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Mathematical Prediction of Long- term Shoreline Changes
at Visakhapatnam

P Chandramohan, N on-member

R P Ranganadha Rao, Non-member

The coastal environment of Visakhapatnam has been discussed in detail.

The longshore sediment

transport along this coast has been computed using different empirical formulae and compared with

earlier studies.

A computer program has been developed for the solution of the shoreline equation

and it has been used for the prediction of long-term shoreline changes near Visakhapatnam harbour,
The quantity of sediment that has to be increased for bypassing is derived.

NOTATIONS

4 = sediment discharge parameter

a shoreline equation constant _

B, = height of the bluff or berm over mean sea
level under wave action

D. = depth at which no sand is moved

g = acceleration due to gravity

H, = deepwater wave height

Kr = refraction coefficient

Lgi+ = deepwater wavelength

1 = length of breakwater perpendicular to
shoreline

A

I = dimensionless length of breakwater

(0] = annual sediment transport rate

T = wave period '

t = time

A . . -

t dimensionless time

X = distance along the shoreline from the break-
water '

A .

% dimensionless distance along the shoreline
from the breakwater

¥ distance of the new shoreline from the
original shoreline

A

¥ dimensionless distance of the new shoreline
from the original shoreline

z surf zone parameter

o = angle between wave crest and shoreline

«p, «y = breaker angle and deepwater wave angle,
respectively

8 = sea water density

INTRODUCTION

The expansion of world trade in general and the
trade of the developing countries like India in particular
require construction of a large number of harbours and
terminals. The growing wealth and improved means
of transportation have brought the beaches within the
reach as resort areas. Often when a harbour is built
in open sea or expanded for additional facilities, it
becomes inevitable to construct a few man-made struc-
tures like breakwaters. Construction of such coastal
structures either reduce or eliminate wave action and
thus protect the shore immediately behind them. At
the same time, the elimination of wave action reduces
longshore transport, obstructs the movement of sand
alone the shore and erodes the downdrift beaches. When
a spur or groin is built perpendicular to an originally
straight beach, even with the same direction of 1n01dent
.wave there will be an accretion on the side of the incident
wave and depletion of the opposite side. A mathemati-
cal model had been developed by Le Mehaute and
Soldate! for long-term shoreline changes owing to the
construction of breakwater. This model was used to
predict long-term shoreline changes near Visakhapat-
nam harbour due to the construction of outer harbour
breakwaters. The shorelines were predicted for

(i) Non-bypassing conditions;
(ii) Present rate of bypassing; and
(111) Suggested rate of bypassing.
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METHOD OF STUDY

The monthly average wave height, period and direc-
tion of Visakhapatnam were deduced from the Wave
Atlas? compiled from ship reported wave date for 5°
latitude and 5° longitude grid (between latitude 15°N
and 20°N and longitude 80°E and 85°E) during 1968 to
1973. For these wave characteristics, the annual long-
shore sediment transport rate along the Visakhapatnam
beach was computed using following two different
formulae?® :

2
0 = 7.5 x 10° x gf—ﬂ T(H,Kx)?sin2« (1)
0 = 7.5 x 10° x 20.5 x T X H,?sin «5 cos <5 (2)

where «, = Z «, (Le Mehaute and Koh?), Z =

¥
H, COS
0.25 + 5.5 I, " and Kr = (cos *b) .

The bottom topography in the surf-zone is defined
in three co-ordinate system oxyz (Fig 1). Formulating
the variation of sand quantity in the domain A X =
unity, z = y = 0 and equating it to the variation of
littoral drift along the ox axis, the general equation for
the shoreline is obtained. Considering-only refraction
is important and neglecting the diffraction and other
effects, the general equation is expressed as
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Fig 1 Coastal zone
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The solution of this equation is
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— tan « x erfc e
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The caps on various parameters in the above equation
imply that they are dimensionless. They are explained

AN N AN
y(x,2) = 2tan <

asfollows:
A X
¥ By + Dc
A
- y
¥ = "B+ Do
B
= B T D
N 2
4 =2 x175x 10° gfﬂHozr.

