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1 Background

Tsunamis are among the most terrifying natural hazards known to man and have
been responsible for tremendous loss of life and property throughout history.
Because of their destructiveness, tsunamis have notable impact on the human, social
and economic sectors of our societies. In the Pacific Ocean, where the majority of
these waves have been generated, the historical record shows wide scale
destruction. In Japan, which has one of the most populated coastal regions in the
world and a long history of earthquake activity, tsunami has destroyed large coastal
populations. There is also a history of tsunami destruction in Alaska, in the Hawaiian

Islands in South America, Japan and elsewhere in the Pacific.

Destructive tsunamis have also occurred in the Indian Ocean and in the
Mediterranean Sea. The most notable tsunami in the region of the Indian Ocean was
that associated with the violent explosion of the volcanic island of Krakatoa in August
1883. A 30 m (100 feet) tsunami resulting from this explosion killed 36,500 people in

Java and Sumatra. The violent eruption and explosion of the volcano of Santorin, in
the fifteenth Century B.C. generated a giant tsunami which destroyed most of the
coastal Minoan settlements on the Aegean Sea islands acting as the catalyst for the

decline of the advanced Minoan civilization.

Tsunamis that can travel across an ocean and attack a coastal area far away from
the source of generation are called distant Tsunamis or Teletsunamis, while tsunamis

that are confined in an area near the source are called local Tsunamis.

2 History of Tsunamis affecting Indian Ocean

Although not as frequent as in the Pacific Ocean, tsunamis generated in the Indian
Ocean pose a great threat to all the countries of the region. The most vulnerable
are: Indonesia, Thailand, India, Sri Lanka, Pakistan, Iran, Malaysia, Myanmar,
Maldives, Somalia, Bangladesh, Kenya, Madagascar, Mauritius, Oman, Reunion Island

(France), Seychelles, South Africa and Australia.

Tsunamis occur seldom in the Indian Ocean region, and in the last 300 years, this
region recorded 13 tsunamis (Table 1) and 3 of them occurred in Andaman and
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Nicobar region for which the details of location of epicentre, death/damage caused
etc. are not known, data on run-up heights indicate to the extent of 4 m in Port Blair
with Nicobar UHFRUGLQJ YHU\ ORZ P 5XQ £XS OHYHO LV GHI
elevation in land upto which it is inundated by seawater during tsunamis). Among
these, the 1945 tsunami had a maximum run up of 13 m in Pakistan and resulted in
death of 4000 people following an earthquake of magnitude 8.2 Ms in the Arabian
Sea. Overall, the run-up levels varied from 1 to 13 m. In 1977, one of the strongest
earthquake of magnitude Ms 8.1 struck west of Sumba Island in Indonesia, but there
were no reports of casualties in India due to this tsunami. Apart from those listed in
Table 1, there may be additional destructive tsunamis in the Indian Ocean that have
not been properly documented. For example villagers of Simeulue Island, off the
coast of Sumatra, speak of a destructive tsunami in 1907 that had killed thousands

of peaople.

TABLE 1. Run-up level for Tsunami occurred between 1700 and 2004 in
the Indian Ocean

S. Name of affected Rgn up Year/ Earthquake Source
No location heights Date Magnitude location
(m) at source
Tributaries of the 1.83 12.04.1762 NA Bay of Bengal
Ganges river
(Bangladesh)
2. |- - 1847 - Great Nicobar
Island
3. | Port Blair, Andaman 4.00 19.08.1868 MW 7.5 Bay of Bengal
Islands
4, Car Nicobar Island, 0.76
Nicobar Islands
5. Dublat, India 0.30 Car Nicobar
6. | Nagapattinam, India 122 31.12.1881 MS 7.9 Islands, Andaman
Sea
7. Port Blair, Andaman 1.22
Islands
8. | Chennai 15 26.08.1883 Krakatao Islands of Java
(wave volcanic and Sumatra
height) eruption
9. | Andaman & Nicobar NA 26.6.1941 MW 7.7 Andaman Sea
Islands (12.5°N;
92.57°E)




