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1. INTRODUCTION

UuwﬂddﬁofuMahucmxnmsunmmn
in sendbars across river wmouths and harbour
entrances. These ssnd bars may cause navigational
problems, There are a number of mechods of
removing sandbsrs including periodic dredging
ing conventiocnal dredges. In instances where the
evailing wave climate prevents cost effective
dredging one of the more atrractive methods 1s a
fixed sand bypsss system consisting of fixed jet
pumps buried in a sand trap located updrift of the
entrance. The 1littoral drift sand is intercepted
by the tvap, picked up by the jer pumps and
transported via a submarine pipeline across the
entrance for discharge on the downdrift beach. The
sand then regumea its longzhore movement.

2. LITTORAL DRIFT
2.1 Suspension of Sand

A wave wmoving towarde a beach bresks when.it
reaches a water depth equel to about 1.3 times the
vave height (1). Breaking results in a dissipation
of wave energy by the generation of turbulence in
the water and by the transport of sediment lifted
off the bottom by rthe turbulent water. The waximum

water veloeity upder a bresking wave is
approximated by solitary wave theory to be
w U =/ g ( Hd) n
max

where g 1s gravitational acceleration, H is the
height of the wave and d is the depth of water.
Subgtituting d=1.3H at the breaking point equatioen
1 becomes

U » J 2.3gH (2)
max
The table below shows the maximum velocity
calculated using equation 2 for various wave
heights,

Wave Height (m) .

0.5 1 2 3 4 5
Velocity (m/s) 3.4

4.7 6.7 8.2 9.5 10.6

Even for wvaves of wmoderate height
velocivies are sgubstantial  and
sufficlent tc guspend sand,

the predicted
gore  than

The sbove predictions derive from solitary wave
theory, Of the four types of breskers (spilling,
plunging, ceollapsing and surging) 9pilling
breakers most closely regemble solitary waves.
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Spilling breskers differ lictle in fluid motion
from unbroken waves and generate lese bottom
turbulence and oo tend to be less effective in
transporting sediment then plunging or collaspsing
breakers, The most intense lacal fluid motions are
produced by plunging breakers, As the wave moves
into shallower depths the front face beging ¢o
steepen, When the wave reaches 8 mean depth equal
to about its height it breaks by curling over at
the crest. The crest of the wave acts as a free
€alling jet that scours a trough in tix bottom.

To a lesser degree unbroken waves can alsc suspend
sand with their suspending <capabllity reducing
with increasing water depth, Studies (e.g, Gordan
snd Roy,(2)) have shown that appreciable sand
govement can occur out to depths of 20 metres,
However littoral drift of seand suspended by
unbdbroken waves 1s of 1little significance as
regards formation of sand bars across eatrances.

2.2 Nstural Bypassing

Littoral drift of smnd along a coastline 1is
predominantly due to waves striking the coast at
an angle other than cormal. This csuses the sand,
suspended by wave action malnly in the surf zone,
to be transported along the beach. When this
littoral drift sand intercepts an eatrance much of
it 1is deposited across the entrance., This is
because the waves entering the deep water of the
entrance no longer break and so lose most of their
suspending capability. Non breaking waves deyond
the surf zone will still contioue suspending the
same amount of sand 8o this sand will not be
deposited but will continue past the entrance.

Sand continues to deposit scross the entrance
until a sand bar 1is formed. This then causes the
waves to break allowing them vo suspend sand sgain

and the litioral drift process continues past the
entrance, This i the npatural process by which
lirroral drift sand is bypassed across an

entrance, If thig process, with its resulting sand
bar, is to be uavolded an artiticisl meaas of
bypassing the sand wmust be employed.

3, SHORE NORMAL TRAP

Probably the most successful fixed sand bypass
system is the Nerang River entrance system on the

Gold Coast, Queensland. The sand trap in this
system is normal to the shore, A jetty spans the
300 metre length of the trap with jet pumps

located on the jetty pylons at 30 metre spacing.

Sand accumulated in the trap is lifted by the jet
pumps into a sloping flume running the leagth of
the jetty. The sand flows by gravity down the
flume into a sump on the shore, This sump feeds




t

"inte & contrifugal pump which pumps the sand
through & pipeline laid beneath the entrance to
the downdrift side of the entrance, The sand.is
deposited on the beach, plcked up by wave action
and resumes its littoral drift along the shore. By
this means the formation of a sand bar is avoided.

The shore normal trap at Nerang was designed to
intercept littoral drift over the whole of the
active surf zone, When the Lrap is empty it is

refitled principally from the sides by littoral
drifc.

4. SHORE PARALLEL TRAP
4,1 Ceneral

of sand
is a much

littoral drift component
concern there

Although the
movement is of ultimate
greater oscillating movement of sand in the surf
Zoma towards and away from the shore. This
oseillating movement vccura as the waves advance
to and recede from the beach. Just as the normal
component of wave velocity is generally far
greater than the shore parallel component, so the
rate of oscillating sand movement normal to the
beach 1s far grester thaen the littoral drife
 component, This suggests the possibility of & trap
orientated parallel to the shore, There are two
means whereby sand enters such a trap; direct feed
and reverse littoral drift feed.

