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Erosion prevailing along the vast coastline of India ha, a long history. Coastal erosion.
very ofeen. poses a serious problern. The nature and degree of protection required for a given
COlSt vary widely depending upon the environmental conditions prevailin~ in ehe area.

A comprehensive environmental study of the problem is required for developing a suitable
solution to any specific coastal problem. In general, there will be more than one method
applicable to protecting an eroding area. Hence. it is very desirabie to consider both short-term
and long-term efflcts very carefully before determining the most suitable remedial measure
to combat erosion problem.

In thts manual, an attempt has been made to present some of ehe remedial measures
in::luding tha guidelines for suitable designs to control coasul erosion with special reference to
Indian conditions. While some of the basic information has been presented in' the eexe under
various sections, more detailed information has been included separately under six appendices
in the manual. Although the techniques presented in the manual are generally applicable to
most of the coastal erosion problems. competent engineering judgement, based on experience,
is necessary for determining their application tO any specific probiem.

This manual is first of its kind in India. le is intended to be precise and effective and makes
no claim to be exhaustive. Nevertheless, the value of a manual of thrs nature. dealing wrth
diverse aspects of coastai erosion and its prottction. cannot be den led.

The originai idea for preparing this manual carne from Professor Per Bruun, who has
considerable experience of working in Indlan conditions for the past fifteen years or so. His major
contribution and guidance durlng the preparation of this manual is indeed greatly appr eciat ed.

I would like to express my gratefulness to my colleagues at the National Instieute of
Oceanography for giving valuable support te Prof. Bruun in the preparation of this manual.
Colleagues who made significant contributions to th is manual are: Or. B. U. Nayak. Mr. N. M.
Anand, Dr. A. K. Jaln, Or. A. G. Untawale, Mr. B. G. Wagle and Mr. K. H. Vora. Very useful
suggestions and reviews were offered by Mr. N· P. Bhakta, DIrector. Pre-invescment Survey
of Fishing Harbours, Bangalore and Dr. V. V. R. Varadachari. Mr. H. N. Siddiquie and
Dr- J. S. Sastry. The valuable assistance rendered by·Mr. K. G. Chitari of the Orawing Section
and Mr. S. P. Sharma of the Planning and Data Division in connection with the printing of
the manual Is gracefully acknowledged.

I would like to express my gratitude te the U. S. Army Corps of Engineers, Coastal
Engineering Research Centre, Virginia and Mis. Litton Educational Publishing Inc., New York
for chetr kind permission to reproduce some of the material and figures from their publicatio;'!s.

Comments and suggestions from readers on eh is publication would be most welcome for
improving and up-dating the manual in the future.
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National Institute of Oceanography
Dona Paula, Goa--40J 00 ... India
IS February, 1980.

S. Z. QASIM
Di rector
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Introduction
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I
I
I
t

I
I
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This manual is wriuen as a guide for those who are concerned wi.h planning and desigru ug 0(

practical and econornical rnerhods of proreering (he ereding shores on ihe Indian coast The sandy sho res
ot' India. spevia lly the barrier beaches of different coastal siates wirh a high populauon densuy. are be.ng
eroded mainly by waves particularly when these gel cornbined wuh storm tides- Coastal erosion In [n\kl

has resul.ed In the loss of valuable beaches and adjacent coastal land used I'or habu atio n. agriculture and
reereanon. loss of marshes and wetland essenual tor marine life and fishery activiues- Erosion also leads
to darnage and des.rucrion of coastal highways. industries. bridges and oi her coastal installat ions It
increases the risk of life as seas encroach inro highly popuiared or urban coas.al ave as Co nsiderablc
expertditure has been and is being incurred almost every year in co nstructing .ernporary rernedial measures
Iar gely to handle ern irgency situarions of severely ereding shore segments-

Foriuna.cly. India has an abundance of natura I rocks along most of its coastline in t he f'orrn of
granire. basalt. laterite. limcstone and sandstones- These rocky materials have. .hrough .he centuries.
proven .heir worrh as a building marerial tor coas.al structures ro withsrand hosulo torces of the ~ea
Proper ly d esigned structures have largely been successtut but nothing could remain successrul in the long: run
azanst the co.uinued e:oding action of the sea wilhout proper maintenance In certain parts of the Ind.an
coa-r. the situauon is 50 severe rhat hardly any extra land rernains to be lost turther as a result of shore
erosion- There is a grearer need today than ever bef'ore for proper planning and developing optimum
solutio n s ro rhe prob'erns of coastal erosion in India so ihat [he most suitable and econornica! measures could
be adopied to cernbat erosion of a given shore segment.

Keeping the above aspects in view a-id iaking into consideration the special condinons prevalling in
India. this rnanual ha; been prepared to act a as guide- It is. thereforc. hoped rhat ihe guidelines given
In rhe manual will be of particular interest to public agencies and consul.ing engineers who may want
to avoid the piualls of approving or designing inadequate and inetfective measurcs-

This manual covers the basic design aspects which should be considered in any ana'ysis [hal leads
to the selection and recornrmndarion of a specific type of ccastal protectio:i Fur.hermo ·e. it givesspeciric
advice . 0:1 ihe selection and design of coastal pro.eerion measures for condinons prevailing in India·'

The rnanual describes several ways to reduce shorefront darnage such as:
(i) structural e-« prevention of coastal erosion by the use of seawalls, revetrnents. dunes or

dykes and groins:
( ii: conservarion - preserving and enhancing the natura! protective features like [he dunes by sa-id

tencing and vegeration to intercept the naiural sand supply:
( iii; re storanon 1)1' beaches and dunes by direct placement of sand trem intand or frorn ihe ocean

bottorn or by erecting sand bypassing plarus ro restere normal linoral drift along [he shores
In sorne cases feeding of rhe existing groin fields suffering from starvarion rnay be advisable

I
I

1.1 General review on causes of beacb erosion

Beach and shore erosion is an evil which is found all over the world Perhups there are only a few
couut ries which do nor sutfer frorn coastal erosion because their shores are predorninantly rocky- By faro

I
I



,
m };l com rie s of the wortd are surrounded by shores of alluvial ma.erials derived from intand and
offshore sourees.

Ero sion I~ caused by rhe torces of nature. sornetimes cnhanced by man-made structures or bv
rnan's a':ll\ity of remo vrng the material from the shore tor buildingor other commercial purposes Table I -,
surnma-rse- some of t he causes teading to natura! and man-made erosion-

Table 1·1 Causes of erosion attribut able to nature and man (ref, 3 ),

Nature Man

Darns. dykes and ether coast al st ruct ures
causing rise and concerurauon of ud es
Groi ns. breakwarers. jetties etc. causi ng
downdrift erosion.
Man-made entrances causing interrup.ion
of Iiuoral drift, This includes jeuies fo r
proteerion of tidal entrances-
Fills protruding in the ocean 10 an extern
that they change local shoreline geome.r y
radically Such fills are ofie n bulkhead,d·
Damming up of rivers without providing
material sluices which allow conunuation
of drift of materiais· Irrigatiou projecis
decreaving flow of water and scdmerus
to the shore-
Removal of material frorn beaches tor
construction and ether purposes-
Digging or dredging of new intets. channels
and cntrances- Offshore dumping of ma' en als-

Pro-ruding headlands. reet's and rocks
caismg downdritt erosion
Tidal entrunces and river mouths causing
irverruption of linoral drift-

Shore.ine geometry causing rapid increase
of drift quanuty:

Blocking of river outtets carrying sedi­
m eru s ro ihe shore by Rood stage barriers.
change 0 f loc at ion of outlets due to
Rood 5. erosion. teetonic movernents etc·

Rernoval of beach material by wind drift.

R t:111 0) \ al of beach material by sudden
o ut bursts of ftood waters-

T ne Îo~lo .v;ng para~raphs give the overall explanations for erosion- Secnon 3·1 desc ri bes bavic
physics a-id engineering aspects of the erosion problem-

1.2 Rise of sea le\ el
Alm hl all ihe shores in India erode (refs- 25. 28. 34. 35. 40 and 41). Figs 1·1 (a) to (/1) show

sorne o:' .he e xa-n ples of beach erosion occurring on the west coast of India-
One general reasou for erosion is the rise of the sea level- The sea level risc (refs 2 a-id 13) may

sound insignificant but it is neeessary [0 reatise how narrow a beach is. as corneared .o ihe offshore area
\\ hich ha, ro be nourished by .he material eroded from .he bcach in order [0 cornpensa.c for ihe rise of
[he sea level With an equa] amount of the deposired marcrial at ihc bouorn. it is casy ,0 work OUL h0\\
J.'1 average sea level rise of just I mm per ycar could cause a shorelinc recession in ihe order ot abo ut 05
rn t- re per year The acrual rise of the sea level atong 'he Indian coast is nor well es.ablished Howevcr
I1 IS genaally aceo.ed rha: while the sca level is rising. a consolidarion by seuling iakes place at ihe sarne
time in t he rrve r del.as like the Hooghly- The average rise of the sea level appears to be of the order of
I t o 2 mm per y.:ao-. which is the average rare accepred universally-

I
I
I
I
I
I,
I
I,
ol
t
I
I
I
/1
I,
I

1.3 Heavy storms, storm surges, wave actien aod its seasoDal effects

It i~we ll known thar heavy storrn s including severe morisoons. hurricanes and cvelenes cause the II
maxrrn.uu ero sion rates Tne explanaoion tor .his is .ha: high andsteep waves break on ihe shores producing
highly .urbuleru wa e,-s and uprushes which orten auack the dunes or coast al pla-forrn s direcrly. thercby. -
causing erosion and creaung verucal scarps. which in iurn cause reftection of the waves. increase ihe I

I
I
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(a) Phot ograph showing beach erosion at Punnapra. Kerala
durmg Ir.e vtonsoon of 1967.

(b) Phot ograph shcwing how the coco rut trees w ere :'~Inl! '_L"
rooted at Punnapra. Kerala due 10 beach ero-ron 1-1%-\

I,-
I

..._,.....
.. _::~.

_.
I '.:.~..",;-:,:,,,.,

I
I

(c) Photcgra pf ,hl "'~g erovio n problern at 1 beach al Trivan­
Jrum. Kerala .h.rmg rhe vl onsoon of 1976

(d) Photograph sho....ing r+e uprc ored ~:<.:.)nul iree- at \ '>,<:':11.
Kerala due [Q rhe rerrrur al effect (r' a -cawall.

I
Fig. /.1 Scme exarnples of cc asral aasion on t he "-<!SI cc ast of ln dra .

I
I
I
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turbulence and thereby accelerate erosion further The erosion by wave action is welt illustrated by [he
schematic Fig- 1·2· It is easy to understand that an increase in rhe tidal elevation also increases [he erosion.
as higher tides bring in higher waves causing runup to greater elevations. The worst crosion. rhererore.
takes place when a combination of high tides and high and steep waves occurs which leads [0 crosion
profiles as explained in Sectien 3·1·2 with reference to Fig. 3.3.

The total rise In [he water level along the coast is the surn of all the components which lead to
changes in [he water level resulting frorn a meteorological storm plus those which are nor related to the
storm but occur simultaneously. Fig. 1·3 (ref. 43) gives the various setup cornponents contributing to the
rise in the sea water level over the continental shelf over and above .he initia] water level. These are:

Wave set up caused by breaking waves
X-component of wind setup
y-component of wind setup

=
Atrnospheric pressure setup
Astronomical tide-

= =
=
=

8 A Y

o F

8EHGAL

I'

~4-6M

.~6-aM

~ a-lOM

_'O-12~
.,2-14M

eON~~------------~------------~~--------------~11 E
Fi" 1.4 Probable elevation of maximum storm surge 00 the somh-east coast of India,
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The wind setup cornponents include the effects of surface wind-shear stresses and bouorn friction
3S well as the infiuence of earrhs rotation-

The largest cernponcru contributing 10 the rise of the sea level during storrns. cyclones or hurricanes
is the wind shear strcsses acting over the surface of wa.er Cornputational procedures for the determination
of wind setup are giv cn in a nurnber of publications including ref. 43· However. it is important to note
t hat the wind pileup is pro poruonal to the second power of the wind velocity and inversely proportional
ro the water depih The wind setups or storm surges during the cyclones and hurricanes are. therefo re.
largest in rhe shallow wa.er are as of the continent al shelf as in the upper part of the Bay of Bengal and
in ihe Gulf Coast of Flor.da

Fig. 1·4 gives ihe probable elevations of maximum storm surges on the south-east coast of ludi a
These valucs are cornputed based on the assumptions that a sustained wind of 40 m sec is blowi ng In an
onshore direction and rhe central pressure depression is 35 mb when the storm is appro aching ihe co ast
Tl is also assumed that ihe storm surge coincides wiih the high spring tide (ref- 33)· The astro norrucal
tide. in general. is quue small in magnitude. but can bc very significant at certain geographical locauo ns
like the Gulfs of Carnbay and Kutch on the west coast and the mcuth of Hooghly river on t he east (aast
Storm surges in combination with astronornical high tides can play havocs in the co asral zone· Info rrnatio n
on rhe tides can be ob.ained from the Indian Tide Tables publisbed by the Survey of India. Dehra Dun
The atrno spheric pressure set up. S.:.p expressed in metres is given by

S.:.p = 0·13 (Pn -Po) (I-rl/r)

where p ; is the pressure a: the periphery of the storm, Po is the central pressure in cm of mercury.
r is the radial disrance from the storm eerure to the computation point on the traverse line and R IS [he
di stance from the storm centre to the point where the region of maximum winds irttetsects [he shorelint:
Rand r should be in the same units say in kilometres. metres or nautical miles-

The wave setup Sc, mayalso contribute significantly ro the total elevaiion of the water level lil

the region sho reward of the breaker zone- It is caused by ihe inflow 0: water by wave -break ing a nd
depend- UpO:1 the chara-ienstics of the wave a-id the bottorn profile and .heir rnutual i n-cr actio n. udes.
energy dssipa-ion. bottorn ma.erials ere- This is described in detail in ref- 12 which givcs the result s of
field tests on the Oerma-i Island. Sylt on the North Sea coast where bcach and bouorn profiles and wave
cha-acte ristics have considerable simlarity to condinons found in the ncarshore arcas of the cast and west
coasts of India. Accordingly. the maximum wave set up. 'lID'" may be written as

." "'u .0·3 Hos

in which H:)s 15 lh'! recorded offshore significant wave height lf HBS the significant breaking wave
height in [he surf zone is used as a reference. the maximum setup can be expressed as

11IDu=0·5 Hu
.\5 long as no field data of a similar nature are available for the shores in India. one rnay use ihe

above expression in rela-ion to the diagrarns of ref· 12· Fig. 1·5 shows schematically the wave se.up in
the bre aking zone in relaio n to [he tide. beach profile and energy dissipation Fig. 1·6 shows ihe w av e
setup a'ong ihe profile in relation to significant wave height

Lh
Factor ~ = Lb

whcre Lh is ihe disrance front the brcaking point until the wave height has decreasec to O.5Hs (Hs is ihe
breaker hcighi ) Ls is the wave lengih ar the breaking point. Bis ihe width of the brr aker zone and :.J.B is
the wave set up at .he breaking point Oiher termtnologies are defined in Figs. 1·5 and 1 6.

Waves In [he ocean, however. art: irregular having cerrain spectra as explained in Appendix A.
In wave science and engineering. one distinguishcs belween a generation phase when [he waves are
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The uprush or -'lnup elevation
depends upon the wave characteristics,
bot torn and beach geornetry. friction
and permeability characteristics- Natu­
ral sandy beaches may be considered
hydraulically srnooth and irnpermeable­
Although they are not exactly straight,
their geometry is usually sirnple and may in cross-section. be approximated by a straight line or bv .\\0

straight lines-one for lower part and the other for upper part of the beach Somelimes t hc bcac h
may have a gentie slope in the middle-

I
I
I

senerared by the winds shearing [he
sea surface. Next follows apeak phase
when the wind veloeities are rhe highest
and t he wave heights and periods
reach their maximum values- When
winds start slacking, the wave heights
gradually decrease whereas the ave rage
periods continue to increase because
the short period waves lose their energy
most rapidly and attenuate- This is
called [he attenuation phase- When the
waves reach the shore they mayor
may not break but. in any case. they
runup on [he beach- Wave breaking
and up rush are dealt-with in Sections
J·I·J. J·J·I and in Appendix B·
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HW

TIOE WATER LEVEL ~~
~SING <;

HW

~

PERtOOlCAL CHANGE
OF THE PROFILE

BREAKING ZONE

ON A SHOR
OISTANCE -::>1

••• ~.I
ENERGY DlSSIPATIOH

WAI/E SET-uP
IN THE

BREAI<ING ZONE

Fig. I.S Wave setup in a breaklDg ZODeIa relation to tides, beach profile
and eDeriY dissipation (ref. 12).

The uprush on beaches and coastal structures is discussed in detail in Appendix B· For sruoorh
slopes (beaches) Figs- B·I ro B·8 give diagramrnatic representations from which it can be secn ihat
maximum runup or uprush occurs for the slopes of I in I to I in 2· For rough slopes. e·g·. rock mo unds o r
revetrnenrs. the uprush decreases depending upon the character of the roughness as explained 10 Tablc B.I.
Appendix B also indicates how it is possible ro evaluate the uprush by irregular waves trom the known data
t'or regular waves (Fig. B·13).

I
I
I

Fi8' 1.6 Wave setup aloDa a beach profile in terms of SiaDificant wave heigh; (ref. 12).
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1.4 Littoral drift barriers. natura I and manmade conditions in India

India has a long shoreline characterized by varietles of coastal features like rocky headlands. coral
reef's and reef-ti ke St ruciures. udal inlees. estuaries. lageons. barrier islands, bays ere- Such coastal features
of ten givc rise ro advcrsc condinons affecting the shore stability as they would act as complete or parrial
liu orul drift barners thcreby preveruing the drift of the material to downdrift shores which, as aresuIt.
will be subjeered lO erosion- Figs- 1·7 and l·g show a few typtcal examples of such natural st ructural
harriers found on thc Indan shorcs and Fig- 1·9 shows similar barriers caused by man-made structures
which also includc a group of groins (Fig. 1·10)· One of rnan's worst destructive activities on the beaches
IS the cxcavarion and rernovat of ihc beach material for land or road fill or for ether construction purposes­
Such a lack of understanding of ihe most important principle of conservation is of cornmon occurrence
all over (he world as also in India-

BEACH ERODES HERE DUE TO
PROMONTORY FUNCTIONING AS
~ LITTORAL DRIFT BARRIER

.. . . . .. ' .. . . . .

EXAMPLES:

MOPLA BAY, I<ERALA
WALTAIR POINT, ANOHRA PRADESH

<,

""- INITIAL SHORELINE

I

- - - :O:N--_j -

LlTTORAL DRIFT MATERlAL FROM RIGHT
DRIFTS ON ROCI< REEF PAST "HARD POINT" ( ROCI< OUTCROP)
INSTEAD OF NOURISHING DOWN DRIFT BEACH

EXAMPLES:
CANNANORE, KERALA
CAPE COMO~IN EAST, PUOIMADAI<A, TAMILNAOU

'-INITIAL SHORELINE

I
I

HARD POINT ( ROCI<)

I
I
I

Fig. 1.7 Natural littoral drift barners aad beadlaads.

Fig. 1,11 shows how a natural inlet or an estuary may interrupt the longshore drift thereby causing ,I
downdrift cr osio n- This iypc of siiuation is very frequently seen both on the east and west coasrs of India-
As it is known. somc material will always bypass rhe inlet and this proccss m~y be assistcd ~Ither b: the
inlet currerus or by ihe presertee of bars or by a combination of both- The varrous degrees ol effectiveness I

I
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EROSION

ISLAND

FORMATION

U? HERE
SHORELINE

LITTORAL DRIFT

-
----

EXAMPLES:
MALPE (IN FORMATION ) t KARNATAKA.
TUTICORIN t TAMILNAOU

LlTTOAÀL
( RECURVED

EROSION LITTORAL DRIFT
HEAO LAND

EXAMPLES:

KAKINAOA. MACHILIPATNAM t ANDHRA PRADESH.

... -,: ." .•...•.': ':'::".: " .

Fig. 1.8 Naturallittoral drift barriers- tombolo and reeurvedspit.
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HARBOUR BREAI(WATERS

SHORELIHE

IHITIAL SHOREUHE
EROSION

EXAMPLES:

MADRAS HARBOUR AHD TUTICORIH I:4ARBOUR, TAMIL NADU
PARADIP HARBOUR, ORISSA

MATERlAL ACCUMULATES
SHOAllHG .",""~~::~t

I

IHITIAL SHORELINE

I
I
I
I
I

-----------

EXAMPLES :

PORBUHDAR, GUJARAT
RATHAGIRI, MAHARASHTRA

OETACHED BREAKWATER
WHICH COULD BE A SHIPWRECK

EROSIOH

LITTORAL DRIFT
. . . : '. '. . . . ~: ~.._.._.._--
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Fig. 1.9 Effect of rnaa-made littoral drift barriers,
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VISAKHAPATNAM , AHDHRA PRADESH
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~"W'''''ELI.E
LITTORAL DRI"

SHORELIHE SHORELIHE 8EFORE GROINS
EROSIOH

EXAMPLES:

MOPLA IAY, ICERALA
GOICARN, ICARHATAICA

Fig. 1./0 A group of greins used as Iittoral drift barriers.

of such a transfer system are described in ref. 4· Some inlets, particularly rhose with very strong ebb currents,
are poor bypassers and therefore, they cause severe downdrift erosion- This condition is very widespread
in India as compared to the other littoral countries. due to the fact that ebb currents become very strong
during thc monsoon season- This would flush the littoral drift material fanher otfshore where it settles
and may get lost forever from the shore-

Other inlets have large bars which are formed by the combined effects of littoral currents and thc
inlet ebb currents- They facili.ate bypassing of a major part, if not all. of the material drifting alongshore
Such natural bar- bypassing systerns are found in very large numbcrs on thc Indian shorcs- Exarnplcs of
this type of offshore bars are given in Fig- 1·11· However, natural bar bypassers are undesirable for navigation
because the shoals or bars cause obstruction to free navigation from the bay or lagcon to the sea- During
the recent years. our knowledge and understanding of the associated physical proccsscs have advanccd
considerably and such problems can be solved by introducing proper drcdging or by constructing suirablc
jetties or both as illustrated in Fig. 1·12. Such improvements invariably cause erosion or incrcasc thc
existing erosion on the downdrift side of the inlet- Exarnples of such occurrcnccs are nurncrous all over
the world including India (refs- 3 and 4). As indicated in Fig. 1·12, we find some intcrcsting cxamples on
both east and west coasts of India such as the dredged entrance of Cochin Harbour (38 It- dccp at MLW)
and thc 57 ft- deep dredged channel with groin and sand-trap-protcction of thc Visakhapatnam Harbour
including sand-bypassing by pumping- Both these cause scvere downdrift erosion-

An interesting exarnple of the intermittent natural bypassing is found a~ Bengre. a fishing village ncar
Mangalere in the Karnataka State (Fig. 1·13)· Although located close to the tidal Nctravari and Gurupur
rivers. the shore has been relatively stabie for a long time (ref- 34). This undoubtcdly is as a result of
natural bypassing of material from the river along an outer sand bar, particularly during thc SW rnonsoon
(May to October)- But a temporary slow down in this natural bypassing proccss rnay intcnsify thc existing
beach erosion problom-

Fig. 1·14 indicates how a jetty and channel improvemcnt can causc considerablc crosion Such an
crosion often does not take place immediately after thc establishment of such a linorat drift barricr- It
may take a few ycars before it starts accentuating thc problcm- This is largcly duc to changes in wave
charactcristics causcd by diffraction of waves (spreading of waves) resulting in thc deercase of wave stcepness
thereby causing a tempoary transport of material frorn the nearshore bottorn towards thc bcach. This leads
to a ternporary siabilization of thc bcach- Rcfcrcnce is made to Section 3·1·2 for the bcach and bottorn
profiles under the influence of storm waves and swclls- However, as soon as thc lirnitcd quantity of
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EBB

BAY OR LAGOON

LITTORAL DRIFT

BARRIER BEACH

............. ::A.R,,'~R.••BES.,;; ;'- .W>·
FLOOO FLOW

...::..:.~:;~.:·t.:~:-/.~.,
:::.:·SHOAL.S;:~
........ -J••.~.r.:(",':..

INLETS WITH LARGE TIDAl PRISMS CAUSE EROSION BECAUSE LITTORAl DRIFT MATERlAL IS
JETTED FAR OUT IN THE OCEAN OR IN THE BAY WHERE IT IS OEPOSITED IN SHOAlS

EXAMPlES:
DEVAGARH• VIJAYA DURG. MAHARASHTRA.

EBB FLOW

BAR

LITTORAL DRIFT

SHOAL

FLOOD FLOW

INLETS WITH SMALLER TIOAl PRISMS CAUSE LESS OR NO EROSION DOWN O''''T AS MATERlAL
DRIFTS ACROSS THE CHANNEL ON AN OCEAN BAR

EXAMPLES:
BAYPORE. KERALA
HONNAVAR~COONDAPUR.KARNATAKA
KRISHNAPATAM. MACHILIPATAM, ANDHRA PRADESH
CHILI<A LAKE INLETS, ORISSA

Fi,. 1.11 Someproblems of Iittoral drift at tidallnlets.
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ACCRETION LITTORAL DRIFT..
NEW SHORELINE

.. "' ..
. .. ..'·0' ;..• ' .. ' ..... : . . . ... !'. . .......

