PREDICTION ON MORPHOLOGICAL RESPONSE OF DREDGED SAND-BORROW PITS
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Dredged pits in coastal zones are generally reduive sand borrows for beach nourishment. The nuggical
response of borrow pits is important to evaluatiirkl environmental impacts and potential impactadg@cent
seabed infrastructure such as pipelines. This paplepresent the development of a simple conceptieh for the
prediction of morphological response of dredged. git 3D hydrodynamic and sediment transport moaed applied
to verify the developed simple concept model. Tasecstudy for a sand-borrow pit on the offshorémfisiana at
the Atlantic coast of USA will be updated. The sgths and limitations of the developed model wi#l &lso
discussed.
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INTRODUCTION

Dredged pits in coastal zones are generally required farlsamows for beach nourishment. With
the increased demand for beach nourishment, sand boitoare becoming increasingly deeper. The
morphological response of borrow pits is important to evaluatierd environmental impacts and
potential impacts to adjacent seabed infrastructure asiplipelines.

There are at least two fundamental mechanisms contribtgimgorphological evolution in pits.
The first is related to general sedimentation on the dépo®of ambient sediment load in a locally
more quiescent hydrodynamic condition created by theepoesof the pit. The presence of the
deepened water results in a reduction in the current weldicectly over the pit. The reduction in
current speed over the pit results in a reduction tedpacity for sand transport and the deposition of
some of the sediment including bed load and some fractidimeo$uspended load in the pit. The side
slopes of the pit are flattened due to gravitational &ffecas sediment is stirred by waves or currents,
the effect of gravity is always contributing to downpganovement.

The second is driven by morphological adjustment of théanmugh margin erosion and related pit
sedimentation. Modifications to flows beyond the edge efpih caused by the dredging are generally
small and limited to one to two times the length or wiftthe pit. The currents on the out-going edges
of the pit are quickly recovered to the current levehimambient area. Due to the sedimentation in the
pit, the sediment load on the outgoing edge is reduced. hetion results in the erosion on the
outgoing edge of the pit. This second mechanism of sedéatien (i.e. margin erosion) becomes
increasingly important to consider with deeper pits. It cqdtentially cause the instability of seabed
infrastructure such as pipelines and significantly increasiémentation in the pit.

Many studies on the morphological evolution of pits and navigatif@nnels after dredge have
been conducted through field surveys, theoretical analysisicphysodeling, and numerical modeling.
The empirical equation for estimating sedimentation drexdged channel was developed by Liu and
Zhang (1983) in considering tide currents and waves. Thatieq was developed from detailed
sedimentation studies over more than ten sites in coastad pbréhina. These sites were mostly in
mud or in a very fine sediment environment. The equation hes tell verified in engineering
practice and was successfully used to estimate tlaigiltvolumes in a navigation channel oblique to
the flow in a muddy environment. The siltation thickness calculated per tide in transverse and
longitudinal directions separately to distinguish the impattchannel orientation on the flow. The key
parameter in the equation was the background suspendedesedoncentration which should be
estimated from the field data or calculated from tiderents and wave heights in the absence of field
measurement. The bed load was not considered in theirieah@inalysis. The equation may not be
suitable for a dredged pit or channel in the coastal wheae there are dominant sand or significant
bed load. Additionally, the margin erosion which was mafabused in this study was not included in
their empirical analysis.

Seventeen institutes from seven countries of the Euradpeammunity started a large study called
SANDPIT. The purpose of the study was to better dafieer field and far field impacts of dredged
pits for the purpose of improved Coastal Zone Manageniém.SANDPIT study focused mostly on
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sandy settings and primarily physical impacts of dreddhiig/sical impacts were assessed through
large-scale laboratory and field experiments, analysisnanmrical modeling.

