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) The PEM system is used for beach erosion conteirarolves the principle of vertical draining.
International Coastal | Scientists generally agree that a well drained héambust and accrete, but beaches with a higarywaessure

Gold Coast, Australial On this background a field test was performed enhnish west coast with DIVER water level instrutaen
” Gl' fﬁth The test with the Diver sensors was carried out @wgeeks, where the PEM modules with sensors plaed

Lk J WNIW=:Eip4  between the wells with sensors in week nr. 2.

All the Divers in the wells and PEM modules weradilocked and registered the water table for eRery

The effect of the PEM modules corresponds to teerghfrom” (Glover and Todd, 1975)” about fresh evat

outflow in Coastal zones.
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INTRODUCTION

Scientists generally agree that a well drained bbéaombust
and will generally favour infiltration and onshaediment
transport.

The position of the water table in beaches is masthtrolled
by tidal waves.

The effects of vertical drains on the water tahleéaches are
investigated in this report.

The drains are called Pressure Equalizing Mod&\). The
vertical drains consist of a 1.0 m long screenrdosi a 0.75m
tube with a diameter of 0.06m. The functioninghaf t

PEMs is that the effective permeability of the e
increased. A two-week experiment was conductecbaibah
near Holmsland on the west coast of Denmark inrdae
investigate the hydraulic functioning of the PENF&y(1).
Two different experiments were meant to be investd.

1.

A beach-scale experiment where tidal dynamics anfte on
the water table were monitored in rows with normal
observation wells and PEMs.

2.

A close-in scale experiments, where the pressustellition
around a drain was continuously monitored.

The close-in test failed due to installation faglur

The experiment was divided into two periods.

Period one where all the wells were installed witbssure
sensors DIVERs (fig5)
Measurement every 2 minutes and.

Period two where PEMs were installed, also witrspuee
Sensors.

Three rows were established.

One row with just wells and no PEMs, which theredas a
control site.

One row with both wells and PEMs.

One row with a few wells and mostly PEMS, which was
designed primarily for the close-in-scale experitnen

The idea was to make a before-and-after comparisbere
the tidal response in the wells during period twald be
compared with the tidal response in period one.
Unfortunately due to a dramatic change in the werath
conditions resulting in higher water level in wewlo
compared with week one (Fig 2), we found the “befafter
evaluation” not useful.

We then decided to use data only from week twoaariyg from
the center ( C ) row as it was found that the begciogy in
the north ( N') row differed to much.
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N1.C1 and S1 is placed at level 0 Ost

Control

o Wells with DIVER (17)

@_] Drain modules with DIVER (11)

Figure 1. Test site

Field site

The field site is located 5 km south of Hvide Sandehe West
coast of Denmark, ( Fig 3).

Figurel show the location of the installed wellsé circle)

all with DIVERs measuring the water level and thesBure
Equalizing Modules (big double circle) also withMEHRS.

The North row was meant as a control row, wher®Bis
were installed.

The Center row includes wells, and with PEMs celytral
located in between two wells (Fig 2).

There are 50 meters between the rows and 10 niEbrgen
the wells. Between the wells and PEMs there aretBnae

Fig 3 Test site location (Skodbjerge)

v ( C ) used in this evaluation
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Figure 2. (C) Center row / Beach profile

The South row has only four wells, three nearegit¢csea, and
one at the other end, and five PEMs.

All wells were installed starting on 8:00, March 2006. The
PEMSs were installed on March 26, 2006

The test ended on April 02 2006.

The MSL are shown on Figure 7.

The center row (C) (fig 2) only is used in this exlon.

Diver

1,8cm

11 ¢cm

Fig 4 DIVER sensor
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Fig5

Conditions

Fig 5 illustrates the water pressure at the beadatflow
zone. According to “(GHYBEN HERZBERG)” we know that
for every meter the groundwater stays over the-gbare is 40
meters down to the saline water.