EXAMPLES:

MALPE, KARNATAI<A, NEENDAKARA, KERALA, PARADIP, ORISSA
INITIAL SHORELINE

• LITTORAL DRIFT

........... . .. . .. .. .....' .
• •• ... ',1

BARRIER BEACH~
LIl
Z
Z
C
2:
U

...... : .: ; :Oo' . ".... : ::.:: ...........'.:: : r."....

EXAMPLES:

BEYPORE, KERALA.

Fig. 1.12 Improved tidal lulets as linoral drift harriers.

material thus available gets exhausted. erosion continues to occur due to the interruption of the drift causing
starvation of the downdrift side- The indication of such an occurrence on thc bcach and offshore bottorn
profiles is when the erosion of the beach starts of at a rapid rate- As a consequence of this. the nearshore
bottom in front of the beach tends to develop a more gentie platform-likc slope and. in sorne cases a
shoreline recession of this type would lead to simultaneous scaward movement of depih contours caused
by temporary deposition of eroded beach material in the offshore arcas. The latter phenomenon may get
further aggravated due to the formation of rip-currents along the jetty as shown in Fig. 1.14.

It is very important to consider all possible adverse effects noted above whcn any improvernent is
planned or executed along the shoreline- In all problems related to coastal protection. it seerns. somewhat
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Fig. J./) Shoreline at Mangalore showing the location of the Bengre fishing village (ref. 34).

illogical or undesirable to construct a strueture for proteering or stabilizing a shoreline Because. such
an action. af ter taking into consideration all thc factors on a broader perspective, may tend to produce
more harm than good (See sections 3·2·3. 3·2·4 and 3·3·3)· It would also be wrong to allow harbour
entrance struetures or jetties to eause serious erosion on their downdrift side, of ten leading to serious loss
of valuable land and property-

This type of calarnity can now always be foresecri and rectified before any damage could occur­
This requires a thorough study of the problem a-id proper planning before such projeets are catried out­
A coastal engineer. confronted with a shorc proteetion or improvernent problern, should be in a position
to evolve an economical and technically viabic design making the best usc of the environrnental data.
uptodate knowledge, experience and judgement-
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FiK. I.U Developing erosion at a jeuy irnproved tidal in'et (a) showing persistent
swell conditlens. rb) during storm wave condition.
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2
8each Surveys

2.1 Bafb~'merrie surveys

A sirnple but approxima.e rnethod of measuring beach profiles. as described belo w, can easily be
adoptcd atrcr cstablishing a rercrencc level on a backshore sand dune by driving a peg or burying a large
rock This referencc level should be conneered ro a more permanent nearby bcnch mark which in turn should
be conneered to the nearby Survey of lndia bcnch mark, if available In order to measurc the beach profile
al ihc sarne location cach time. anothcr object such as a light post. corner of a building ere- should be
used in linc with the reference point and perpendicular to the shore- Fix stations at 3 m intervals (Fig. 2·1).

The technique of levelling requires two persons. one person to hold the graduated staff and the
oiher ro cbserve trom the reference point. The observcr sights on rhe vcrtical stalf from the top
ot' the reterence level and notes down the reading of thc horizon- Sirree the line of vision to the
horizon IS nearly horizont al. the reading on the pole which is graduared from the bouom will give
the difference in height of the station below the reference level- This procedure is repeared tor all
the stations and the heights noted- Generally, additional reference points are required along the
profile sirtee rhe sraff used is not of sufficient height to cover the entire drop in sand level across
the beach profile. These can be easily established along the line of the stations as required- Sand
level of each station can be cornputed with reference to the original reference level (Fig. 2·1 j.

For more accurate profile surveys. and when the horizon is not clearly visible. the usual surve -
ying rneihods using either plane table or spirit level can be adopted- In shallow water and the
surf zone. modificauon in the method is necessary- A wader then operates the level staff or stadia
board In deeper areas an electronic depth recorder (echosounder) can be used to take conrinuous
soundings of the bouorn- Alternatively, a leadline can be used to take spot soundings- Fixing the
position of the levelling stations can be made from the shore using translts or pre-deterrnined rangelines and
measuring tapes or trom the survey boat itself using sextant angles to three fixcd objects on the shore

As an example, a specific procedure for rapid and accurate beach and nearshore bathyrnetric
survey can be as follows: A baseline is established along the stabie landwerd area of the 'beach
which is to be used as a basic control for survey ranges (profile lines) noi mal to the baseline
These ranges. along which the profiles are taken. run from the baseline across the beach scaward
For a long-term beach srudy, the baseline can be monumented by erecting masonry or concrete posts­
-\ny exisung structure like curbs. lamp posts, fishing piers. buildings can also serve to establish and
relocaie a baseline or the survey ranges- The position fixing along the range line can be secured by a
transit intersecring a level staff or a sounding boat operated_ along these ranges as illustrated in Fig. 2-:!.

Prior ro each sounding run. the survey boat powered by an out board motor with a minimum
crew of two, a sounder operator and a boat operator, proceeds to a point on the range at the required
depth- The sounder operator then logs in pertinent inforrnation on the sounding record (paper chart)
prior to each run. namely the station number of the range linc. the starring time and thc date- The boat
then proceeds rowards the shore along the predetermined range line cithcr by ihc monurnents fixed

l'
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Fig. 2.2 Procedure fo' rapid aod accurate beach and offshore bathymetric surveys.
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on the coast in line with the range or by the range transit operator signalling with right and lett
ttags to the boat operator- Radio comrnunicauon systern or walkie-talkies can be advantagcously
used for this purpose. The depth recorder makes a conrinuous record of the depths (some ~80
soundings per minute). The boat location on the range line is determined every 10 to 15secouds by
continuous t racking and recording at the cut-in transit locarion- For approxirnate position fixing at
regular intervals. a sextant can also be used in the absence of a cut-in transit.

Best resul.s are obtained with the boat werking at high tide and the beach levelling done at
low tide- Correcnons for waves and tides should be applied to the echosounding record 50 that
the depth readings with respect to a standard datum such as mean lower low water (MLlW) or
rncan sea level (MSL) or chart datum are obtained for plotring purposes-

A beach sled similar to that fabricated at the Kerala Engineering Research Station. Peechi can
be used for measuring the beach profiles. This sled is dropped beyond the surf zone by a boat and
then pulled across the surf zone by one or two persons on the beach using a rope and tak ing
water level readings on its graduated vertical staff-

Alternatively. a wave sled sirnilar to that fabricated at the National Institute of Oceanography,
Goa can also be used conveniently- This is dcsigned to move offshore across the surf zone by t he
waves. and afrer the desired disrance is reached. it can be reecvered from the beach by an au ached
rope The level readings are taken from the vertical graduated staff and the distance is measured
using the rope which is rnarked for measuring distauces. It is important to apply tidal corrcctions
to the readings befere plotring the beach profiles-

2.2 Saod sampling and an.lysis
2·2.1 Sand sampling: Design schernes for sediment sampling should be made in such a way

that sediments of rhe whoIe beach which vary : (a) across the beach profile through the ~aried
energy zones. (b) along the beach within any one energy zone. (c) between the seasons within the ihree
dimensional georne.ry of thc beach, and (d) with depth at each of the sampling spots on the acu ve
profile are represented in the schcrne (ref. Table 2·1)· Appendix C gives the procedures for sampling
and sediment analysis-

2.2.2 Sample an.lysis : Although Indian Standard Classification System and Wentworth Scale
Systern of grain size analysis are generally uscd in coasial engineering praenee. it has been found ihat
logarithrnic transformation '" (phi) of the Wentworth Scale is most useful. ln mathematicat terminology
cp can be written as (ref. 17 and 18)

I
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2·1

I
I

where Dis size of the partiele in mm and negative sign is used to give '" a positi ve value for finer sedirnents.

To cernpare different beach sediments, a most cornmon approach is to plot the cumulative weight
percentage of each sample coarscr than a given series. of size classes (Figs- 2·3a and b)· .But it
has been observed in these curves ihat in finer sizes, thc curve becomes straight and Sleep and tails out
rowards ihe coarser sizes. If a number of plots of several beach samples are plotted rogether they look
sirnilar even though these are texturally distiriet from cach other- Thus a plot of weight pereenrage
for each size in cf, values is found to be more effectivo as each size class tends ro be fairly syrnmeiricat
for the most frequcntly occurring sizes (Fig. 2.3c). In this distribunen. maximum frequency occurs
at '/J =;.t. and inf'lexion points at 1.1. ±cr wherc 1.1. is phi rnean and cr is phi sorting- Using the combination of
these J-L and cr each curve is defined independent of the other-

2.2.3 Beach fill modeis: Using cornposite rnean and sorting values of {he bcach and borro w
material. the filling of the beach can be estimated using various beach fill models. Basically thcre are two
types of mathemarical mode Is for beach fill problerns- The first metbod cnables the calculat ion of
overfill factor which is an csumatc of ihc volume of aspecific fill material needcd to crea-e a unit
volume of the native beach material .. Generally overfill factor excccds one. indicating ihat from the
borrow material. unsuitable parts trom the RU will be removed by winnowing action of the water.
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Fig. 2.3 Size frequency plots.
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IOverfill factor method : There are three different approaches for detennining the overfill factor

(refs- 10. 17 and 20). The mathernatical model underlying these three methods are similar but fill
ratios are nor the same- Thc fill factor rnethod proposed by James (ref. t 7) provides modifications 10

the ether two rnethods and is thus more useful- The basic assumptions in the metbod are: I
I
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Fig. 2.4 Overfill factor (RA) versus phi rnean difference and phi sortios ratio (ref. 17J.
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( i) beach sediment is considered ro be most stable tor the environment.

(ii) the entire volume of the fill material placed on the beach is sorted by local processes to achievc
a grain size distributton sirnilar to the beach material. and

(iii) serring processes change the fill materials into the beach-like sedirnents by winnowrng out
J. minimum amount of the original fill-

The above method proposed by Jatnes (ref· (7) is based on the selection of the criticalor s.abtc
grain size disrribution of the borrow site sedirnents and it quantifies the amount by which that distribu­
tion is ro be modified to resemble the beach sediments- Actual calculations of R (ratio of the weight
percentage of the beach to that of the borrow site cornposite) involve cornplicated rnathematics but
accurate graphical estirnares can be obtained using the curves shown in fig. 2.4· The basic irtformation
required is the phi mean and phi sorting values for beach and borrow site scdiments-

Renourishment factor method : It is a dynarnic approach ro describe how beach processes can
be expected to modify specific fill sediments (ref. (6). This technique is used ro esrimate how of ten
placement of a partreular fill will be required to maintain specific beach dirnensions. ft atternpts ro
evaluate long term performance of different fill matcrials with rcgard to suitability. maintenancc and
cost- In this metbod. the active beach systern is treated as a oompanment which rcceives sedirnents
through longshore transport and from gradual erosion of the inactive reservoir of the scdirnenrs w hich
form the backshore- The method estimates mass balance of the cernpartment using the relative
retreat-rate equation
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where R J =
(

tl_I - ;'.a ) _ 61<ra 1_
log RI = ~

<ra .2 "b~
rclarive rct reat ra.e (ratio of ihe borro .... to beach retreat rates)
mean and phi sorung rcspecuvely (sce Appendix C for more details)
subscripts for borrow and beach marerial respectively
dime.is.onless parameier (0·5 to I 5)·

., , I
~,O- =
b. 11 =
.~ = I

Using .::::.as unity. Fig 2·5 shows R, contours plcued against the standard reference axe s ihat
compares .exrural pararnc.crs for thc native and borrow comoosi:e A renourishmeru factor of 5
means ihat bo rro w material is rhrce times as siablc as the native sediment On the ether hand. R J of
3 indicales .ha: ihc borrow marerial is one third as siable. and if used as beach Ril. wo uld require
renoLlrishmcnt .hrcc times as of ten as the native sedimenrs

I
Being simpte in nature. these beach ftll mode Is should be used considering the pracucal environment

of reaI and unique engineering problems like:
(i) will a fill factor apply ro all the beach rill placed ')
(ii) which sedimentary data should be selec.ed to compute a spccific cornpo sire ?
(Îii) would the placement of fill on different parts of a beach require different fill factors ~
(ir) how should a borrow site composi.e distribution be modifted to rcr'lect (he effects of

different kinds of equipment and techniques?

Table 2·1 gives the general steps for the sampling. ana'ysis of bcach and borro w site sed'menl~·
These are only rough guidelines Depending on the speciftc requirernent and unique characreristics. they
are to be modifted ro suit a speciftc. purpose-

I
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Table 2·1 Steps for sampling and analysis·

I. Depending on the relative importance of the project and gcomr.try of the bcach. mark the s.auo ns
along the bcach al a regular interval-

2. Also mark the stations across the profiles below and above the plunger zone al ce r.ain eleva.ion
ditferencc depending on the steepness of the beach-

3. Colleet the surface sediment sarnple from each station just befere ihc monsoon and at.er the mo n­
soon- In ccrrain cases. it would be advisable 10 colleer samples during ihe monsoon as most of
the erosion takes place during this tirne

4. Making 3 caiegones of samples (nearshore. offshore and onshore) a split of the surnple should
be mixed thoroughly by adding equal weights of the splits.

5. Using sieve ana'ysis. a cornposue grain size distribution may be plo.ted as in Fig. C.3· Calculaie
S and M. as explained in Appendix C.

6. Considering the arnount available from each borrow si,e. re!a ivc economies of the borrow material and
the suitability of the sediment for prot-able composi.e fill ma crial and "he borrow si.e be selec.ed

7. Splits trom (he cores should be mixed in such a way iha: cash layer gers rcprcsencd in wcighied
ratio depending on the thickness of each layer of different sedments-

8. Core samples should be colleered in such a way .hat ir will deseribe the sediment charac.er isucs
of t he whole borrow site

9. Cornposue grain size analysis should be carried out by sieving and plots should be made as In
Fig, C3· Catculae S and M·

10. Using the rcnoLlrishment fastor ,echnique. ,he amount of renourishment can be calculated using L. as unity

I
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2.3 Wa\'e Surveys

2.3.1 General : Surfase waves play a major role in coas.al processes. design of coastal structurcs.
maintenance of navigatio n channe l and port operario ns- A thorough understanding of ihe wave regime of
the area in quesuon is. ihererore. necessary-
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Thcre are various ways of colleering and cornpuung the wave data and scvcral methoos are In
use tor their arialysis- The most common oncs are; (a) visual cbservanons. (b) hind-casting and (c)
by using wave recording msrrumerus- Most of Ihe data on waves presently available are based on visual
observa.ions made trom the ships- By hind-casting the wave heights are computed for an area usine
the past mccorological data of the region The advantage of this method is that (he rcsults wilt be based
on oompara ivcly large wave data which would help in extrapolarions. Inst rumcni al data pertaining .o
waves ar present are very few- These are me-re reliable and neccssary for spectrum analysis. Thc instrumcnrs
used for wave mcasurerncnts are eiiher surface (e·g. wave rider buoys) or sub-surface (e·g. OSPOS) type

2.3.2 Wave measurements: Waves can be measured in the coastal zone by adopting easy as wcll
as less expensive rnethods- Locally available matenals and workshop facilitics could be made usc of rol'
ihe design and fabricarion of a suiiable sysiern for thc colleerion of wave data For exarnplc. spar
buo ys, wave polcs ctc. could casily be fabricatcd and instatlcd- The rneasurcrnent procedure invo lvcd
and thc arialysis are quite simpte- Proper training to local persons is all what is nceded tor thc
colleerion of wave data Wave observations may be made for a group of say, 30 waves and the
average height of these waves (Hm) and the highest 10 per cent waves (H,o) are recordcd- Othcr ob.ervauons
should incIude breaking wave height. angle made by breaking wave with the shorcline, breaker types etc·

For visual wave observations. the following table may be used for recording the wave data:

I
I

I
I
I Date Time Period Heiaht Direc:tion Breaker type Remarks

I
I
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----------------------------.------------------------------------------------
2.3.3 Relationship hetween the visual and the instrumental data: As mcntioncd catlier. the data

presently available are largely visual- Hertee. it is essenrial to find a relationship between the visual wave
hcight H, and (he visual wave period Tv and the significant wave height H. and Tz (zero crossing period ï-

Nordenstrem (1'.,;1'.27) has worked out a relationship between H,. and H. ba-ed on North Sea \\J\C

data as tollows:I
I

H = 1·68 HvO.7S• 23•
The abovc equation gives the relationship betweert Hv and H, at the same level of probabiliiy-

Siruilarly. the relationship between T, (zero-crossing pcriod) and Tv (visual wave period ) can be expresscd as

Tz = 0·74 Tv' 2·4

I
I

The above relationships can be assurned to he valid tor Indian waters until adequate field 'data are
collected for developing suitable relationships for Indian condinons-

The collection of wave parameters as explained above over a few years wiU provide a good
data base for further arialysis and for the determination of long term staristics and return periods
as described in Appendix A· This appendix includes information on the wave spectrum also-

2.4 Current and tide surveys
2.4.1 General : Currents are one of the most complex phenornena in the ocean as they are

generaled by various driving mechanisrns- The principal parts of a current system in the coasial zone
are tidal currents, wind driven currents, wave induced longshore eurrents and rip currents-

To understand the phenornena of sediment transport. current system can he divided into (WO

parts. vi:-, within the surf zone and beyond the surf zone- The current systems in the surf zone are
very important for the sediment transport- They derive energy from breaking waves- The cutrent sysrems
beyoud (he surf zone are rnainly govcrned by the wind and tides-
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2.4.2 Current measurpments: Current rneasurcrnents could be made using euhcr of rhe 1\\0 wcl l
known a~proa~hes. vi:, Eulerian or Lagrangjan- In the forrmr meibod. rneasurcment i~ made as wa-er
passes a rixed poiru and in the lauer. by following ihc path of water particles- Both principlcs have
their limit at ions but measurernents at fixed points with cutrent meters are far more common than the
path Iollowing m n hod using neutrally buoyant f'loats (Swallow's floats) or parachute drogucs

BUI agai n it is important to study rhc requirerncru tor which the rneasurernent is necessar y In
the case of torces on offshore structures, both in the short and long term staristics. the only lYPC (·1
data rha: could be used is from the Eulerian ,y.,e of cutrent measurement The path following meihod
or the indirect way of deducing currents by surface ïloats or ether devices will most certamly be of g rcat
irnpor iance in the s.udy of nearshore currents and currcnts in thc surf zone. which inf'luencc the co avial processcs

Current measurernents in the surf zone are made by usmg dyes and f'loats- The dyes are pack cd 111

bag-, which are eiiher porous enough to allow wa .er into them or dissolve in water thcrcby e xp osrng
the dye The rate at which thc dye patch moves. gives [he speed of the current-

. Measuremcnts of currcnis using f'loats consist of a systern in which a ball of say 15 cm in diameter
is conneered ro anoiher batl of 7·5 cm in diameter with a fishing linc of say 3 m lcngih- The lar gcr
ball is fillcd wiih sca water using an injector and the wholc system is ihrown by hand into thc surf zc nc
from (he shore The posii ion of the biggcr bali is measured each urne with respect to thc f loa ing : m...11
ball which is connecicd to it·

Most cornrn m and simplc cquipmcn: used beyend the surf zone Ior mcasuremerus are ncu tr ...lly
buoyant t'loats or parachute drogues- These are rclcascd at known depths and irackcd with [he help of
theodolites trom shore or they can even be followcd by boats and their positions can be fixcd by se x iant s.

The Iollowing iablc can be used for recording the cutrent observations in thc field:

I
I
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Date Time Depth (m) Speed (rn/sec ) Dieeerion Remarks I
I
I

2.4.3 Long term analysis of current data: Cutrent speed data as it is. are not analysc d for thc
prediction of e x.rcrnc valucs- This is bccause thc currcnts consist of pcriodic cornponents (tidal componcn s)
addcd 10 rhc residual componcnts- First, the periodie cornponcnts are to bc subtr actcd and later spcc.r urn
anaty sis cart bc made for thc rcsidual comeoncnts- A detaikd analysis of this nature is of rnuch imporrance
rol' the de~ign and opera-ion of offshore works and hence is nor treared here in detail-

2.4.4 Tlde surveys : lnformation on the tides is equally important as tides dirccty inf lucncc the limit
01 w ave atack. pon naviga.ion. t'lushing in estuaries and intcts etc- Varianon of wa-er levels due to t ide s
cart be rccorded either by erecung tide poles or by water level recorders which are readily available· In thc
case of tide poles. daily readings for the low and high waters should be taken-

Meuvurement s using a water level recorder should be a continuous proccss indicaiing .he variai ion
of the tide elevarion over a rcquired period of study-

For areas nearer to harbours and anchoragc points. the Indian Tide Tables publisbed by the Survey
of India. Dehra Dun for the year under consideration may be referred t~·

The tidal currenis vary from place ro place depending upon thc character of ihe tide. ihe water
depth and the configuration of [he coast- The tidal cornponents of the eurrent in [he sea or bay are
periodic In behaviour and repeat themselves as regularly as the tides to which they are relaed. In
genera!. il i, ncccssary 10 siudy the change in water levels and associarcd currcnrs at least for a per iod
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covering hoth neap tide and the ensuing spring tide at a locality- Several such studies may, sometimes,
become necessary depending upon the cornplexity of the problem being investigated at a given coastal area.

2.5 Littoral drift surveys
To evaluate the possibility and the expected rate of erosion caused by the establishment of littoral drift

barrier, it is necessary to know the predominant direction of the drift, and if possible, the magnitude of
drift in either direction of the shorc, say, N m3/ year moving north and S ml/ year moving south- These
data are important for the developrnent of port structure or a tidal inlet or when an estuary is to be
improved by jetties or dredging- Littoral drift surveys are needed for the colleerion of data and calculaiions
should be made as explained in Section 3·1·1·

Usually it is not too difficult to determine the predominant direction of thc drift. particularly if the
shore has some headlands or reefs or man-made structures which, by the sand accumulation pattern, wiU
show the predominant direction of drift (Fig. 1.7). If no naturalor man-made obstruction is available. as
in the case of many shore segmerus along the cast coast of India. a study of the migration of natural inlets
along the coast would give the desired inforrnation as the inlets migrare in the direction of the predomi­
nant littoral drift. It will, however, be difficult to determine the relative magnitude of the drift in either
direction- Evuluation of the ratio belween drift quantities in two direcuons may be done by the use of
tracers- Fig. 2·6 illustrates how tracers can be used for the determination of relative magnitude of
drift in either direction-

If tracers are injectcd in the beach and the samples are taken trom thc beach and offshore
areas to cover one cycle, the ratio of southward drift to northward drift along a beach of length Scan
be written as

I
I
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where C. and C, are the concentrarions of the tracer material at disrance S. trom the injected areas­
Subscripts s and 11 are used to indicate souih and north directions respectively- A and Bare southward
and northward drift in cubic metres per year respectively-

Calling this ratio z, the stability criteria is T = A - B, where T is the balance of drift, usually
called the predominant drift, one has

I AIB=:x or B:= ~ and T. A ( :x: 1 )

Hence, if A and :x are known it will then be possible to compute Band T·

2.6
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Fig, 2.6 Tracer experirnents 10 determine the prcdominant direction of littoral drift,
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The determination of the quantity A may, howcver, involve considerable difficulties unless a proper
Iittoral drift barrier is available- It could be a natural headland, a harbour or inlet jetties or a dredged
channel- Such barriers, howcver, are generally not available close to the site in question- Therefore,
computations of the drift could be made as mentioned below-

I
I

Using the littoral data from the various sourees. formulae and diagrams as mentioned in Section
3·(·1 have been prepared- Sce ref- 29 and 43 in which littoral difrt formulae have been compiled Sec
also Chapter 6 of ref 2· A simple field method was adopted by the Pre-Investment Survey of Fishing
Harbours, Govemment of India, Bangalore, for evalua ing the liuoral drift conditions at Ramayapatnam
In Andhra Pradesh (ref. 29).

I
Wave data were obtained using a graduated pole drivcn down in the bottom on the outer slope

of the offshore bar. Observations werc made visually by means of binoculars from a 4 m high tower
as illustrated in Fig. 2·7.

I
Records on tides, waves etc- were then used for computing thc quantity of littoral drift bascd

on the formula

I
Q =O.04 (H2.S + Ht.G) . 2 ~I.... 113 srn ab m- sec I

where
Q = the quantity of linoral drift in m3(sec

Hav ,. ave rage height of the breaking wave in metres
Hl/3" height of the significant wave at the time ofor just beföre breaking in metres

"'IJ = the anglc of the breakcr crest to the shoreline in degrees-

I
I
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Fif. 1.7 A simpte wave observation procedure 10 evaluate linoral drift
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For the above formula. the relation between Hbr. height of rhc wave at the urne of its breaking
and Hp ihc height of the sarne wave while passing the wave polc are nceded (sec Fig. 2·7). Further field
o bservations on [he following lines wcrc made to arrive at a relauonship between Hhr and Hp with special
rcrc rc ncc t o monsoon waves-

Step I: From thc knowlcdge of the bO,IOCUtopography, retraction diagrarns for different wave di rect ions
wcre draw n tv t race ihe parh of rhe waves

Step' Using rhe data trorn ihe Shore Pro.cc.ion Manual of ihe U· S· Arrny Coastal Engineering
Research een' re (rcf- ~J) for the obscrvcd di ree.ion. the height of the wa ve at the pole and
rhe approxirnaic de.n h at wave breaking wcre detcrmined- A marker buo} was placed at
rhat point (see Fig. 2·7).