The SANDPIT study included two large-scale physical meelsts at the University of Aberdeen
and Delft Hydraulics, in addition to one full-scale fiegperiment specifically designed to develop a
better understanding of sand transport processes ovezdipptls in intermediate water depths without
the presence of pits. A wide range of models weredemtd many were refined through the course of
the SANDPIT study. These efforts focused on predictingfdsens, roughness, sand transport, and
morphodynamics. The key models tested included: DelfBBIft); PISCES2DH/TELEMAC (HR
Wallingford); TELEMAC with SISYPHE and two others (SogmngaMIKE21 CAMS (DHI); and four
other less-known models. In addition to these complex magepproaches, a much simpler 1D
analytical approach was developed using Bailard’s transpagtion and a representation of the spatial
lag effects in suspended sediment concentration followinggbeoach of Galappatti (see Ribberink et.
al., 2005). Pit evolution was parameterized as a mosémgl wave with the key unknown variables
being migration speed and pit infilling (or damping). Thiscfical and simple approach provided
reasonable approximations of pit migration velocity and infillimge when compared to the Havinga
(1992) and Van Rijn (1986) laboratory data and the Scheventagetrench (Svasek, 1964).

A harmonic solution of the linearized model provided insighd the behavior of the model and
pit infilling and migration. The results showed that thewre three types of responses depending on
the ratio of the length, L (or width) to the depth, h of piite 1) the pit is so narrow (L/h<10) that the
suspended sediment does not respond to the pit and therpitsnmigration contribution of suspended
load (and thus migration rates are low); 2) a transitiogegfrom L/h of 10 to 100 or 1000 depending
on the ratio of shear velocity to fall velocity) where dernlarger pits migrate faster due to an
increasing contribution of suspended sediment to morphology chamge;3) an upper limit to
migration speed (L/h greater than 100 or 1000 depending on thetehizdl velocity ratio) where
essentially the two slopes act independently. Pit migrasiaiependent on a net or residual transport
rate, usually either due to asymmetry in the wavedad transport components. At sites where surface
waves contribute to stirring of the seabed sediment an@&ased bed and suspended load, the pit
migration velocity is increased and therefore is proportibmahe wave energy at a given site. For
short or narrow pits infilling is the dominant process, wasreng or wide pits (i.e. in the direction of
transport) are influenced equally by filling and migrationonger trenches migrate faster and deep
trenches migrate slower.

The SANDPIT researchers believe that pit migration anduéieol is a key factor to understand as
it effectively expands the area of influence and associatpdcts with time (whether they relate to
indirect physical impacts such as shoreline change or dioedbgical effects such as the change of
depths and substrate conditions). Clearly, pit migmais an important process to understand with
respect to the stability of nearby fixed infrastructure.

A series of studies on the morphological evolution of ghad-borrow pits on the offshore of
Louisiana and Florida have been completed by Nairn, e(2405, 2006), funded by the Minerals
Management Service (MMS). The studies included a sesfedield surveys to monitor the
morphological evolution, theoretical analysis, 2D/3D hydrodynaanit sediment transport modeling.
The researchers found that pit evolution in sandy setttggluenced strongly by both bed load and
suspended load. As a result of the importance of bed loapiittséope evolution and pit infilling are
strongly coupled due to limited relaxation or adaptation effaccontrast, the morphology of pits in
muddy settings is more decoupled with pit infilling and piargin occurring without strong
morphologic interaction. Whereas pits in sandy settingsnuignate where there is a net or residual
transport rate, pits in muddy settings do not migrate, but gigim erosion can be greater on one side
than another.

This paper will present the development of the simplecept model for the prediction of
morphological response of dredged pits. The case study osatfteborrow pits on the offshore of
Louisiana at the Atlantic coast of USA will be updatethia paper.

METHODS

The methods developed and used for the prediction of miogibal changes for dredged pits
include a simple concept model using the empirical functioth @anmore comprehensive three-
dimensional hydrodynamic and sediment transport model.sHuson will describe these two models
used for the prediction of morphological response for pits.
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Simple Concept Model with Empirical Analysis