When the sand accumulation reaches the length of the
breakwater, the sand begins to pass the breakwater
and in this case the shoreline equation becomes’

T . 3
y = I erfc \/__’_‘
at _|

where

A !
= B +Dc:

- A computer program in FORTRAN IV is written to
obtain the solution of the shoreline equation. This
program computes the shoreline each month for the
respective monthly wave height, period and direction
and averages over a year. The changes in shoreline
can be predicted for any number of years at any desired
yearly intervals. This program starts computing the
shoreline for non-bypassing condition (first, till the
sand accumulation touches the breakwater tip, then

_ for specific year, afterwards) and then the shoreline for

bypassing condition (first, till the sand. accumulation
touches the breakwater tip, then for specific years

* afterwards).
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Fig 2 Visakbapatnam coastline

COASTAL ENVIRONMENT AT VISAKHAPATNAM

The climate of Visakhapatnam is dominated by
monsoons. The average rainfall in Visakhapatnam is
about 975 mm. The cyclonic storms that form in the
Bay of Bengal during north-east monsoon often increase
the intensity of rainfall in this region. The atmos-
pheric air temperature varies from 19°C to 33°C in a
year. .

The alignment of coast near Visakhapatnam approxi-
mately lies in a north-east and south-west directions
(Fig 2). The coast at and around Visakhapatnam is
comprised hill promontories, rocky outcrops and open
and pocket beaches. The beach in between fishing
harbour and Red Light House is narrow having a width
of about 90 m. It has only foreshore and backshore
berms without any sand dunes®. Just 500 m north of
fishing harbour, there is always intrusion of waterline
and it is observed that most of the months waves break
over the side wall of the road which has been protected
by armour stones and concrete blocks. Sediments from
the sand trap near the south breakwater is pumped at
this place from mid-March to September in order to
nourish the beach. Towards the south of Visakhapat-
nam harbour, the beach in between Dolphin’s Nose
and Yarada hill is comparatively wider of more than
150 m width having rows of sand dunes backing the
berms?. Beach sediment in this region is characterized
by medium and fine sand composed of magnetite,
ilmenite and mostly of quartz. The hills in this area
are composed of khondalites and charnockites. Sandy
soils are present in the plains along the beach. The
width of the continental shelf in this region® varies
between 35 km and 40 km. The shelf edge occurs at
about 130 m depth.

The monthly average wave height, period and direc-
tion are given in Table 1. Average heights vary in
between 0.50 m and 0.75 m during January to April,
1.0 m and 1.2 m during May to August and 0.60 m and
0.90 m during September to December. The average
wave period varies between 6 sec and 12 sec, persisting
mostly around 8 sec. The deep water wave direction
varies between 15° and 75° clockwise to the coast during
March to September and between 15° and 75° anti-
clockwise to the .coast during October to February.
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The longshore current at Visakhapatnam is in a
northerly direction during the south-west monsoon and
in a southerly direction during the north-east monsoon
as indicated by measurement and observation of beach
changes due to littoral drift®.

+ The Visakhapatnam outer harbour construction was
completed in 1975. The orientation of the outer
harbour and fishing harbour are shown in Fig 3. The
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Fig 3 Orientation of breakwaters
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TABLE 1 MONTHLY AVERAGE WAVE

CHARACTERISTICS
MoNTH . WAVE WAVE - WAvVE
HEeIGHT, PERIOD, DIRECTION,
m sec deg
January 0.50 8 —60
February .65 8 —60
March " 0.60 8 s
April ) 0.75 8 30
May . 1.20 8 45
June 1.00 8 75
July 1.00 8 60
August 1.20 8 60
September 0.90 8 60
October 0.80 8 —15
November 0.90 8 —60
December 0.60 8 —75

+ sign indicates angles clockwise to the coast.
— sign indicates angles anticlockwise to the coast.

- about 0.26 X 10° m®. The net longshore transport 3

" Visakhapatnam region the net littoral drift is abow

south breakwater extends up to 18 m water depth and
the east breakwater was built along 8 m water depth.
The southern breakwater head is detached from -the
shoreline in order to provide a gap for the entry of
littoral drift into the sand trap. A trapezoidal shape
sand trap of size 260 m X 180 m having a capacity of
0.62 X 10¢ m? has been formed nearby. The deposited
material is dredged by a mobile dredger and by sand
pump being bypassed to the northern side about 500 m
north of fishing harbour. Every year about 0.45 X
10% m? of sand is being bypassed to the northern side
from mid-March to September.