Step J: From ihe knowlcdge of rhe disrance through which the wave had to travel. the act ual time
rcquircd tor Jo wave to travel trom ihe wave pole [0 the point of its breaking at the marker
buoy was no.ed as t secouds-

Step 4 Two theodoli.cs wcre set up as close as possible at a strategie locauon to get u clear view
of the crcst and .rough of ihc breaking waves and the distauces bc.wccn the marker buoy and
the theodoliies were computed-

Step 5 A persort was posred to cbserve the wave height of a passing wave at the pole- At the same
time he signals the other two persons at the lWO theodoliies- A stopwatch was used by the
posred person ro count the time t for the wave to travel from the pole to the buoy- At the
end of t secouds. and on receiving the signal, the vertical angles to the crest and a few seconds
later to the trough. were read at the buoy by the two tneodoütes- The procedure was repeated
tor a number of waves passing the wave pole-

Step 6: From the above data and af ter knowing the vertical angle between the crest and the trough
and the horizontal disrance between the theodolites and the buoy, the height of the wave at the
time of its breaking was cornputed-

From a sufficient number of readings. the following relationship between Hbr and H, was arrived at:

Hs , a 1·45 Hp (valid for waves of almost equal steepness)

Using this relationship and adopting the above integrated formula. the amount of linoral drift
each day for a period of one year was calculated- Table 2·2 is a summary of the liitoral drift calcula­
tions (ref. 29).

Table 2 2 Surnmary of linoral drift calculation for Ramayapatnam
covcring the period from 31·5,1972 to 1,5·1973 (ref- 29).

Total drift
Drift south to north
Drift north (0 south

Net drift (south to north)

= 16.80.446 cu- m
:: 15.56.564 cu- m
= 1.23.882 cu· m
= 14.32,682 cu· m

The quanttry of net drift given in Table 2.2. most probably, is on (he higher side- However, it
has the right order of magnitude as compared (0 the drift at the Madras harbeur which has a sirnilar
wave elimate as at Ramayapatnarn- The above example shows how a difficult task could be accomplished
using simple methods-
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Coastal Protection
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3.1 Basic aspects

3, l.1 Material balance: Consider two points on a beach A and B· The natural. mostly wave-induccd.
drift of the material along the shore is assumed ro be from A to B· If the drift at A equals the drift at
B. rhe beach would be in an equilibrium state If, however, the drift is larger at B than at A (B>A).
then the shore between A and B wil! definitely erode- ff. on the other hand. A> B then the accumulation
would take place between A and B.

The increase in erosion (or accumulation) between A and B may be caused by the shoreline turning
in a direction in which the drift quantity increases (or decreases). This can be evaluated fr om a number
of available linoral drift formulae- They all assume a linear dependency between longshore transport ra te
and longshore component of the wave energy flux-

Figs- 3·1 and 3·2 both in English units are examples of such calculations (ref. 4.3). Fig. 3.1
shows the longshore transport rate as a function of longshore energy flux- Fig 3·2 shows the annual long­
shore transport in cubic yards (I cu· yd a O·75 cu- metres), as a function of significant deep water wave
height H" and deep water wave angle 20' For more detailed information the reader may refer to Sectiens
1·4, 2·; and ref- 43·

As mentioned in Sectien 2·5, littoral drift quantlues can also be cornputed from the observation
of wave heights at breaking and the cortesponding breaker angle- The study made by the Pre-Investment
Survey of Fishing Harbours a, Ramayapainam (Andhra Pradesh) illustrates how it would be possible.
using a simple indigenous method to estirnate the order of magnitude of longshore drift based on continuous
observation of waves and their breaker angles raken from a tower erected on the beach as explained in
derail in Sectien 2·5·

To deterrnine which type of beach proteetion is preferable, the situation rcgarding the beach
meterlal balauce or erosion condition has to be properly eyaluated. This can be done using a simpte
classificanon such as 'undernourished', 'sufficiently nourished' and 'ovemourished profiles and termi­
nologies such as 'source' and 'drain' or 'sink' of [he materials (ref. 3).

Based on the studies of beach profiles and from the grain sizes ranging from 0.15 to 0.3 mm
occurring in most of the beaches in India, it is possible to distinguish between the 'overnourished". the
'sufficiently nourished' and [he 'undemourished profiles (ref- 3). These termmologies are especially useful
for an evaluation in regard to what kind of coastal proteetion is preferabie and to assess how sarisfactory
such proteetion wil! be· The Over-nourished beach profiles are fed by nature wirh more marerial than the
waves are able ro shape (hem into regular beach profiles. These profiles. therefore, are irregular and may,
sometimes. appear as irregular shoals-

There are two di fferent types of sufficientlv-nourished profiles- Tn one type. the profiles are not
red with more material than whar is required by the waves to shape them into profiles having an 'equili-

I
I
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I
I

brium form·· ln the ot he r. the loss of marerial equals the supply of marerial and the profiles are able
10 mairuam an equilibrium ïor m. I

I
The L'nderuourished beach proft/es erode. t hat is. the shoreline and ihe depth contours shift shorc­

ward The undernourishcd beuch profiles wil] always mainain an equilibrium forrn but us forrn may change
trom one [(.:aIILY LV ano rher. deponding upon ihe local condinons. It scerns. therefore. ihat bcach arid
shore accumulation may rake place with or without equilibrium profiles while the erosion of a shore takes
placc only ïor equilibrium profiles a" aining maximurn stcepne ss corresponding to the quantuy and char act c­
nsucs of ihe li..oral dr ift. .-\n equilibrium profile. therefore. can be defined as a stabie profile w iih maximum
sieepness The erosion of t he bottorn deercases seaward unul an 'erodcd base' is reached wher e rt bccomes
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zero. This base may bc locared between 4 and 6 m depth for less cxposed shores and 15 io 20 m dcp.h
on exposed shores ft cannot be expected. however. that all undernourished profiles wiU always auain the
sarne shape On the other hand. all undernourished and sufficiently-nourished profiles seem to have
cerrain 'standard forms·· This in turn. rneans that wherc such 'standard erosion profiles occur. we
know that the erosion is probably not of a temporary nature but old and of a progressive nature- This
type of information is vcry useful- Tf no erosion takes place. we can expect that only a slight adverse
change in thc [i uoral drift balance wiU start the crosion-

Due to the gradual rise in sea level. most of the beaches on the east and west co asts of India
tend to become undernourished· At eertarn parts of thc west coast of India. particularly on the Ker ala
coast and certain beaches in the vicinity of man-made structures are undernourished- However. at eert ai n
shores, particularly in the vicinity of river mouths or updrift side of man-made structures ovcrnour ishcd
protiles are found The latter types occur on the northern part of the east coast where the shorc gradually
turns north-eastward, eg-, coasts of Andhra Pradesh and Orissa-

. A SOL/ree of materials is a coastal area from which material is delivered continuously to other bcaches
The souree might be an area whcre erosion takes place, a shoal or a bar in the sea, a shallow area In
front of an inkt which has been closed. a river which transports sand material to the sca or a sand dr it.
frorn dunes to the beach- Artificial nourishmcnt of sand to an eroding beach from a borrow pit also
functions as a souree (ref. 3)·

I
I
I
I
I
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A drain or sink of materials is a coastal area wherc materials are deposited A drain cou'd bc
any marine foteland such as a spit. recurved spit. a tombolo. an angular toreland. etc. ft might also be
a bay, an inlet or a shoal or a nearshore submarine canyon- Man-made structures such as jetties. groins
or dredged sand traps usually act as drains (ref- 3).

Both the above termtnologies are used in the Section 3·2·4 dea'ing with the choicc of co asral
proteetion. For the tcchnology of coastal protection. the following general rules are vuy irnpor.ant :

I. A coastal proteetion should be built in such a way rha: it functions as a drain It sho uld
rhereforc, have a souree but not a drain on the updrift side If there is a drain. ihe coasial proteerion
will nor be v~ry successful unlcss material is supplied arrificially to reptace the material erodcd-

2. A harbout or an irnproved inlet on a coast with linoral drift should not act as a drain (sink ï

Tt should. therefore. have no souree. but if possible. a drain on the updrift side would be a suit able
proposition- Howcver. it is very difficult to find a placc where ideal conditions exist, and thereforc. many
other factors which are of local importance should be taken into account- Most harbours are built In
sheltcred arcas in inlets or bays or in river mouths- In such areas. depositions wil! invanably take placc
cither from thc linoral drift or as a result of silting. by material discharged by rivers. sewers. ere- This
means that the harbeur actually functions as a drain- Nurnerous harbours all over the world function on
the abovc patern and in India no.able exarnples are Cochin harbeur on the west coast (ref· 3~) and
Calcutta harbout in the Hooghly river on the cast coast-

I
I
I
I
I
I

Proteetion of the inlets against Iiuorat drift on the open coast can be done by thc consuucuon
of jeules for rnaking an 'irnproved inlet'· An improved inlet acts as a drain and proteers the inlct. but at
the sarne time it cuts off the supply of material to the beaches on the lee or downdrift side which again
means that these beaches. having no souree on the updrift side. will become undernourished- rt wil! be
seen. therefore. rhat the coastal proteetion problerns are quite opposite of the harbeur problems-

Coastal proteetion. however. is not merely a bcach problem- It is also equally necessary to deter­
mine whether loss of material takes place from the offshore bottorn due to large steepness of the bottorn
pronies or. by t ne existence of a submerged canyon which may drain material frorn the shore during
st orrns (see Secnon 3·1·~). Both undoubtedly happen at several Tndian rocky shores and are dct rimentnl
to t he success o f any coasial proteetion-

I
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I
3.1.2 Be.eb and bottom pro6les: It is weil known that beaches and dunes mainly erode during

the pcriods of storms when the waves are high and steep- On the oiher hand. beaches build up during
calm wenther periods when long waves called 'swells' occur (Fig. ).). Thc reason for this differencc
has been vcry wcll cxplained by both laboratory and field tests- It is related to the ratio of the time dura­
tion between thc start and the completion of an uprush/downrush cycle with downrush in its lewest
po su iou (Iud) to the wave period (T) (rets- 21 and 22)· lf tudiT is lcss ihan I. a "swell' or 'r idge
profile devclops which means that thc beach builds up- If tud/T is greater than I. 'storm' or 'bar' profile
wilt develop which means that the beach erodes- Ridge profiles develop during the swell periods occurring
along the shores of India during the non-rnonsoon season (ref. 25)· Bar or storm profiles develo p during
the monsoon season when there are steeper and more choppy waves-

I
I

I

As an example, take a nearshore profile. If an offshore bar appears at sorne disrance from ihe sho rc. It
may not disappear during ihe swell-season but it tends to rnigrate towards the shore- The normal way of expres­
sing rhis development is by saying that the shorcs build up during the sumrner season and crodc during the
wi nrer season- But this has nothing to do with summer and winter seasons of India where seasons in
rcgard to bcaches are classified in accordancc with the wave action during thc monsoon ar d non- rnonsoon
seasons- The net result of such a seasonal profile movement would bc zero- While considering thc srability
of a coastal structure it is important to know the magnitude of seasonal rnovements in onshore and offshore
direcuons- A survey of a swell profile may lead to a vcry false impression of the geornetry and srability of ihe
profile. To plan coastal structures properly in such situations, the maximum beach f'luctuations with special
rcference to the minimum elevation occurring during the monsoon pcriod, should be known (sec Section 3·),1).

I
I

I The beach profile may, however, be subjeered to a eontinuous loss of ma-erial to deeper offshore
wa-ers from whcre the material may not return to the shore- Such losses, in partjeular. take place at steep
shores and generally occur at some of the rocky shores of India which have lost thcir beaches. somcrimes
lcaving interlocked pocket beaches- Othcr losses may take place in submarine carryons extending rromI
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orfshore to nearshore Such canyons are not common in India but they do occur at places south of Pondrchcrr y.
e-g- at Cuddalorc Material ma)' drift towards offshore in the ïorm of the so called bouom creep which
occurs on the steep shores or with the transversal currents called Tip currents which carry sediments-laden
water across the surf zone in large sediment plumes recognizable because of their distinct COlOUTdifference trom
the surrounding waters

I
I

3.1.3 Wa"e mecbanics aspeets: From the Secnon 3·1·2 it is evident that the wave elimate is of utrnost
irnportance for the geornetry and stability of a beach- Thc nearshore interaction between the waves and t he
profiles is related to the character of wave breaking- I

A factor. ; is introdueed which is defined as

:: = tan 21 V HILa...
where 2. = slope angle

H = wave height at the toe of the slope and
Lo = deep water wave length

I
I

As explained in the Section Jö-l and Appendix B. wave uprush is maximum when ~ >- about)· Waves
are then in the so-called collapsing-surging breaker stage Table 3·1 describes the breaker type in relation to
the so called surf parameter e (Appendix 8)·

I
Table 3·1 Breaker type in relation to the parameter; or ~b' I

Brcaker Type LimitiDI Criteria

Surging or collapsing
Plunging
Spilling
Using the breaker surf parameter

if ; >
if 0.5 < ; <,

if ~ <

3·3
3.3
0·5

I
I

~b = tan 2/ ..'Hb/Lo
H, is the wave height at breaking

Surging or collapsing
Plunging
Spilling

'f ... > 2.01. ~b
if 0.4 < ;b < 2·0
if ,. < 0.4~b

I
I
I

Fig. 3.4shows schemaucally the general appearance otthc various types ofbreakers- From this ii can
be deduced why the collapsing or surging breaker which suffers minimum energy loss from its plunging gives t he
maximum uprush- Up rush on a beach is maximum from the waves with relatively low steepness ratio and tor
the Sleep beach slopes- This factor is very important while considering the design of any dune or dyke a,
explained in Appendix B· I

As can be deduccd from Table 3·1. the parameter eb defincd in terms of the wave height at breaki ng
Hb' sornewhat alters the ranges of the breaker types- The height of the wave at breaking and the breakcr depth can
be deterrnined from Figs- 3·5 and 3·6 for various types of beaches or for the offshore bottom slopes ranging from
111 = 0.01 to 111 = 0.15 (I: 100 to I: 7). When;b;> 2. maximum uprush on a beach is produced

3.2 Review of eoastal protecthe measures

I
I

3.2.1 ~atural and man-made coastal protection : Nature not only erodes but also proteers and it can
safety he interred that there is no proteetion effered by man which has not been demonstrared earlier by nature I

I
I



I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I

37

-----
SPILLING

PLUNGING

COL.L.APSING

-- --
SURGING

Fig. 3.4 Various typesof wavebreakers.

Nature developed all types of shore proteetion much before man studied and deduced from thern- Consequently
we should learn more from nature- This would mean that the right type of field data must be obiained- We must
also admit that nature has been more imaginative and has often achieved more success than man- Perhaps what
we observe in nature and collect as our discovery is mainly the success nature has achieved (ref- 3)· Where
nature has failed. nothing was left· Coastal geographers and geologists of ten describe natures coastal proteetion
in non-technica! term, (ref- 39). Technologists can learn from them too-

Table 3·2 gives some of the examples of nature's protective measures and also the irnitations of nature
demonstrated by man- Nature has all types of resources at its disposal and is able to give a full demonstranon
whereas man is Iimited by his meagre resources, instruments and ether facilities- He. very often. lacks the proper
tools and adequate facilities-

Nature's coastal proteetion is demonstrated everywhere in India at the headlands, reefs, rocky shores,
dunes and at the points where rivers supply material to the shore- There are few places in the world which have
such an abundance of natural proteetien as in India- Nature's seawall is most of ten made of lateritic rock
which has proved to be quite safe against abrasion and weathering (Appendix E)· From the point of view of
coastal protection. the supplies of material by rivers to the shore of India mainly during the monsoon is a blessing
despite the fact that deposits at entrances ereare problems for navigation- The mud banks of the Kerala coast
have also been an advantage but due to the fact that they migrare along the shore. their beneficial effect is only
intermirtent (ref- 11). They cause severe terminal eros ion problem due to changes in wave characteristics
brought about by thern-
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Table 3·2 Natural and man -rnade coastal proteetion (ref. 3).

Man-madeNatural

Shore rock
Rock reef
Rock island
Headland

Rock perpendicular to shore
Sea tloor vegeration
Dune
Material transfer 10 shore by :

Wind drift
Rivers

Longshore littoral drift and
sea bettorn onshore drift
Natural bypassing of drift
at tidal inlets

I
Seawall
Submerged bulkhead or mound
Offshore breakwaters
Large breakwater perpendicular
to or at an angle with the
shoreline
Groins
Bottom mattresses
Dyke

I
I
I

Artificial nourishment from
land sourees
Artificial nourishment from
offshore sourees
Mechanica! bypassing of drift
at tidal inlets

I
I
I

3.2.2 Prerequisites for coastal protection : Some of the basic needs for coastal proteenon are lisred In
Table 3 3 wherein they are classified into two rnain categories-e-large scale and srnall scale.

Table 3-3 Needs for coastal proteetion (ref. 3).
I
IProblem

Reelamatien of land and protection
of the reclaimed land
Protection of property and
structures on the coast
Construction and proreetion of
beaches

LUie scale Small scale

x I
x x Ix Pocket beaches

In India protection of property on the beaches is most important as sorne shores. particularly in I
the Kerala State. are very populous- The fact that they are of ten located on narrow carriers separating
the sea trom lageons or from low lying wetlands makes the problem rather difficult Under such situancris. I
linie or no land can be lost to the sea· Rather. the need for reecvering more land from the sea is urgent
Reelamations of land have been undertaken from the estuaries. backwaters. mangroves and rivers for centuries
but seldom trom .he open seashore, although dunes and elevated sand platforms have been built or rebuilt I
at sorne places on the shores-

3.2.3. Types of cosstal proteetion : Table 3·4 gives different types of coastal protective measures.
their relative ability in providing the necessary pro.eetion and their influence on the adjoining shores I

The type of proreetion which is most practical under the conditions prevailing today is the seawalls
or rather the so-called revetrnents or sloping walls- These ar: rnostly built in India from coasiat rocks I
such as gramte and laterite (Appendix E)· Groins have been used in sorne 'desperate' cases. e. g.

I
I
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I
Tab!e J·4 Coac;tal protecuve measures classified in acec-rdance with their abiliiy to provide proreetion

ro large and sma!t shore are as and their inr'luence on the adjoining shores (ref. 3).

Large scale SmaJl scale Effect Influence on neighbourina shores

I Gr orns May stop or deercase shoreline Adverse, orten
recession but not if offshore very severe .
erosion continues-

I Seawalls Stop erosion where they are built May ro sorne
but do not stop offshore erosion- extent becorne adverse

Will probably stop erosion and Adverse, orten
build up beach where they are erected very severeI Shore parallel

break waters

I
Artificial nourishrnent Widens beaches. provides ful!

proteetion if well maintained-
Beneficial

·1

on the downdrift side of the improved inlets (Cochin harbour. Kerala) and at the beaches downdrift
of headlands (Moplah bay, Kerala). but unfortunately they have not been very successful although they
have benefitred some localized points. The overall effect of groins on erosion often is to do more harrn
than good due to the unavoidable leeside erosion (ref. 3)· Groins should, therefore, be avoided unless their
main purpose is ro keep a beach at one particular position at the cost of adjoining areas. In such
cases the so-called T-groins which trap the beach material are preferabie (see Fig. J.15). But the adverse
effect of T -groins is similar ro that of other groins (see also Section J.J.J).

Shore parallel breakwaters (see Fig. [.9) have hardly ever been used for coastal proreetion in India
but sorne harbout break waters exiending from headlands such as at Cannanore and Vizhinjam in Kerala
have faced adverse effects on the downdrift beaches and also on the maintenance of depths in the
respecrive harbeurs Artificial nourishment of beaches has not yet starred in India but ie will undoubtedly
becorne the most widely used method for proteetion in India in the near future. There is hardly any place
in the world where it is better justified than India because of the heavy popuianon pressure on some highly
developed shores of India Nourishment wil! then mostly, if not always, have to corne trom the sea
com::>rising everything from man-powered draglines and winches to hydraulic drcdging to be discharged on
[he beach. Wherever harbeur structures have caused erosion due to their effect as linoral drift carriers.
the transfer of ma eria' by pumping should be initiated, e-g- at Madras and Paradip harbeurs. Special types
of intermirtent hydraulic transfers have been tested, e·g· at Nagapattinam while ethers are in the planning
stage (see aiso Sectien J·J·6)·

3·2·4 Cboice of protective measures: It is easy to make a right choice of coasral proteetion fo r
the conditioris existing in India. but perhaps the choice will invariably rest on sorne type of seawall. This
report provides turther details on the choice and design of seawalls and revetments-

The most important basic factors to evaluate the need for a seawall and its expected functions
are the erosion situation of the offshore bottorn and the availability of material for natura! nourishment
of the beaches Table J·5 gives a summary of Table 6 in reference 3 and explains how the seawalls
and revetrnents are expected to tunenon-

I
I
I
I
I
I

I
I
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Sirnilarly, Table 3·6 gives further details of seawalls- Table 3·7 and 3.8 refer to groins and offshore
breakwa·ers. They are included for the purpose of general information about their performance although
they may not deserve the same interest a-id practical use as seawalls and revetments- Table 3·9 gives
the details of the performance of aruficial nourishment- Furthermore special a.rention should ce paid ro
bypassing of material at harbeurs and tidal inlets which is dealt with in Sectien 3·)·6·I

I
I



3.3.1 Seawalls and revetments : Thc basic pa' ame.ers which are important for planning and designing
of coasial proteerion and the surveys required have been given in Sec.icns 2·3, land ,2,3·2, For the seawalls much
ernphasis should be given on profile surveys as mentioned in Sectien 3·)·2 to deierrnine the move ment and the
srabili.y of the beach and the bottorn profiles in rclation iO tidcs and wave act ion during ihe storrns Fur. hermore .
inforrnation on soils is also necessary (Appendix D). Thc varrous cornponen.s mvolved In storm tides are
meruioned in Section ) ,3·

3.3 Design details

I
I
I
I
IThe general design criteria for (he conditions prevalling in India are ihat rhe seawalls should be as cheap

a~ possible and therefore must be built from the local rnatenals using local Iabour Sirni'atly. rnechanizauon
should be as modest as possible and rnanual work should be preterred within the lirnits set Ior proper
construction and reasonable time schedule- I
Table 3.S Coastal proteetion in relation to souree of materials and conditions of beach profiles for bene­

ficial versus adverse effects. I
Coastal situation : actual conditions of
souree of material and beacb proûles Seawalls and revetments I---- --- - -- - . --

A. Plenty of souree material:
Overnourished profiles.

B. Souree material available:
Sufficiently nourisbed proûles­
Balance between material eroded
and deposited.

C. Only limited souree-
CIa). Erosion only up to limited depth

in the sea.

C(b). Erosion up to deep water in the
sea.

Might be necessary to avoid attack under extreme high water and
storm condinons. Should be built in such a way that they con­
tribute to as little erosion of beach as possible. Vertical walls
built too close to the shoreline increase erosion , Energy absor bing
walls, revetments or rubble mounds are usually preferable.
Same as above.

I
I
I

CCa I J. Souree of material :
Can stop erosion provided they are stabie at the depth at which
erosion takes place. Even if groins are built, a seawall might also
be necessary to avoid attack at toe of dune or cliff under extreme
high wat.er and storm condinons. lt is very important that they
be built In such a way that they contribute to erosion as little as
possible. Sloping walls, revetments and rubble mounds work
better than the other types in avoiding beach erosion due ro low
reflection of wave energy.

C{a2). No souree of material. Same as above.
C( bi). Souree of material :
Unless material is supplied artificially to balance erosion. the
gr<;,ins buil.t will work only for a lirnited period before collapsing.
It IS very Important that they contribute to erosion as little as
possible. Sloping walls, revetrnents and rubble mounds contribute
by thernselves to little beach erosion as compared to other types
because of low reftection.
C(b21• No souree of malerial :
U~less material for total balance of erosicn is supplied, groins
built, will work only for a limited time before collapsing. 11 is very
Important that they are built in such a way that thev contribute
to erosion as little as possible. This would mean low reflection.
Sloping walls, revetrnents and rubble mounds bv themselves
conrribute to Iittle beach erosion as cornpared to the .other types.

I
I
I
I
I
I
I
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I
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Table 3·6 Details of the performance of seawalls (ref. 3).

I I. What is wanted

I 2· Layout and geometry:

I
I
I 3· Combination with

ether coastal protective
measures:

I 4. Design:

I

Storm tide and/or extreme proteetion
of shore and beach- Proteetion of
specific valuable areas industry, buil­
dings, highways etc ).
As streamlined as possible. ft is best
to leave and maintain a beach in front
of the wall-

Influence on adjoining shores-

Groins.