Sedimentation in Pits

There are a few empirical equations for estimating ¢doéngentation in dredged channels. None of
these equations have been used for margin erosion in pisefipirical equation developed by Liu
and Zhang (1983) is suitable for mud infilling in a dredgeahclel. The equation was developed from
detailed sedimentation studies over more than ten siteshinaCGind has been well verified in
engineering practice. The equation can be used to estilmatsiltation thickness per tide in a
navigation channel oblique to the flow in a muddy environment. siitagion thickness is calculated in
transverse and longitudinal directions separately to distinghis impacts of channel orientation on
the flow. The equation is written as:
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whereAz, is total siltation thickness per tide (m/tid€); is background concentration outside the
dredged channel, which is generally determined by usingdbertean and depth-averaged sediment
concentration on the surrounding area (Kiy/nk, and k, are empirical coefficientsk{=0.35 and
k;=0.13); a is settling velocity of mud, which may include the acetlen effects of cohesive
sediment flocculation (m/s) is tidal period (s)h, is water depth above the natural bed outside the
channel (m)h, is water depth inside the excavated channel ggyis dry bulk density (kg/fy; ayis
the angle between mean flow direction and channel orientatior 9C° if the flow direction is
perpendicular to the channel aogl= (° if the flow direction is parallel to the channel orientation.
Though the above equation was originally developed for chanimedgan also be applied to
assessing the infilling rate in a dredged pit. The flow avetredged channel will increase if the
channel is parallel to the flow as the deepening of the chaedetes the bottom friction. However, if
the channel is perpendicular to the flow, the flow over tieelged channel will decrease in response to
the greater water depth. The latter condition is the éasenost dredged pits. The flow could be
considered to be always perpendicular to the pit in akctions regardless of flow direction.
Therefore, the equation for pit infilling rate can bernigen as:
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The term 1—(h—j in the equation accounts for the reduction of sediment load ibaphe to
p

flow reduction as water depth increases over thealf.is the sedimentation thickness in one tide
cycle (m/tide).

The important parameter in the above equations is ktaekground suspended sediment
concentration @), which should represent the long-term averaged suspeedadent concentration
in the surrounding area. The most direct way to deterrtia background concentration is through
long-term measurements at the site. If the seabed & iequilibrium state (i.e. with no ongoing
deposition) Cy can be determined by using an empirical equation with averagent and wave height
(Liu and Zhang, 1983, van Rijn, 1986). If the sealseth ia depositional environment, the background
concentration @) will consist of two parts: a) the concentration generatec¢tlyents and waves
(equilibrium concentration); and b) the concentration delivergd eliternal sources through
advection/dispersion processes - the primary exampte ipdiimes from river discharge.

The equation to calculate background concentration was suddpgstéu (1983) is written as:

(U +U,)°
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wherep,is sediment density (=2650 kghimU, is the average current speel, is the orbital velocity
calgulated using the average wave heighis water depth, and is gravitational acceleration (=9.8
m/s).

Settling velocity is required for the calculation. The flolation of cohesive sediment is the main
factor determining settling velocity, and this process dépeon salinity and concentration. The
settling velocity increases as salinity increases ufbtppt and as concentration increases up to 1,000
mg/l. On the basis of physical measurements and lab testsvé Rijn, 1998), the mean settling
velocity is in the range of 0.0005 m/s to 0.003 m/s, depermingohesiveness of sediment, salinity,
and concentration.

The dry density of deposited mud is very dependent on the degoeasaflidation that increases
with time after deposition. There are three stageoosolidation: initial (days), intermediate (weeks),
and final (years). Dry density of highly consolidated sedimdmygl year old) ranges from 400 to
550 kg/n (corresponding to wet density in the range of 1,250 to 1,866’k