LONGSHORE TRANSPORT RATE ALONG VISAKHAPATNAM
BEACH

The computed values of longshore transport rate
using the formulae (1) and (2) are given in Table 2.

The results obtained using the formula (1) showed
that the longshore transport is towards north-east during
March to September and it is about 0.89 X 108 m? in

 SHORELINE CHANGES AT VISAKHAPATNAM

TABLE 2 LONGSHORE TRANSPORT RATE

MONTH 0;, yard® Qji,yard®
January —39702 —37482
February —71408 —66457
March 33342 29694
April 92146 = 73376
May : 287093 270426
June g . 132423 » 112418
July w. 199398 175243
August © 311494 , 252497
September 110841 : 142534
October —158696 —51347
November —158717 —142534
December C. —45126 : —38547
Annual Transportin = 1166737 yard?® = 1056188 yard®

NE direction -892035 m® = 807514 m®
Annual Transportin = 373649 yard? = 336367 yard3?
SW direction .285674 m® 257171 m®
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a year. The longshore transport is towards south-wmy
during January, February and October to Dectamimy
and it is about 0.28 X 10® m® in a year. The net
shore transport is towards north-east and it is
0.61 x 10® m®in a year.

The results obtained using the formula (2) showefl
that during March to September, the longshore trzms
port is towards north-east and is about 0.81 x 10® =
During January, February and October and Decem”:srfm, :
the longshore transport is towards south-west and

towards north-east and is about 0.55 X 10° m3in a yezr
From the earlier studies!?, it is found that along the

0.70 x 10°® m® with a predominantly northerly drift of
0.88 x 10° m® during south-west monsoon (April o
September) and a southerly drift of 0.18 x 10% m? durinz
north-east monsoon (November to January).

Ince and Jamieson?® reported that from the extensive
dredging records maintained by the Visakhapatnam
Port Trust (1941 to 1965), the mean annual hortherly
drift is about 0.725 X 108 cubic yards (0.55 x 108 m?)
and the mean annual southerly drift is about 0.165 x 103
cubic yards (0.12 x 10® m®). The average annual net
drift is estimated to be around 0.560 x 10¢ cubic yards
(0.43 x 108 m®) to the north.

The values estimated using formula (1) are somewhat
higher, whereas the values using formula (2) are little
lower than the values reported by Saxena, et al*°. On
the other hand, the values obtained from both formulae
are higher than the values reported by Ince and
Jamieson® which are based on actual dredging records
of Visakhapatnam Port Trust. The values estimated
from the dredging records mlght be more reasonable and
comparable.

For the simulation of long-term shoreline changes,
the actual orientation of the south and north break-
waters were projected perpendicular to the coast (Fig 3).
They have a length of about 1500 m. Due to the forma-
tion of sand trap, considerable quantity of northerly
littoral drift is expected to be arrested near the south
breakwater. This may lead to the assumption in this
particular case that the south breakwater is attached to
the shore, thereby arresting. the northerly littoral drift.
Since the north breakwater is already connected to the
‘'shore, it arrests completely the southerly littoral drift.
‘The south projected breakwater (hereafter called south
‘breakwater) joins the shore at the tip of the Dolphin’s
‘Nose hill and the north projected breakwater (hereafter
called north breakwater) joins the shore approximately
opposite to Coast Battery. The monthly average wave
‘height, period and direction given in Table 1 were used
for the prediction of shorelines changes in different
years. The height of the berm (B,) and the depth at
which ro sand is moved (D,) were reasonably assumed
to be 3 m and 10 m, respectively.

SHORELINE FOR NON—BYPASSING CONDITION

Shorehnes were: computed first for the second year
‘after the construction of breakwaters and thereafter for
every two years interval. The predicted shorelines on
either side:of the breakwater for non-bypassing condi-
'tlon are shown in F1g 4 The- computatlon shows that

