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In this paper the cliff shoreline erosion on thasttine between Punta Montijo and the Chipiona Roetiz, Spain)
is studied. The reasons which cause this erosiemg@henon and the future erosive tendency of thiffe are
estimated, obtaining magnitudes of recession aadéate at which it will occur. Analysis of the cemt situation has
been carried out by determining its plan shape,stiely of the theoretical erosion profile of théfsland the
verification of their failure. The future evolutiaf the cliffs shoreline has been analysed thrahghsimulation of its
recession and the study of the profile responsstdon wave action. Finally, is presented a modetdtimate the
recession of the cliff shoreline.
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INTRODUCCION

Different studies carried out on the coastline leetw Punta Montijo and the Chipiona Port (Cadiz,
Spain) have revealed the high vulnerability to Emo®f its cliffs composed of clay, with an estiedt
shoreline recession of between 0.5 and 3 metreggaer(Mufioz-Perez et al. 2001 and Gomez-Pina et
al., 2006).

This area of study is part of the physiographid deiimited by the Guadalquivir estuary (Sanltcar d
Barrameda) and the port of Chipiona (Fig. 1).

This physiographic unit presents two different mext: (1) Shoreline between Sanlucar and Punta de
Montijo, with a lying and straight beach, (excepe tcliff of the Espiritu Santp and (2) shoreline
betweenPunta de Montijoand the Port of Chipiona, which has a low-risef alifth a narrow sand
beach at the bottom. The seabed presents wavesdctmraces with upper Pliocene cemented, Plio-
Quaternary and Quaternary materials, which areatedeas a shallow at low tide.

Within this shoreline, there are two subsectiohs: gubsection 1, corresponding to Micaela beadh tha
is protected from wave action by the Port of Chigi@andFacies Ostioneranaterials terrace, and the
subsection 2, to Punta Montijo, with a more intemsmesion level and higher cliffs.
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Figure 1 - Physiographic units between Port of Chip iona and Guadalquivir estuary.

The geomorphology, lithology and seabed confirm fhesence of clay with some sand layers
(D5g<0.08mm), sand beach {§20.2mm) and a sandstone rock terrace (Ostioneig@) Zlr around -2m
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level. The existence of this rock platform playkey role in the dynamics of currents and transport
the area because it causes wave breaking.

Figure 2 — Erosion of cliffs in Chipiona shoreline

After analyzing the available information, the typ®file in Chipiona shoreline is shown in Fig. 3.
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Figure 3- Profile type in Chipiona shoreline

The waves arrive mainly from sectors W, WNW and WS3wmore than 75% of the total record, and
are associated with larger fetch distances. Theehigiaves arrive from sector W.

Quarties de Hs

The goal of this work is to study the causes atel o&the erosion of the coast. In order to aching
objective, this work is structured as follows: fliys the historic evolution of shoreline is dese the
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next section deals diagnosis of the current sthtéhe coast, the erosion process is studied from
different points of view and, finally, a future segio of the erosion rate is proposed.

EVOLUTION OF SHORELINE

The study of historic evolution of shoreline is éaon information of nautical charts, restoredyies
and field measurements. The evolution of the cimastias been studied from 1868 to present (2010).
To do this, the different shorelines in differesays have been restored and compared in ordepto sh
the shoreline retreat in fixed sections perpendictd the coast.

Due to the high tidal range (3.6 m) the shorelirstonic evolution study has considered situatiohs o
high tide and low tide.

By comparing initial and curent position of the sklme, it can be concluded that, between the ohipi
Marina and Punta Montijo, a maximum shoreline @tief 239 in 142 years can be observed (Figure
4). The most eroded section corresponds to theéh+eastern Punta Montijo boundary, while in the
center of the stretch (section B) the shorelinerbagated 190m, and in the south-western zone ¢tos
the Chipiona marina, the shoreline has retreat@dnl2
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Figure 4 — Evolution of the shoreline between 1868  and 2010

In Fig. 4 the changes produced in the central @e¢Bection B) can be observed. It can be confirmed
that the shoreline evolution was affected by thestiction of the marina breakwater first alignemen
(1868), and the construction of the marina breakmwsgcond alignment (before 1923).
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DIAGNOSIS OF THE CURRENT STATE

Plan equilibrium shape

The equilibrium shape of the shoreline has beetyse@d by means of three different procedures: (1)
obtaining the average energy flow at several paietr the coastline (levels -3 and -1 m); (2) fitim
Hsu and Evans (1989) theoretical model; and (3nfresults obtained with the numerical evolution
model of the shoreline GENESIS (Hanson and Kra®89). It is concluded that the current plan shape
is similar to the equilibrium plan shape (Fig. B)can therefore be assumed that the main causkffof
erosion is not the longitudinal sediment transport.