Artificial nourishment

Energy - absorbing (sloping and / or
mound type).
Non-energy-absorbing (vertical sheet
pile or slab).

I
I

Comments :
Energy-adsorbing wall or revetment
on dyke oe dune Any type of substart­
tial walt with as little adverse effects
as possible.
Eeosion may be stopped at the wall
but artificial nourishrnent may be
needed to maintain beach in front
of the wall.
Leeside erosion mav re sult if erosion
conrinues leaving wall as protruding
headland or if wall is built too tar
seaward and is not strearnlined in hori­
zontal geornetry. Transfer of sand
or ether nourishment of downdrift
shore may be neeeed.
To break longshcre currenr and possi­
bly build up beach in front or wall.
To maintain beach in front of walt
and/or to check downdrift erosion.
Conviderare to beach stability due to
friction and low reflection.
May ereare local erosion due 10 less
friction against currents and more
reflection.

Table 3·7 Details of the performance of groins (ref. 3).

1. Degree of efficiency
wantedr

I 2. Layout and geornetry :

I 3. Combinations with
ether coastal protective
measures:I

I 4. Design:
Length in agreement
with point 1.
Height to match beach
profile wanted 10 tbe
practical extent possible-
Length I spacing ratio
from 1 : 1 10 I: 4depen­
ding upon quantity of
drift and beach mate­
rial. Most cornmon ratio
is 1 : 2.

I
I
I
I
I

lust beach stabilization­
Also widening of beacb.

Streamlined in horizontal geometry­
No sharp turns or corners.

Seawalls-

Artificial nourishment.

Impermeable : Energy absorbing­
Non energy absorbing­
Adjustable elevation.

Fixed elevation-

Permeable May be adjustable or
fixed.

Comments :
Short groins mainly covering the beach.
Longer groins, possibly extending
beyond bar or breaker zone.
Reaction of shore proreered Stabie or
widening and then stable.
Jntluen~e on adjoining shores: Usually
beneficial or neutral updrift but
adverse downdriCt.
To cope with extreme conditions
including storm surges.
To fill groins and widen beach initially
and maintain width
To eliminare adverse effects on down­
drift beaches.
Less refiection. less loss of sand
More reflection. more loss of sand.
May be operared to match ftuctuations
of beach
Can not be operared 10 match fluctua­
tions of beach .
.• To blowand have fleur in vour
mouth at the sarne time·" Mav
provide beneficial results where cur:_
rents are the main agents in transport
of rnaterials, that means in rivers and
estuaries. _.__ ._--
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I
I

Table ).8 Details of the performance of offshore breakwaters (ref. 3)·

I
I. What is wanteel : Proteetion or proteetion and beach-

2. Layout and georneu y : Parallel to shore or largely following
depth contours·

3. Combination with
other coastal protective
measures:

Groins-

Seawalls-

Artificial nourishrnent.

4. Design: Energy absorbing structures preferable­
See Table 3·6. Combination with
natural reefs of ten advantageous.

Comment s :
If breakwater is built on liitor al dnft
shore both are usuatly obrained-
Tornbolo formation will result on shor e
to be proteered. Severe dow nd ri ft
erosion mav resuli due to liuoral
barrier effect.
This combination is unlike lv unless
groins are used to check den\ ndr nt
erosion, thereby transferring pr oblern
further downdrift-
May be built to proteet ugain st
extreme storms and tides to check
downdrift erosion-
May be used to ereare beach more
rapidly if natura I supply of material
is limited or tO check downdrift
erosion-

I
I
I
I
I
I

1. What is wanted : Protection and beach.

T'able 3.9 Details of the performance of artificial nourishment (ref. 3).

I
2. Layout and geornetry Follow natural shoreline closelyon straight or strearnlined shores

Fill in pockets on headland shores and artificial pockets. Ito ereare or maintain beach and to elirninate lecside erosion.
to proteet wall and/or ereare or maintain beach in front of w all
and to eliminate leeside erosion.

Offshore breakwaters : to ereare and maintain proteetive beach.
Nourishment from land or offshore sourees- Offshore equipment under
development. Various methods tested in actual operanon. Sand shall be
suitable for nourishrnent. Main requirement is that sand should be as
coarse or coarser than the natural beach material and of no less speciric
gravity. Bypassing arrangernents by fixed or rnovable plants including
weirs and Hoating plants. Movable arrangements preferable,

Seawalls can be classified into thrce groups. namely. sloping walls of revetrnent type. vcrtical gravuy wall«
and piled struciures or simple mound sirucrures to control ernergency suua.ions Figs. ).7 10 3·14 show ihe cr o ss
sections of the varrous iypes of seawalls or revctrnents designcd ur:der a varie.y of condiuons

Rock mounds and revetments : Figs 3·7. 3·8 and 3·9 present the general design parameters as cxplamcd
below Hydraulic and w ave meehartics design cri.e ria are given in Appendix A and 8 whercas thc soil s.abrlir,
characteristics are presen-cd in Appendix D· With these details it is possiblc ro deterrnine ihe armour weighi s and
the topelevJ'ionofthe wall basedontheinformation on waves and tides and predier the foundation stability
Additional information on revetrnent design is given in refs- 3. 6. 7. 14 and 43·

Gravity wal!s : Graviiy walls. as shown lil Fig 3·10. are useful a' pla-es whcrc wave acuo n IS limi.cd. e-g­
in estuarics and preteered bays- At ihe sarne time they may funciion as benhing places for srnall vessels Thci r
main drawback IS tha ihey. due IQ their verricul faces. have a high reflection coefficient This surs up ihe
beach and bottom sedimerus in front of the s.ructure (refs 6. 14 and 43)· A protective apron. therefore. In

3. Combinations with other Groins:
co astal proteetive rneasures : Seawalls :

4. Design
I
I
I
I
I
I
I
I
I



front of such walls becomes absolutely necessary- Many gravity walls are known to have collapsed due to the lack
of such a protective apron- It mayalso be necessary to apply a proper oversplash proteetion to avoid erosion of
the area just behind the wall- Inforrnations on the wave height at the breaking point and the breaking depth
may be obtaincd from Figs- 3·5 and 3·6 for various deptbs and bottorn slopes- The wave pressures on such walls
can be calculated using the principles and methods outlined in ref 30 recommended by the International Waves
Comruittee and in refs- 43 and 44· Details on soil aspects can be obtained frorn Appendix D·

Piled walls: Figs- 3·11 and 3·12 show two inexpensive piled walls which may be used in areas of limited
wave action- Both piled walls and particularly the fascine wall must be constantly maintained- Measures may
have to be taken against scour at the toe of the structure- The rnaterials available for such walls are timber piles
or palm trees and fascines of available local shrubbery or brush wood. Mangroves are not very useful for this
purpose- The fascines may be developed on a so-called fascine bent which is shown schernatically in Fig. 3·11·

The crib type wall shown in Fig 3·12 is gene rally more useful than the fascine wall because it can resist
wave action better- It is important, however, to point out that erosion should not be allowed to take place in front
of the wall because it could ultimately lead to a collapse by overturning or sinking of the wal! by undercutting­
If signs of such a development appear, appropriate remedial measure should be taken up immediately, e-g­
using toe proteetion-

I
I
I
I
I
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LAND

MEAN HIGH SPRING TIDE

E - Elevauon of rock mound wal!~Elevation of maxi-
mum uprush of clear water occurring once every
X years. The value of X to he determined by
loeal needs for protection. Wave sereens may be
erected at one of the points iDdicated by Ws to
decrease overtopping uprush may be related sta­
tistically to significant wave helgbt measured at
the toe of structure, Assume maximum wave
height at toe=depth at toe (in generai). Sec appen­
dix B for details.

e - Base elevation of toe foundation. ft should be at
least 0.5 rnetre below the lowest beach clevation
to he expected during or after severe storms.

B = Width of crOWD~ 2 to 4 metres dependiDg upon
construct ion procedure.

b - Width of proteetive apron. II should be a mini-
mum of 2 metres but may be increased to 04
metres on exposed shores,

o = Depth at toe of structure at mean high spring
ude occurring simultaneously in ccniunction with
the lowest beach elevation.

D..ua Depth at toe at highest tide level occurring
simultaneously with the lewest beach elevation.
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oeUN

9 HIGHEST TlOE

I : n = S3=seaside slope depending upon wave characte­
ristics (Appendix B) core material and rocks avai­
lable (Appendix E). Designingof rnound should be
by opumizarion for obtaining a most ecoeomical,
functionally efficient and stabIe structure,

1 : m > St = landside slope depends UpODcharacteristtcs
of core materia land the extent of overwash which
may be tolerared. A maximum slope of I in 1.5
may be permitred. FloodiDg should Dotbe permit­
eed inside tbc mound.

W Weight of armour rock on rhe seaside slope,
depends upon type of roek (Appendix E), type of
placement, slope, depth and wave characteristics
(Appendi.l( B). Roeks to be placed in a minimum
of two tayers,

W/2 ~ Weight of landside slope armour blocks of the
same type as the arrnour on the .seaside slope,
Placement should be in a minimum of two layers,

W/JO ,. Weight of second armour layer of a minimum
thickness of 0·3 metres,

C - Core material (see AppeDdix E).
M ~ Mattress of local vegetative or synthetic matenals.

Fig. 3.7 Schematic of a rock mound wall in front of a dune on an open beach,



Simp Ie mound walls: Fig 3·13 gives an inexpensive mound wall whereas Fig. 3·14 gives an inexpensive
revetrnent of sand filled bags. These structures may be built from large bags made of jute or synthetic materials
if available at a reasonable cost- Bags could be filled with small rocks or pebbles of local crigin or with sand­
These structures are generally used for an emergency purpose only as a temporary measure- It should, however,
be noted that such structures require regular maintenance- Unless the maintenance part is properly execuied,
the structure cannot last long- Other emergency steps are also mentioned in ref- 7 but they require the use of
heavy materials and lifting equipment-

Mattresses: Any structure resting on an erodible sea bottorn should be protee ted against scour which
could result in underrnining- This may be achieved using various types of martresses-

Basic materials, which can be used for building mattresses, include coconut (coir) or other palm
fibres and local shrubbery or brush wood- In Kerala, bamboo fascines are successfully used- These are fairly
cheap and appear to be suitable for protective measures- The durabilily of such mauresses could becornc a
problern- In recent years, synthetic mattresses have been introduced and these are available in India also. They
are usually made of polyethylene or polypropelene fibres and are commercially available in fabrics of various
mcsh sizes- Fabrics should be more or less impermeable to sand which means that liule s...nd should pass
through thern- But they should be perrmable to water- If the soil comains organic or shell material. the bags
made of such fabrics may clog rapidly and become impermeable to water also- In the lalter case, graded filters
of rock, eg-, lewest sublayer of t - 2" (1 to 5 cm) gravel. next sublayer 10-50 kg rock 'one man stonc' are- .
ro be placed _on this filter material befere the armout layer of bigger rock is placed (refs- 3 and 43).

MEAN HIGH SPRING TIDE

E ~ Elevation of rock mound wall ~ Elevation of
maxImum uprush of cJear water occurriDg once
in every X yean. The value of X to he deter­
mined by loeal needs for prctectlon, Wave
sereens may be ereeted at one of the points indi­
cated by W, to deerease overtoppiDI. Assume
maximum wave height at toe ~ Deptb at toe (in
general), See AppeDdix B for details.

e ,. Base elevation of toe foundation. It should be
at least O. S metre below the lowest beach eleva­
tion to be expected during or after severe storms.

P = Width of oversplash platform placed on a slope
I : 10. P deeends upon elevation E. slope and
wave characteeistics. A minimum of 2 rnetres
should be provided. See Appendix B.

b a Width of protective apron. It should he a mini-
mum of 2 metrCS but may he increased to 4
metres on exposed shores.
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sz HIGHEST TIDE LEVEL

D s Depth at toe of structure at mean high spring
tide occurring in conjunction with the lowest
beach elevaucn.

DID""'"' Deptb at toe of structure at highest tide level
occurriug in conjunction with Ihe lewest beach
elevation,

I : n - S, s Seaside slope depending upon wave charac­
teristics (Appendix Dl. core material and rocks
availablc (Appendix E). Design of mound should
he by optimizatioQ for obtaining a most econo­
mical, rUDctionally efficient and stabie structure,

W - Weight of armour rock. DepeDds UPODtype of
rock. type of placement. slope, depth and wave
cbaracteristics, Sec Appendix Band E. Rock to
be placed in a minimum of two layers,

W/I02 Weight of secend armour layer of a minimum
thickness of 0.3 metre.

M = Mattrcssof localvegetatlve or synthetic rnatenals.
F - Fill on dune or platform. 'Sec Appendix D.

FiK. 3.8 Schematic of a roek revetment for dune proteetion on an open beach.

I
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3.3.2 Duaes aad dykes-over8ow preteetion. Som-times erosion is caused by the waves and high tides
during storrns- If the shore is high, erosion takes place only on the front side of the cliffs or dunes. On the
other hand if the shore is low, the wave uprush may overflow across the dune or ridge moving the eroded
material from thc front side to crown inland- This often occurs on low barriers separating the main sea
from the bay or lagcon on littoral drift shores- Similar situation mayalso arise on barrier ridges covering
low marsh lands and mangroves- As a consequencc, the low dunes or ridges gradually move irtland and
a situation may finally arise resulting in general recession of the major part of the shoreline-

Overflow of coastal dunes and barriers takes place at many places on the Indian shores but it
is predominantly on the barrier beaches of the east and west coasts- One of the best ways of solving
this problem wou'd be by constructing a 'withdrawn dyke' as shown in Fig- 3·17· A withdrawn dyke is a
dyke built at such a disrance from the shoreline that it is attacked by the sea very infrequently. that
m-ans, it ca-i only ha/pen under extreme tide and wave conditions (ref. 8)· It serves as a final defence
line and is supposcd to stay intact even under the most severe storm and flood conditions- Dykes of
this nature a-e usually located weU up on the backshore and at a certain disrance from rhe first defencc line
which may be a sea dyke close to the shore or natura! dune functioning as a sea dyke- Withdrawn dykes are

I
I
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- Top elevation of rock revetment ~ Elevation of'
maximum uprush of clear water occurring once in
every X years. The value of X to be determined
!:Iyloeal needs for proteenon. See Appendix 8.
Wave SCreen (W.) may be erected if needed
initially or later to decrease overtopping­
Assume wave height at toe - depth at toe (in
general). See Appendix 8 for details.

e - Base elevatlon of foundation. lt should be at
least 0.5 metre below the lowest beach elevatioo
to he expected during or after severe storms.

b ,. Width of prctective apron. Tt should he a mini­
mum of 2 metre, but may be ioc:reascd to 4
metres 00 exposed shores.
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D ~ Deplh al toe or structure at meao high spring
tide occurring sirnultaneously in conjunction
witb the lowest beach elevatioo.

D.... : Deptb at toe of structure at highest tide level
occurring simultaneously io conjunction witb the
lowcst beach elevation.

W ~ Wcigbt of armour bloc"s dependiog upon local
souree of supply and capability to place rock.
In single layer, unit weight should he no less
than half the weight of blocks placed randomly
on slope. In double layer unit weight may be two
thirds of the single layer unit weight,

WT - Weight of toe protection bleeks, usually 20-50 kg.
Fl = Filter of local crushed rock (Quarry run) )·3 inch

(3 to 8 cm). Sec Appendix E.
M - Mattress of local naturalor synthetic materiais.

Fig. 3.9 Schematic of a rock revetment for preteering the valuable shore property with
a provision of an access to the beach,



48

comrnonly found along the shores of the low lying countries of the North Sea where a breakthrough into the
low lying land could cause severe flooding- A dyke like Fig. 3.17 is also suitable for the low Iying areas of
the east and west coasts of India. The top elevation of the dune or dyke should be detennined as described
in Sections 1·2, (·3 and Appendix B· A seaward slopc of 1 in 7 is used based on the experience obtained
[rom the rough North Sea coast-

Dune proteetion using withdrawn dykes seems, at first, to offer a number of technical advaurages.
Experience ha; shown that it has, essentially, jUSL one disadvantage, and that is, the possibility it offers for the
formation of a pool in between the two dykes by the overwash caused by extensive wave uprushes overtopping
ttië' crown of the sea dyke (ref. 23). Seepage may then occur through the withdrawn dyke, teading ultirnately
t6 á' siîde or even a breakthrough causing flooding of the adjoining area- If such a slide takes place,
p:(~s~mábly during a storm or cyclone, a catastrophe may result- If the slide occurs af ter the storm. flooding
an·ö;jdamage of the land at the back of the dyke may be limited but damage to coastal roads or railway
lines may be quite extensive- It is, therefore, very important that the formation of such a pool be avoided­
The stability of sand slopes is discussed in Appendix D·

Earth-moving equipment such as bulldozers and seraper pa-is, or considerable man-power may be
required to remove the high beach ridges created by swells at the end of a storm- The pools formed inside the
ridges could be dangerous to the stability of the bea-h because they could lead to mass-slides- A double defence
systern. therefore, rnay be an excellent arrangement which can be used at several places on the barriers of the east
coast and a~ sorne places on the west coast- Shore dunes or dykes will have to be rnoved back gradually- This
should not present any difficuuy where wide uninhabited shores or barriers are available-

HIGHEST TIOE LEVEL

HIGH TIOE LEVEL

F1LL

LOCAL ROCK
20-S0 KG

ET 2 Top elevation of average maximum tide level
occurring once in X yean. X is ro be determioed
by local needs for proreetion of property and
facilities, to wave height in front of the waJl Ior
extreme conditions. Wave height can then be
assumed to be 0.8 times the deptb in front of
tbc structure,

EB = Botlom elevation of wal! depending upon water
depth aDd soil conditions. Sec Appendix D.

MASONRY WALL OF LOCAL ROCK

e
2 Elevation of protective apron in front of wal!

depending upon depth, current, wave and soiJ
conditions. Must be below the lowest beach
elevation,

A "Width of wan depending upon the height of
placed blocks or dumped rock. Width of apron
depends upon water depth and soil conditions
(a minimum of 2 metres has to be provided).

B .. Top width of wall depending upon the height of
the wall and load condition. See Appendix D.

S. 2 1: na Seaside slope usuaJly of the order of 1 : 10.
M - Mauress of IOCII vegetative or synthetic materials
Si 2 I: m 2 landside slope dependinl upon soils and

load conditions. Sec Appendill D.
Ft 2 Filter of IOCIJ naturalor crushed rock, J ·3 inch

(3-8 cm).

Fig. 3./0 Schematic of a vertical rock gravity wal! (Ior wave heights less than 0.5 m)
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I
TOP ELEVATION= STORM TlOE ELEVATION ""'\
+ I'~ WAVE HIGHT AT TOE OF STRUCTURE1

I

TOP CARVEO OUT ANO FlLLEO WlTH
TAR. ROCK OR SAND FILLEO BAGS ON
TOP

I
..: " :' ~".':..

.eon':. 'ROPE' OR TWISTEÓ
WIRE AND LOCKEO

UNE

I
LOWEST BEACH

I
1~CM( SIN) POLES IN BENTS 1M
(ALL PROVlOED WITH KNIVESJ

Fi,. J.lI SCbematiç of • double pilcd Casane or bal cnb (for wave beiibts leu tban I m).

I·~M
(MIN)

1
I

IF KNIFE WITH
IN STEEL BAR

I I~---I TO 2M -- ....
TO BE COMPRE-

I TOP ELEVATION = STORM TlOE
ELEVATION + I·~ WAVE HEIGHT
AT TOE OF STRUCTURE

),.,...w--v,.,-,. '::- ROCK SIZE OECREASESIN
r-..__ '\..oL THE LAND WAROOIRECTlONI

MEAN HIGH TIOE LEVEL

I . .. . ' ' .

I MUN LOW TIOE LEVEL

I
MIN 20 CM TIMBER LOGS
OR PALM TREES

I
LOOS ARE SPACEO IN ACCOROANCEWITH AVAILABLE ROCK
StZE. PENETRATION IlitIN I·~ M TO 2·0 M FOR H NOT
EXCEEOING 2'0 M

Fi,. J.12 SChematic of a siolIe piled rock crib (Corwave heilbt leu than I. Sm).
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CEMENT MO"TAR _....-ELEVATION TO MAX STo..l11
»: UPRUSH

I
NUMBER OF LAYERS
OEPENOS UPON ELEVATION -\----~J I

SANO FILL.

I
LOWEST BEACH
EL,.EVATION I

.... ' '., IBAGS OF JUTE OR SYNTHETIC FISRES
FILLED WtTH S"ALL StZE ROCKS

Fig. J.l J Schematic of a simpIe rnauress or gabion wall tf'or wave heightless than 1 rn),
I
I

The si.uation, however, becomes different if the barrier is very narrow or the land area behind the
shore is developed or is profusely inhabited as is often found in India. In such a situa.ion, the dyke may
have to be built in the bay or lagcon as a dam. which at exposcd places, may have tO he reinforeed by a
revetrneru proteetion- ft is also to be noted that the erection of any withdrawn dyke as a second defcnce
or flood proteetion line. at a certain disrance frorn the shoreline, will eau se problems connected with [he land
development (see Section 4).

I
I

On an undeveloped shore, it would, however, be easy to erect a withdrawn dyke at a eertarn disrance
from the shoreline- This disrance is determined by the rate of shoreline recession- The to.al cost involved in
acquiring the area to be occupied by the new dyke and also of the area in between the sca dyke and the
withdrawn dyke wiU also have to be considered-

The land rnass in between the sea dyke and the withdrawn dyke may be used for reeteation purposes and
also as a fish and wild-life reserve or for certain types of agriculture or forest development On the developed
shore. the situation would be somewhat different. If it is on the fringes of a city. it will be nccessary to
build a special proteetion for the area at a very high cost because if erosion continues. thc ciiy area will gradually
becorne a protruding headland- If. instead of a city. a village is located on the fringes. it might be better
to mOV(!the village inland, if conditions permit and the action is justified by the cost involved-

I
I
I

Dl/ne formation : By natural means dunes start building up when an obstruction to wind and sand drift
occurs- The seaward slope gradually becomes steeper and steeper and the wind blown sand particles move up
to the front slope of the dune, settle in the leeward side in a steep slope making the dune migrate in the
direction of the wind- Dunes are often built up and maintained by different beach vegeration. Appendix F
gives detailed information on the dune vegetation found along the Indian coasts-

I
I

Dunes may be damaged by waves and tides during storms or by drought and discases destroying the
vegetative area or due to overgrazing by animals and thus leading to wind blow outs- Dune management
includes siabilization and maintenance of naturally occurring dunes. and the creation and maintenance of
protective dunes where they do not exist- Although dunes can be constructed using mechanica! rneans. it is
necessary to stabilize thern by the dune vegeration (Appendix F).

I
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CEMENT "ORTAR ----------~
NUMBER OF LAYERS
UPON ELEVATION

UPRUSH

FILL

LOWEST BEACH L.EVEL
MATTRESS OF LDCAL
MATERlAL

'" .......................•..•• . r : •.....•.. :: •. : .• ::: .• :::.::."
'" " .. " ..' .

SANO FILLED BAGS

ELEVATION EXISTING DUNE

FILL TO BE GRADED AND
WELL COMPACTED

MATTRESS
SAND BAGS

E + = TOP ELEVATION TO MAX STORM WAVE UPRUSH ( SEE APPENDIX BAND FIGURES3·7 a 3'1 )

= ELEVATION OF TOE FOUNDATION. IT SHOULD BE AT LEAST O·S METERS BELOW LOWEST BEACH
ELEVATION TO BE EXPECTEO DURING AND AFTER SEVERE STORMS

b = WIDTH OF PROTECTIVE APRON (A MINIMUM OF 2 METERS)

•

SANO BAGS SHAL!. BE PLACED WITH THE LONGEST SIDE PARALLEL TO SLOPE. WEtGHT OF BAGS
MINIMUM 20 KILOGRAMS. PLACEMENT PATTERN AS SHOWN IN FIGURE

Fi,. 3.14 Schematic ora simpte revetrnent of SJnd ba;s (ror wave height less Ihan 1m),
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IDune construction : Various machanical methods, such as fencing made of brush wood or bambeo have
been used to construct dunes (ref. 26)· Relatively inexpensive 'snow fencing' is used almost exclusively for
the artificial dune construction in the United Stazes. In many European countries, brush wood fences are
common, e-g-, various kinds of spruees (Denmark) or wiUows (Holland). Fig. 1.I(h) shows a bamboo sand
fence used in Calicut (Kerala) for dune construction-

Studies on the teehniques for the construction of dunes of a desired size and profile using sand fences
.have been conducten at many places in Europe and the United States (refs- 1,9,15, 24, 26, 31, 38 and 43)·
However, eertain basic principlcs as given below should be followed tor their construction :

I
I

(a) Fencing with a porosity (ratio of area of open spaee to the total projeeted area) of about 50 per cent should
be used (ref. 26 and 43).

