DEPTH OF CLOSURE DETERMINATION IN THE VICINITY OF COASTAL STRUCTURE

Widyaningtias, Hitoshi Tanak&and Susumu Kanayarha

This study is conducted to analyze the effect afstal structure to depth of closure variation. Asial on time series
bathymetry data has been applied to determineitocatf depth of closure. The deviation of bathymatrofile
changing is also considered. Furthermore, longshariation of depth of closure is proposed. Therbgiginamic
conditions are simulated using Boussinesq modélettiby Peregrine (1967). This model is appliedsidering its
applicability to observe non-linear and dispersigmenomenon while wave propagates to the shorelihe.
simulation is carried out under regular wave asdionpwith 20% wave height in deep area is applied a
representative wave. The simulation results araioétl in term of surface water level, bottom velpan x and y
direction and current velocity. The result is a8lil to calculate maximum bottom velocity just adgsboundary
layer. To observe sediment movement along the coaakimum shear stress is calculated under waveur
combined motion. Dimensionless Shields parameteisis assessed. The simulation results are depictefatial
map. Furthermore, the effect of coastal structorelepth of closure variation is confirmed using fogynamic
conditions.
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INTRODUCTION

Background

Depth of closure ) concept was firstly introduced by Hallermeier 19 as the boundary
between shoal zone and littoral zone. These twegaovere defined in particularly on wave-dominated
sand beaches: the littoral zone which extends @¢osttaward limit of intense bed activity caused by
extreme near-breaking waves and breaker-relateeéntsr and the shoal zone as the area where wave
have neither strong nor negligible effect on thedsaed. Seaward of this depth, although the waass ¢
move sediment, the net transport does not resusigimificant changes in mean water depth. Moreover,
although some bathymetric movement occurs deegar hf) however the shoreline position is not
directly controlled.

Many definitions are applied in order to underdtap concept. Another terminology ¢f as the
closeout depth (Birkemeier, 1985) is considereddparate the active zone of nearshore sediment
transport from a deeper zone of negligible sedindepiosition and/or erosion under a certain temporal
scale (Kraus et al.,, 1999). Recently, it is wellabished thath. becomes deeper with increasing
duration of observation (Hinton and Nicholls, 199%8cholls et al., 1998a; Francois et al., 2004;
Capobianco et al., 1997). This was proved by aystndHolland Coast (Hinton and Nicholls, 1998).
They obtained 8m depth bf using five years bathymetry data. Meanwhile usifigyears bathymetry
data it was estimatel. in 9m depth. Furthermore, on the developing theorg its application, it is
observed that longshore variationgfexists (List et al., 1997, Gracia et al., 199598;9Hinton and
Nicholls, 1998; Nicholls et al., 1998b; Rozynskitt 1999; Wang and Davis, 1999).

Several methods can be used to deterininelowever, the constant value laf is obtained rather
than the longshore variation, as studies condunyddomura et al., (1986) and Uda (1997). They used
bathymetry data from several coasts in Japan atangalh. as constant value. A research concern on
h. application has been done in Duck, USA by Nichetlal. (1998b). They used 12 years bathymetry
data and applied their result to evaluate accrediwherosion phenomenon in the coastal. The concept
of h, explained previously was applied to analyze shmeethange in Sendai Coast by Pradjoko et al.
(2011). To simplify computation, the constant vahiid. prefers to use rather than longshore variation
of he.

Moreover, it is well known that one line modelaee of simple approach to analyze shore line
change (Shibutani et al., 2007; Zacharioudaki aerdvie, 2009) according its usage of constant
However, if we consider the actual condition, ituisattainable constait exist in nature. The more
accurate result will be assessed if we considetahgshore variation dfi, as well as observing more
accurate nature phenomenon. For example, due texiBeence of coastal structure, accumulating of
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wave energy will give different response to bottaapography and hydrodynamic conditions,
especially in the area near structure. Using cobstalue ofh., the complexity of this phenomenon
might not be explained accurately.