DIFFRACTION POINT 1

FISH WEIR

TION POINT 1

DIFFRAC + R
~: \ )
CHIPIONA PORT

Figure 6 - Superposition of the current plan shape (red line), Hsu and Evans (blue line) and average f  low
(green line)

Equilibrium profile

The geotechnical characteristics of the materihls,orientation of the shoreline related to the evav
incidence and the length of the rock terrace intfaf the cliff determine their stability.

The study of the equilibrium profile has been amety with three approaches: (1) theoretical
equilibrium profile assuming that the eroded mafecontributes to the formation of the slope, (2)
overall stability of the slope, which configure® tburrent profile, with no wave action and takintpi
account the wave action, using numerical modelagesstability (SLIDE), and (3) the stability agsin
the erosion caused by the scour at the foot ofstbpe, by application of criteria critical speed of
movement of particles.

Theoretical equilibrium profile
In a first diagnostic hypothesis, the possible fation of a theoretical equilibrium profile is siratéd
with the Dean profile (B = 0.08 mm). It is shown in Figure 7.
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Assuming that the cohesive material is lost by sosjon, it is concluded that the theoretical Dean’s
equilibrium profile, that would produce a retre&tit60 m, can not be reached.

h*=3.8m.

Figure 7 - Equilibrium profile versus Dean profile

Overall stability failure
Global stability of the slope has been obtainedi&ing the numerical model in three design situation
(1) high-tide level without wave action, (2) higbe level with wave through and (3) high-tide level
with wave crest and model of soil uplift pressureall of the above situations, the slope is uristab
with slip planes causing erosion of only 4-5 mloa trest of the slope (Fig.8).

Il=
=

HWL without waves HWL with waves
Figure 8. Limit state equilibrium numerical model ( SLIDE)

However, historical observations of the progressaaession of cliffs have lead to the consideratibn
more reliable failure mode consisting of the falwf the slope due to gradual landslides caused by
scour at its toe, instead of the global stabilityuire.

Slope bottom erosion failure mode
In order to analyse the progressive cliff toe emsthe critical velocity () for initiation of sediment
motion at the toe of the slide (h = 0.1 m) is deieed by applying the formula of Soulsby (1997).

Ug = 019(D50)0.1|0910[;hJ 01< D,,(mm < 05 (2)

90

Once this threshold velocity has been obtained €J6r17 m/s), with B (mm) = 0.2, 3y (mm) = 2
and h=0.10 m, the exceedance of this value witiénarea of study is analysed by determining erosive
currents in both the horizontal plane (near-shoreenits) and the vertical plane (difference betwien
“run-up” and “run-down” of the wave on reaching tflepe with respect to the average period). It is
concluded that velocity of current is higher in thextical plane than in the horizontal plane, bdimg
both cases higher than the critical velocity calted. This threshold velocity is related to a wheght
with a probability of occurrence of at least 50%@ally (Table 2).
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Table 2. Horizontal velocity (average wave regime 5 0% of time)

Hs toe (m) Tide level (m) Un current (m/s)
0.48 1.8 0.22

The vertical velocity for frequent wave regime (#85f time) is shown in Table 3.

Table 3. Vertical velocity (average wave regime 35%  of time)

Hs toe (m) Tide level (m) Tp (s) uy current (m/s)
1.0 3.6 5.5 0.41

As it can be seen, the flow velocity is higher lne tvertical plane on the horizontal, both being
greater than the critical speed of movement ofntlagerial calculated from the cliff, from which it
follows that the toe may be eroded by scour, and essult, cause progressive landslides of the
cliff.