(br Only straight fence alignment is recommended- Fence configurations with side spurs or zigzag alignrnent
do not increase the effeetiveness of trapping of sand and these beeome uneconomical-

(c) Placement of thc fence at a proper disrance shoreward from the berm erest may be critical- The fenee
must nor be exposed to frequent wave attacks- The selcctcd fencc line should coincide with the
natural vegeration line or the foredune line prevalent in the area. This disrance varies from coast
to coast and is known to be the widest on the most exposed Indian shores (ref. 25).

(d) The fence should be parallel to the shoreline- ft need not be perpendieular to the prevailing wind
direction- The fence wil! also get filled ifconstructed using a srnall angle to (he wind direction.

(e) The dune which develops by this rnethod wil! be almost as high as the fence- The dune slopes will
range from about Ion 4 to 1 on 7 depending on the grain size and the wind velocity-

Cf) The rate of fill wil! not remain constant but wil! vary with the local conditions- A fence may get tilled
during a short period of high wind velocity- If another fcnce is erected shortly aftcr the earlier is
filied, it mayalso get fiUed during the same season-

(g) A double row of fences wil! facilitate the building of a widcr dune-
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NOTE: DIMENSIONS AND DETAilS TO
BE DETERMINED BASED ON
lOCAl CONDITIONS

VARIABLE

ARMOUR ROCKS

MINIMUM

ç:~~~~2M~S·~I~~~~~~~~~~~~~~~~~~~~~~~'.,.......................... ' ' , .
MATTRESS . ... " .

CROSS SECTION

APRON AT SEAWARD END OF THE GROIN SHOUlD BE TWICE AS WIOE AS ON SIOES. GENERALLY TOP
OF GROIN FOllOWS BEACH SlOPE. GROIN SHAll BE WElL ANCHOREO IN DUNE BY EXTEN DING lTS
LAND WARO END AT lEAST 6 METERS INTO THE DUNE OR BACK SHORE. FOR SIZ.E OF ARMOUR ROCK
AT HEAO OF GROIN SEE APPENDIX B. SIZE OF ARMOUR ROCK ON SIOES OF GROIN .DECREASES TOWARDS
SHORE AND HALFSIZE AT THE MIOOlE OF THE GROIN ANO QUAATEIt SIZE AT LAND WARO END. USE
OF MATTRESS ESSENTIAL FOR STABILITY.

Fi,. 3.16 Desianor terminal aroios on a sand spit.
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Fig.3./8 Laberatory tests on dune-butlding with a smale and a double fence system (ref. 26).
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Fig. 3.18 presents the results of laboratory tests with a single and double fence- It is seen that the
double fence is more effective than a single tcncc (rcf- 26). The spa-ing between ihc Icncc lincs
should be about four times the fence hcight-

Fig. 3·19 shows the results of laboratory tests on a single and double row fences on a plain ground
and with a fence placed on bulldozed dunes- It appears that although the bulldozing givcs a
'tlying start', on a long term basis, it is hardly worth the effort-

Fig. 3·20 shows the rnechanics of building up a larger dune by ereeting properly designed fences on
the top of an existing dune- Double row fencing provides a wider and larger dune (ref. 26).

(11) Unless maintained properly, the dunes ereated by fencing may become short-lived due to the destrucnon
of fcncing as a result of eorrosion of wire and detcrioration of thc wood or due to destructien
caused by man himself-

(i) In India, a wide variety of natural materials including bamboo is available for sand fcncing- Thc best
way to main.ain a fence-constructed dune is to plant some vegeration over it- A few plant species
would survive even in the harsh beach environment (see Appendix F for details).

3.3.3 Groios: Figs- 3·15 and 3·16 show layouts and eross-seetions of groins- As cxplaincd in
the Section 3·2-4. the selection of groins as a coasial proteetion measure should be evaluatcd vay carcfully
because thc overall effect of a group of groins could easily beoome more harrnful than bcncficiat- Gvoins.
as deseribed in Table 3·8 may, however, bc beneficial to speeific areas wherc a pro.eetion is dcrini.cly
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Fil/. J.I!) Laborarory tesiS with a ïence on a plam ground or a bulldozcd dunc (ref. 26).
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wanring regardless of the possible adverse effects on the adjoining shores (ref. 28). In such cases. T-groins
as shown in fig. 3·15 are most effective because they compartrnentalise the beach more effectively- If groins
are built at the end of the beach. e·g·, on a barrier spit as shown in fig. 3·16. they will only have a beneficial
effect partly by ho'ding the beach at the spit and partly by decreasing the shoaling effect at the end of the
spit which could also be beneficia! to navigation- fig. 3·16 shows a typical layout and design of a rock
groin- Long and high groins can be used to act as artificial headlands if it is desirabie to completely trap
the littoral drift- Such groins may be cons.rucred U'i terminal groins at the updrift side of a tidal inlet. a harbour
entrance or a submarine canyon- Long groins in conjunction with beach nourishment have been uscd to
provide a stable bcach and reduce advcrse effects on the downdrift beachcs (ref. 28) .

In general. the head of the groin located at the seaward end is more vulnerable to the attack of
waves and scour- Ii is. thercforc, important to design this ponion wuh a gradual slope having energy
absorbing charactcristics and a suiiablc apron placed on a mattrcss- Groins should be extended landward
to provide sufficicnt anchoring into thc dune or backshore to prevent nanking during severe wave conditions­
Proper maintenance particularly their seaward ends. is essenrial to prolong the life and functional effective­
ness of groins (ref. 28).

3.3.4 Offshore breakwaters : Offshore breakwaters. as shown in Fig. 1·9, are not being uscd at
present for constal proteetion in India- The design of their armour layer should. however, follow similar
principles as outlincd in Appendix B for seawalls- For such large and expensivc structures, it is important

Fig. 3'20 Meeharnes ofbuüding-up of dunes by multiple feDcingsystem (ref. 26).
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I
rhat the wave condinons are known in grearer detail with partreular reference to storrns- The design procedure
should then tollow the guidelines given in the permanent International Association of Navigation Congres-es
in [heir report prepared by the Waves Commrttee. 1976 (ref. 30) and presenred brief'ly in Appendix B. The
man-enance 1)1' b.cakwa er; is e ssenia' .o avoid rapid breakdown of the oreakwater if left unatrendcd and
unrepairedI

I

3.3.5 ~ourishment of beacbes: Table 3·10 shows how the coastal proreetion is lik ely to develo p in
the future· ft may be noted that artificial nourishrnent is becomng the most essenrial part of future
proteetion- But it requires large and etfective pumping equipment. As the sourees of sand tor nouri sh­
ment in the future will rnainty corne trom the offshore bottorn. pumping equipment must be able [0 operate In
low to mode ra e sea condinons. thai rneans wave condi.ions up to 2-3 meres- As the wave elimate on lndan
shore is nor very severe. it rnay be srated thar India is very rortuna e with respect ro o perauo nal a-peers
of beach no urishment trom the offshore sourees as the only time of the year when offshore dredgrng. uSing
modern equipment. cannot be done would be during the monso on periods Frorn ihe economie porrit or' view.
the artificiat nounsbment usuatly is the most advarr ageous. But nourishmenr could possibly be underraken
in India using simpter means includng the use of animal or even manpowered draglines (ref. 3).

I

I
I Table 3.10 Future coastal protective measures (ref. 3).

Larie scale Small scale

I

AN
Possibly combined with artificial
dunes or dykes providing storm
tide protection.
AN+SW
SW to reinforce dyke or dune
against extreme conditions of
waves and tides-
AN+GR

SW
To proteet a particular area sloping
structures preferabie.I

I GR
May be justified in loeal areas if well
planned and kept filled by nature
and/or by man.
SW+GR

I
When GR are just ified economically To proteet a partienlar area where
if it decreases maintenance costs. groins are needed as cuerent

breakers-

I
AN+SW+GR
lil unusually diffieult situations.

I
Note : AN - Arlifieial beaches aDd nourishmcnt

GR .. GroiDS
SW - Seawalls acd offshore breakwaters

I
Certain basic requirernents should be fulfilled to ensure high initial stabiluy and as little maintenance

as pOSSIble- In general. these requirements are:

I

(a) Grain size of the fills should be sufficiently coarse or atleast coarser than the narural beach sand
(b) Materials should be relatively well sor.ed with pa-ticle size distributton to cover all gran sizes present In

t he origina' environment. It should include as linie fine material « 0 15 rnm ) as possible and also
little coarse m-terial. e.g-, particles > 2 rnrn to avoid separation and formation of a steep and
unstable beach.

(c) The fill material should be resisiant to abrasion aga.ns: wave a.tack (quartz, feldspar and simtlar
minerals).

(d) Needless to say tha: it should be clean without rnuch clay, silt and organic ma' .er.

I
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I
I
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(e): It is very important to note that all material required to fiU in a beach necd not he of a first class
grade- All exposed material is considered as suitable- Even the low gradc material may prove
to be quite suitable to provide volurne and support for the upper layer of the actual beach material­
However, this upper layer must be maintained by replenishment as and when required-

Secnon 2·2 and Appendix C give irtformation on how sampling and arialysis should be carricd out
to secure information on the overfill ratios and the relative retreat rate- The former is calcula.ed on
the assumption that some portion of the borrowed material is absolutely sta bie and hence a finite proportion
of the original material will remain on the beach indefinitely- The relative retreat rare is calculated on the
reverse assumption that no material is absolutely stable, and that thc finer material is less stabic than the
coarser material- Hence a coarser beach fiU wiU require nourishrnent less frequently than a finer one­
OverfiU ratios can never be less than unity because a beach wiU not retain more material than what is
added to it. Relative retreat rates can be less than unity because a new fill might erode more slowly
than the native beach material-

The two methods can be compared simply because both of them ultimately atternpt to predict thc
economie factors associated with thc utilization of potenrial matenals to be borrowed- In moneiary scnse,
the engineer can interpret the overfiU ratio as a factor to be applied to the actual unit cost of obtaining a givcn
material to be borrowed in quantities sufficient to ultimatcly establish optimum planned projee. dimensions­
The rela.ive retreat rare can be interpreted as a factor to be applied to thc maintenance COjlS associarcd wiih
its periodic renourishment- The dctermination of these nourishrnent rcquircments is bascd on narural.
erosion rates of the native marerial-

Both mo Jels are quite simple trom a conceptual standpoint- Therefore, it scems unlikely that cither
of thern would fuUy describe any real shore situation- However, a subtie distinction r an he made in the
types of uses to which these methods are put to- On one hand. the engineer wants to estirnate the
total cost associaicd with the selection of a given borrowed material- Thc application of thc two me.hods
will give som! indiention of the possible range of such va'ues but a strict usc of thc either metbod
seem; unjustified. when the inherent. simplicity of the mode Is is weighed aga'nst thc staggering complexnies
of the physical processet operaring in the nearshore and bcach environment. On the o.hcr hand. ihc engineer
is usually lirnited to a few econornically feasible sourees of borrowed matcrials and he must choose one.
regardless of the absolute accuracy of his prediered costs- The strength of these me.hods to help arriving
at a decision seerns greater than their absolute predictive powers-

3.3.6 Bypassing or material at tidal iolets: As explaincd in Section I with reference to Fig 1.11,
India has experienced severe erosion problems due to improvements of many inlcts by jetties and/or
dredged channels- This problem can only be solvcd by bypassing of material from the updrift side of the
inlet to the downdrift side-

Improvernent of the tidal intets in India has some special features. In many cases. improvcmenis
have given more adversc effects on the shorc stability than similar improvcmcn.s clscwhere in thc world­
This is due to the skewness of the flow occurring during the ra'ny (monsoon) scason Thc ebb flow
becomcs very predominant over the flood flow and the result is that material bcing transporred _a'i bed
load as well as suspended load is jetted far O:.Jt into thc sea where it gets lost as it never returns to thc
shore- This effect is very obvious when during the monsoon the high flood discbargcs of a river
breakthrough a ba-ricr which largely rema'ns closed during the non-monsoon pcriod- It a'so occurs
when the ebb flow during the monsoon produces a deep cut through or pushes out an exis.ing offshore bar
or a shoal further offshore- An example of the former is found at Ponnam and of the _ la-ter at
Neendakara both in the Kerala State on the west coast- On the Bay of Bengal side, corrcsponding cases
are found at nurmrous places in Andhra Pradesh. e-g-, at Biminipatnam and in many monsoon estuaries
of Orissa-

Jetty improved inlets are. therefore, even more dangerous for conditions prevailing in India than
elsewhere As many tidal inlets in India may nced such improvements, the outlincs of thc mcthod and procedures
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are given in Table 3·11, and in the legend of Fig 3·21 which shou'd be followed- The bypassing procedure I
which could prove to be most successful for Indian conditions is trap-dredging by which drift material
is accurnulated in dredged traps located at a convenient placc from where it can be removed by hydraulic
pipeline dredge at regular intervals- Figs. 3·22 and 3.23 show sorne practical locations of traps for improve- I
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I
ment of navigarion as well as tor the transfer of material to downdrift beaches by a hydraulic pipehne
dredge where the discharge pipe is carried on pontoorts or through a submerged pipcline in the case 1.)(

exce sst ..e wave action. Moderate wave action on thc Indian shores makes it generally possible io
operate hydraulic pi peline dredges in the open sea for at least duri ng a major part of .he non-rnonsoon
scasonI

I
The situation in India a; it stands today. is that suitable dredging equiprnent is not available tor

hand'ing beach nourishment projects- But progress wilt definitely be achieved in this direction if coruinuous
erfort is made At preien'. coastal structures such as groins, je.ues and seawalls can still provide econornical
-olurion to coasral erosion problern in India. Efforts should. however, be made to develop coast al
pro.ecu ve meusures which interfere least with na ure such as aruficial nour ishmeru by ado pung suu ablc
dredgirig and sand transfer systerns-I
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I CoastalProtectionManagement------
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I

Sorne of the most important rules in planning of any coastal protective rneasure are:

(a) to look at the problern on a broader scale and to be farsighred.

(b) ro plan coastal proteetion in full consideration with what is in the neighbourhood In
other words, coastal proteetion should always be handled by a large group of people, a pubtic organizauon
or a city council which would be able ro take an overall view of the problem for ihe benefit of all concerned-

A well-coordinated programme with the participation of various intcrest-groups is required to
consider multiple use of coastal resources- Although State governments are to administer coastal zone
management programmes. both Local and Central intcrests should be carefullyconsidered along with
State interests- Short-term and long-term interests have also to be considercd while planning any
improvernent programme in the coastal zone-

Administratively, one must distinguish between regulatory steps and steps rowards irnprovernents.
Reguiatory steps are norrnally intendcd to control the construction or crection of all coastal structures
to crisure that no structure will be placed or no action will be taken which wil! have harrnful effects of an
order of magnitude which wil! be against the interest of all concerned- Administration of such regulatory
rneasures should necessarily be in public hands- Reguiatory steps should include rules for the location of
buildings on shores, particularly with respect to their minimum di stance (set back) frorn an (eroding) dune.
rules for the rnaintenance of dunes and coastal platforms and rules regarding the rernoval of beach material
Such rem oval should always be prohibited from all ereding shores-

The problern in India at present is conneered with the enforccrncnt of such tules. particularly
in denesly popuiared shores wherc cvery metre of recession of the dune increascs the congesnon of houses.
which are ofien saturated upto a mui mum limit- In such cases. individuals or groups may becorne so
desperate that they take actions which are not only inadequate for their own needs but dangerous ro
ethers who own property on thc same bcach- It is of ten vcry difficult to cope with such survival actions­
The only practical way of handling such problcrns is by well-planncd rernedial measures based on both
short-term and long-term considerations-

Steps on improvements include weil planried coastal proteetivo measures which are built to last
long if maintained properly- As mentioned' in Sectien 3·2.4. the situation in India favours the use of
seawalls mainly of revetment type which stops the dune erosion. but it may not necessarily stop the beach
erosion- Most often they do not, beeause erosion will continue to occur due ro an irnbalance in the
material supply.loss system as explained in Section 3·1·1·

Adrninistratively, action on coastal proteetion measurcs will have ro come from one or more
groups of people through a pubtic agency-Central and/or State or local rnunicipality. which should ulti rnately
consider the action on planning and financing- Improvernents. however. nced nor necessarily have to be
directed only as counter atracks on the sea- ft could wel! be the actioris on the withdrawal of homes or
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ether faciliues tor rc-Iocaring ihern further intand at public cost The area affectcd byerosion rnay ihen
be left as a rccrcauonal park for thc public or for othcr usages by the pubtic. proteered and mainiaincd
al public cost

Such steps, howevcr. may easily infringe upon thc rights of individuals and they may take a long I
time to resolve the dispure-

I

Coasial protection should nor become a passivo defcnce mcasure India cannot afford lO losc land
ro the sea in several of its populous states- ft must win thc battle by regairring the lost land by suuable I
measures and the ultirnate answer 10 Indias coastal proteetion problem undoubtedly lies in offshore drcdging
of sand for the nourishment of irs starving beachcs-
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Appendix A
Wave Data Analysis _

N· M· ANAND
National Institute of Öceanography , Dona Paula, Goa

A.I Wave statistles

The instrumental wave data will be cithcr in analog form or in digital form- Thc method suggestcd
by Tucker (ref- 12) for the analysis of wave data which is in arialog form is quite simpte, rcliable and lcss
time consuming- This method is based on the statisrical thcory devcloped by various authors (ref- 4) for thc
occurrence of the maxima of a random function- Here the quantity Hl (thc sum of highest crest and lowest
trough) and Hz (the sum of second highest erest and the second lowest trough) are first determined (Fig.
A·I). The statistical theory shows that these two quaruities are a function of thc root mean square
deviation of the water surface Jmo and the number of waves Nz (zero up-crossings) (sec Secnon A.3).

Hl = 2(21n Nz)![1 +0· 289 (In NJ-l - 0.241 (In Nz)-2J
Jmo

H2 = 2(21n N.)~ [I - O.211 (In Nz)-t - 0.103 <InNz)-I 1
Jmo

Fig. A·2 shows these ratios plotted as a function of Nz (rcf 12)·

A.I

A.2

The significant wave height H. is eomputed as H.=4\"';;;;. The statistical error involvcd in the
cstimation of H. is. howcvcr, little and thc cstirnates are quitc cornparable to those of the mean of thc highest
one third of waves (significant wave height, H.) in thc record- Using Hl' we can get quite. reasonable
cstimates whcrcas from Hl these would be on the conservative side- Further, thc mean wave height Hm
can be computed from the work of Cartwright and Longuet-Higgins (ref. 4) as

A.3

where e is the speetral width parameter­

Also,

A.4

where Ne is the numbcr of crcsts in the given wave record-

Thc parameters thus evaluated from a single wave record are termed short-term wave staristics- One
importani assumption in short-term wave staristics is that the wave heights follow a Rayleigh's distribution
(ref. 9) :

R(H) = 1 - exp - [ 2 ( H/Hs )!~] A.S
where R(H) is the probability of a wave height not exceeding H· H. is the parameter of the distribution.
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An estimate of the most probable highest wave, Hmu arnong N waves is given by

Hmax= a, J(lnN)/2 A.6

Thc most probablc highest among 1000 waves is then Hmu (1000) = 1.86 Hs' Knowing the average
period of these waves. N can easily be converted into duration-

The extreme value distribution cortesponding to the Rayleigh distribution RN(HN) is given by .

I,
I
I
I,
I

A·7

where RN(HN) is the probability that the ultimate highest among N waves shall be lower than HN and
Hs is a known parameter. Choosing N = 1000. HN = 15mand Hs = 5 m givcs RN(HN) = 0·999985, which
shows that there is a very low probability for the highest arnong 1000 waves to exceed 3Hs' If in thc
exarnplc. thc above change of value of HN to lOm rcsults in RN(HN)= 0.715, this would show that thcrc
is a fairly high probability (0.285) for the highest among 1000 waves to excccd 2 Hs'

Thc statistics obtained from a colleetion of large number of wave records is called long-term
staristics- Unlike the short-term statistics, thc long-term staristics can not be dcduccd thcorctically as the
long term probability structure is a reffection of local and distant climatological features- Hence the data
hcrc are considcred to be thc result of random sampling from a popuianon. thc distribution of which is to
be dctermincd- Once a distribution which gives acccptably close fit to thc data is found. extrapolation
beyend thc actual data base can be made-

In general. it is thc expericnce of many invcstigators that thc long-term distribution of Hs fellows
a Weibull distribution- Weibull distribution gives a better tit especially at the upper tail which is most
important in view of thc extrapolations mentioned abovc- The thrcc-pararnctcr Wei bull distribution is
given by thc equation:

I
I

where P(Hs) is thc probability that thc wave hcight is Icss than or cqual 10 Hs' Ho. He - Hn and r
are the location, scale and shapc parameters of the distribution- Fig. A·) givcs a typtcal Weibull plot.
of Hs for the wave data colleered at New Mangalere Port-

Combining the equations A·5 and A·S. thc long-term distribution of individual wave heights can
be written as ..

P(H) = f R(H) p(Hs} dHs A.9
o

bccausc He is thc parameter of R(H). P(H) then gives tbe probability that H shall not be cxcccded­
Nordenstrom (ref. 10) showed that the equation A·9 can be approximated by a new Weibull distributionI

I
P(H) = 1 - exp[ - (H/C.He) DJ A.lO

Hs and l' are known from the equation A·8· Knowing the value of r the Tablc A·I can be used to estimare
the parameters C and 0 of the equation A·IO·

The notion of "Return Period" is very much used in the engineering applications of probability
distributions- The probability of a value equal to or exceeded by .l' is given as I - P(x). The reelprocal of this

T(x; = I/[ 1- P (.l'>] A.II

is called the Return Pcriod- It is the number of observations such that, on thc ave rage, x is cxceeded-

If T is the ave rage time interval between the oceurrences of the event being considered. the equation
for the return period may be written as

T
Rp= --­

I-P(.l') A IZ
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l'able A.I Parameter 5 of long-term distributions of individual wave heights (rl'f. (0).

I
I
I
I

",

-----
From disrribvtion oi VlSu:!1 From drst nbut ion of significant
w.ive height H -O.5H lè3 wave height H ~H

v • v I

"I C y C 0

v: I· \ 89 00 ·707 2·000
7·5:) 1·056 10· ro ·628 1·780
6·00 1·02Y 8'OJ ·612 I· 712
~. 50 0·11'12 6·00 ·590 1·614
3·00 0·930 ~·oo ·553 I ...44
2· 50 0.901 3·33 536 1·35.+
2· 14 0·876 2·86 ·521 I·276
I· 87 o- 855 2·50 ·508 I· 208
1· 67 0·837 2·22 ·~97 I· 1~4
1·50 O' 820 2·00 ·..88 1·086
1·36 o 807 1·82 ·480 1·034
I·25 O· 794 1·67 . .172 0·988
1·15 0·7S3 1·54 ·465 0·9.14
1·07 O' 772 1·43 ·459 0·Y04
1·00 0·762 1·33 ·453 0·878
0·94- o- 75.+ 1·25 ·448 0·834
O·88 O· 746 I·18 ·444- 0·802
O· 83 0·739 1·11 ·439 o·n~
0·7Q 0·732 1·05 . 4.~5 0,746
0·75 0·726 1·00 ,'+32 O· 722
O· 50 0·689 0·67 ·.+10 0·538
0·37 0·666 0·50 ·396 0·428
0·30 0·656 0·40 ·390 0·356

A.2 Presentation of aaalysed data

I
I,.

Presentation of the data should be of such a nature which is simple in format and yet it contains
a large arnount of mformation of value to the users- The most common merhods of presenradon of the wave
data are discussed below-

ft is found in piactice that the wave height is best prese.nied as percentage exceedancc, rather
than percentage occurrence for a unit wave-height iruerva]. The excccdance graphs present the information
in a form which allows the user to deduce at a glance the percenage of time in which the wave condinons
would exceed any particular height-

Scatter diagrarns give inforrnation about the joint distribution of the wave height and period
which are of ten important. The inclusion of lines of constant wave steepness helps to give an indication
of seventy of the conditions and conrouring gives a quick indication of the frequency of occurrence
of specific conditions- Informanon on the width of the spectrum is sometimes valuable and can best be
presented as a percentage occurrence over the period For constructional and operational purposes it IS

of ten important to know how long a given condition will last- The curnulative persistenee diagram is very usetul
tor this purpose From ihis it is possible to decide at a glance how of ten and for how long wave condi­
tions of eerruin specific heights and greaier than these are likely to persist in one year (or season l- This is
of irnportance in planning the port-operation constructions and rnaintenance programmes- The persistenee
diagram is prepared by plotting a graph of ihe significant wave height throughout the year- For each height
level. [he duration of every occasion when condinons are at or above that level is lisred. and the inforrna­
tion is again presenred as an exceedance

Life time wave or the most severe wave condition which might occur during the life of a structure
or over a long period of time say 25. 50 or 100 years is ofien required- By experiencc il is tound that at
least 10 years data are required for this type of prediction by which one would have taken into account
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the annual and seasonat variations also- Extreme value arialysis. taking annual extremes. wil! be probably
a better method sincc the "curn period in this case has a relevanee to actual time intervals between geo­
physical events such as s.; .. re storms which give rise to very large were heights and fotces-

A·3 Wave spectra

Sea surface elevauon x at a given point is a function of time and can be treated as the sum of an
infinite nurnber of sinusoidal waves. each with an angular frequency Wi = 2 1I'/Ti and a phase angle er, i· e.