Margin erosion in Pit

Margin erosion was observed in the pit margin of the HollgdBeDredge Pit. As flow leaves the
pit and water depth is reduced, the flow speed incseasmatch the ambient flow speed in the absence
of the pit. The sediment load capacity of the flow atdbigoing edge is similar to the load capacity at
the incoming edge. However, the suspended sediment coatg@mtat the outgoing edge is less than
capacity due to deposition in the pit once the flow lrates to ambient flow speed. This results in
bed erosion beyond the outgoing edge to restore sedimergntmation to an equilibrium level. An
equation to estimate pit margin erosion was developedherbasis of one-dimensional sediment
transport equation under steady condition, which is written as
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whereZ,is the bed elevation (m}; is sediment concentration near the bed (Rp/thcan be expressed
asc, = 7C, in whichC is depth-averaged sediment concentration/arglan adjustment parameter for
non-uniform vertical distribution of sediment concentratifnis the probability of sediment settling
between 0 to 1, is equilibrium near bed sediment concentration (Rg/m is distance in the flow
direction; gs is total suspended sediment load, which is expressed by
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in which, u is flow velocity (m/s); andt is concentration (kg/M U is depth averaged flow velocity
(m/s),h is water depth (m), and is the adjustment parameter for non-uniform vertigsdridbution of
sediment load. Using depth-averaged values for all vagabléhe above equations, the equations can
be rewritten as
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In order to determine the pit margin erosion, suspendéitneat concentration at the outgoing
edge is first determined by applying Equation (5) to detezrthe reduction in sediment concentration
due to the deposition across the pit, i.e. between ths-semdionX, to X; (see Figure 1). Assume that

the unit width flow flux at the incoming edge is the saaaehe outgoing edge, i.e.Ulhl = Uoho
Therefore, the concentration on the outgoing edge at the $eodenX; is determined by

3
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in which, C; are the depth averaged concentration at the incoming edgehandutgoing edge,
respectively (kg/rf); and L, is the length of the pit at the flow direction (mM);is a combined constant
(=ki/a) . By applying Equation (6) to the reach on the pit marginexample between Cross-section 1
and Cross-section 2 as shown in Figure 1 and repl&gingth Equation (7), the margin erosion at the
outgoing edge of the pit is estimated as

3
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where4Z, is the erosion depth in one tide cycle at the edge efpits (mitide); A, = 17 is the

combined constants relevant to the uniformity of vertical catnagon distribution and the probability
of sediment settling or the reduction of erosion rate dubeth sediment consolidation on the pit
margin.

The combined constantd; and A,, should be calibrated with the measured data. The combined
constantA;, depends on the constdatand the constant. The constan&r represents the ratio of total
suspended sediment load calculated by using non-unifastribdition of sediment concentration and
flow velocity through the water column calculated by using lileptraged concentration and flow
velocity. A value of 1 represents sediment load underifmram concentration distribution and flow
velocity through the water column. Therefore, the value should be larger than 1 because a higher
sediment load near the bed enhances sediment exchangesiod/deposition processes. Therefore,
the constanfl; should be less than 0.35. Since the concentration padpends on settling velocity
and the vertical diffusivity coefficient, the constant is action of sediment grain size and the strength
of turbulence. The constant should be less for coarser sediffiee constantl, depends on the
probability of settling, an adjustment parameter for non-umfdistribution of sediment load (i.e.
constant), an adjustment parameter for non-uniform distributbsediment concentration, the flow
condition, and the bed material. Since there are no dilaet to determine the constant and it has a
complicated physical meaning, it can only be determinemligir calibration. For a uniform vertical
distribution of concentration and no sediment consolidaticthe edge, such as mud environmént;
0.35 and1,= 1 are recommended.

Equations (2) and (8) should be solved together usi@dgteration approach, sinbg andh, is the

function of time, i.e.h, =h, —Z:AZe andh, =h, —ZAZp . Figure 2 shows the sedimentation

rate and margin erosion rate per tide calculated ubmgarameters for Holly Beach Pit. As the water
depth in the pit decreases due to deposition, the sedimantate in the pit decreases. The seabed at
the pit edge is initially eroded and then turns to thénstigposition situation.

Xl x2

Uo, ho, Co U,, h,Cy Uo, ho, Co
— —_— —

i
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4,
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Figure 1 Pit Infilling and Pit Margin Erosion Prases Conceptual Diagram.
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Figure 2 Sedimentation in a dredged pit and eroai@npit edge

Mathematical Modeling

A 3D numerical model was also applied to simulate hydroahjes sediment transport, and

morphologic changes in and around the pits. The objective ofuheerical modeling analysis was to

verify the simple analytical approach described above addwelop an improved understanding of the
process. A three-dimensional hydrodynamic and sedimergpmainmodel, called MISED, was used

for this study.