4.2 Direct Trap Feeding

Consider a trap orientated parallel to the ghore
and situated close to the shoveline, As littoral
drift sand moves along the coast it follows a “zig
zag" course moving in and out from the shore as
the waves advance sand recede. Under this action
some of the woving sand will be fed directly iato
the trap. The proportion entering the trap
directly in this manner will depend on the lenpth
of the trap, the rate of littorsl drift and the
vidth of the surf zone, It should be noted that
each particular grain of sand does not necesssrily
traverse the full “zig zag" path. Some sand may
stay predominantly in the near shore zone far
example. However any removal of sand from the
system into the trap rvesults in a local decrease
in concentration. This lost ~ sand 1s then
compensated for either by migration of suspended

sand into <the depleted area from nearby areas or
by additional suspension of sand from the bottom
neardy.

4,3 Reverae littorsl Drift Feed

Depending on the trap size snd other conditions
some of the littoral drift sand may not be trapped
and will continue past the trap and eccumulate
against the breakvater as shown in Figure 1, The

fillet of sand so formed eventually Dbecomes
sufficiently large such that the angle of
incidence of the waves striking the fillet are
reversed. This causes a reverse littoral drift

back towards the trap.
4.4 Location of Trap

The fillet storage volume and reverse littoral
drift process means the capacity of the sand
pumping system does not have to match the peak

storm littoral drift rates. The system can be
designed for a lesser transfer rate.

The positioaing  of the trap in relation to the
breskwater dictates the storage volume available
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{n the fillet, The further the trap is sway from
the breakwater the greater the potential storage
volupe. However the greater the distance between
the trap and the breakvater the further the fillet
will need to extend offshore tu present the
required reverse angle of incidence to the vaves
and generate the necessary reverse lircoral drifc.
There is then the possibility of sand migratieg
around the tip of the breakwater into the
engrance.

Another consideration is that some of the send
needed to form the fillet is permanently lost froam
the cosstal process. This loss will deplete
downdrift beaches to a certain extent. The
positioning of the trap is therefore a compromise
between peak storm sand storage volume and
avoidance of too greater permanent sand loss, In
practice a trap located abour 100 to 200 metres
from the breskwater 1is ideal,

4,5 Trap Utilisation

Sand movement is greatest in the near shore zome.
This has been illustrated by experience at Nerang
where the near ghore jet pumps are required to
pump the majority of the sand with the outer jet
pumps operated less frequently. The parsllel trap
is loeared in the near shote zone where activity
is greatest. The size of the trap can therefore be
reduced.

Any send which pagses the trap accumulates against
the breakwater end 1s returned to the trap by the
reverse litvoral drift process,

5.0 MODEL STUDIES POR DAWESVILLE PROJECT
S.1 Dawesville Project

The Deparument of Marine and Harbours (DMH),
Western Australia is considering construction of
an artificial chennel between the ses and Peel
Inlet near Mandurah to improve flushing of the
estuary (see Figure 1), There is an'estimated nett
norctherly littoral drift of 80,000 cubic metres
per year along this coastline. To avoid formation
of a sand bar across the entrance to this proposed
channel it is intended to comstruct a fixed ssnd
bypass system. Originally a system similar to the
successful Nerang 1installation was proposed and
Clough Engineering, Slurry Systems and Unisearch
wvere commisgioned to perform & feagibility study
into such a system, During this study discussions
between all  four participating organizations
resulted in the idea of the parallel trap,

S.2 Hydraulic Model

To demonstrate the effectiveness of the parallel
trap basin model studies were conducted. The model
was constructed at the Coastal and Hydraulic
Engineering Laboratory at Floreat Park, WA with
the assistance of the DMH. The operation of the

model vas carried out by DMH staff under the
direction of Unisearch Ltd.

The mode! was a 1:100 scale representation of the
Dawesville beach

and the propoged s&outhern
breskwater, The model basin was rectangular in
plan with a 1 in 2 slope energy absorption besch
around its perimeter formed wicth 12 wm crushed

blue meral.

The irregular sea sgtate of the protogype was
simplified and generated as uniform regular waves
by an 1l metre wide wave paddie driven by a
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FIGURE 1. OAWESVILLE CHANNEL LOCALITY PLAN
variable aspeed electric  motor. Waves were
generated in @ mean water depth of 340 mm. The

vaves then propogated over a uniform transition
slope onte the reproduced bathymetry of the area
under investigation. Wave guides were installed to
prevent premature decay in the wava shape from
side diffraction effects, Other preventative
messures to limit scale effects included a wire
mesh vave filter in front of the paddle to reduce
vave reflection from the paddle, and the use of
fins attached perpendicular to the face of the
paddle to suppress the development of edge waves
along its length.