N
xCt) = L ai cos (Wit +',\)

ja1
A·l3

x(f) is a sra.ionary random function with constant statistical parameters and it can be shown that
the probability density of X(I) is a normal (Gaussian) distribution

. Consideration of the distribution of the maxima of the random function x (t) or the wave heights
leads to a Rayleigh distribution when E:. 0

P(H):a l-exp[ - (2~ËrJ A·IS

where JE = Hs I ../S
Energy of each component of wave is

ei • !p g Qii, A·16
I
Iwhich varies with angular frequency 'wo depending upon the characteristics of the wave motion

The energy density S(w) of thes peetrum is the energy contained in the frequency band (w, w +dw)·

11) ,;.d11)

S(w)dw =! Lal1 A.17
11) J

011ms=J S (w) dw A.18
e

The tot al energy contained in the whole spectrum is

mo is the zero order moment of the wave spectrum or the area of the wave spectrum diagram and also the
mean square deviation of the water surface x(t).

The nth order speetral moment is defined as
00

mn=JwnS(w)dw AI9
e I

IFrom the statistical theory based on the works of Cartwright and Longuet-Higgins (ref- 4) the wave para­
meters can be deterrnined from the wave spectra by the following equations

Hs·4,'mo

T, = 211' ,'mol m2

Tc = 21r'; ïiiJfiï.
E • ,'l-(m~/mom,)

Sz = .!... m,
1rg .,/mo

where SI1 is the wave steepness obtained from the wave parameters H, and Til,'

A. 20

A·11

A.22

A.23

A·24
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Fig. A·4 shows a typical diagram of the charactcristics of the wave energy density spectrum-

The shape ofthe wave spectrum is an important part as estimates of rnany wave parameters can be
derived directly from rhe mornents of the spectrum as explained above-

Various shapes based on empirical data have been proposed, e- g., Picrson and Moskowitz (ref.ll)
and Hasselman et al- (ref. 7). These speet ral shapes were the results of fits between analytica! exp.ession
and empirical spectra assuming sirnilarity theory by Kitaigorodskii (ref-S) to be valid-

Using Hs and T. as parameters. the P-M spectrum is given by

A.25

The period of the speet ral peak, Tpand T z are related in the following way

Tp = (511'/4)lTz = 1.408 Tz A ..26

The ether spectrum mentioned above is the result of Joint North Sea Wave Projee. (JONSWAP).
The shape of this spectrum is given byI

I
f
I
I

_(/_/)i
S( f)=:tg~(2~)-'exp {-i </!.fp)-'}rexp 2a-i}pi

rr = {";" = 0·07 for / < lp
-r- 0.09 îetf > /p

A.27
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with the help of five parameters :1, f p' )', ";" and a;;-. f p is the peak frequency and :l is [he Phillips constant

:I, T, ":- and ~ relare to ihc shape of the spectrum. ":- and a;;- givc the width of the lefI and right side of .he
spectrum respecuvely where as r is ihc ratio of the maximum JONSWAP spectrum cncrgy to that of ihe
corresponding P-M spectrum

Merhods ïor culculations of the spectra bascd on wave data are described in tcxt books- There are iw«
approaches to the problom- One IS thc Foutier Transferm of ihc auto-corrclation tunenon of the digiuzed
data and the other is by Fast Fouricr Transferm of the digiuzcd data. Thc auio-corrclation esiimates In ihc
latter case can be obtaincd by ihc inverse Foutier Transferm of ihc speerral cst imatcs- This procedure
reduces the computer time and co st
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Appendix B
Design of Sloping Rock Structures,
Uprush Elevation and Rock Size _

p, BRll~

The Norwegian Institute of Technology, Trondheim, Somal'

B.1 DetermÎnation of uprusb elevation

The vertical height above the still water level to which water frorn an incident wave will rush up the
face of the structure detennines the required crest elevation of the structure, if wave overtopping can not be
permitred-

The elevation of uprush on a shore structure depends upon the bottorn and beach geometry, struc -
tural geometry and characteristics like slopes, friction and permeability and finally wave characteristics A
considerable lirerature on the subject exists- Specific information is found in refs- 1,2. J. 7. 8. 12 and 16,

Uprun or uprush computarion will determine the amount of wave overtopping over the crest of
the structure- In this respect one usually distinguishes between overrun by 'green water (solid-not split
water) oversplash, that means separated water partieles and spray which is water disintegratcd to smal! parti­
des down to dust size The allowable amount of overtopping water depends upon the tunetion of the
structure- If it is a harbour breakwater. a considerable amount of overtopping rnay be accepted untrl Ir
becomes so heavy that it generates considerable wave action inside the harbout and becomes a nuisance
to navigation, herthing and mooring-

For coasta l protective structures, design criteria are different- Depending upon the character of the
land development behind the structure, particularly the clevation of the backland. one may expect sorne
overtopping during major storms but not causing any serious flooding or damage to existing facilities and
property- This will be ihe case with a major part of all coastal protective seawalls and revetrnents­
The criteria may therefore. be set as 'non-excessive overtopping oceurring only a few times a year' or
'heavier overtopping on!y accepted once in X years' where X eould be any value between 2 and 10 years-

If the area behind the seawall (backland) is lower than the erest of the seawall, continued overwash
over a few hours may cause severe flooding of the backland- In such a case. only little and very
infrequcnt overtopping should be to!era~ed· This is the situation at many places on the Indian coa-ts
where .eawalls without backfills were erected at places where all dunes had been washed away-

Determination of the frequency and magnitude of overtopping requires det ailed knowledge
about the wave action which occurs at the site in question- A statistles of wave action may Je deter -
mined as mentioned in Section 2,3· The wave action which attacks the structure depends upon the location
of the structure on the beach or bottom profile. that is. the depth at the toe of the structure during storm
situations (ret 6). Next, wave uprush and the stability of the structure depends upon the wave and structural
characteristics. Information on the results cf tests on wave uprush may be found in numerous publi­
cations including refs- 2, J, 11, 12, 13, 14, 15 and 16·

Wave uprush R on a structure depend s upon the depth at the toe and the following dimensionless
parameters
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Deep water wave height
Ho'igTi= ------_..:..--------=------­

Accelerauon due to gravity x Wave period squared

Depth at toe of structure= -----'~-------------Wave length
diL

Depth at toe of structuredi H '0 = ---=~;_:___:_:..:...._....:.._--_:_------
Deep water wave beight

Ho' is the unrefracted deep water wave height.

Figs B·I to B·8 (ref- 15) give the relative runup R/Ho' as a function of siructural slope. and
dcep water wave s.ccpness parameter Ho'/T'· The results given in Figs. B·I to B·8. based on srnall
scale model 'CSi.S. are rcquired to be corrected for scale effects due to the inability to scale roughness
effects in model tests· Runup values from Figs- B·I· to B·8 can be adjusted for scale etfects by using
Figs· B·9 and B·IO·

For a siepped I in 1·5 slope, Fig. B·1I gives value of relative run up for various rauos of
d Ho' and Ho' gT2 where d ; is depth at the toe of the structure- The structure. in all cases. is fronted
b~ a I In 10 slope The sarne is true for a np-rap covered slope for which Fig. B·12 gives the data
for slope I in 1·5 and for different d./Ho' and Ho' !gT' rauos-

A scientifically better justified approach is the use of the ~= tan 2./ ,,'iIi'io factor which is
thoroughly explaincd in Iefs- 3, 7, 8and 11· Reference II gives the International standards for cornpu­
tation of wave runups and determination of stability of rubble mound structures- Figs- B·1) and
B.14 are examples of how this may be done referring to a slope of 1 in 1·5 of smooih and rough

. Depth at toe of structure
quarry stone (e·g· latente) breakwaters and d/H= . ratios of .2 6 to )·3·

Wave height at toe of structure
Run-up (Ru) and Rundown (Rd) are given in dirnensionlcss fonn· Data wcre derived frorn model test
-esults. and therefore, some scale effects are bound to occur-

In nature. waves are not regular but occur in certain 'spectra'. The older the waves. the
more regular they become gradually transforming to swells- The steepness of the waves is very impor­
tant for uprush and stability (refs- 5, 8 and 9). As explaincd in ref- 16. one may then assume that
the distribution of the runup of an irregular wave train can be calculated by assigning to ecah
individual wave the runup value of a periodic wave train of cortesponding height and pcriod- Furthcr
information on the runup is then obtained assuming that the individual wave runup eleva.ions follow
a so-called Rayleigh distribution- The runup distribution is given by

Rp/R. =O·707 (In IIp )t

This is for srnooih slopes- If the structure is not smooth but consists of rock revetrnent. e-g-,

I di d . r R. roughquarry stones as in most n ian revetrnents, a re uction Iactor to runup r = may be applied
R. smooth

as mentioned abovc (sce Table B·I)· It may be seen that r» O·75 to 0·80 for quarry stones. 0·60 to
0·65 for round s.ones and 0·50 ro 0·60 for pell-rnell rocks (just dumpcd at random and nor
corn pacied on thc slope)- For conditioris in India. it would be safe to assume ,=0·8 for set stones
as laterite and r = 0·6 for pell-rnell (np-rap) rock revetments-

,
I
I
I,
I

where R. is the runup for the significant wave height and Rp is the runup assoia-ed wirh a parri­
cular probability of exceedance p- For example, let us assume that there is a need to know [he
one per cent run up. i-e-, the elevation exceeded by one per cent of all the runups One rhen has.
Fig. B·15 showing the relative runup Rp/R. or relative wave height Hp/H. as a function of the probabi­
lity of exceedance p-

I
I,



I
I
-I
Î
I
I
I
I,
t
I
I
I
I
t
I
I
I
I
I

79

Table B-l VaJues of r for various slope chara-teristics (rer. 16)·
Slope charactet istics

Srnooth. less irnpermeable
Concrete bleeks wirhout offsets
Basalt blocks
Gra~s
One layer of rubble (impermeable foundation)
Set srones
Round stones
Rubble
Brokcri rubble
Two or more layers of rubblc
Tetrapods

1-0
0·90
0-85 to 0-90
0-85 to 0·90
0-80
0-75 to 0·80
0·60 to 0·65
0·50 to 0·60
0·50 to 0·55
0·50
0·50

10.0
9.0
8.0
7.0
6·0

5.0

0,2
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B.2 Determination of rock size (or a coastal protectioD structure

Reference 4 givcs a review on common reasens for darnage or breakdown of rubble mound
breakwaters This sectie-n explains how annour rock sizc should be determined to ensure stabiliry- Due
ro ihe great confusion causcd by mutually contradictory empirical design formulae resulting in Inade­
quate designs. somcrimes unnecessarilv ovcrdesigned and some-imes underdesigned. the Permanent
International Associaion of Navigation Congresses (prANC) rook the matter up by lts "Waves Cornrniuee"
and this resulicd in a report on more rationat design procedures (ref- 11)· Briefly the report
recommends that the design be based on ;; = tan % / ,IH!Lo - parameter-
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REt.ATIV! ARMOR SPECIFIC
RELATlVE WATER

SYMBOL MOOEL
OEPTH WEI'HT WEIGHT SCALE OEPTH
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-0. l()( )( l=VH/LO
~ )( x x )( x

xxx x
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x

Fig. B.13 Wave ruaup/ruadowa OD a smooth quarry stone slopc (ref. 3).

Most of the existing design formulae are written as

W "'Ir Ha= 3

K 0 ( ~ ~ - I ) cot ~
B·1

W = weight of rock material to be used as armour
"'I r = unit weight of rock material
"'I w = unit weigbt of sea water
H = wave heigbt in front of tbc structure •
:x = slope angle
Ko = an empirica! factor wbicb, as proven by numerous experirnents, does not only depend upon

structural parameters but on wave and bottom geometry parameters as weil.

Many publicarions give tables with K 0 values- As they are not reliable and not physically
well argued. these values shouJd be used with great care- As expressed by the above mentioned
Cornrn it tce of the prANC in its report (ref. 11). the Commission considers the present stability
formulae for rubble mound structures to have significant ümuanons- It is only for a preliminary
assessment of the dimensions of quarry stone armout units that the formulae might be applied-

Some will, undoubtedly, claim that these principles may present an over-sophistication· Progress
in engineering was however always achieved by sophisticat ion which usually proved to be worth whi Ie
replacing the rule of thurnb by field experience and physical facts thereby obtaining better safety
and econorny- Handbook forrnulae of ten present a danger 10 good engineering praenee-



The design procedure recommended by rhe International Committee may be understood ;l,

fellows with reference io Fig. B·16 and defining the so called zero -darnage stabili.y nurnber Nz o refer nrig
10 the highest wave Hzo in (runt L,f ihc strucrure which produces 110 damage to the structure

HZD
NZD =

where W~O is {he rncdian arrnour rock wcight at which fifiy per cent of the total weight of arrnour grada­
tion is contributed by rock of lesser weight Sy is thc specific weight of the armour Fig. B·16 is a
typical design feature having NZD as ordinate and ~ = tan:z, ,I H/Lo as abscissa- Fig. B·16 reters [0

~:> 3·0 Results are indicated for four different slopes It may be seen that generally NZD is lewest for ; -ç3.HZD

The design procedure recommended by the prANC Commiuee (ref. 11) is as follows :

I· Select a design based on preliminary technical and economie evaluations which include the
availability of matcrials and possibiliues of handling and construction-

2· Examine a number of actual wave spectra from the chosen site (based on short term as well as long
term staristics and on analysis of exceprional phenomena).

3· Consider the effects of the offshore wave parameter on runup and overtopping.

4· Perform a preliminary determination of block size based on the results of the former analysis
using one of the existing design formulae (preferably one that includes wave period or lengtlij and the
considerations regarding wave steepness and actual values-

5· Conduct a hydraulic model experiment to check and finalize the design.

RELATIVE ARMO~ SPECIFIC RELATIVE WATER
OEPTH WEIGHT WEIGHT SYMBOL MOOEL OEPTH

SCALE

2'58cO/H Wu=181·5Ib Yr : 168'5Ib/1" • 7· S: 1 ( I~')
3· 30cO/H WI·O=0'381b -1'- , 1·0: I ( 2' )
2·60cO/H WO's=0'048Ib -11- X O·S: I ( I' )

• •.... X(1:- xx

20 40

'" \ Xxxx. X

'AA
X

60 80 100 120 to co(~.~
IX H/L.Q

X X X X 6

*'x .. l
6,

Fig. 8./4 Wave rUDup/run-<!owD on roulh quarry stone slope (ref. 31.

I

B 2

I
I
I
I

I
.1
I
I
J
I
I
I,
I
I
I
I



I.
I
I
I
I
I
I
I
I
I
I, ol~

.......

I
Q.
~

~

I ..
Cl:
.......
Co

Cl:

I
I
I
I
I
I
I

93

The experiments should preferably be carried out with irregular waves- Howcvcr, they rnay
be done with regular waves considering the cornbinations of T, Hand :1. which are parucularly dangcrous
to stability (including stability of the pier -head and stability of the parts of the breakwater whcre
the direction or the cross-secnon of the structure changes). These experirnents should also cxarnmc.
in detail. the economie distribution of armour blocks of various weights along the slopes Unless the
wave pattem is truly two-dimensional. the Committee recommends that three-dimensional stabrluy
tests must be done at a suitable model scale using design waves for the various wave direcuons and
should be weighted in accordance with the frequency of occurrence to obtain the average effect 1)( all
directions- Final design should be based on probability of occurrence and the durauon of the storrns
which include particularly dangerous values. but causing darriages wiihin the perrnissible Iirnits

6· Although the Committee realizes that soil meeharnes may play an important role in the whole
design procedure, the recornmendations Ji"en have been limited to hydraulic conditioris only

As regards [he thickness of material layers for the elernents placed at random. this must be
determined by model experimtnll but it may be assumed that each layer thickness must be cornpo sed
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DATA FOR COT 0( = 2·5 13.5 AND 5·0 ARE TAKEN FROM AHRENS (1974) (CERC TE~TS)

DATA FOR COT 0( = I· 5 IS TAKEN FROM B.E. B. TESTS (1958-1959)

NOTE: CURVES ARE OR_N FOR LOWEST STABILITY NUIIBERS COT 0(11: 5·0 0----0
COT 0( a 3· 5 l:J Ó.
COToe- 2·5 .-----e
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HZO - ZERO OAfllAeE WAVE HEleHT MEASUREO IN
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FIK. 8.16 Slope dependenee of zero-danrage slabilily number (ref. 3).
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of a minimum of 2 pièces of anificial or narural heavy bleeks of rockfill and a minimum of 3 or -+ pieces
for smaller size blocks-

Recent model tests have shown that the stability of arrnour blocks is dependent on .he pa .king
density. the number of bleeks per unit area and the arrnour layer thickness- as increase in packing densi.y
or armour layer thickness was found to increase the arrnour stability (stability factor) significantly

The runup height R along [he arrnour layer is an important factor in fixing the upper level of thc
structure As stared earlier. the ; value is also ihe rnain parameter establishing the run up height R.
Sometimes overtoppmg rnay be allowed. in that case the dimensions of the harbeur side arrnour unit,
can only be assessed by small scale experirnents. in which the simulation of irregular waves is essennat.
The run-down. which also depends on the .; value. influences the extent to which the heavy a-mour layer
should be placed on the seaside slope below [he stilt water level-

Str uctur al aspects of the stability of concrete blocks should of course be lookcd into caretully
to avoid disasters by break age of blocks in [he mound (ref. 11).

Appendix E gives informarion on the rocks available along the coasts of India While desigrung
coastal prorective structures, it is ncccssary to find nut the maximum size of rocks that are available ar
a given site and where they can be placed in structure depending upon the location of thc siructure. design
wave. beach geornetry and o.her environmerual parameters-

As the situation in practically all cases in India is that the ccastal pro.ecuve scawalls wil! bc placcd
right on the beach or in very shallow water. it is usually safe to usc a maximum wave height equal
ro [he depth at the toe of ihe structure with referencc to storm tide elevation as the design wave height
for [he structure- As the wave period is known, it wil! then be possible to calculate

(ran %) 1.25 T
;;=tan %1 ,'H/Lo= H

Considering a breakwater and assuming tan x = 1:2. H = 2 m. d=depth=6m. T= 10 sec.
_. 0·5 X I ·25 x 10

one arrives at ;0 = 1.4 = 4·5 and the corresponding NZD value from Fig. B·16 is about 2· Rock

size wilt then be about 500 kilograrns assuming a specific gravity of 2.65.
It may te observed that NZD can be rcduced to < 2 by lowering the wave period The consequence

of this could be an increase in the rock size to be deterrnined from the forrnulae B·I or B.2.

Table B·2 gives typical data for slopcs of I : 2. I : 3 and I : 4 with wave hcights of I. 1·5. 2 and
2·5 metres and wave periods from 6 to 10 sec· The specific gravity of rock is taken as 2·65· This corrcsponds

Table B. 2 Approximate rock sizes in kilograrns for various wave heights,
slopes and wave periods T=6 to 10 seconds (specrfic gravity 2· 65).

For 1 < d tH < 2
---------- ----_._-- ----- ---- ----

Slope I : 41 : 2 1 : 3

(·0
I· 5
2·0
2·5

For djH > 3
1·0
I· 5
2·0
2·5

100
.lOO
700
1500

50
200
500
900

70
200
500
1000

40
120
300
500

50
150
3011
700

30
70

200
300

Not e : For 2 "lH < 3, suitable values can be obtained by carcful interpolation,
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to granite and laterite which are the most eommon material available for the construction of seawalls
and revetrnents in India If material of a different specific gravny is uscd correction must be applied using

. "'65 - I )"a factor of ( - -I for .ncreasing (or decrcasing) W.
S act".l

For the design of st ructures in deeper waters. more sophisrication in calculation procedure should
be used· Design is then based on risk arialysis as cxplaincd in great detail in ref. 3·
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I Appendix C

I
Sampling
Sediment

Proeed ures and
Analysis _

I
," K J \1 -,

.Vatiana/Illstitute of Oceanographv. DOl/a Paula . (,uil

I
I
I
I
I

C.l Beach sampling

Ge nerul ly g r ain size dis.nbuion of rhe cc ach scdimc nt varies trorn point to po mt Thus surfierent
m.rnt er of t e..eh ~..rnr k.s sr.cu'd te colleered in such a way .hat cornposue grain size distribution is o bt.uned
\\ hic h reflecrs t he rcpresen- ai ion of each varianon in grai n size dist ri butio n- Though tixed ru les ro r beach surnplmg
cun never be made. a general guideline can. however. be established-

Beach sumplcs should be colleered (a) along the profile at regular elevation ditterenee below .ind
abo ve the plunger zone (Fig. Cl). (b) along the shoreline at regular disrance intervals at each elev ut ion
(Fig. C~) and (c) during the pre-monsoon and post-rnonsoon periods- Although. in generul. core sample­
are not presently being colleered from the beach, such samples would be more represeruuuve if rhey are
co llevtcd upto a eertarn depth inslead of surface samples (ref. 1).

ln order ro sausfy the above general guidelines. the nurnber of samples to be colleered sho uld.
of ten. be very high- Dependirig on the ropographic regularity of the beach, the degree of accurucy destred
tor estirnating the renourishrnent factor. the time available for sampling etc-. the number 1)1' samples ro be
colteered can be decreased or increased-

I

I
I

C·2 Borrow site sampling

Generally sedirnents for beach nourishment are obtained from land. lagoon or trorn estuanne
sourees For the unknown geornetry of the deposits of these areas. random or regular core sampling on a
grid would be very appropriate- Here. the point to be kept in rnind is that the composite characteristics
of the borrow site material should be as representative as the beach composite Also, a potennat region
of borrow site should be known in terms of depth upto which material can be excavared or dredged eco nu­
mically und thc arnount of sediment available frorn a site·

T0 deterrnine the cornposite properties of a representative set of beach or borrow site samples. J, simpte
and erfective rnethod would be to total ihe percentage of sediment in each size interval tor all the samples anti
[hen divide by the number of samples. This method would be appropriate Ior the samples colleered uccording
[0 sorne regular pattem and hertee the time required tor the arialysis would be slightly grearer

An alternative method would be to mix parts of the actual samples and then do a single size
arialysis 1)1' the mixture Mathernatically, this rnethod and the method described 10 the earlier paragraph should
give an ideruical result- But in actual practice it is nor so- The major benefit of mixing samples IS the
reduction of laboratory time and co st of analysis- However. care should be taken in the laboratorv to
obiain random splits of appropriate size from (he samples. These splits must be mixed cornplerely ro elirui­
nate bias in obtaining the final sample of the mixture- Where samples are colleered (0 represent equal
parts of the beach or borrow site. sample splits of equal weights are mixed- Splits of unequal size would
be appropriare when sampling plan requires a weight factor- It is probably best ro combine samples or

I
I

I
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Fig. C.l Sampliol scherne alool a beach profile.

to analyse them by elevation groups in order to have the data In a form useful to evaluate a beach or to
design a beach fill project. I
C.3 Sediment analysis

To obtain the size ranges and weight percentages, grain size arialysis is carried out either bv 'I
settling technique or by sieve analysis- In serding techniques. a smal! amount of sample is allowed to fail
through a water column of known length and the change in weight with respect to time at a particular depth
is noied This change in weight and time is then converred into weight per cent and grain size data, I
using fall velocity equations-

COASTAI. ZONE

BEACH-..
No

PI.UNeE'_ LINE

OCEAN

1

Fig. C.2 Sampling scnerne aloog a shoreline.

numbers with a preterred interval of !~,(Table Cl)· The
20 rninutes-

While the settling technique is good
for silty and c1ayey sedirnents it has some
inherent deficiencies for beach sedirnents­
The fall velocity equation does not take
into account the effects of varied partiele
shapes, densities and interaction between the
particles thernselves and the bour.dary of
the cylinder. Though the settling technique
is more analogous to real envirornnental
conditions. sieve arialysis is generally prefer-
red owing to its simplicity and reliability.