One study that was considering the longshore tianiaf h, was proposed by Francois et al. (2004).
He used four years bathymetry data (medium-scalelsulf, Lion, France, a micro-tidal wave-
dominated coast. Several cross sections were takestimate longshore variation laf Furthermore,
the result was confirmed analytically. In a fabatt there is still lack of study in term of longsho
variation ofh, this topic becomes more interesting and chaltengi coastal field, especially to study
dealing with beach nourishment design, planningbefch profile surveys, installation of coastal
structures, sediment budget analysis (Kraus etl@P9) and shoreline change analysis (Hanson and
Kraus, 2011).

In this paper, the longshore variation will be gwoed using bathymetry data. The influence of
coastal structure will be analyzed. Determinatiboagshore variation offi. will be confirmed using
dimensionless Shields parameter. This present $tadymain purpose, which is to clarify the effect o
coastal structure on depth of closure variation hydrodynamic conditions. The specific objectives
cover:

» To determine the depth of closure location angpse its longshore variation.
» To simulate the hydrodynamic conditions and comfihe result using longshore variation of depth of
closure.

Study area

To achieve the objectives, two study areas wilbbaught in this research. The first study area is
Sendai Port that is located in the north part aofdae Bay Coast, Miyagi Prefecture, Japan. Breakwate
constructed during 1968 to 1973 is situated in #nafd as shown in Fig. 1. The length of breakwiater
approximately 2km. The existence of breakwatehis &area is possible to generate reflected wave and
arise longshore sediment transport. The breakwates continuously installed from June 1968 to
March 1973. Due to the severe erosion; the wing eaasstructed during 1977 to 1979. Bathymetry
data from 1967 to 1998 was obtained from field oleton conducted by government. The data sheets
consist of old map (1967 to 1983) and digital da&86 to 1998).
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Figure 1. Study area, Sendai Port and Yuriage Port
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The second study area is Yuriage Port. It is katdh the downstream of Nattori River, in the
southern part of Sendai Bay Coast that is also showFig. 1. This coastal is situated with
approximately 700m breakwater that was installadraf970’s. Two jetties were also constructed in
that location. In the 1990’s the fishing port wastalled. The new entrance of ship navigation was
constructed after that. The new port is composetbathern and southern jetties and a perpenditalar
those two jetties. For this study area, bathymé#ata was obtained from 1983 to 1997. Wave data was
obtained from 1991 to 2003. In Sendai Bay Coastiewia predominantly coming from ESE and SE
direction (Tanaka and Takahashi, 1995). For furémalysis, considering the similar condition of wav
propagation along the bay, it will be utilized sawave data for Sendai Port and Yuriage Port.

METODOLOGY

Wave modeling

Research on predicting the wave transformatiomfdeep to shallow water influenced by different
response of hydrodynamic conditions have been aiaduby many researchers. Combination of
shoaling, refraction, diffraction, reflection anéwve breaking will affect the modification of wavafo
at the time wave propagates to the shoreline. Tfferehce of coastal morphology can also cause
difference response on wave propagation.

One of model that can assess this phenomenonussBesq model (1872). The governing equation
was derived under the assumption that the magnitfidbe vertical velocity increases polynomially
from the bottom to the free surface, which inelitaleads to some form of depth limitation in the
accuracy of the embedded dispersive and nonlinegoepties. This earlier model was also derived for
horizontal bottom only.

This model is successfully utilized to observe &vghenomenon in nearshore zone. Shoaling,
refraction, diffraction and reflection can be olveel by considering nonlinearity term (Abbott et al.
1973, 1978, 1984; Abbott, 1974; Kennedy et al.,06lowever, earlier model has some limitations.
Although an extra term from vertical accelerationtbe water pressure had already been included, but
it was still limited for small amplitude wave (Pgrime, 1967). Dispersion characteristic is stilbdg
simulated, especially for wave approaches the sherwith more than 20% of the wave length (Beji
and Battjes, 1994).

