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CHAPTER - 1

INTRODUCTION,

For over a century Scientists have known- that the carbor
dioxide and water vapour in the atmpsphere warm our
planet by absorbing outgoing infrared radiation. This
feature of the c]iméte is commonly known as the 'Green
house effect'. Gases that absorb infrared radiatfon are
known as gréen house gases. Without this effect earth

would be much colder than it is today.

Among the immediate concerns regarding the environmental
effects that may result from this change in climate, is
a rise in sea 1eve1.wImpact of sea Tevel rise will be
more severe. than a corresponding global warming of
atmosphere, as due to a CO2 induced climate <change we

are not going to be fried rather we will be drowned.

Since the realisation of irreversible effects of sea
level ‘rise, research in this field has gained
cosiderable momentum in the last decade particularly in
the western countries. At the same time . the research
trend seem to be shifting from causes towards the

impacts direction.



Area of focus

In this work also only the impacts of a possible sea
level rise have been studied. The area chosen for this
is Paradeep and its adjoining areas located in Cuttack
district, orissa (Fig 2.3). The area forms a part of
the 1low coastal plain along the east coast of India
situated in the Mahanadi delta sorrounding the mouth of

the river.
Objective

Aftempt has been made in this work to study the
geomorphic impacts and effects on ﬁopu]ation and land -
use of the area due to future rise in sea level. Iﬁ the
geomorphic studies the influence of 1local factors &
processes which may be operating actively have not been
taken into account, those are magnitude of ‘sediment
dischérge from rivers to the sea, local tectonic
activities, subsidence of nearshore bottom due to
increased water load, atmospheric parameters etc. Also
for the population and land use studies the curent data
only has been examined. It does not take into account
the future measures, adaptive respoHses ‘or future
changes in the distfibution of population and land use.

Hence the resultisa rough approximation of the future



stakes. The area is a low coastal plain made up of
alluvialsediments. In the geomorphic study the total
area to be submerged due to sea level rise and the
résu]ting effects have been discussed. Then the erosion
potential of the beaches has been determined. Following
this, the impacté on pqpu]ation and land use have been
discussed. Throughout this study 511 the figures and

discussions given are for the future 1impacts only.
Importance of Present study

The present topic has been choosen keeping in view the
disastrous consequence§ of future rise in sea level.
Because of its immediate impacts on many aspects of
human life, it necessiates the involvement of scientists
and scholars in this study. And also this type of work
hejps in one or other way in taking apropriate measures
in this connection by the planning and decission making

process of theAgovernment.

Consideriné the following aspects the present area was
chosen, Slope is the chief controling factor with regard
to horizontal shoreline displacement. Along tﬁe east
coast of India slopes are gentler and areal exfention
of deltas are more compared to those of west coast.
So the severity of the effects due to sea 1eve1' rise
will be more in the east west. Particulary  -f Paradeep
area was chosen because studies related to this work has
been started in other states along the east coast. And

also the easy accessibtility to the existing material

helped a lot.
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CHAPTER - 11
AREA OF STUDY

Location and accessibility

For the present work studies were undertaken for
Paradip town and its adjoining areas. The area 1lying
between 20° I'N -& 20° 31'N and 86 15'E & 86 46'E
contstitutes most of the coastal tract of cuttack
district (Fig - 2.2). It also forms a significant’ part
of' the Mahanadi - Kathojori delta system located along
the Bay of Bengal, the area consists of four P.S. areas.
Paradip 1is located at the mouth of the Mahanadi river
and out of the four P.S;:areas Ersama and Tirtol 1ie
south of Mahanadi river and Patk-ura & Mahakal para to
the north. (Fig 2.3) A11 these five areas (Mahakalpara,
Ersama, Tirtol and paradeep)taken here as the sub-
areas of the whole study area. Paradip 1is 120 km away
from Bhubaneswar, the state capital. It s also

approachable by rail from cuttack which is 70 km away.

The 1location of the area in the country map has been

shown in Fig 2.1.