For sieve arialysis. a dried sample
of known weight is rnechanically shaken
through a set of sieves placed one over
the ether (from finer to coarser)- The
weight of the sample retained on each sieve
is determined which is rhen converred into
percentage weight For sievc arialysis.
sieves are generally graded in equal phi

shaking time Ior ihe sieves is of the order of

I
I
I
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Tablt C·I Grain size scales and soil classification systerns.
Wentwortb scale Pbi units Grain diameter [. S. soil classification
(size description) eb D (mm) (size descripriem
Boulder

-8 256.00 Beulder
Cobble

-6 64·00
60.00

Coarse
Pebble 20.00

Medium
6·00
5.60
4.75 Gravel

-2 4·00 Fine
3.35

Granule 2·80
2·36

-1 2·00
1.70

Very coarse 1.40
1·18

0 1·00 Coarse
0·850

Coarse 0.710
0.600
0·500
0·425

Medium 0·355 Medium Sand
Sand 0.300

2 0·250
0·212

Fine 0.200
00180
0.150

3 0.125
0·106 Fine

Very fine 0·090
0.075

4 0'0625
0·060

Silt 0.053
0·045

8 0·00391
Clay Silt and clay

12 0.00024
Colloid

I
I
I
I
I
I

I
I
I
I
I

Aficr getung thc size and wcight per cent data, the weight percentage for each size cf, in values is
plotred. This grain size distributton is syrnrnctrical and bell shaped with a maximurn frequency occurring at
<J., = rL and [he inftexion points at j.l. ±cr whcre rL is phi rnean and sr: is phi sorting equivalent ro standard
deviation (ref. I)· Each combination of j.l. and cr values defines one normal curve from a large family
of possible normal curves. The curves in this family are similar because all are syrnmetrical and the areas
under each are the sarnc for spccific distauces rneasured in sr: units from the mean- Thus cr can be used to
measure both the spread of phi sizes under the distribution curve and the area .. under the distributton
curve· For exarnple, 68 per cent of the area under a normal curve would lie between ±cr from the rnean
or between 84 per cent and 16 per cent of the cumulative plot (ref. land 2)· The estimate of phi sorting, S
then would be
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Col I
\\ hcrc .. 'I .uul ,', lt. .u c 1he -cdirncnt SIZCS 111 phi units that are finer than 84 per cent and Ui per cent bv
\\I:l~ht III t he -urnple re,peltl\ely.

lt I, .L lvl11n1011 prucucc to select an estimate of rhe meun. M ihat IS sraus.ically m rre erfleient
,r':ll;l[h w here ihe gruin size distribuuon is not cornpletely syrnrnetr.cul- [I' an actual dist nbuuo n I'

coruplerelv -vrnmetrrcal. ihe meun would be located at the 50 per cent Ó size (<-'> ;ool o r be equal to ihe rned ian
size
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For ;1 svrnrncrrical distribution. cquation C~ wil! givc the median size but tor an asvnuuctrrcul
di,tflhllllllil. \1 \\111be the most reliable estirnae of {he .:' rnean. Thus S and Mare perhups the best .:,11.
11l.1'~' ,.( ihe -rundard J~\I:.IIIL)n. rand -'.meun. :..L tor desrribing a unimodul sediment grain -ize di,rrrnlirlon.
\ LI'lllllll 11 n«..rll,·J [l) culculate S and \t IS show n in Fig· C3· In this tigure. size J<J.1ilhave hè.:n plntrl.!'[
.b cu mu l.rr vc ,11'lrlhllLllHl ,,11 lvg probubiluy paper in such a way rhut .: and percentage courdinare-, ,'I .i

1"'111' ,,11 ,hL' ~Uj\ __:IIJI ..·.II·. t he percentage ot' courscr t hun a given -;, ~IZI!'The 'IZö a"ll~-;aleJ -v ith ~q f'<.'1"

,:-:f11 .uul 1h per ~Lf11 nncr by wcigh: ure .ruerpreied direcrly ro calcutare S and \I (rel' 1 .ind 21
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Ho b-«.n. R D·, 1<)77. "Review or' Design Elernerus tor Beach-Frll Evaluatio n'. {j,S, -\rm) Ctlrp, .. I
Engineers. Coustal Engineering Research Cenrre. Fort Belvoir, Va. Teennical Paper No --.1,

Jumes, W R. IY75. "Techniques in Evaluaring Suitability of Borrow Material tor Beach Nourishrnent
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Appendix D
Stabi lity of Éarth Slopes and
Retaining Struc.tures _

A· K· JAIN

National Institute of Oceanography, Dona Paula, Goa-

0.1 Stability of earth slopes

The failure of a mass of soil in a downward and outward movement of a slope is called a slide
or slope failure- Slides may occur gradually or suddenly- They are usually caused by excavation, by
undercutting the foor of an ex.isting slope. by a gradual disintegration of the structure of the soil, by an
increase of the pore water pressure in a few exceptionally perrneable layers, or by a shock that fiquifies the
soil- Several factors which affect the stability of slopes include faiture plano geometry, non-homogeneity
of soil layers, rension cracks, dynamic toading and seepage flow.

0·2 Failure mechanism

0.2.1 Failurc of carth slopos : Thc slopes of the carth structures fail generally by sliding of :"
portion of structure from the rest of the structure as shown in Figs- O· l , 0·2 and 0·3 (sec also Figs.3.7,
3·8 and 3·9). At faiture. the shear resistancc and intergranular frictional resistance along the sliding surface
are not suftkient to retain the sliding portion-

Successive multiple slip Iailures or creep movements can also take place in earth slopes of cohesive
as wel! as cohesionless soils (ref. 8). During creep, the shear strength of the soil decreases progressively.
This creep on the slopes may be continuous or seasonal- Seasonal creep is generally due to changes in the
temperature and water content of the soil- While thc seasonal creep occurs gradually in clayey and silty
soils, continuous creep which is caused by gravitational forces occurs befow the surface zone- It generally
occurs in shales, argillaceous schists etc-

0.2.2 Failure of retaining structures: In retaining structures, the wal! may fail by either overturning
or by sliding. The retaining wall with its foundation may slide (Fig. 0.4) along the base due to inadequate
shear resistance available (ref- 4). For sliding, rnany other potential slip surfaces are also possible (Figs- 0.5
and 0.6). If the surrounding soil consists of medium to soft clay, a circular slip surface rnay develop as
shown in Fig. 0·5· The most dangerous slip circfc is usually the one that penetrares deepest into the soft
material- If the soil consists of over consolidated stiff c1ay, failure may occur along a surface that is nearly
horizontal or approximately parallel to the ground surface as in Fig. 0·6·

0·2.3 Failure of anchored sheet piles: Fig. 0·7 shows various possible failure mechanisrns of an
anchored sheet pile- The sheet pile may fail due to breaking of the tie or the anchorage systern or failure
may take place due to outward movement of the toe of the pile because of inadequate passive resistance at the
toe· It mayalso be possible that the sheet pile may fail in buckling or due to sliding on the larger slip
surface as formed in natural slopes- Excessive settiement ofthe filling, behind the sheet pile, mayalso cause
the failure-
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Fi.~,0,1 Failure rncchanism for an ernbankment slope,

I
I

D,J Method Ier slope stability analysis

Thcrc are quitc a tew rnethods currcnily availablc for pcrforming slopc stability analysis. The usc
of ei reular are .md loguru hrnic spiral railure plunes tor thc stabiluy unolysis (ref. 2 and (,) cun generally be
made h,r I..'()a~tal ,,)Ib· Tlwugh ihe circular are analysis is more criticul than the logurit hmic spi ral. it is
generally ohscrvcd that thc shupc of the tuilure plano is nor very sensitivc in the analysis of the siabiliry
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Fig. D,2 Failurc mechaDism for a stepped seawall slope,
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problems- The advantage of assurning the logarithmic spiral angle equal to the value of friction angle
of the soil is, all intergranular forccs acting on the spi ral slip surface are directed towards the centre of the
spi ral.

0.3.1 Factor of safety: The use of a factor 'of safety by engineers is to indicate whether or not a
foundation soi1 or earthwork wiU fail under the worst service condinons for which it was designed. For
determining the factor of safety for a slope Taylor (ref. 7) suggested the critica! height as a parameter.
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z
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Fiç. D.4 Force actios OD a sravit)' seawalJ.
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This may be expressed as

where FR =
He =
H =

FR = Hel H
factor of safety with respect to height
critical height or maximum height at which it is possiblc for tbc slope to be
actual height
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I D.4 Retaining struc:tures

Most retaining structures-e-gravity wall. cantilever walt. counterfort wall etc· are tree at the top to
move- Ir the walls have foundation footings resting on soil, the walls usually tilt a'i the top moves
away frorn the backfill- Movernents of a wal! designed with conventional safety factors are usually
adequate to satisfy the deformation condition for an active pressure- Saturation of soit has significant
effect on rhe wall- Adequate drainage installations should. therefore. be provided for the type of wall
shown in Fig. D·4. passive earth pressure acts on the front of the wall and active eanh pressure on the
backside For the stabiliiy arialysis. the earth pressure may be cornputed by Rankino's theory (ref· I)· In
general. rhe backfill is cohesionless soil. thus. the active and passive earth pressure can be wntten as
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D.3.2 Logaritbmic spiril metbod : This method uses the concept of yield criierion and I"
associated flow rule which is governed by the stress strain relationship (ref. I)· The underlying principle of (he
rnethod is that the soil mass wil! collapse if there is any compatible pattem of plastic deformation tor which thc
rate of ....ork d ue to external loads exceeds the rare of interrial enerzv dissipstion.

The assurned failure rnechanisrn is shown in Fig. D·I· The region ABC'CA roiates as a nzid
body abour the (ent re of rotatien 0 with rhe materials below the logarithmic spiral surface BC' rernarrung
ar rest- Thus the surface C'B is surface of velocity discontinuuy- The mechanism can be specitied by threc
variables IJ". IJh and H where I}" and I}h are the angles belween the horizontal and ihe chords OB and oe'
respectively and H IS the height of the embankrnenr- From the geornetrical relationship il may be sho« n
rhat the ratios H·r" and L'r 0 can be expressed in terms of the angles I}o and I}h· The rare of internat .ind
exiernal work done by the region can be cornputed frorn these values-

The internat dissipation of energy occurs along the surface of disconunuity BC'· The di rfere nn al
ra te of dissipation of energy along this surface can be obtained by multiplying ihe differeniial area
rcW cos 'f, of ihis surface by the cohesion c and the tangenrial discontinuuy in velocity V cos c;, acro ss thc
surface The total in.ernal dissipation of energy is found by integration over thc whole surface.
Further manipulations in maihernatical derivatives wilt result In expression for crincal height. He ;1,

or

He <; c. Ns/ Y

Ns = 'I.Hele 0·3

D!

where YHeic is dimensionless term called the stability factor Ns' Fig. O·g shows variatien of N, with the
slope angle ~ and the angle of interrial friction cl> with ~ varving from 0 to cl> (ref- S). where x is the slope
of the surcharge soü-

The values of c and cl> can be known from laboratory tests conducted for the soil- The bouldcrs
lying on the slope and at the toe are presurned to offer no frictional resistancc The angle ~ can be
culculated frorn the slopc of thc bank- Then the corresponding value of N, can be obtained trorn
Fig. O·g· From this N, valuc, crincal height of the slope can be determined by using the torrnula
He = eNs' 'I. For saturated soils, Y should be the saturated unit weight of the fill soil For situarions
invo lving surcharge loads N. values are to be read from Fig. o·g taking surcharge slope into considerarion

Fig. 0·2 shows another shape of the embankment- In this model. due to preterred line of
failure (rnattress on the beach sand) there is a high probability that Iogarithmic spiral (Iailurc line) may
pass ihrough ihe toe- Fig. 0·9 presents a comparison of stability factor values for faiture planes passing
t hrough and below the surface of thc structure- A smalt difference can be noticed when slope angle ,­
and friction angte ,/, are small for the above two cases-

Pa = 'I: ll- sin ~,) / (I +sin <:» O.~

Po = r:(l+sin'p)/(l-sin'j,) OS
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where
Pa = active earth pressure
Pp = passi ve earth pressure
y a saturated unit weight of soil
rj, la angle of internal friction
z • vertical depth from the top of (he backfill- I,

D.4.1 Slability of retaiDing structures : Due to earth pressure. the retaining structure rnay be
unstable from two points of view- (i) the structure may be subjeered to a large unbalanced moment and I
fail by overturning or (ii) the shear failure along the slip surface may occur in [he soil mass that
surrounds the "all and may result in sliding.

In Fig. 0-4 for overtuming case, the failure may occur
point O· Sumrnation of mornents about 0 wilt give

Pa,/a=Pp,/p+W./w
A safety factor F~ should be provided so that

v.i.- (Pp./p+ W./w)/Fs

with retaining structure rotaring about the I
0·6 I

where F5 is taken as (·5· I
I
I
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Fif. D.9 Stability factors for failure plane passiel through and below the toe of a structure (ref. S).

Pa = toral active earth pressure
Pp = total passive earth pressure
W '= weight of the retaining wall

I :l./~. Iw = normal distances of Pa' Pp and W respectively from the axis of rotanon O·

The sliding occurs when the shear stress along the line passing through the mattress beoomes equal
to the shear strength- One possible slip surface may be AOBC as in Fig. 0-4· The safety wirh respect
to this slip surface may be calculated by summanon of forces in the horizont al direction Considering
the wall as a tree body. it can be shown that

where S is shearing resistance between the soil and the base of the wall and ~l and 0;1 are [he angles
of active and passive earth pressures- To provide safety factor F~. it can be wntten as

pp.cos 32 +5 = F. ( Pa·COS 51)

Ps=(Pp.COS 3a+5}/(PacOS 31}or
For cohesionless soils the above equation generally indicates the critical condition and therefore. can be
applied to coastal structures- For more detailed inforrnation Chapters 10. 11. 12 and 13 of Foundation
Engineering Handbock (1975) edited by H· F· Winterkorn and H· Y. Fang and published by Van Nosr­
rand Reinheld Company. New Vork (ref. 8). may be referred t~·
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Appendix E

Rocks for Coastal Protection _
B· Q. W~GLE A"O K· H· V()RA

National Institute of Oceanography; Dalia Pau!a. Goa

E·l Introduetion

Proteetion to shotcline may be required for beach stabilizatio n. for backshore proteetion trom waves
and storm surgcs. for inlc. s.abilization and tor pro .cc.ion of the ha ·boar· Deponding upon a par.r­
cular rcquiremcn., a sui.ablc struciurc is constructcd from locally available material wherever possrble
ft is not always possiblc io meet all the specifica.ions requircd tor ihc cons.rucuon material wnile
dcsigning a coas al siructure- Thc building material locatly available plays a significant role in brtnging
down ihe ro.al cost of a srructure- Thc quali.ative requirements of rocks for coasral proteetion
are onlv a fcw but they are rcquircd in large quantities- Therefore, it is essential rhat they are
namrally occurring outeropping in the vicinity of the structure proposed to be consrructed

E·2 Essential properties or rocks (or coastal protectioD

The strength properties of rocks vary significantly within the same rock-type and even within
the sarne formation and therefore. it is only in a general way that the properties can be discussed
Durabilny, hardness, compactness, porosity are crincal in deterrnining the suitabiii.y of a rock tor
construction at sea (ref- 13)·

The rcquirernents for coastal proteetion dernand that {he rock must have sufficient srrength to
withstand hostile forces of the sea- Thc rock should also have a high resisrance against chemica!
eerrosion as ihe sea water corrodes almest every.hing with which it is in constant interaction- Sornc
important properties of rocks with examples of comrnon rock types along ihe Indian coa-ts are
discussed below-

E.2.1 Durability; Rocks are aggregates of minetals and therefore, the na; ure of constituents
and marmer in which thcy are held rogether determine the capaci.y of partjeular rock to withstand
disintegration and decomposition due to heat. pressure. erc. Of special importance is the chernical action
of sea water and that too on sedimentary rocks- .

Granites and basalts are generally preferred because of their fine grains and absence of
jomts- Sedimentary rocks, i-e-, sandstone, shale or limestone are products of secondary dynarnic
conditions, and therefore, they yield easily to powerfut forces- Phyllites and schists may be durable.
ho wever. their cleavages may sometimes make thern unfavourable-

E·2·2 Hardaess : Hardness of rock is dependent on many factors such as constituent minerats.
mode of origin and nature of cernenting material in sedimentary rocks- Igneous rocks are comparatively
harder than the sedimentary rocks while granites, dolerites and basalts are harder arnong the igneous rocks
and quartzite is harder due to dominanee of quartz- In the case of metarnorphic rocks, hardness depends
on the plane- A plane parallel to the cleavage naturally wil! have less hardness rhan the one perpendicular
t~l the cleavage- Phyllites and slares are good exarnples of this-

III
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E.23 Streagth : The strength of rock is defined a, its abiliry to resist crushing under direct pre-sure
or sorneurnes lts resis,ance to ïracture when it is subjeered to transverse forces· Si rengrh of malerial is more
importuni a~ -orne rocks have less st ren grh in a wet condition ihan when ihey are dry.

E.2.-' Sizc ' Sincc rocks are to be used in specific sizes according to partjeular design tor the
coasial proteenon. ihe av ailabiln y of rocks in a partjeular SIZ~ becornes vcry rrnportan.-

1::.2.5 Weight : Heavier stones have grc ater density. lower porosuy and grcater compactnesv­
Thus fine gralned. heavy dense rocks are highly desirabie in coastal proteenon works

E.2.6 Porosity and absorptlon ' Porusu y of the rock plays a signincant role in the selection of the
material \\ nich would be under constant atrack of waves Highly poreus rocks are gene.ully not
tuvoured Seu water will have negligible effects on granites and basalts whereas lirnestone IS bound tv
react and will get dissolved in sca water Laterite. though highly porous has been reported tv have
a high resistant.:e to chemica! decompo..,ition and can be used for coastal proteetion as an alternau ve
to other rock types of better quality- Due to abundance of laterite along the coasts of India. its use may

he explored-
Table E I gives the range of values of important properties for sorne cornrnon rock' ypes tor

comparison.

Tahle E.I Important engineering properties of common rock types (ref. 15).

Youngs Comcresstve Tensite

Rock Modulus at Bulk density Porosity strenlth Strenlth
zero load g/cms per cent "l/cmi kg,cmi

lOS kl,cmi

Granite 2- 6 2·6-2·7 0·5-1·5 1000-2500 70-250

Dolerite 7 -10 3·0-3·05 0·1-0·5 2000-3500 150-300

Basalt 6 - 11 2·8-2·9 0·1-1·0 1500-3000 100-300

Sandstone o- 5 - 8 2.0-2·6 5 - 25 200-1700 40-250

Shale 1- 3· 5 2·0-2·4 10 - JO 100-1000 20-100

Limestone 1-8 2·2-2·6 5 - 20 300-35(.;0 50-2!0

Quartz 2·65 0·1-0·5 1500-3000 100- 300

Gneiss 2·9- 3 0~5-1·5 500-2000 50-200

Slate 2·6-2·7 0·1-0·5 1000-2000 70-200

Latente" 1·8-2·2 7-25

• Anonymou\

Another factor which needs consideration in the use of locally available rocks apart trom the cost
of quarrying and transportation. labour. attitude, and is the design life of the structure and the cost involved
in the reptacement of material within that period versus. the cost of transporring better material frorn
sourees ar greater distances-

E.3 General geolOlY of peninsular India
The Indian peninsuia is divided into three well defined regions. i· e., the peninsular. the lndo­

gangetic alluvial plains and the extra peninsula- The southern Indian shield known as the peninsula
is a trrangular tr act exrending about 1500 km from north to south- lt has a width of about 800 km·
The larger part 01' the shield is underlain by a vast complex of ancrent gneissic and granitic rocks
tor which ihe name 'peninsular gneiss' has been given- These are typically migmatitie gneiss with
alternate bands of arnphibolite and tonalite with inclusions of older rocks (ref- 12)· Islands and
lenses of various sizes with a granitic and granodioritic composition are common within the gneissic
complex. Over these ancient rocks lie Pre-Cambrian and later sediments and extensive sheets of
horizontal Deccan Traps Some Mesozoic and Tertiary sedirnents are found mainly along the coastal
regions- The Western and the Eastern Ghats are the rnain rnountains along the Indian coasts-

The western ghats is a long unoroken escarprnent extending for about 1280 km parallel
to the west coast and mark an important physiographic feature of the Indian peninsula The ghats
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cornmence south of the Tapti estuary in Oujarat and extend south up to Cape Cornorin as a wall
with only one major break at Palghat- The ghats cornprise many geological formations of diffcring
physical and structural characteristics- The northern half of the ghats from the Tapti vallcy down
to Goa is formed of horizont al beds of massive Deccan Traps. South of Goa, the horizontal bcdded
traps give place to steeply dipping gneisses and schists and further south in Kerala, the ghats reeede
inland leaving a fertile coastal plain (ref. 11).

The Eastern Ghats include a series of rather detached hill ranges of hcterogenous cornposition- These
do not belong to a single geological formation. but vary with the country-side through which the hills pass.
The ghats stretch intermittently from the northern border of Orissa, through the coastal regioris of Andhra
Pradesh to join the Nilgiris in the western part of Madras- They are uniform in their character in Orissa
and in the northern part of Andhra down to the valley of thc Krishna river- They are composed of garnetifer­
rous sillimanite gneisses and large masses of charnockite (ref. 8).

The close of the Mesozoic era was marked by the outpouring of enormous lava tlows which spread
over vast arcas of western, central and southern India- The lavas spread out far and wide as ncarly hori­
zontal sheets- The area now occupied by thc Deccan Traps is about 500,000 sq km covering Gujarat, Maha ..
rashtra, Madhya Pradesh and extending up to parts of Andhra Pradesh and Karnataka. The Deccan Traps
are thus the most extensive geological formation of peninsuia at present, with the cxception of the metamor­
phic and igneous complex of Archaean age- Dykes are numero us in the traps but thcy are not evenly
distributed, somc areas being devoid of them and others closcly crowded with thcm- In rnany localltics they form
excellent building stones, provided that proper varieties are carefully chosen-

E·4 Geology of the coastal zone

Eastern and western coasts of India show some significant differenccs- Thc castcrn coast is rnarkedly
low-Iying wiih a number of large rivcr deltas- The western coast is largely dcvoid of delta'! and a large
stretch especially in the central part is marked by cliffs and promontories (Maharashtra-Konkan coast) and
Iakcs.Iag oons or backwaters in thc south (Malabar coast). At some places. espccially along the tidal estuaries,
deltaic fronts or salt marshes. mangrove swamps line thc coasts- Thc coastlinc in front of the deltas. for
example, the Oanges is liable to significant changes owing to the constant strugglc between thc seaward
growth of the delta. the erosion by the waves and the formation of sand bars.

E·4·1 Kutch coast: A 5 to 16 km wide strip along the coast of Kutch is largely covered by allu­
vium consisring of wind blown loam and sand underlain by clay (Fig. E·I). Between the alluvial belt and the
traps there are two beits of Tertiaries roughly parallel to the shore- The older beds consist of clays and lirnc­
stones of Eoeene Age- The younger beds are sandstones and clays ranging in age from lowcr Mio:ene to
Pliocene (ref- I). Occurrence of miliolite rocks is also reported from Kutch but no outcrops are seen along
the coast (ref. 2).

E·4.2 Kathiawar coast: Deccan traps occur vcry close to the shore in nonhem part while in ether
areas the traps reeede to the interior- Along the south-wcst coast from Porbandar to Veraval rniliolitcs are
extensively exposed along the coast and extend 30 to 40 km intand- The formation over the Pliocene and
Miocene rocks directly overlies the Deccan traps towards the north and east- On thc C03.~t. its thickncss
increase appreciably and these forrn a thick wedge against the older traps (Fig. E·I). Along the southern
part of the coast, the thickncss of the miliolite formation has been estimated to bc 6~m or m ),C (ref. 2). Th!
formation is marked by thin banding oblique lamination and a gentie seaward dip of 5°_15°. The miliolitc is
coarser near the shore but becomes progressively fincr grained with incrcasing distante frorn thc shores
(ref- 9). Though the basalt occurs more than 25 km from the shore, bccausc of its durabili.y it will be
advantageous to use the basalt instead of miliolite lirnestone for coastal proteetion works-

E.4·3 South Gujarat coast: The rivers Mahi. Tapti and Narmada form broad and fertilc alluvial
plain at their confluence with the sea (Fig. E.I). The plain resembles to a considerable extent thc alluvial
plains of ihc cast coast. The plain covers a grcater pari of thc Surat, Broach and Ahrnedabad districts- It
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extends from the Rann of Kutch to just south of Daman- In thc north, it joins the recent deposits of the Indus
Valley (ref- 10)·

Cambay trough runs nearly north-south and it is bounded by faults on its eastern and western sides­
The Deccan traps which are exposed at the surface on both the sides of the trough. in Kathiawar and
Baroda areas. have been faulted down to a depth of over 1800 m in the trough- The traps are covered by a
ful! succession of Tertiaries- The Tertiaries between Broach and Surat are capped with laterite- A nurnber
of smal! detached outcrops of Bagh beds (Cretaceous) occur along the east-west trending Narmada Valley
from Bagh to beyend Baroda- The forrnations are cherts, impure shelly limestones. quartzitic sandstones
and shales- The sandstones underlying the Bagh beds. particularly near Baroda provide large quaruines of
excellent building stones of very handsome appearance and durability (ref. 14).