The model that applied in this analysis was medifbased on long wave theory for varying depth
and developed the depth-integrated velocity as dbpendent variable (Peregrine, 1967). This
improving model is referred as standard Boussimeggation, which are able to describe the nonlinear
transformation of irregular and multidirectional wes in shallow water. The wave reflection criterion
was also included in the solution.

The standard Boussinesq equation has major lioitahat by using depth-averaged model the
frequency dispersion of wave propagation in intetize depths and the weakly nonlinear assumption
is poorly described, thus it is only applicableatatively shallow water depth. However to keepesr
in the phase velocity less that 5%, the water dbpthto be less than about one fifth of the eqental
deep-water wavelength (McCowan, 1987).

The governing equation of fluid motion is takersd&a on Euler’'s equation as in equations below:

ou ou _
ﬁ+(u|]]])u+w(5j+mp—0 (1)
and
ow ow apj _
ﬁ+(u DD)W+W[E)+[6—Z +1=0 (2)
The continuity equation is expressed below:
ow) _
Du+(5j =0 3)

with u=(u,v) is the two dimensional depth-averaged velocity andy direction andw is velocity inz
direction. The subscripdt is partial differentiation that respect to time gmdés pressurd’is vector
operator for two-dimensional proble@dx, 0/0y), with X, y andz are the coordinate system.

The boundary conditions that were used in thevd&adn are:
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p=0 atz=n(xy9 (4)
And
(uM)h+w=0 atz=—h(xy) (5)
in whichh is water depth. Irrotational motion is assumethsd

ou _ov

—=— ()
dy Ox

And
ou
—=[w (7
0z

The long wave theory is basically developed wiiespect to these parameters; non-linear effect
which is expressed to ratio of wave amplitude todkpth(¢) and dispersive effect which is represented
to ratio of depth to typical wavelength)( The long wave is noted satisfying the conditizfi. Finite
amplitude theory satisfies=O(1). For the development, it was assumed that Boussiegsiation
satisfies the same order ofandp?.

The governing equations are expressed as congeraditmass and momentum:

Z’Z+D[ﬂ(h+/])u] =0 (8)

9 1 0
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wherer is the surface water elevation agé gravity acceleration.

Finite different approximation is applied for thescretization. Explicit formulation is used foreth
conservation of mass to obtain first estimatiothef surface water level at the new time Igtelt). Its
result furthermore is used in implicit discretizatifor the momentum equation to compute the valocit
at the new time levdt+ A4t).

The Boussinesg-type equation, which include thekweron-linearity and frequency dispersion
provide an accurate description of wave transfamaprocesses outside the surf zone. However, the
Boussinesq equation does not automatically leadlaee breaking in shallow water or to predict the
wave in the surf zone. Then a natural step fonigah extension of the Boussinesq equations torcove
the surf zone. The extension will require introduetof wave breaking criterion and the introductan
energy dissipation. From the physical point of viewave breaking is a process, which involves strong
turbulence and momentum mixing in particular atftbat face of the wave.

One advantage of extending Boussinesq-type madéhe surf zone is the ability to implicitly
model interactions between hydrodynamic processesirong at the different time scale. Wave-
induced currents and mean sea water level fluctastare implicitly included in the wave propagation
model and are derived from a time-average of theglipted velocities and surface wave elevation,
respectively, without having to explicitly calcudaradiation stresses and separately solve a time-
averaged hydrodynamic model.

There have been attempts to introduce wave brgakio Boussinesq models in order to model
breaking phenomena such as wave height decay, wdueed set up, and run up. The model
essentially incorporates a dissipative term dueitioulence stresses or the presence of a surfdee ro
into the momentum equation.