Conclusions of erosion process
From the results obtained in the initial analygisan be concluded that:

The shape of the shoreline of the coast betweépid@ta marina and Punta Montijo fits the Hsu and
Evans (1989) parabola, suggesting that longitudiaalsport is not the cause of the erosion.

The main mode of failure of the cliff between Rumflontijo and the marina and fishing port of
Chipiona corresponds to a gradual erosion of theofahe slope given by the action of perpendicular
waves on the clayey cliff formation.

The fine material removed from the cliff is susped and transported offshore of the physiographic
unit, outside the coastal dynamics, preventingésumulation at the toe of the slope and the faonat
of a beach.

EROSION MODEL: DIAGNOSIS OF THE FUTURE STATE
In order to study the long term tendency of th& elfosion, the resulting waves in two hypothetical
future scenarios of the eroded cliffs from its ewtr position have been studied: the first with a

recession of 150 m and the second with a reces$iés0 m.

In the simulation the current cliff profile positiois retreated, taking as reference the equilibrium
shoreline shape of the coast.
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Figure 9 - Hypothetical future scenarios of the ero

As it can be seen in the figure and as discussedealthe area of higher waves and erosion of iiffe cl
is located at the northeast zone. Results fronptbpagation analysis including waves and curreiits w
be obtained and related to the dimensionless paeasnelative height (h) and steepness ¢H), and
vertical velocity over the slope, Vv (m/s), so thgtattern of behavior can be established.

The analysis shows that the state of sea thatsept®the most unfavourable values of wave heigiht a
currents, are the most frequent in the area. Tharimg cases have been taken as representatitres of
wave regimes: Significant wave heighg # 1.2 m and peak wave period Tp = 5.5s for theage
wave regime, and gF 68 years, K1I=9.3 m. and =14 s for the extremal wave regime, with a tidal

range of 3.6 m.
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Figure 10 - Wave propagation with R=150 m: (a) Aver

age wave regime and (b) extremal wave regime.
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Figure 11 - Wave propagation with R=450 m: (a) Aver age wave regime and (b) extremal wave regime.

An exponential function of vertical velocity of cants (Vv) depending on the retreat of cliffs shioee
(R) is fitted. With this function, the value of tkeéff shoreline retreat that predicts the stalkdddviour
of the slope for a critical velocity (i) can be estimated. The fitted expression of the ¢idf shoreline
recession model is shown in [2].

V, = 032¢40°R )

As stated earlier in this document, the criticdbe#y necessary to move the material forming thifésc
between Punta Montijo and Chipiona Port is 0.17. Mferefore, the cliff shoreline will not be stable
while there are currents exceeding this value. ilBtation will occur when the recession of the fslif
shoreline is 2100 m (Fig. 12) approximately.

0,35 1
!
03
[}
0,25 -+
Z 02
E _
; 0,15
B Vertical velocity
0,1 -
Critical velocity
0,05 1 CSR Model
0 T T T T 1
0 500 1000 1500 2000 2500

R(m)
Figure 12. Fitting CSR model of Vv(m/s) vs. R(m)

Slope erosion temporal evolution

Finally, in order to provide an order of magnitudethe time necessary to reach the previously
mentioned recession, the response of the profilstdom waves was determined by PETRA model
(Gonzalez et al., 2007) (Fig. 13).
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Figure 13. Slope erosion temporal evolution

The cases analysed and the results obtained ans shahe Table 3.

Table 3. Results of recessions and eroded volumes
Return Period Tr Tide Level Duration (h) Recession Eroded3Vqume
(years) (m) (m) (m*/ml)

68 1.8 1 - 2.4
68 3.6 1 2 8

68 3.6 6 3.2 15
5 1.8 1 - 1.6
5 3.6 1 2 6.5
68 variable 12 4 10

CONCLUSION

The following conclusions can be drawn:

» The studied coast region shows continuos erosiare $deginning of XX century.

e The cause of the shoreline retreat is the progressision at toe of the cliff

* Average wave regime causes erosion with MWL

» Future state shows that erosion continues evenawigtreat of 450 m

» Transversal profile erosion numerical model shoasdyagreement with retreat of shoreline rate
e Arubble mound protection of the bottom of thefdifnecessary.
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