E.4.4 Konkan coast: From Daman to Vijaydurg in Ratnagtri District, the Deccan trap is rhe
dominant geological formation and extends upto the coast and possibly continue to the shelf also (Fig. EI)·
The lava flows at some places are separated by thin beds of lacustrine or fluviatile sedirnents (ref. 14)·
The traps usually consist of basalt or dolertie- The most common being a dark green or nearly black
normal augite basalt without olivine and of ten with significant asscmbly of basic glass- The rocks do not
vary in its composition over wide areas- The ave rage specific gravity is 2·9 but there is a wide difference in
texture- Most of thc varieties are homogenous, hard and compact (rcf. 10) but some are vesicular and scori­
aceous- The amygdaloidal cavities are filled up by numero us sccondary minerats like calcite, quartz and
zeolites- The quartzites are megascopically uniform micaceous (usually biotite) which gives rise to a feebIe
schistosuy- The quartzites are dark grey to whitish grey and buffish white fine to coarse grained and massive
to well stratified- Massive miJky white quartz veins are seen cutring across the quartzites at rnany places­
The quartzites have been intruded by quartz veins and basic dykes-

A laterite of variabie thickness caps the geological formations along the coast- The laterite covers
almest the entire coastal track except very steep slopes, rivers. valleys and the alluvial areas-

Granite and gneisses with intercalations of rnetabasalt form the dominant rocks of the coasral
area from Betul to Karwar- The gneisses cornposed of fine grained quartz and feldspar are well bounded­
The banding is gene rally parallel to the foliation but some streaks of quartz and feldspars cut across the
foliatio n. The gneisses gradually merge with the massive coarse grained and unfoliated granite- The mera­
basalts reptesent very low grade meramorphosed Dharwarian basalt with fecble schistosity-

E·4·5 Malabar coast: The narrow coastal belt frorn Karwar to north of Quilon (except Calleut
to Cannanore) is covered by alluvium which adjoins the gneisses and granites to the east (Fig. E.2).
The gneisses are typically migmarltic with alternare bands of amphibolite and tonalite- Inclusions, lenses
and islands of older rocks of granites, granodiorites and charnokites are common in the gneisses. From
Calleut to Quilon laterite capped tertiary beds cover the gneisses in the coastal area- From Calleut to
Cannanore. the alluvial belt is very narrow and the gneisses almest abut the coasts-

Along the south-west coast of India, various types of rocks constituting the ancient forrnations. re·.
gncisses, garnetiferous sillimanite bearing granulitic. gneisses of high grade metarnorphism. leptynites
charnockites, crystalline limestones and graphitic schists are exposed at some disrance from the coast (ref. 7).

Near Cape Cornorin crystalline gneisses of Cardamon hills abut the shore. The coastal
alluvium occupy the forms of an extrernely narro w zone and Jandward is underlain by coastal tertiaries
followed by gneisses and granites- The coastal area from Cape Comorin to Rameshwararn is largelycovered
by Tertiary and Recent sediments-

E.4.6 CoromlDdal coast : Between Manamadurai and Pondicherry, extending from the coast to
about 80 km intand the area is covered by tertiary to cretaceous sedirnentary rocks (Fig. E·2)· Theese sedirnenrary
rocks overtie the gneisses and charnockites of the basement (ref- 3, 4 and S).

Between Cauveri delta to Visakhapatnam. there are isolated outcrops of the upper Gondwanas
along a narrow strip of the country between the coast and gneisses to the east- The upper Gondwanas for
the most part are composed of Iittoral sandstones, gravel and conglornerate rock with occasional shale
intercalations tref. 14)·
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IThe Krishna and Godavari deltas and the adjoining coastal tracks are largely covered with
pleistocene and recent deposits of thc rivers- The thickness of the recent alluvium gradually decreascs frorn the
shore to the delta hcads whcrc thc ancrent granito. gncisscs and basic rocks are cxposcd A narrow triangular
patch of thc Uppcr Gondwanas occurs in thc Godavari valky sourh ncar the town of Rajahmundry
The Upper Gondwanas consist of limcstoncs, cJays and randstoncs wi.h beulder constomcrares (ref. 14).

The nonhem Cuears coast frorn Kakinada to Puri is rnainly covcred by alluvium except
off Visakhapatnam whcrc the rock cliffs abut thc shore (Fig. E·3). In thc in.crior the ancrent gneisses
and granites wiih khondalitcs and charnockitcs are exposcd- Thc khondali.cs are particularly dominant
in the nortb-castern and souih-wcstcrn cx.rcmitics of the region- A smal I outerop of charnockitcs occurs
between th c Vasamdhara rivcr and ihc Chilka lake

The coas.al region between thc Mahanadi and the Gangcs deltas is largcly covcrcd by recent
and sub-recent dcliaic dcposits of these rivers. Shorcward ihe coasral zone of Ganga delta region
adjoins the mangrove ridal forcsis of Sunderbans- Towards the west the rnonorony of the plain
in Balasore and Midriaporc is brokcri by sand dunes- In the Mahanadi delta thc topography of the
coastal region is markcd by mangrove swamps towards the shore but further intand it represents
an alluvial dch aic plain travcreed by wide distributaries of river Mahanadi. Thc north-westcrn margin
of the del.ale plains is markcd by Iateritic hills near Cuttack- The ancrent crystallincs, gneisses and
granites are exposcd 1.0 ihc west at some. disrance from the shore. the nearest they reach thc shorc
is Balasore (aboui 30 km)· ln the Mahanadi delta and the north parehes of oldcr fossiliferous sedirnenta­
ries (Baripada banks and Upper Gondwanas) occur near Baripada and Puri-

I
I
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Appendix F

Dune Vegetation Along
the Ind ian (oast _

A· G· UNTAWAlE
National Institute of Oceanography, Dona Paula, Goa-

F.l Introduction

Thc coavtal vegeration is of a specialiscd na .ure which grows under different condition«, It
consists rnainly of 4 different groups: (I) marine algac or scawccds, (2) sea grasscs, (3) mangroves and
(4) sand dunc vegeration or strand flora. Marine algac and sea grasses are purely aquatic communities
whilc thc mangroves are partially aquatic plants which prefer interndal arcas having tidal inûuence. The
sand dunc vege.ation or strand flora on thc ether hand. is a to.ally different plant communily which
grows on a sandy shore beyend thc highest high tide level.

The ability of dune vegetanen for binding the sand is weil known- Cleghorn and Iyer have
described rhc sand binding plants of the south-cast coast of India (rcfs- 5 and 10). The rapid increase
in ihc dcscrt area of ihe world, has prornptcd intensive etforts to determine ncw and effecrivc measures
to stop or at kast control [he movement of the sand dunes- Flora of the linoral states of India
wntten by Hoeker. Garnble. Haines, Slotter and Cooke include the classica! works in which
different species of thc dune vegeration have been described (refs- 2, 6, 7, 8 and 9).

Phy.ogcographical distribution of dune vegeration along the Indian coastune has received rnuch
attention from thc beginning of this century- Charnpion and Seth have classified the linoral and tidal
swamp forests of India (ref. 3)· This was subscqucntly followed by the important work of Ral) and
Sastlyon the classificauon of coastal vegeration (ref. 14).

Dune formation along thc coast takes place as a result of movement of sand particles from
thc intcrudal to the t ackshorc region with the help of wind (see Section 3·3.2). These sandy beaches or
dunes consiantly change ihcir profile or structure bccausc of their dynamic naure Sometimes, the moving
sand dunes pose much danger to the shoreline (Platc f.6: a). Here. the dune vegeration plays a major
role in minimising the wind speed and also the movement of sand from thc dunes.

Along the east and west coasts of India, vast areas have been covered by sandy beaches or
dunes (Table F.1). Conservation or management of these areas requires immediatc attention.

F·2 Climatological factors

Climate of different marltime states shows a distinct varianon- Four typical examples on the west
coast (Jamnagar and Mormugao) and on the east coast (Pamban and Vishakhapatnam) wiUgive a fair idea
of the f'luctuations in climatological conditions (Fig. Fvl).

F·3 Classificatioa of a saady shore

Krumbein and Slack have suggested 4 zones of sandy shores, namely (I) nearshore bottom, (2)
foreshore, (3) backshore and (4) dunes (ref. 11). Champion and Seth have c1a'isified the dunes under
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Table F.l Distribution of sandy beaches along the Indian coastline.

I
I

I· Gujarat (Kutch, Saurashtra :
and S. Gujarat)

2· Maharastra

Limi ted sandy beaches, in between
muddy or rocky shores
Local sand strips along the coast inter­
cepted by rocky cliffs
Extensive sandy beaches of limited w.dth
Extensive sandy beaches of lirnited width
of ten interspersed with coastal lagoons
and lateritic or rock bound beaches
Sand strips along the deltaie shores and
rock bound beaches at the southern end
Sand strips of lirnited width of ten inter­
cepted by the Godavari and Krishna
rivers and their tributaries
Extensive sand strips in the Konarak­
Puri buldge
Sand strips of Jimited width in Midna­
pore district and Sunderbans sea face
Sand strips intercepted by bJuffs, rocks
or shingle along the coastiJne.

3. Karnataka
4. Kerala

I S. Tamilnadu

6. Andhra Pradesh

I
I
I
I
I
I
I
I

7. Orissa

8. West Bengal

9· Andaman Islands

'Iittoral forests' (type 4AiLl) (ref·3)· Ral) and Sasuy have classificd thc strand vegeration into (I) Strand
sand (Type 4Ai SSI). (2) Strand ro:k (Type 4AjSR2). (3) Strand co: al. (Type 4AiSC3). The 'strand sand
has furthcr been subdivided into (i) open pioneer zone or outer zone. (ii) closcd hcrbaceous zone. (iii) middle
mixed or bushy zone and (iv) inner woodland zone (ref- 14)

Generally the pioneer zone of thc sand dune area is covercd by coarse sand as the finer sand
particles are blown by the wind towards wood land zone- The soil in pioneer zone ha" low wa.er holding
capacity and it is slightly alkaline to acidic-

Different aspects of the sand dune like grannulometry, pH. percenage of organic mat-er ctc.
varics in open pioneer zone, closed herbacious zone, middle mixed zone and woodtand zone Accordingly
soil changes from fine sand to coarse sand with clay or silt- pH varies from 6·5 1.') nc:..r.rati.y Pereen ..agc
of calcium carbonare decreases, while organic matter increases from pioneer Z')l1C tova -d, wo odland zone­
Increase in organic matter enhances thc water holding capaoity of the soil-

Chapman has divided the dunes into (i) embryo dune, (ii) yellow dune and (iii) grey dune according
to the growth of the dune with its vegeration (ref. 4).

I
I
I

F·3·1 Species distributioD: There are several types of dune vcgeta- ion distributcd along thc
cast and west coasts of India- The composition of the vegeration changes wi.h ihe clirnatological and
edaphic factors- As mentioned earlier, the elimate along the east and west coast shows considerablc
vanation- As a result of this the species also show different patterris in distribution. zonation etc.

Rao has further subdivided the west and east coasts into Kutch. Saurashrra. sou.h Gujarat.
Mahar ashtra, Mysore, Kerala, Tamilnadu, Andhra Pradesh. Orissa and West Bengal- So faro about 148
species. representing liS genera of 49 different families which can bc considercd as dunc vegeration have
been reported frorn the Indian coast. The zona! distribution of thc strand flora along thc Indian coast­
line is presenred in Table f·2 (ref. !3).I

I
I
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TuNe F1 Distributioo of dune species along the Indian coast·

Zone !'IO. of duoe
species ZODe No. of dun~

species

IWest coast East coast

Kutch 31
Saurashtra eo
South Gujarat 40
Maharashtra 84
Karnataka 99
Kerala 107

Total 421

Tamilnadu
Andhra Pradesh
West Bengal (Midnapore)
West Bengal (Sunderbans)

113
76
27
49

I
I

Tota! 265 I
I. It is o bserved that the dune species on the west coast of India are alm ast double than ihose

of ihe east co asr- The maximum dune species have been recorded from Tamilnadu followed by Kerala,
Karnataka, Maharashrra, Andhra Pradesh and Saurasht ra-

Rao has grouped the dune vegeration according to its specialised characters (ref- 13):

(I) Mat forrning str anded creeper s
(1) Diffusely branching, prostrate or erect strand herbs and bedges
(J) St rand climbers
(4) Strand plaats with perrenating organs
(5) St rand shrubs and trees
(6, Strand stunted trees-

On rhe basis of these observations. he is of the opinion that the dune vegeration of India
I~ a mi xture of Polynesian and Malaysian, Persio-Arabian/Western and a few indigenous species.

f.3.2 Dominant dune vegetaion: The major cornponents of the dune vegeration from Saurasht ra
coast are Hvdropliylax maritima. Ipomea pes-caprae, Asparagus dumosus, Halopyrum mucronatum, Cvpreus
conglomeratus, C. artstatus and Sporobolus trimulus (ref. 15).

The sand dune flora of the Goa eoast is represented by Ipomea pes-caprae, Spin/fix littoreus and
Cypre us arenanus (ref- 17) and (fig. f·2)·

Rao er al- have described the dune flora of coastal Tamilnadu (ref. 16)· The principal floral
elernents are Ipotnea pes-caprae, Cyperus arenarius, Spinifix littoreus and these are found in the open
pion eer zone· •

Large scale plantauons of coconut. cashew-nut, Casurina equisettifiolia on the sand dunes can
be included as the recently introduced species (Plate f·6: b). Ho wever, there are some interesting species
like Hvphnae indica along the Saurashtra and Ooa coasts, which have corne from other countries lt
has generally been accepted that the dune flora includes a large element derived from the weed flora
of the adjorrung agriculrural fields

I
I
I
I
I
'I
I
I

f.~ ED\ironmental factors
Chmuto logrcal factors such as rainfall, air ternperature, humidity and wind speed as well as the

edaphic Iactors li"e .and texture. pH. humus content. soil température and the ground morsture play an
important role in the distribution and growth of dune vegeration. Because of the extreme condinons
the dune plants have developed cerrain characteristic features in their interrial and external morphology-

Atrnospheric iernperature in the dune regions directly affects the dune température- The barren
dune temper ature is usually more than that in the vegeration area- The humus content and moisture
m irumise ihe tempe rature in the vegeration zone-

I
I
I
I
I
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The rate of precipitation and the durauon of ramtall are important factors for the dune
communiry These help in the germinauon of sceds, decomposition of organic matter. rapid growrh
of the dune plani s and ereare tavourabie condition 111 the dune region The rainfall by itself binds
the sand rempor arûy Gerier ally, the dune plants complete their life cycles during the monsoo n and
posirnonsoon sensons-

Wind is one or' the most important factors in the dune ecosystem ft helps in [he formation.
movement and also dest ruct io n of the dunes Tl also decreases the surface moisture and the surface
tempei ature Incre ase in the wind speed enhances the transpiration rare In dune plants Cycloruc or
storrny condinons usually result in the destrucnon of dunes by dispersing dune vegeration and by changing
the configuratio n of dunes

Dune vege.a: ions have a tendency to develop extensive rhizoidal root systern which also hel ps In
binding the sand The shoot ponion of the plants prevent or minimises the movement of sand \\ hrle
the fibreus or rhizoidal roots of these plants perfoirn important physiological and mechanica! funcuo ns
To face extreme conditions of high température. wind velocity and low water availabiluy. these piant s have
developed thick cutiele. sunken stomata. specialised inflorescence and sceds, as wel! as fleshy lea \ es·

I
I
I
I
I

F·5 Formation. growth pattern aud propagatiou of duues IThe main species generally start their growth at the strandfine and backsbere region This
is a veiy sensitive area where there is every chance of dune erosion. either by the incorning wa. .Iuring
the highest tide or by streng winds

The seeds. propugules and fragments of the dune vegeration start their gerrnination trorn the strand­
line in favourable season (monsoon)- At the strandline. the dune generally has liuer or de bris. \\ hich
af ter undergoing decornposiuon, adds to the humus content- Oncc ihc sccd gcrminacs and [he plant
establishes .he raie of [heir funher growih. if conditions are favourablc. bocomes vcr y fas.. Thcy u y .o
develop horizonral and verucal root systerns as early as possible By thc time favourable season IS over.
the plants are well roorcd- This is the first stage in the formation of dune vegeta-lon

Second phase Starts af ter the monsoon is over. that is.during the post-monsoon pericd Surface mo.siure
reduces during these monihs because of increase in the wind speed and air .ernpera: ure- This rcsul.s
in the loosening of the sand grains which are blown by wind The dune flora obSlrUCLS [he t'low of sand
and ultirnately a mound is forrned near the plant. If the rare of sand movemen- or acereuen is more.
the dune plants get cornpletely buried under the sand If the layer of sand is ve.y ihick and vhc
dune plants are not able to grow. they ultirnately die off Otherwise. generally offshoo s 1'10111 .he la er al
sides or axils of the planrs grow rapidly to come out of ihe sand dunc for fun hcr grow .h. Occasionallv
due to high wind velocity. the dune vegera.io n gets uprooted and breaks in.o fr agrnen.s. whilc .hc
dune itself migrates- In favourable eonditions. these scattered fragmcn s gct es ablishcd and to rm [hel r
own srnall or big dunes- Once the plant is well settled and forms a dunc. [he offshoo ;s of J he same
plants creep above or below the surfaee and forms another smaller dune (prirnar y and sccond ar y dunest
The secondary dunes. eventhough small in size. give some proteetion to the primary dune by regulaung
the wind speed.

Lnrawa!e and Nair have reported the growih pattem in some pioneer dune species trom the Goa
coast (ret 1-:-)· These are as follows:

I
I
I
I
I
I
I

1· Ipc/JIfG pcs-caprae (I· biloba i : This species belortging to the family Convolvulaccae has very long
bI anc hes It crce ps all over the dune surface The average length of the tap roo: va-ics frorn 5 .o 8 m The
length of ihe c.cep.ng branches is frorn 5 to im· The shoot systern spreads coverrng a large area Al
regular in.ervals. ,\1(· root Iets develop in the nodal region to give mechanica! sircngih to [he crccpcr
and also help In tir.ding ihe dune .and. The average internode was fcund \0 bc 10.3 cm. whilc
the ro o t let s were 3595 l'TI1 in kngth (Plaie F· 3 a and b}

I
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2· Spinijix littoreus "S· squaressus J: This plant belengs ro rhe Iarniiy Poaceae (gras, tarnily). ft
is a vc ry s.urdy plant and shows all the characters of a iypical dune vegeration. This plant also has strmlar
tendcru v d z rowch like [. Pescaprae The average lengih of the rnain rhizoidal root is about 15-20 cm.
\\ hilc .hc ~,"nglh ot' the roottets al nodes is about 28·5 cm Its shoot atiains the average height of
72·1 cm The leng.h (·f the rruernode is abou. 6·7 cm (Plates f·1. 2: a and b).

3· La IJ/Uia pinn.uifida : This species belengs to the tamily Astcraceae (Cornposuaer. Its tap root
goc s up L0 a depth of 50 cm depending upon the morsture content of .he dune The shoor portion
devclops mto rnany orfshoo.s which creep over [he dune surface Al every node. ihere is a rtuzoida!
arow .h- The averaze lcngih ot' these roodets is about 8·25::m. while the shoor IS verv dwarr. .rppro vr-
matety 190 crn In he-lght. The average lengi h of ihe internode is 9·5 cm. .

~. Cvperus arenarius : This is a Cyperaceous plant. which forrns a dense mat on the d une surface.
parucularly in areas which ace moist Cts rhizome is of a shallow type. The s.olons of this plant
creep below ihc surface about 3·5 cm dee p The shoor. however. attains an average height of 321 cm
The disrance between the nodes is ~·55 cm (Pla.e f·4: a and b).

The success of ihe dune plarus lies in [heir ability ro perennare and t o develop e xtensive
horizonral and vcrtical root and shoot ~yjiemS in unfavourable conditions.

Propagation in dune plarus is both by vegetative rneans and by sceds. Sprouring trom the
disiruegr ared shoots is common and important. The fruits and seeds of dune plarus ~an remain
viabie in the high température sand a" well when occasionally exposed to sea water The enti re intlo­
rescence or ihe arrangement of truus in Spintfix littoreus has been specially developed ro tuvour iheir
dispersul in a wide area.

During the dry season most of the herbaceous species on the dunes. excepting a lew -turdy
plants, die off and rernain dormant for a long time However, again during the rnonsoon. rhey -pr ou t
and start their normal growth-

I
I
I

I
I
I
I F 6 Management of dune "egetatioD

I

Frorn the time immernorial the coastal regions along wirh sandy dunes, have been used by
man for different actlvines. As a resuJt of population pressure. the ccastal dunes have been utilized with­
out undersranding [he dangerous effects. [heir disappearance can cause to the surrounding environment.
Indiscriminate cutring of coastal vegeration and over-exploitation of beach sand for developrnenrat
works have resulted in erosion of vast coastal areas. Sand dunes are very .mportant sysrerns which
need carerul planning and management.

In India sandy shores and nearby areas are being extensively used tor agriculture. housing, high­
ways. reereanon and rourist resorts- Therefore. it is necessary to have effective management policies for the
conservation and proteetion of sand dunes- Chaprnan and Ranwell have sorne importani suggestions on the
development of sand dunes with the help of plants (ref. 4 and 12). The most important factor In rhe dune
management is the vegetation cover of the dunes A tew suggestions given below In developing or increasing
rhe vegetanen cover may be useful-

Movement of the sand or dune cart be checked by growing appropriare
should be planred in rhe backshore from where the sand movement begins
vegeration wil! effectively minimise the sand movement-

Suggested species of plants tor the dunes are:
(a J Ipomea pes-caprae
(b) Spinifix linoreus
(c ) Cyperus arenarius
/ d) Periploca sp- (Plate f·S: a and b)
(e ) Urochondria sp-

At the landward end of the backshore region. cover can be given by growing trees as wind
brcaker Fhe species suggested tor this zone is Casurina equisettifolia which grows extrernely well 111. Indi an

plant species which
Thus a good carpet

I
I
I
I
I
I
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conduions The litter ral! of this species forms a dense mat on the surface. which not only checks rhe
sand movement but also creates a favourable conditions for the ground flora- The same trees af ter a few
year s can be crfectivelv used for the fabrication of dune fence systems and mattresses ro prevent the
dune movement fur ther

Arforestauon of dune areas can be done either by directly using suckers. stolons. fragments or
by br oadcasung of the seeds of dune plants. In the monsoon months, transplanting the seedlings from
nursaries to dune areas wiU also be very helpful- These nursaries can be planned in coastal sandy
areas Seedlings can be grown in smal! polythene bags which could be transferred as such to the
destred areas-

F.7 Hanesting and processing
The plants should be dug out with care that most roots remain attached to the plants- The clumps

should be seper aied into suckers with the desired number of sterns· Plants should be cleaned of dead
veget at io n and should be trirnrned to a length of 45 to 50 cm ro facilitate meenanical transplanting

"Transpianting techniques for most species of beach grass are well known- Transplantation IS

highly recommended for the areas adjacent to the beach berm and for vulnerable areas which are subjeered
to erosro n Most crincal areas require densely spaeed transplants to ertsure successful srabilisation- Trans­
planted seedlings of dune species can be proteered by checker board methods using de ad branches of
any tree (Fig. F.3)· The size of these checkers can be decided according to wind velocity and sand movement-

Seeding is practical only when proteetion from erosion and from dry winds has a\ready been provided
by mulching or frequent irrigatio n and is therefore not applicable to most beach areas- Beach grass seeds are
not available from commercial sourees and must he harvested from wild plants- The exploitation or curting
of dune vegeration by man or by cattle grazing should he strictly prohibited- Similarly. disturbing the
seedlings of dune vegeration should also he avoided-

Sand dune areas could possibly he used for the cultivarion of suitable erop plants which can
tolerate maximurn salinity· Such species can even he grown under irrigation using brackish water or sea
water Efforts are being made by the Central Salt and Marine Chemieals Research Institute. Bhavn agar
(Gujaran to grow certain species of wheat. bajra, barley, eetton. jawar, kodo millet. onion. etc· on the
co astal dunes of the Orissa- Also. large scale planration of jojoba (oil plant) and guyale (rubber plant) in
arid regions may prove to be econo mical-

Movemem of the dune sand in the barren area could be controlled by using dune fences (see
Secnon 3·3.2)· These fences could be fabricated by using dry wood or dead branches of rhe most abundant
trees of various coasral states, like Casurina, coconut. cashew and various mangrove trees- Ho wever.
UI most care IS essenrial to avoid large scale cutting of weU grown trees which may cause secondary
problems

F 8 Fertilizers and manures for dune vegetation
In India. not much work has been done on the effects of fertilizers and manures for the sand dune

veget ario n According to Adriani and Terwindt. the use of nitrogen has a better effect than phosphate,
Ior the grow th of dune vegeration (ref. I)· They have also investigated the possibility of using sand binders such
as COL-\S. She ll Sandfix and UNISOL· These sand binders are useful in the coastal areas with a moderate
wind speed and thus lead to less sand movement- However. the regions which are trequently ex.periencing
storrny we aiher s. the sand binders may not be of much importance

Marine algae along the Indian coast get accumulated on the shores every year in a large quanutles­
Mixed seaweed me al er liquid extract from the seaweeds can be used either as a manure or liquid fertilizer
particularly in rhe nursaries established for dune vegetauons- These algae have agar, alginate. caragennan.
mucilage as well as several growth promoting hormones- Some of the algal extracts also can be used
as sand binders. However. some of these aspects require further studies-
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Plate F.J (a) Growth of I, pescuprae 00 the sandy dune. I
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/'/,1/1' F.J (ti} Typical bilobed and ûeshy leaves of l, pescuprar, I
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PIUlIl F.+ (a) Carpet ûora of Cyperus arenanus on sand dune at Mirarnar. Goa.
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I Plate F.+ (b] Mixed vegeration of C. arenarins and I. pcscupvu«,
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Plute F.S (a) Growlh of Penploca sp. on sand dunes of Saurashtra. I
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PlO/I! F.5 (bl Periploca sphdla growing in sand in an and reçicn. I
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Ptat« F.6 (a) Coastal erosion of saady beach ..IMiramar. Goa.

Plat« F.6 (bl Cocon ut pllotatioa 00 saady beaches,
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