Simulation of wave breaking in Boussinesq modeds been approached with a number of
techniques, ranging from fairly additions of eddgcesity formulations up to reasonably detailed
calculations of the generation and transport ofieity or turbulent kinetic energy under the brewki
wave crest (Zelt, 1991; Karambas and Koutitas, 1$a2iffer et al., 1993; Kabiling and Sato, 1994;
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Nwogu, 1996; Svendsen, 1996; Kennedy, 2000). Réggrabf the formulation, each of the approaches
can be thought of as a means for adding the breald@ve force term to momentum equation.

Referring the analysis conducted by Kabiling aatioS1994), the energy dissipation due to wave
breaking inside the surf zone was modeled with anemdum mixing termNlp ) using eddy viscosity;

Ve . Modeling of the momentum exchange due to turbwewdl possibly lead to the following

formulation ofMp in term ofv,:

Mp = (v, +v,)O(DDu) (10)

v, = 2050 (ﬂ(é_qj )
w D/\ Qs —Qy

wherev, is the additional eddy viscosity to avoid such ¢éavglocities,ap is a coefficient which is 2.5

inside the surf zone and zero elsewheris, the bottom slopeD is mean water deptfD=h+7), wis
angular frequency@ is the amplitude of), whereQ (=uD) andQ; and Q; are determined from the
following equation:

Qg =0.4(0.57+ 5.3 gD’ (12)

Q =0.135/gD’ (13)

The v, was found to be similar to that proposed by Longdiggins (1970) as:

v, = Nisy gD’ (14)

whereN is equal to 0.016 arids horizontal distance from the shoreline.

In this study waves condition will be simulatedngswave modeling. Input bathymetry will utilize
1998 and 1997 bathymetry data for Sendai Port amdaye Port, respectively. 20% wave height in
deep areaHy) is applied as representative wave height andnasdias regular wave, witd=1.15m
and correspond wave periol;7.55sec. Grid system is carried out usitxgdy=5m and4t=0.1sec for
both study area.

Shields parameter approach

In term to the forces acting on a sediment partidimensionless Shields parameter is one approach
that is commonly used. The basic concept of Shigidameter itself starts from the assumption of the
movement of sediment in a steady flow. DimensissleShields parameterr{) is calculated using
expression as follows:

*

To - TO max (15)
(ps = P)9ds,

where 7gnax IS maximum bottom shear stress alglis mean particle diameter (for this study it witle
dso=0.026cm). It was observed by Dean and Dalrympl®42 that if7,* exceeds the value of 0.1, then
it is almost certain that the bed is moving. Folugaof 7;* exceeding the incipient motion criterion,
different bed forms may result.

In this study bottom shear stress is calculateédguhie maximum wave-induced horizontal velocity
near the bedupmay COMponent. This parameter is obtained from wawadeting. Furthermore,
maximum bottom shear stresg.(.,) component is calculated using following expressio

1 2
Tomax = E pfcwub max (16)

wherepis density of wateff,, is friction factor under wave-current combined oot
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Considering the flow regimé,,, for rough turbulent regime derived by Tanaka ahd 71994) will
be applied. Although it did not include wave reflen criterion on its derivation, however, it isrye
convenient to use for practical application congidg it does not need complex approximation to
obtain the solution since it was derived as explaim. The variable of,,, using in this computation is
introduced as:

fo = fo+t2 f0f,cosp+ Bf, a7
where
2
2«2 )
f = ul 2( c J (18)
{In(zh / ZO) —]} Up max
-0.100
f, = expl -7.53+ 8.0EUbﬂJ (19)
Wz,
2
-1 Jiosewm expt 1.43 )E (20)
1+ 0.7698%° ' ' T

with ais calculated as follows:

1 U (21)

a =
IN(z,/ %) =1 Ynax

wheref, is steady current friction factdf, is wave friction factorxis von Karman constant (=0.4), and
0. is component of the depth-average mean velocith@bteady current, is the water deptlzy, is the

roughness lengthzf=kJ/30, ks: Nikuradse’s equivalent roughnesg). here is expressed in term of
median grain size diameter and

@' =cos" {cosﬂ j O @'sm/2,0< @< 21) (22)