IE (I) ]ozzmal cI



125

uonrpuos Jurssvdfq-uou 4ol aunaiogs p Sy

0081
(23
009+ o NOISOY3
00t
002
. T YILVAMYIYE 3HL WOMS 3NITIMOMS 3IHL ONOTV 3IONVISIQ L
NOILONYLSNOD .
Y3LVMNYINE 380438 0031 ., o0pl ; oopl  , OOpL . 0g8 ., 005 . 00¢ L. . QD Pto mu:;w._%.h_.wwawnwuww
3ANIT3HOHS TUYNIDIYO z (o] [} T T T T T T T T T T T T T T T T ¥ A
o 002 00¢ 009 008 0001 0021 00v! 009! 0081 INITIYOHS IWNIDIND
> - 4 YILYMNVIUE FHL WOMS INITIHOHS 3JHL ONOIY IFONVLSIQ ——e=
m »
5 v Fooz
8 m
[ 0
2 m
9 - 00 ©
(2]
(-4
b
ol >
oe =
. -
009 ©
ve =
- m
w
h 3
E .\ 008 E
SID9A JUBIBIP Ul BuIdIOYG i
0001 h
13
53 L
NOILIYOIY
Fooz1 s
4
' Z 3O
i B .
L
>
toov1 az
4

3NIT

a8
HILVMNV3NE
NY¥3H1NOS

?
N\
~
8
i~
)
0.
N\
~
D
2
&
5
~
S




the sand accumulation near the breakwater touches
the breakwater tip (1500 m) in approximately 30 years.
After 30 years, once the sand accumulation touches the
breakwater tip, the littoral sediments start to partly
bypass around the breakwater to the downdrift side. !

The changes in shoreline after the sand touches the i

breakwater tip were computed for 32 and 34 years and .
are given in Fig 4. In the case of non-bypassing condi- re
tion, the beaches up to 3 km from the breakwaters
are influenced by considerable changes in shoreline
and this distance increases with increase in years. The s
result shows that the beach on the southern side (Yarada
beach) has a trend of accretion and the beach on the
northern side (Visakhapatnam beach) has a trend of
severe erosion.

SHORELINE

ORIGINAL

-

SHORELINE FOR PRESENT RATE OF BYPASSING

The actual behaviour of the sand trap is not yet
studied in the field but appears to be satisfying the
present rate of bypassing. The hydraulic model studies
indicated that the quantity of material getting deposited
in the trap and around the gap is about 0.49 X 10% m?
during the northerly drift period®. After the comple-
tion of outer harbour construction, the Visakhapatnam
harbour authorities are bypassing about 0.45 x 10% m?
of sand from mid-March to September approximately
at an equal rate. The rate of bypassing during different

ACCRETION
/—-SHORELINE IN DIFFERENT YEARS

50
T
DISTANCE ALONG THE SHORELINE FROM THE BREAKWATER(m) -

Fig 5 Shoreline for present bypassing quantity

months from March to September is assumed to be 8 3
distributed as shown in Table 3. Therefore, this monthly . -
distribution of bypassing quantity amounting to 0.45 X b g
10°% m® has been incorporated in the computer program - //
and the corresponding reduction has been made in the e e / r
monthly longshore transport rate. For the present Ngaaos T SN ‘ /{20y
rate of bypassing, the predicted shorelines at every five g g 8 ] 8 °
years interyal are shown in Fig 5. —~— (W) 3YOHS OL ¥YINDIONIdY¥Id 3IONVLSII—= g g8
3N
TABLE 3 QUANTITY OF SAND BYPASSING S aHLUoN 1
23
MoNTH PRESENT BYPASSING SUGGESTED BYPASSING
Quantity, m® Quantity, m?® T
January 0 0 W e,
February 0 0 £ a
March 11430 11460 B e R .
April 38220 38220 ;
May 80070 118300 ﬁ
June 80070 80070 w &
July 80070 103010 a
August 80070 110660 g g g
September 80070 - 87720 g g
October 0 0 @
November 0 0 S
December 0 0 w
g &
The result shows that the beaches on either side of 3
breakwaters are not stable for the present rate of w
bypassing. The beach on the southern side of the :
breakwater (Yarada beach) is having a slow accretion 2 |

trend, whereas the beach on the northern side of the
breakwater (Visakhapatnam beach) is having slow
erosion trend. During first 10 years (that is, till 1985)
the portion of the beach 200 m to 600 m to the north of
the north breakwater is exposed to high rate of erosion. B
The intrusion of the sea into the land will be of the
order of 100 m to 150 m. This is observed to be correct,
since at present (that is, six years after construction of
breakwaters) opposite to coast battery,- the intruded
waterline has advanced close to the road-side embank-

1800
n

ORIGINAL
SHORELINE
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