Climate

The climate of the area is humid and tropical in nature.
There are three distinct seasons in the area, the winter
season from November to February is followed by summer
from march to mid-June and the third from mid-June to
october is the monsoon period. During the lTast

mentioned period the area experiences heavy rainfall by
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LOCATION OF THE AREA IN
THE DISTRICT MAP
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FIG. 2.2 : LOCATION OF THE STUDY AREA (SHADED) IN THE DISTRICT MAP.

SOURCE : DISTRICT CENSUS HANDBOOK, CUTTACK DISTRICT.
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FIG. 2.3 : MAP OF THE STUDY AREA.

SOURCE: DISTRICT CENSUS HANDBOOK, CUTTACK DISTRICT.




the S-W monsoon. The spring autumn and dewy seasons

are actually of very short duration and also are least

felt.
2.2.1 Rainfall

The average -annual rainfall is about 1572 mm "falling
mostly during SW monsoon from June to Sept (73.%) and
.during NE monsoon from october to December (17.%).
Uncertainty 1in the distribution of rainfall prevails

even in the monsoon months.

Inundations due to occassional high floods keep many
areas water-logged and swampy besides bringing damage to

1ife and property.
2.2.2 Temperature & humidity

Temperature and humidity are high through out the year
the mean maximum monthly temp ranges from 29°C to 43.4

C and mean minimum temp from 12°C to 24 C.

The mean monthly humidity ranges'from 41% to 86%.
2.2.3 Wind speed & Cyclones

The mean monthly wind speed varies from 2.6 kmph to

26.2 kmph.

However the area 1is sometimes subjected to severe
cyclonic storms which arise out of depressions
formed 1in the bay of Bengal. Here the wind speed

may rise upfo 200 kmph. particu]ar?y in the coastal

10



RELIEF MAP OF THE AREA
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FIG. 2.4 : RELIEF MAP OF THE AREA CONTOUR HEIGHTS ARE GIVEN IN FEET.

SOURCE: DEPARTMENT OF GEOGRAPHY, UTKAL UNTVERSITY.
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2.2.

2.

2.

3.

belt. Thfs is Sometimes accompanied by tidal bores of 6
m to 7 m high and very heavy rainfall in the affected

areas.

Special weather phenomena 1ike hail storm, dust storm.
fog, thunder storm etc occur at times and are sporadic
in nature. But the area is not prone to any of such

weather vagaris.
Topography

The f]dfnesé of the area is due to its deltaic nature.
The highest 1ands are located generally along the river
branches which dissect thebde1ta, forming doabs (area
between two rivers). The doabs tend to slope down from
the top of the delta apex to the bottom at the coast.The
slopes in the doabs are generally in the vrange of
1:500. The 1land férm is quite flat but broken by
numerous small & large natural drainage lines, minqr
depressions and s]ight]y elevated areas. Small streams
and creek in the doab interior flow into the Tlarger
streéms and provide the primary natural drainage for the

doab. General ground slope of the area has been shown in

fig 2.4.
Geomorphology

The geomorphology of the area comprises of varied
’ n

regional & 1local land forms and belongs  to different

ages & modes of origin. The western part of the area

which more or less belongs to the Mahanadi delta -head is
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FIG. 2.5 : MAP SHOWING GEOMORPHOLOGY OF THE STUDY AREA.

SOURCE : N.K. MAHALIK, UTKAL UNIVERSITY
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controlled by weatherihg, erosion and mass-wasting
processes. In the fluvial plains sediments are deposited
in fluvial environments by rivérs, and along the west
both f]uvial‘and marine processes operate together. Wind

has been an important co-agent working with both fluvial

~and marine agents to give rise to many geomorphic

features' 1ike river channels dunes, beach dunes, beach

sand dunes etc.

The bdistributary syStem has formed at Tower reaches of
the delta and wultimately meets the sea at several
discharge points. Both fluvial and marine forces operate
to distribute the river-borne sediments, the result has
been the growth of a vast deltaic plain partly fluvial,

partly marine and partly mixed.
The geomorphology of the area has been shown in fig 2.5.