Run up Earthquake
S. Name of affected heights Year/ Magnitude Source
No location Date location
(m) at source
10. | Mumbai, India 1.98
11. | Karachi, Pakistan 1.37
12. | Ormara, Pakistan 13.00 Arabian Sea
27.11.1945 MS 8.3 (24.5°N; 63°E)
13. | Pasni, Pakistan 13.00
14. | Victoria, Mahe Island, 0.30
Seychelles
15. | Not felt in India -- 19.08.1977 MS 8.1 West of Sumba
Island, Indonesia
(11.09°s;
118.46°W)
Cocos Islands, 0.30 18.06.2000 MS 7.8 Arabian Sea
Australia MW 7.9

Source: National Geophysical DataCentre, NOAA,USA
( www.ngdc.noaa.gov/nmdc/serviet/ShowDatasets)

3. Earthquake of 26 ™ December 2004:

On 26™ December 2004, the Indian coastline experienced the most devastating
tsunami in recorded history. The tsunami was triggered by an earthquake of
magnitude Mw 9.3 at 3.316°N, 95.854°E off the coast of Sumatra in the Indonesian
Archipelago at 06:29 hrs making it the most powerful in the world in the last 40

years. (Fig.1)

The earthquake of 26™ December 2004 occurred off northwest of Sumatra is not an
unusual earthquake from the Plate Tectonics point of view. It has occurred in the
vicinity of seismically active zone, close to Sunda Trench in the water depths of
about 1300 m. The earthquake hypocenter is located relatively at shallow depth,
about 30 km below the ocean floor. The high magnitude, Mw 9.3 of the earthquake
and its shallow epicenter have triggered tsunami in the northeast Indian Ocean.
These were travelled in open ocean of the Bay of Bengal and subsequently
transformed into a train of catastrophic oscillations on the sea surface close to

coastal zones of Sri Lanka, east and west coasts of India.



3.1 Diving Indian plate

The earthquake of December 26 that occurred off the west coast of northern
Sumatra took place at the interface between the Indian and Burma plates, where
Burma plate has been referred by Andaman/Nicobar ridge that acts as a small
tectonic plate (Curray et al., 1982). In this region, the Burma plate is characterized
by significant strain partitioning due to oblique convergence of the India and
Australia plates to the west and the Sunda and Eurasian plates to the east. It is a
typical oceanic-oceanic convergent plate boundary where the Indian plate moving at
a rate of 6 cm a year relative to the Burma plate came together, collided and the
Indian plate dived (subducted) under the Burma plate. Volcanic eruptions are
commonly seen at such convergent boundaries. "Two major plate tectonic features

on either side of a narrow strip show how seismically active the region is."

3.2 Lethal combination

A lethal combination of huge magnitude and shallow depth focus led to high vertical
displacement of the Burma plate that acted like a great piston deforming the sea.
The aftershocks within two hours at the Andaman islands following the main
earthquake in the Burma plate have gone further to fracture and move the Burma
plate boundary by 1000 km. That in essence is the power of the earthquake that
struck off the Sumatra coast. The U.S.Geological Survey has called this event a
mega thrust earthquake referring to the large cracking of the plate boundary.
According to them, mega thrust earthquakes often generate large tsunamis that can
cause damage over a much wider area than is directly effected by ground shaking
near the earthquake's rupture. Aftershocks are distributed along much of the shallow
plate boundary between northern Sumatra (approximately 3°N) to near Andaman

Island (at about 14°N).

Shallow focus earthquakes measuring 6.5 can also cause tsunamis. But such
tsunamis will die out after some distance. The vast expanse of the Indian Ocean
posed little challenge to the movement of the killer tsunami. Reaching a distance of
2000 km to hit the Indian coast was not difficult. Perhaps giant tsunamis can travel
as far as 5000 km. This was the first time that a tsunami of this magnitude had

struck the Indian coast.



FIG 1. Base map of the Sumatra subduction zone showing  seismicity associated
the 2004 earthquake (Source: USGS).

