal defke imost morphologically dynamic part
of the Deben estuaryWaves from the northeast have long been associated with the net southerly littoral
drift pattern in the area (HR Wallingford, 2002), although recent work has demonstrated the importance of
the saitherly climate in driving reversals in alongshore sediment transport direction (French and
Burningham, 2015). In the estuary inlet there is limited wave propagation, but locally generated fetch
limited wind waves can be important across estuarine tigtalahd saltmarsts

The inlet of the estuary undergoes significant morphodynamic changes as a result of the complex tidal
and littoral processesHistoric bathymetry measuremerntarried over a period longer than two decades
reveala morphodynamit¢ransformation from year to year whereby the ebb tidal delta, incorporating tidal
channel and intertidal shoakhift progressively southward (Burningham and French, 2880&gn be seen
in Figure 2 Also, the ebb shoal has been found to go through d@ccymbrphodynamievolutionprocess
wherealternateaccretion and erosion across the shoal, particularly in the dynamic ebb jet region, had taken
place. As a result, the ebb shoal becomes fragmented and reformed from time tSigjmficant changes
to the inlet channel havalsobeen observesimultaneouslySediment exchange between the ebb delta and
the downdrift shorelineis also evident

Figure 2.Annual changes in the Deben elidal delta morphology, 1991 to 20{Rarunarathna et al.,
2016)
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3. Mophodynamic Model

We wi || t akpehyai crsedmoddl | i ng approach (Karunar at't
Karunarat hna, 2011) to investigat e -so allpnd otdhyinsa miocd ecl h, e
mor phodynami c change hiys tcwon ssiidneprleidf iteod bped odfréi svseens & d i
sedi ment transport. The equation that governs the ti
thus taken as menfsoromadf dtiwd usi on equati on

p=xi
¢

00— 0 &— "Yofuff (1)

In Eq. (1), x andy are taken as croshore and longshore directionb(x,y,t) is bottom bathymetry of
the estuary relative ta reference water levef,(x) andK,(y) are the sediment diffusion coefficients in the
x andy coordinate directions, respectivel§(xy,t) is a source function which describes the effects of all
nondiffusive processes on morphodynamic chargies assumed that bot(x,y,t) andSx,y,t) have well
defined spatial Fourier transforms at each timand thatS = Df for some arbitrary function D is the
Laplacian operator. That is:

We then rescalex andy in order to make the coefficients of thgatial derivatives are equal:

W —— NVEQ ——
U W U W

which givesh and S in terms of rescalek andy to be Qafvfd Qafudd AT Ayahun
"Yofuld OAOPABOE OAIT U

The H. (1) can then be rewrittemfter dopping ~ for conveniencas

sz wE T &e g @

WE
or in operator D) notationas
h=Dh+S 3)

whereQ —.

The sol ut3)dens conio bBEpgh.odly nami ¢ change of the estuary.
coeffHarndkentthe sof8arce-spietoeti onunknowns of the model

priori, t3o. solweoEder (to f i3)d ctihmrevbeeswok bugndknngo whniss,t oE g .c
estuary bat hykhewewe rd,attaBl)e tsoo | fidanndsnb cotf h tEagneousl y i s d
Therefore, here we wiwhewseaacesnmpamnt i ddf fappiromchoe
pri.or.i
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Theme tapproxi mat e i BV etres edestod rumii men tolfef Bsgarmr(ce functii
Yol - -Qof — Qolwhd Y Qon — Qohol (4)

i n wh(ywth, amxegt,+tT) are the estuar

st dpasntg+Tr es peclTtiisvetlhye, ti me inte If e ttweanen stewa etsi rmod
bat hy neyt) eiss avail able thevyd ca Hetesemdnenapdi eBsr eh
source .fulnfctti menssdat ee mif vedhtabsenf&g.ci(ently coherent s
may form the basis for estimating suitable source
predictions of future morphol ogi cal changes.

y X,yat dty mewo ycams ac o oic\
r a
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v
D