It may be said that many rivers which were active in the

'past are now burried beneath the flood plain with the

sediments leaving behind the traces of what are known as
ancient channels.

The ill-drained areas (Swamps) lie in the Centre of all
doabs and constitute important gebmorphic features in
the aluvial flood plains they are the lowest areas in
between the present day active distributaries and there

is difficulty in natural drainage of these areas.

Reporfed Geology-The geo]ogy  of the delta shown in Fig

14
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FIG. 2.6 : MAP SHOWING GEOLOGY OF THE. MAHANADI DELTA.

SOURCE:N_K. MAHALIK, UTKAL UNIVERSITY
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STRATIGRAPHY OF MAHANADI DELTA

TABLE - 2.1

Lithostratigraphy

Devi Formation (Fluvial)
& R

Paradip Formation (Marine)

Prachi Formation (Fluvial)
& _
Ersama Formation (Marine)

.Khurda Formation

Baripada Beds

Naraj Dolerite

Athgarh Formation

Easternghat Group

(SOURCE :

Lithology

Younger alluvium
sand, silt, clay

Older Alluvium
sand, silt, clay

Laterites

Marine and

estuarine sediments

Dolerite dykes

Sandstone, shale
and fireclay

Khondalites,
charnockite,
Gniesse,

Amphibolites

MAHALIK - N.K)

16

Late Holocene

Upp. Pleistocene
to
Late Holocene

Middle to
Upp. Pleistocene

Mio-pliocene

Late Cretaceous

Upp. Jurassic

Archean



2.6

Drainage

Different from early mentioned channels, another class
of channels are also observed in the area, . which carry
water that accummulate in the flood plain either due to
rain or excess spill from the active distributarie§
during floods they occupy the lowest contours of the
doabs and cdrry very little éediment.>They are termed as

drainage channels.

Some important channels are :-

i - The drainage channel Gobri is observed along
the Birupa - Brahmani - Nuna doab
ii - Hansala - Badnala - saulia drainage. channel,

drvaining at Jatadharmuhan to the sea.

The drainage pattern in the Mahanadi delta is fadia] and
parallel. Most of the rivers take significant turns
close to the sea. The main rivers Mahanadi and_Devi turn
at right angles in a anticlockwise direction and run
parallel to the west before meeting the sea. A1l the
drainages in fhe Mahanadi Devi doab run parallel to the

west 1in a SW-NE direction. The Jatadharamuhan is anl
example of such drainage pafa11e] to the coast.The bends
in Mahanadi and Devi might be due to effects of
longshore currents and presence of ancient beach ridges.

Drainage map of the area has been shown in Fﬁg 2.7

12



2.6) s very varried in 1ithology as we]]_as age of
rocks. Here one finds rocks which are geologically most
ancient - to very loose reéent sedfments. The ancient
crysta11ine rocks particularly the Khondalites coccur as
isolated hills at some points. Most of the basement is
also made up of the archean crystallines as seen in many

bore holes.

Next 1in age are the upper Gondwana éedimentafy" rocks
found extensively particularly at the western porfidn of
the study area. They are represented by sandstones and
shales. The Baripada Beds consisting of estuarine and
marine sediments are hidden beneath and are seen only in

" bore holes wunderlying the recent deltajc sediments.

Ovér1ying all of these,the deltaic sediments have been
deposited spanning the holocene period. They are further
classified into older alluviums and younger alluviums.
The stratigraphy of the 1lithologic formation observed

in the delta region is presented in table 2.1

1%
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FIG. 2.7 : DRAINAGE MAP OF THE STUDY AREA.

SOURCE : DEPARTMENT OF GEOGRAPHY, UTKAL UNTVERSITY.




27 Soil
The soils 1in the area are mostly river transported

alluvial soils which are moderately sandy aTong the
rivers to sandy clay loam in the low 1lying areas. In
general the soil becomes heavier and deeper from riVer
edges to the doab interiors and de]td apices to the
lower areés closer to the sea. In the Tower areas the
soils are hoist and pale yellow in colour. They are

moderately fertile and slightly acidic.