Since a large amount of pent-up energy in the compression zones along the plate
boundaries has been released in the recent earthquake of 26" December 2004, it will
take years for another incident of the same magnitude to recur. But countries in the

Indian Ocean should pay more attention to earthquakes and tsunamis in the future.
4 Observations of December 26, 2004 Tsunami in India

Tsunami was generated in the fast slip area (first 650 km at taut length) and the

waves propagated in all directions. The propagation of tsunami waves is much
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stronger in east-west direction than north-south direction. Further, due to slow slip in

the remaining northern areas, it appears that no tsunami was generated there. As a
result, strongest waves hit the coasts of Thailand, Indonesia and other nearby areas
which are closely located on the east of the epicenter. The intensity of these tsunami
waves that hit along the coastline of Orissa and Andhra Pradesh was weak due to
their diagonal propagation. However, southern east coast of India and Sri Lanka
experienced much stronger tsunami waves due to their location in mere western side
of epicenter. Though the Palk Strait and further southern areas of Tamilnadu are
shadowed by Sri Lanka, the waves refract around island and inundated these coastal
areas. The damage to Kerala coast on the west coast of India is also due to this

wave refraction beyond Kanyakumari.
4.1 Physical Observations

National Institute of Ocean Technology (NIOT), Chennai has deployed Acoustic Tide
Gauges (ATG) at selected places along the Indian coast and Port Blair. The tide
gauge at Port Blair, S.Andaman recorded gradual rise in water level by 0.9 m from
6.50 hrs to 7.01 hrs (compared to normal tide that would have prevailed) on 26 ™
December 2004 which might be due to land subsidence caused by the earthquake
(Fig. 2). At 7:25 hrs tide gauge showed abnormally high water level of 3.39 m, an

increase of water level by 1.0 m compared to level observed at 7.01 hrs indicating

arrival of Tsunami waves.
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FIG 2. Variation of Tide at Port Blair during Tsunam



1,279V $7* DW &KHQQDL KDV DOVR UHFRUGHG WKH ILUVW VLJQ
SUHFHGLQJ ZDWHU ™ DW KUV DW &KHQQDL 3RUW 7UXVW IRO(
level at 09:15 hrs on 26" December 2004 (Fig.3). The tide gauge was overwhelmed

(Courtesy: NIOT, Chennai)
FIG 3. Variation of Tide at Chennai Port Trust during Tsunami

by the sudden and abnormally high water level and harbour oscillations due to which
the tide record showed a saturation at around 1.5 m. However, the lower ranges
clearly show that the water level should have been much above 1.5 m. The
difference between the time of occurrence of tsunami at Port Blair, Andaman and
Chennai is around 2 hrs and corresponds well with the distance between Chennai

and Port Blair and the speed of the tsunami wave.

The Tide gauge data from major Ports of India maintained by Survey of India has

been processed by National Institute of Oceanography which showed that the

tsunami hit Chennai at 09:06 hrs, Machillipatanam, Visakhapatnam and Paradip, at

09:05 hrs, Tuticorin at 09:57 hrs, along the east coast and on the west coast it hit

Kochi at 11:10 hrs and Mormugao at 12:25 hrs (Fig.4). The non-tidal oscillations

continued at Visakhapatnam, Tuticorin, Kochi and Mormugao well after the main

event took place. 1,279V $7* DW .RFKL KDV DOVR UHFREBtGHG ILUVW
11:12 hrs coincided with that of Survey of India tide gauge.

There were no reports of inundation of coastal areas due to tsunami in the northern

Andhra Pradeshand Orissaas the water level rose by less than 0.5 m. However, the
inland areas like Ports and Harbours, for example, Visakhapatnam Fishing Harbour
and Port experienced amplification of tide due to coning effect from outer harbour to

entrance channel and unusual current speed in the order of 5 to 10 m/s (Fig.5).
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FIG 4. Observed Tide at different Ports showing the sea level changes on December 26, 2004.
Red arrow indicates the approximate time of occurrence of the earthquake off Sumatra and
the blue arrow indicates the time of arrival of the disturbance at respective places.
(Courtesy: Survey of India and NIO).
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FIG 5. Variation of Wave height and Water level during Tsunami at
Visakhapatnam Port  (Courtesy: INDOMER, Chennai)

These strong flood and ebb currents have forcefully pulled 15-20 fishing boats out of

harbour. During the course few boats encountered minor damage.