DEPTH OF CLOSURE DETERMINATION USING BATHYMETRY DATA

Sendai Port

Considering the accuracy of field datg, along Sendai Coast is predicted using 1988 to 1998
bathymetry data series. The predictiorhghere is considered to satisfy the standard devigty) for
bathymetry change as 0.1m. A study conducted biydeia et al. (2004) determined the valuesdélls
to 0.3m. Meanwhile Hinton and Nicholls (1998) applivalue ofg about 0.25m. It is mentioned in
their result thato taken in their analysis as more closely connettedhe accuracy of the field
measurement. Although for present study any datti@mperational survey accuracy was not obtained
as in research conducted by Nicholls et al. (199888b), however the smaller value @taken here
represents that data series used in this studghtet clustered around the mean value. To produce
longshore variation dfi,, several cross sections are taken along the osdistthe domain area 3400m
and 1800m as longshore and cross shore distarspeatevely. The profiles in cross sections overlaid
during 1988 to 1998 are given in Fig. 2. Nine crasstions that were taken alorgB00m tox=2950m
produced 18m as the maximum valudp@ind 14.8m as the minimuing.

Longshore variation ofi; is proposed using each point lnf predicted. The profile of longshore
variation ofh; in Sendai Port is shown in Fig.3. The comparisqproach has also been done using
previous analysis obtained from Nomura et al. (39%8& Uda (1997). Nomura et al. (1986) utilized
series of bathymetry data in Abukuma river from Q93 1974 and 1984. He predicted the constant
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value ofh; as value 7.5m. Meanwhile Uda (1997) used bathyndsta from Yamamoto Coast and
obtained the resulbh.=8m. The discrepancy in the area near structusbssrved.
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Figure 2. (see caption in the next page)
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Figure 2. Cross sections of bathymetry data, Sendai Port
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Figure 3. Longshore variation of h¢, Sendai Port

An approach using empirical method has been dgrepplying Sato and Tanaka formula (1962).
20%H, and corresponds period=1.15m andl=7.55sec, are applied as representative wave higight
calculateh, location. It is obtained constant valuehg£6.3m. Moreover, from Fig. 3 it can also be seen
that deepeh. is observed in the area near structure and itrhechallower as the distance increase.

Yuriage Port

Bathymetry data analysis for Yuriage Port is cantdd using 1994 to 1997 data series without
including 1996 data series. Bimonthly data wereimietd in 1994 (October and November) and 1995
(November and December). Meanwhile for 1997 was/ anie data in March. The domain for
bathymetry analysis covers 1200m and 1000m in lomigsand cross shore distance, respectively.

The location oh. here will also be predicted by taking several sresctions along the coast and
considering the value af consistence witlorapplied in Sendai Port as order 0.1m. Predibtdd each
cross section can be seen in Fig. 4. Ten crosmseeatere taken from x=500m to x=1175m. From this
result, it is observed the maximum valuehgfis predicted in 13.8m and the minimum valuehgfs
fallen to 10.5m. Longshore variation kf in Yuriage Port is proposed using estimalledrom each
cross section. The profile is given in Fig. 5.

Comparison has been done using same value ofacdhgts in Sendai Port. Furthermore, Sato and
Tanaka formula has been applied as an empiricaloapp using same wave condition with Sendai
Port. From Fig. 5 the discrepancy betwdgrobtained from previous analysis and present stsdy
shown. Furthermore, deeperis also observed in the area near structure awmdrapare with area far
from structure.
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Figure 4. (see caption in the next page)

o (m)

o (m)

o (m)

o (m)