4. Application of the Model and Discussion

A morphodynamic model for the Deben estuary inlet is constructed using the modelling approach
described in Section Jhe rich historic bathymetry dataset on the estuary inlet allows construction of a
discrete time series of source functions for the estirdey. The aim of this work is to investigate the
potential of the model to describe the morphodynamic process of the Deben estuary inlet.
The modelling process begins with the selection of a suitable sediment diffusion coefficient. Once a
sediment diffgion coefficient is selected, discrete time series &Xx,y,t) can be obtainedollowing the
method explained in Section 8sing the time series of bathymetridy(x;,y;,t,) of the estuary inlet is
available Therefore, the selection of a suitable sediment diffusion coefficient is important to the success of
the modelling approach. Here we turned to existing literature on sediment diffusion coefficients in similar
settings.Masselink (1998) found that large &Easediment diffusion coefficients for mictmlal sandy
beach in Australia is in the order of*ldnd 16 m?%yr. Baugh (2004) and Baugh and Manning (2007) used
a horizontal diffusion coefficient of the order “18?yr for morphodynamic modelling of the Thames
Estuary, UK, which mostly consists of sand and niat.offshore sand banksiuthnance (1982), Flather
(1984) suggestsediment diffusion coefficientsf the order of 10m%yr.
Considering sediment charadstics in theDeben estuaryhich primarily consists of sargravel
deposits (Burningham and French, 2006), the sediment diffusion coefficient of %40 was selected
for this study which falls within the bounds found by other investigators in the pastother
morphodynamicsettings with similar hydrodynamic and sediment environments. A sensitivity analysis
carried out on the value of sediment diffusion showed #iatl0% variationof sediment diffusion
coefficientdid not have a significant impact on teeurce functiorconstruction
The next step of the model I-vianrgy ianpgp rsocawrhc e sf utnoc tdieotne
measur ed hi st ornibcatDheybneent reys tduaatray scedsne € B @ivrese, 1wi tihks tubs
edi ment diffusion coeffitbobedeteemeneed dbeveeteots
uncEmroh consecannlalt hpyameat rofes f (2 pAODAdsgtiad eZDd 8t he
wenty onedaueiss ofuoert e ffaurncévemy year. It is worth noi
uncs$xygn r ept beemttr i but i-einf foufsiavlel pnrooncesses such as
' uvi al flows and any anthropegehfhi Drlhetn tar orlesshielda mor
our ce rfewpnrcasieorinigsni fi cant proportion of morphology ch
It shoul d fbree srhomad de it Vi entgpshiDee bfEsnbmar y i s signi ficantl

0N —h —h —~ —h(n

t htei dal prail Emowht t hat t hdeo nei sntautaerdy ainsd ttihdaet the inle
subjected to significBatdedisomeroddhi tt hgpdpbbBli®rocess:e
sour ce pfruendcotnmionna n tmoyr prheop roegs ecratesn athgnrdg @ ddrt or al proces

The sequence of source functions det erAditneerdn aftreo m
ositive and negati vescwalreessp onfd ttloeo g dbrechea 5t hrea tgit ¢ ©
ourceofhumaps, tAegestscoater moophddynamic features of
hannel , ebb shoal/ ded ¢ whr &cfothst ntaearet i dlad arfllyatwi sdrbd
ignificant c¢ha-fh86@indi rffrialgbmfemg g n e B2 9 Bd ran ii mg h2a0n® 3

nd Frenahwei sA0b06)he souacft®@aADPIBc tainrZIBGA0Or3espectively.
mal | er scale mospbbl agi amlvesnemt ctodr essandr él at soat |
appafbet source function which captures the primary

noadi ffusive contribution to morphodynamic process of
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1113



Coast al Dymami cs 20
Paper07Mo.

& 2 050 060

&

Y

@ 080

2 08@ 09C [ X220 @0 9
Q B

202101 202201

Fi gBbiescrete ti meousrécuen efsriconmh 1afNnlu dthoe s2c0oll3our bar i nd
m/ y&ar taincdalhodi zesateppbiebent ong axidd r a&sodf i anhoes se sat xuiasr y

1114