Although Tuticorin is situated south of Rameswaram, Tamilnadu, it witnessed
tsunami at 09:57 hrs, almost an hour later it hit Chennai coast. It is to notice that
when high energy tsunami waves traverse horizontally across Indian Ocean, the east
coast of Sri Lanka has absorbed the devastating tsunami energy and the refracted
waves with low energy only reached its west coast and southern east coast of
Tamilnadu, which is confirmed by the wave modelling studies. Thus most of the
southern coastal belt of Tamilnadu, shadowed by Sri Lanka, were less affected. It is

for this reason, the refracted tsunami waves took more time to reach Tuticorin.
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4.2  Extent of Inundation along Tamilnadu and Andaman & Nicobar
Islands - observations by ICMAM-PD, DOD, Chennai

4.2.1 Chennai coast

A team of scientists from ICMAM-PD visited Besant Nagar Beach in Chennai
immediately after hearing the first hit of tsunami to Chennai at 09:00 hrs and
monitored the water level fluctuation from 10:00 hrs to 18:00 hrs on 26.12.2004
using sophisticated Real TimeKinematic GPS (eica SR530, having accuracy of 1 cm
for position and 15 cm for elevation) and DGPS (Leica GS5+) and analysed the

impact of tsunamis.

At 09:00 hrs as the tsunami hit the Chennai coast, water excursed to a maximum of
200 minside the beach (up to kerb wall of the beach) with a surge height of 2.5 m.

Subsequently a series of waves hit the coast at 10:45 hrs, 12:30 hrs, 15:10 hrs and
17:10 hrs and the sea level returned to the original level around 18:30 hrs. At
14:50 hrs water line receded by 150 m from the original shore. The observations

revealed that the run-up height at Chennai is about 3 m.

Elevation of beach/land and presence of sand dunes are controlling factors for water
excretion and extent of damage caused by the waves. Marina beach, a few
centimeter above mean sea level, experienced maximum inundation. About 1.8 km?
of coastal area between Adyar and Cooum rivers along Chennai coast is inundated.
The sea water excursed up to 590 m at Foreshore estate (Adyar river side) and
480 m at MGR memorial (Cooum river side) with a narrow excursion of 290 m at
mid-stretch. The series of tsunami waves had a positive effect on Adyar and Cooum
rivers, which are sewage carriers, whose mouths closed for most part of the year
due to sand accretion, got opened, though temporarily, due to which these heavily
polluted waters with sludge were flushed out to a great extent which might be

having significant impact (but temporarily) on the water quality and biota of

adjoining coastal environment. This can be clearly seen by the occurrence of
bacteria up to or beyond 10 km offshore after tsunami when they were sighted at a

maximum distance of 3 km offshore before tsunami at selected locations (Table 2).
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TABLE 2. Distribution of Bacterial population before and after Tsunami
along Tamilnadu coastal waters

Before Tsunami After Tsunami
Bacteria Stations Distance Stations Distance
(km)* (km)*
THB (Max) All stations 05,1&3 Pondy 10
E.Coli & All stations Hot Spots & Ennore 10
Faecal 0.5
coliform
Salmonella LO| Tuticorin & 05,1&3 Nagapattinam 10
(Max) Chennai
Before Tsunami After Tsunami
Bacteria Stations Distance Stations Distance
(km)* (km)*
SFLO (min) Ennore coast 05&1 Ennore 3&5
Water/ All stations Water low/ Water &
Sediment Sediment high sediment slight
variation
* distance from the coast. (Source: CAS in Marine Biology,Parangipettai)

4.2.2 North Chennai between Ennore and Pulicat

Observations made along the north Chennaicoast indicated that the water level at
Ennore creek rose by a maximum of 5 m and water excursed up to 300 m at the
adjoining coast (Table 3). Though the Katupallikuppam fishermen settlement,
located 6 km north of Ennore Port and 190 m away from the coast has escaped
without any damage due to their occupation on a sand dune, the sea water
inundated to about 500 m in low lying areas around the village (Fig.6). Further
north, the Kalanji fishing hamlets were not affected by waves as the inundation is

seen only up to 45 m.