10 COASTAL ENGINEERING 2012

y(m) y(m)
200 300 400 500 600 700 800 900 1000 200 300 400 500 600 700 800 900 1000
5 7135 = 5 25 =
25 115 ‘E’ 25 | 15 ‘E’
{ 05 o e 0.5
° " ' St nonth’ ] s 0 f ' e &armonth T 1 s
25 h~=10.6m ——-19%-oct :{5 25 R h~=10.5m - —-1994-oct : :5
5 ~ o~ 10oanov 1 35 —~ 5 —.—. 1994-nov 35
£ l 13s £ l 35
~ 75 ——1995nov ] 7 ~ 75 ———1995-nov a0
10 b 14° -10 d o
———1995-dec 3 e N — 1995-dec _25
;125 - ———-1997-march | :2.5 25 ¢ ——~-1997-march :95
as L ] 22_5 -15 E7~5
-17.5 ] 5 175 85
20 1 :?05 -20 : 05
(i) x=1075m (i) x=1175m
Figure 4. Cross sections of bathymetry data, Yuriage Port
20
18 { —@—1994-1997
16 - _ bathymetry data
14 - 1 Uda (1997)
12 1
—
E w7 | N tal
—mmes omura et a
8
< (1986)
B T T T T T s s g —
4 + 4 meme - Sato-Tanaka,
2 L 1 20%HO0
0

0O 150 300 450 600 750 900 1050 1200 1350 1500

x (m)

Figure 5. Longshore variation of he, Yuriage Port

HYDRODYNAMIC SIMULATION

Shields parameter

To estimate the effect of acting force to the \ueigcts downwardy,//is assessed fromiyax
obtained under wave-current combined motion. TBeltés depicted spatially as shown in Fig. 6. Due
to the existence of breakwater and shoaling phenomé nearshore zone, different response on wave
propagation produces higher wave height. Velogthigher too. It causes the higher bottom shear
stress. Furthermore, as its proportional relatidth ., higher7;* is observed in the nearshore zone
and also in the area near structure. The longskemiation ofh. is overlaid on this spatial map. The
location ofh; is observed fell down in thg;* = 0.14. To confirm thay value in the location off,,
several cross sections are taken in alongshorandist The results are plotted in Fig. 7.
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Figure 6. Shields parameter distribution, Sendai Port
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Yuriage Port

Similar approach has been applied for Yuriage.Fdr¢ result is plotted as spatial map as shown in
Fig. 8. The exaggeration of area upxtdl200m andy=1000m in longshore direction and cross-shore
direction, respectively, is also shown. As the egpent of higher shear stress, highgris observed in
the area near structure and also shallow regiongslwore variation df, is overlaid on the spatial map
of ry/J/distribution. To observe more detail in term ofilgdynamic condition and its relation with
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variation, several cross sections are taken indoage direction at the coast as seen in Fig. ¢hdtvs
the consistency that for both study ahe& overlaid inz*=0.14.
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Figure 9. Cross sections on longshore direction of Shields parameter distribution, Yuriage Port

CONCLUSION

Determination oh, is proposed using bathymetry data for Sendai &witYuriage Port. The mean
elevation andr are calculated based on bathymetry data seriepoBing longshore variation bf has
been done in same manner for each study areasiaber@ss sections are taken along the coast. Time
series bathymetry data are overlaid. The consisteatue ofg as 0.1m is considered to predigtin
each cross section. The discrepancy observed gshame variation ofi, for Sendai Port and Yuriage
Port indicate that coastal structures situatedha area give influence to. variation. Considering the
length and position of coastal structures, therdjs@ncy in Sendai Port is higher as compare with
Yuriage Port.

Boussinesq model successfully simulates the hyeh@mic conditions expressed in termf in
Sendai Port and Yuriage Port. The simulation orrégghamic condition shows that in the area near
structure increasing wave action is identified Iyhler velocity distribution and higher shear stréss
the consequent, highe* is produced.

To investigate the effect of coastal structuréhiariation and hydrodynamic conditions in both
study area, longshore variationsipfare overlaid orrp* spatial maps. It is obtained that the longshore
variations ofh. are laid in consistence value gf. The longshore variation &f is used to confirm the
effect of coastal structure to hydrodynamic paramset The discrepancy occurs in the area near
structure is confirmed by higher value &f.
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