MISED is a three-dimensional finite element model thautites tidal flow, temperature, salinity,
sediment transport, and morphology in rivers, estuaaied,coastal and open sea areas. The model
utilizes a new numerical method that is highly efficiamid unconditionally stable. This numerical
method allows for much larger time steps than other models as MIKE3, ADCIRC, POM, and
RMA2. The model is equipped with a robust drying up techniqueetd with drying and wetting
processes on flat floodplains and wetland. It can be egopdi simulate tidal circulation in large areas,
wind driven currents, stratified flow, sediment transpergsion and deposition of sandy and cohesive
sediments, advection-dispersion of thermal plumesufamits and contaminants, and to assess the
impacts of a variety of coastal engineering structurdsidimeg floating and submerged structures on
surrounding environments. Details of the model are predentLu and Wai (1998).

CASE STUDY - HOLLY BEACH SAND-BORROW PIT

Holly Beach sand-borrow pit is located at an 8m watettdep the offshore of Louisiana State,
Gulf of Mexico. Along the Louisiana and Texas portions of the @@lMexico, there are many
instances of buried paleo-channels that were formed in valeys at lower sea level stands. These
deposits represent a significant source of sand for coasttdration. However, the seafloor of the
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outer continental shelf offshore Louisiana is predominantigay. Once the muddy cover is stripped,
suitable sand deposits of sand are exposed. The Holly Besstor&ion project was completed in
2003. A series of studies on the pit morphological evolution inegudield surveys, numerical
modeling, and post-project monitoring were completed afterpit was constructed (Nairn et. al.,
2005, 2006). The details of physical conditions, modelingr@aches, and the predictions were
described in the paper (Nairn et. al., 2006). This pagmiates the comparison of predicted
sedimentation with the additional field surveyed data.

In order to monitor the morphological evolution of the pitptadditional field surveys were
conducted in June, 2006 and March, 2007, after the nmggdpliediction study was completed. The
measured water depth under the chart datum was compatedhwitvater depth predicted by using
both a simple concept model and the 3D numerical mode.tWb red points shown in the figure
represent the water depth measured in the pit after the waglcompleted. These agree well with the
prediction of both models.
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Figure 3 Comparison of predicted sedimentation keyntiodels with the field measured data. The redtpewere measured af
the study was completed.

The comparison of bed elevation predicted by the 3D maaikimeasured from the field along the
pit profile is shown in Figure 4. The two sets of meadbathymetry in June, 2006 and March, 2007
after the study was completed were also added ingheet The measured bed elevations shown in the
figures were extracted along the profiles in a North-Baditection and a Southwest-Northeast
direction from the measured bathymetry. The bed &tavaredicted by the model in both the inside of
pit and the margin agree well with the measured bed tédega Both model results and measured data
show that the pit margin erosion occurred at the first onehatid/ears after the dredge. The margin
erosion decreases as the pit is filled up. This feabfimorphological change was found to be similar
as described by the empirical formula (see Figure 2).
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Figure 4 The comparison of bed elevation changeigted by the 3D model with the measured data.

CONCLUSIONS

The simple concept model to predict the morphological evelutis a sand-borrow pit was
developed through this study. The developed model wak cakbrated and validated against the
survey data in the Holly Beach Sand-Borrow Pit. It es a simple and efficient tool for estimating
sedimentation rate in a pit and the margin erosion onettge of the pit. However, based on the
assumption, the developed model may only be applied to a piuddy settings. The impact of the
dredge on the current is not considered in the model. Tdrerehe developed model is suitable for
assessing sedimentation rate and margin erosion in athitsimiple configuration or for screen-level
assessment. For the complex hydrodynamic environment,r@ cooprehensive model, i.e. a three-
dimensional sediment transport model should be used ¢orately estimating sedimentation rate and
margin erosion in a pit.

Through this study, unlike pits with sandy settings whiah enigrate where there is a net or
residual transport rate, pits in muddy settings do rgtate. The significant margin erosion for the pits
occurs only at the beginning after the dredge is comgléihe margin erosion decreases as the pit is
filled up until there is no erosion or slight accretioreafine and half years, as found in both field data
and modeling analysis.
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