7$%/( + 5XQ XS Oddarkhter @uring tsunami at selected locations
along Tamilnadu coasts

Location Max, run up Distance of seawater
level (m) inundation inland (m)
TAMILNADU COAST
Nagapattinam (Light House transect) 3.9 750
Chennai (Besant Nagar) 2.8 200
Chennai (Kattupalli 1.8 190
Chennai (Kalanji) 1.4 45
Sathan Kuppam 3.5 80
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Tsunami in one way benefited the Pulicat Lake by wide opening its mouth, but its
fishing community, except a beach hamlet, is least affected due to presence of sand
dunes. The above observations indicated that the extent of inundation decreased
from Ennore to Kalanji due to the presence of shoals at north of Ennore Port, which
DFWHG DV 3ZDYH GDPSHUV® LQ UHGXFWLRQ RI ZDYH HQHUJ\
prone to accretion/erosion due to construction of Ennore Port, the ongoing studies of
ICMAM-PD revealed that these shoals are acting as a natural barrier to the wave
energy thereby controlling the intensity of erosion at north of Ennore Port. They also
predicted that by considering the dimensions of these shoals, they may last for
another few years. If the damage occurred to these shoals due to tsunami is
significant, it will have considerable impact on the extent of their natural protection
to this coast. In view of this, ICMAM-PD will soon undertake the monitoring of these

shoals to ascertain the extent of damage to them due to tsunami.

Fig.6 Tsunami inundation map of Kattupalli vilage near ~ Chennai
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4.2.3 South of Chennai

The preliminary results indicated that the southern Chennai upto Mahabalipuram
along east coast road has not been affected much due to steep land elevations and
the maximum inundation is seen up to 250 m. Presence of sand dunes and
plantations at most of the locations played a vital role in protection of coastal villages
in this area. However in the Kalpakkam area where the Nuclear Power Plant is
situated, the terrain is nearly flat and slightly elevated above mean sea level, greater

inundation is seen in this zone.

Fig. 7 Inundation map of Cuddalore Old Town ( Tamilnadu)

A death toll of about 500 is reported from the coastal area of Cuddalore with an
inundation of 1 km at Devanampattinam coast mainly due to successive wave
propagations through the backwaters (Fig.7). Severe damage is also noticed to
fishing boats of this area. Further south of Cuddalore, the areas adjoined to the river
mouths of Vellar, Chinna Vaikal (Pichavaram) and Coleroon were severely damaged
claiming more than 1000 lives. The Parangipettai village (adjacent to Vellar river)

witnessed maximum inundation up to 2.5 kms as the initial terrain slope (from coast)

is very gentle and far reaching areas are low lying. The areas adjoined to Vellar inlet
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and its backwaters which were marked as a green region with dense plantation acted
as a barricade to tsunami waves which resulted in reduction of wave energy,
otherwise the intensity of the damage could have been much more severe. The
satellite images before and after tsunami of this region clearly explain this bio-

shielding effect wherein the loss of vegetation after tsunami can be noticed (Fig. 8).

FIG 8. Loss of vegetation in and around Vellar inlet (in yellow circles) showing the
bio-shielding effect to Tsunami waves.
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The Vellarinlet which is having two openings each of about 290 and 235 m width as
observed by a team of scientists from ICMAM-PD and IIT, Chennai on 24.12.04, a
day before tsunami occurred was made opened to a great extent by tsunami waves
resulting the seawater ingression up to 5 km inside. The satellite imageries of these
mouth inlets before and after tsunami are presented in Figure 9. The flow of tidal

waters inside the estuary has inundated the paddy fields with seawater.

(Courtesy: NRSA)

FIG 9. Satellite imageries before and after Tsunami showing the extent of
opening to various inlets of Pichavaram area. (Source: NRSA)

4.2.4 At Nagapattinam

Nagapattinam, a coastal town, located about 400 km south of Chennai is the worst
affected place in India due to tsunami claiming more than 6000 death toll and
extensive damage to the public and private property. It is believed that the dual
wave effect (straight waves plus diffracted waves from Sri Lankan coast), gentle
slope of continental shelf and gentle elevation of hinterland coupled with the
presence of Uppanar river and Vedaraniyam canal in the southern side triggered the
deadliest impact of tsunami waves. The preliminary observations revealed that the

impact on the southern part is deadliest than northern part due to the presence of



these water bodies through which the successive progression of tsunami waves
pushed the waters to distances beyond 1 km towards landside (Fig.10). However,
the runup level in the northern part of Nagapattinam near Light House is close to

4 m with a maximum inundation up to 1.1 km from the coast.