The bed material used in the model was fine sand
having = median grain size of 0.4 om. The trap was
modelled with a perspex box for prototype lengths
of 50 and 100 metres. Sand was removed from the
trap manually.

The model is shown in Figure 2.
5.3 Model Operation

To simulate a northerly littoral drift wave
conditions were introduced into the model with the
following model characteristics:

- Wave hefght 20 o=

- Wave period 2 secs

~ Angle atcack on  updrift
degrees. This represents the
south west swell direcclon
Dawesville.

beach 10
typical
in sumaer at

As the bdreakwater acts as a total littoral drift
barrier the longshore transport rate in the model
can be determined by measuring the volume change
with time of the =sea bed at the breakwater. The
longshora tranaport to the north so obtained was
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0.6 cubic metres per hour.

In operating the model the rate of filling of the
trap was observed for various trgp orientations
and for 4{ncldent waves with measured parameters.
The 100 metre (prototype) trap was tested in both
the shore normal and shore parallel orientations.

5.4 Model Scaling

The horizontal scale was selected to be 1:100, The

approximste verticgl scale wss selected on the
following basis. In the model onshore/offshore
movement of sand was observed to be limited to a
wacer depth of 30 mm, Measurements of prototype
beach profiles undertaken by DMH on sandy beaches
along this section of the coast indicate that
gignificant sand movement tmkaes place shoreward of
the 4 metre depth contour, This results in a
vertical scale of 1| in 133 and this was adopted
for Ehis study, The volume scale is therefore 1,33
x 1076,

The geomorphological time scale. for operation of
the @Model was estimated as follows. The model time
required to reproduce an average annual littoral
drift of 80,000 cubic metres camn be calculated
from:

Model Rate{cu.m/h) x Volume scale x Model Time (h)
« 80,000 cu.mﬁy Prototype
i

The model time sof calculated to reproduce l year
prototype is 1 hour.

Slug flows of sand wovement in the model were
reproduced by varging the interval between sand
accumulation and sand bypassing. For example the
design criteris requires the plant to be able to
handle a slug of 30,000 cu.m in a 7 day period. 1f
there iz no sand :bypassing during such an event
prototype beach changes would be represented in
0.4 hours in the wmodel.




5.5 Results

A number of tests were conducted. In one test the
equivalent of several years sand supply was
allowed to accumulate against the breakvater

burying the trap. Sand was then removed from the
trap intermiresntly as it filled or near filled,
The accumulated sand against the breakvater was
rapidly transported to the trap and removed,

Overall conclusions reached were:

(a) Wave saction was cepable of supplying sand to
the trap at rate greatly in excess of the average
annual littoral drift rate of 80,000 cubic metres
per year.

(b) Sand slugs resulting from storms could be
allowed to accumulate against the breskwater for
subsequent removal,

(¢) Under normal operation there was little or no
chance of the trap beiny "sanded in" (access lost
to the ocean). Should this occur however the
system could be cleared by acrtificially opening a
swall cut to connect the trap to the ocean.

(d) Both the 50 and 100 metre equivslent trap
lengths performed sarisfactorily with only a amall
lowering of efficiency as the length is reduced.

(e) The protorype trap length could be reduced,
probably to 1less than 350 metres if requived
although the minimum length possible required
furcher testing,

(£) The tests clearly indicated that the shore
parallel trap system was hydraulically wmore
efficient for wave transport of sand to the trap
than a shore normal system.

6.0 ECONOMIC ADVANTAGES

The major economic advantage of the parallel trap
ig that offehore structures are wminimised. The
ahore normgl trap configuvation at Nerang involves
a 500 metre long jetty on an exposed coastline
subject to regular ¢yclones. There is considerable
cast in such a structure,

With @ parallel trap the whole of the trap 1s
closer to the shore, It is possible to use land
baged methods of construction for the jetty if the

fillet of sand which forms behind the breakwater
is allowed to advance seaward prior to
construction. This obviates ths need for an

expensive marine construction plant.
dypass system has been completed it
operated to drav the beach back to
alignment.

Once the
can be
the desired

In sitvarions where the trap must be excavated in
rock, such aa at Dawesville, the parallel trap hss
advantages since it is cheaper ro excavate in
shallow water close Lo the ghotre. Once again land
based excavation and construction methods may be
utilised.

7.0 APPLICATION TO DAWESVILLE

The proposed Dawesville sand bypass system will
use a 50 metre long parallel trap situated
approximately 35 mevres offshore. The trap will be
excavated in rock td a depth of 7 metres.

8.0 CONCLUSIONS

Sand bypassing using a fixed jet pump installation
has been considered with attention given to bdoth
the shore parallel and shore normsl sand trap
configurations. The shore parallel krap is shown
to have advantages over the trap orientated normal
to the oghore, Model tests conducted for the
proposed sand bypsss system at Dawesville, Western
Australia confirmed the suitability of the shore
parallel ctrap.
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