However this is not the case in the outflow zonenreh
according to “(CLOVER and TODD D.K )" the conditioas2
stated in the equation:

X=q/2(Ps-Pf)K

Where X= outflow zone in meter
g = freshwater flow pr. meter

Ps = density of saline water

Pf = density of fresh water

K = hydraulic conductivity

The outflow zone (X) moves with the tide and israportant
factor in the function of the drains as the positieghange of the
hydraulic conductivity in the beach will broadée tarea of
outflow and increase the outflow thereby lower water
pressure in the beach.

Fig7

Fig 6

Weather

During the first period the wind was easterly wsthall wave
activity.

At the start of the second period the weatherethifo westerly
wind with wind speeds between 14 and 19 m/sec,twhic
resulted in a water level rise of 0.40 meter (Fégtiy.

Vertical drains

Vertical drains connect different permeable layerthe beach
and increase the outflow. The water may move wugtoam in
the tubes depending on the water pressure in thehlkend the
swash zone (figure 6).

The pressure drop in the beach will increase theesavater
circulation and accretion will take place creatingand groin
which catches the long shore sediment transparBifi

The vertical drains acts like a starter that kebpgprocess
going. When more or less impermeable layers has bee
penetrated or/and when several permeable layensdeas
connected by the drain, the draining process stashing out
fine material and in that way becomes more ancemor
effective.

Fig 8
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Fig 9
Impermeable layers

The presence of more or less impermeable layeasiach

is well known.

They may consist of very fine material.

The material could be particles of clay or organiaterial
coming from rivers and municipality sewers (Fig.10)

These layers we also found at the test site (fifig69) where
the drain pipes penetrates the impermeable layet<annects
the permeable layers.

Pressure sensors

This field test use DIVERS as pressure sensorsibéach.
This model was chosen because it is robust andaegut has
no external wires. The measurements are easilgferard to a
PC via a docking station.

The DIVER ( Fig 4 ) measures the groundwater lgxti an
accurate pressure sensor.

The weight of the water Colum above is the detemmgjfiactor.
The DIVER sensors were submerged in the wells hdrand
their X Y Z coordinates were logged with GPS.

All DIVERs were synchronized in time and the logging
intervals were set to 2 minutes.

(fig 12, fig 13)The data from the DIVERs shows timaPEM 1
and PEM 2 the water level is well above the catedlaverage
value (C1+C2)/2, (C2+C3)/2. Indicating an upward drajn
flow as expected in the outflow zone.

Fig 12

ICS2007
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Fig 10

Method

The draining effect is illustrated by comparing thater level
inside the drains with the water level in the beashecorded
of the sensors inside the wells (C1+C2)/2, (C2+C3)/2,
(C3+C4)/2, (C4+C5)/2, (C5+C6)/2.

C1l and C2 water pressure

The difference in C1 and C2 is reduced to 5-6 cnr dftgining
in period two.

Without draining the level difference is betweeartl 19 cm
indicating the drains has equalized the pressigd f).

Fig 11

Fig 13
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Fig 14

(fig 14 , fig 15, fig. 16) PEM 3, PEM 4 and PEM &td shows,
that the water level is below the calculated v4({Lig+C4)/2,
(C4+Ch)/2 (C5+C6)/2 indicating an downward drainingvflo
as expected in the dry zone.

Fig 15

Fig 16

Conclusion

The hydraulic effect of installing pressure ecgialj modules
(PEM ) was investigated.

The test showed that on a dry beach the water iesiele the
PEM was significant lower than in the neighboringiig;
indicating effective downward draining of the beach

PEM modules in the swash zones that were submehgetb
high tide, showed a higher water level than inrteighboring
wells. This indicates that the outflow of wateirisreased by
the drain.

The effect of the drains acts as trigger startivgggrocess and
thereafter the system is self sustained.

Effective draining of a beach will increase thedies capacity
to absorb water from the incoming waves. The sediniey
contain will be deposited on the shore. Gradualigred groin
will develop picking up the long shore sedimentiagdand to
the beach.
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