FIG 10. Extent of inundation of seawater in Nagapattinam due to Tsunami.
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Despite presence of wide beach (~200 m), the gentle land topography facilitated
landward intrusion of seawater up to 1.1 km. Because of this, the high energetic
waves crossed the beach and flooded the human settlement. Severe damage has
been noticed to hundreds of fishing boats, several acres of agricultural land and also

to beach tourism.

4.25. Tsunamiin Andaman and Nicobar islands and observations on run

up levels

The Andaman and Nicobar islands located in the subduction zone of Burma Plate is
classified as Seismic zone 5 indicating high level of risks due to earthquake. Tsunami
waves hit the Nicobar group of islands within few minutes and reached Port
Blair in South Andaman at 7.25 hrs. The waves transformation varied at different
locations (depending on the coastal geomorphology) and the tips of islands faced

more fury of tsunami waves.

The Nicobar group of islands namely Great Nicobar, Katchall, Teressa Nancowry,
Trinkat, Car Nicobar etc. were severely affected by tsunami waves as they are closer
to the tsunami and also smaller in nature surrounded by the sea all around. The
impact on Andaman group of islands were less except on Little Andamans due to
their remoteness to tsunami source and due to less intensity of tsunami waves. Since
the settlement in South Andaman islands is largely confined in sheltered areas like
bays and they are far from the coast and more importantly the settlement areas are

in elevated areas except in certain low elevated far inland locations like Sippighat
area, there were almost no loss of life, but damage to properties especially to fishing

vessels were considerable. The extent of loss of life in A & N islands due to tsunami

is given in Table 4.

Table 4. Death toll in A & N islands as of 23.1.05 due to Tsunami

S Population Persons
N'O Islands on (2001 Dead Missing in
census) camp*

NICOBAR DISTRICT

1. | CarNicobar 20292 790 348 15550
2. | Teressa 2026 50 9 3296
3. | Katchal 5312 345 4310 1818
4 Nancowry 927 1 2 934
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5. Camorta 3412 51 387 1476

6. Great Nicobar 7566 336 219 4690
Other Islands of

| Nicobar (evacuated) 2533 288 266 -
Sub-total 42068 1861 5541 27764

ANDAMAN DISTRICT
Andaman includes,

1. Port Blair 181949 5 - 2833
2. | Little Andaman 17528 56 14 6569
3 Other Islands of 114607 3 B 5000
Andaman
Sub total 314084 64 14 14402
Total (UT) 356152 1925 5555 42166
* includes persons from other affected islands. (Source: A & N Administration)

The inundation of seawater into the land with high velocity and their retreat
with same or higher velocity cause extensive damage to human life and property. As
said extent of inundation is measured in term of vertical run-up. The extent of
vertical run-up of seawater depends on earthquake parameters, nearshore
bathymetry, beach profile, land topography and velocity of tsunami waves and their
frequency. Due to these parametric variations in Andaman and Nicobar islands, the
run-up level and landward penetration characteristics of seawater varied from one
location to the other within an island. The geometry of the islands and existence of
offshore barriers like islets, trenches also play a role in the landward propagation of
tsunami waves. Keeping these issues in mind and in order to get an idea on run-up
levels, they were measured at a few selected locations which are considered to be
representative. Due to logistics and other constraints, the measurements were
restricted to north Andaman, Great Nicobar, Car Nicobar, Port Blair and Little

Andamans.

A team of Scientists of Integrated Coastal and Marine Area Management (ICMAM)
Project Directorate of Department of Ocean Development, Chennai assisted by
Scientists from Andaman and Nicobar Centre for Ocean Science and Technology
(ANCOST) of NIOT conducted run-up measurements inAndaman and Nicobar islands
from January 18 - February 5, 2005. The locations were selected based on local
enquiry. Elevations at clearly visible seawater mark on building/ structures were

taken as the Run-up levels for measurements. Table 5 gives the details of

measured run-up levels which have been corrected to Mean Sea Level (approx. 0.8m
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added to existing MSL to accommodate the land subsidence occurred during
earthquake). Figure 11 shows locations at where inundation of run-up levels

measurements were made.

Figure 11 - Run-up levels (in meters ) at selected locations in Andaman & Nicobar
Islands (Names of locations are available in Table 1 against their run-up values)

Results and discussion

In general, the extent of vertical run-up of seawater during tsunamis depends
on earthquake parameters, geographical location, velocity of tsunami waves and
their frequency, nearshore bathymetry, beach profile and land topography. Due to
these parametric variations in Andaman and Nicobar Islands (A & N) and Tamilnadu
coasts, the run-up levels and landward penetration characteristics of seawater were
location specific and varied within a location and even in an island (Table 5). In the
case of A & N, in the North and South Andaman group of islands the run up levels
varied from 1.5 m to 4.5 m and the distance penetration from the coast ranged from
100 to 250m (Table 5). The little Andaman recorded a run up of 5 m with the
distance of penetration 1200m. In the two Nicobar islands, the run up levels varied
from 3 to 7 m with distance of penetration ranging from 50 to 1000m with higher
run up levels and longer penetration noted in Car Nicobar (Table 5). Preliminary

conclusions drawn by Bilham et.al. (2005) on the slip pattern of 26 Dec 2004 indicate
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that due to high rate of slip in the southern 650 km of the 1300 km North -South
rupture zone of 2004 Andaman-Sumatra earthquake, the principal tsunami was
generated in the Sumatra area. Time lag between earthquake and land subsidence
in Port Blair (S.Andaman) on 26 Dec 2004 which is estimated to be 30-38 min has
been interpreted as that the rate of slip was slow in the Andaman region resulting
generation of no tsunami in this zone. Therefore, the wide variation in the run up
levels between Andaman and Nicobar islands was primarily due to the remoteness
of North, Middle and South Andaman islands relative to Nicobar group to the tsunami
source zone and also due to nature of land topography in the run-up level
measurement locations. The wide variation between Andaman and Nicobar islands
was primarily due to the above said parameters and also due to land subsidence
caused by earthquake. Similar types of diversified results were observed in 26"
December 2004 Tsunami affected coastal areas in Indonesia and Srilanka. Run up
levels varying from 0.3 to 32 m were recorded in Indonesia and from 2.5 to 10 m in
Sri Lanka (Yalciner, et.al, 2005).

Table 5. Run-up level of  sea water during tsunami at selected
locations in  Andaman & Nicobar Islands

Location Max, run up Distance of seawater
level (m) inundation inland (m)

South Andaman (Port Blair)
JNRM College, Aberdeen 2.9 130
Bamboo Flat 3.5 250
New Wandoor 3.7 215
Wandoor 3.9 215
Chidiyatopu 4.5 130
Sippighat (Creek) 2.0 2000
North Andaman
Diglipur 1.5 100
Rangat 1.5 200
Little Andaman
Hut Bay 5.0 1200
Car Nicobar
Malacca 7.0 1000
Great Nicobar
Campbell Bay (central) 3.0 300
Campbell Bay (North) 6.0 50
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Table 6. Coastal land slope values of various locations in Andaman and
Nicobar Islands and ~ Tamilnadu

Location Distance of Slope Nature of Coastal land
seawater

penetration

(in_metres)
Chidyatopu 130 1in 32 Short beach followed by steep
(South Andaman) elevated land
Hut Bay 1200 1lin 325 Low lying coastal land with
(Little Andaman) gentle slope for long distance
Malacca 1000 1lin 167 Gentle coastal land upto 800
(Car Nicaobar) m and steep rise beyond
Campell Bay 300 1in 89 Elevated beach followed by
(Great Nicobar) gentle slope of coastal land

The coastal land slope values were calculated based on RTKGPS data
and these values are given in Table 6. The data indicates penetration of
seawater to a short distance in Andaman islands (except Little Andaman)
compared to the Nicobar group, which was the possibility of larger tsunami
waves due to the presence of elevated areas within short distance from the
coasts in the North, Middle and South Andaman. The little Andaman and the
Car Nicobar islands that had relatively gentle slopes along the coast compared
to the South Andaman island, experienced farthest penetration of seawater.
The slope value of 1 in 32 for Chidyatopu in South Andaman compared to
slope values of 1 in 325 for Little Andaman and 1 in 167 for Car Nicobar
support this interpretation (Table 6). This clearly indicates the vulnerability of
low lying areas with gentle beaches/land slopes to inundation of seawater
during storms, tsunamis etc. The low lying areas adjoining the creeks which
facilitate travel of tsunami waves far inland, are too vulnerable as indicated by
the landward penetration of seawater upto 2 km from the creek in Sippighat

area of Port Blair (Table 5).

Another major reason for inundation of seawater in South Andaman and
Nicobar islands is land subsidence. Location specific interpretations made by ICMAM
PD using the data of Andaman, Nicobar and Lakshadweep Harbour Works indicate
subsidence of 0.8m around Port Blair and 1.3 m in Great Nicobar. Such a land

subsidence is evident from the high tide water entering into the paddy fields of
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Sippighat area that registered penetration of seawater upto 2 km during tsunami.
Inundation of inland low lying areas during high tide has become a cause for concern
to local population as their houses are marooned in seawater. The concern is likely
to get aggravated during the monsoon months when the rain water antagonizes
movement of high tide water. The net effect would depend on the velocity of rain
water flowing from low lying areas through sluice gates to the adjoining bay. If the

tidal force dominates, it may be possible that the rain water may accumulate in all
low lying areas and both the freshwater and sea water would increase the height of
water level and likely to spread to the neighbouring elevated areas too. However,

atleast a full year observation is required to confirm this apprehension.

4.3 Run-up level and beach profile changes along Kerala coast - by CESS,
Trivandrum

The December 26, 2004 tsunami had a devastating impact on the Kerala coast too.

The locations of Kerala coast affected by the tsunami are shown in Figure 12.

Fig 12. Locations of  Kerala coast affected by Tsunami. The size of the circles
indicates the relative severity of the damage

Though this coast was in the shadow with respect to the direction of propagation of
the tsunami waves, it had its access to the Kerala coast, obviously due to the

processes of refraction, diffraction and reflection. Its destructive power left nearly
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200 people killed and hundreds injured in addition to the loss of houses and
properties worth several crores of rupees. The highest toll was reported from Kollam
district followed by Alappuzha and Ernakulam districts. A large number of fishing
boats and implements were washed away as tidal waves hit the coast. Hundreds of
families had been shifted to relief camps as police, fire force and medical personnel

swung into relief operations.

A team of Scientists from CESS,Trivandrum have conducted field visits all along the
Kerala coast and estimated the run-up level along the shore and beach profile
changes at the worst affected areas of the coast. For estimation of run-up level, the
field signature such as trapped floating objects in plants/trees/buildings and
information collected from local populace were relied upon. The beach profile and
volume changes were measured for the worst affected regions of the Kollam and

Alapuzha districts where the pre-tsunami beach profile changes were available.

4.3.1 Run-up level along the Coastal Zone of Kerala

The run-up levels for different stretches of Kerala coast are presented in Figures 13 -
15. The run-up levels given are with reference to the mean water level at each
location. The southern zone between Thiruvananthapuram and Alappuzha had its
most disastrous effect. Though the run-up level and inundation was less for
Trivandrum coast it picked up towards north in the Kollam coast. North of
Kovilthottam, there was a drastic increase in the level reaching as high as 5.0 m at
Azhikkal, just south of the Kayamkulam inlet. This was the location where the
inundation and loss of life and property was maximum. In the sector immediately to
the north of Kayamkulam inlet also the run-up level was up to 5.0 m. The
devastation here also was quite extensive, though not as much as at Azhikkal. The
run-up levels in the central zone between Alapuzha and Kozhikode varied in the
range 1.0 - 3.5 m (Figs.13 & 14). However, the northern zone run-up levels varied
between 0.5 and 2.5 m (Fig.15). In Balathuruth, an island in Kadalundi river, near

Kozhikode tsunami waves flooded the whole island and water level rose to 2 m high.
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FIG 13. Run-up level map for southern Kerala coast and Alappuzha-
Andhakaranazhi sector of central Kerala coast

To sum-up, the run-up level distribution along the Kerala coast shows that it was
least in the northern most sectors encompassing the Kasargod district. The sectors
adjoining the Kayamkulam inlet between Kollam and Alapuzha recorded the highest
level of 5 m. Significantly flooding of only up to 2 m level occurred along the

Thiruvananthapuram coast, which is close to Kolachel, the location of maximum

devastation along the west coast. It is summarised that the observed distribution of
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