.8 Vegetation

A very small percentage of tﬁis area is under forest.
Most of the flat 1low 1ying areas are devoted to
agriculiture. Natural vegetation 1is in the form of
littoral forests, marshes & swamps, scrub woodland étc 
Tropical wet decidous forests in a haphazard manner are

found here. Littoral forests occur in a narrow strip
7

along the sea coast.

.9 Agricultue

Paddy 1is the primary crop of this area covering nearly
all the irrigated area in the Kharif season and some

28% area in the rabi season.

20



“Allthough the soil is ideal for paddy cultivation,

potential for high productivity depends primarily on
elevation (which have less flooding and water logging
damage) and intensity & duration of ~inundation during
each season. There are also considerable areas of
re]afive]y light soi]é, we]]-suited for diversified
cultivation,but productivity here also tends to be

1imited by poor-drainage condition.

The paddy yield in the delta is very 1low, which for

irrigated rice is among the lowest in India.

Prior to the construction of Hirakud dam at the upper
reaches of the Mahanadi during the early 1960s (i.e.

before the extension of irrigation network facilities)

the yield was still lower.

;;S%ww>
551445 52 (5415)
M726

A
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CHAPTER III
STATE OF KNOWLEDGE
Literatures on sea level change has grown exponentially

in the last twenty-five years.

Effects of Climatic Change

As a result- of 1increasing rate of modernisation
atmospheric concentrations of C02etc are increasing at
an alarming rate while due to wide-scale deforestation
mostly in the developing countries absorption of rate of

C02 has come down substantially.

The combined effect 1is an  dincreasing rate of
concenyration‘of €02, CH4, CFC, N20 etc; the 1impact of
whi?h is many faceted. The areas which need immediéte
attention as the impact is going to be severe are
'gréenhouse effect, ecological impact, effects in

agriculture and forestry and sea level rise.

Recent measurements show that the concentration of (€02,
CH4, 'CFC,NZO and other gases released by human
activities are increasing at an alarming rate. Because
these  gases «can -trap infrared (heat) part of -the
insolation, sciéntists expect the earth to warm
.substantially. Although some scientists have indicated
some under-defined factors which may help reduce warming

rate, the National Academy of Science, USA has ruled Qut

22



A

all such possiﬁi]ities The trapping of solar heat by the
atmosphere in a manner somewﬁat analogous to the glass
panels of a green house, is known as Green house effect
Without the 'Green house effect the earth would be

approximately 33°C colder than it is currently (Hansen,

1984).

Although people may adapt to climatic changes wupto a
considerable period, other species which are going to be
affectd may not be as able to control their habitats.The
changés in climate would place multiple stresses on some
species which would become extinct résu]ting in a
significant decline 1in biodiversity,in turn bringing

disastrous consequences to the ecology.

The warming could also affect agriculture & forestry by
altering water availability, length of .growing season

'and the number of extreme days.

The most disastrous consequence of a 'global warming
would be a rise in sea Tevel. A few degree Warming could
be expected to raise the sea level in the future, as it

has in the past (Mercener 1970, Gornitz et al 1982).

Causes of sea level change

Global warming results in sea level rise in two ways by

thermal expansion of ocean water and deglaciation of the

ice masses.

23



Apart from global warming which is most important in
resulting sea leval rise, other less significant factors
also need to be mentioned. These factors influence the

sea level mostly in local and regional scale.

One of such factors is terrain subsidence due to crustal
downthrust and/or sedfment compaction. The work 6f Newmén
et al (1980) suggests that the value of sea level
increase can simply be correlated with a typical

subsidence rate.

| Palumbo and Mazzarrella (1985) have <classified some
other factors as external and internal sources ‘of sea
level rise. These factors mostly effect short term
variations (Fairbridge, 1962) 1in sea level. Those
sources include atmospheric _ pressure, rainfall,

_evaporation rate, surface water density etc.

Records of past rises

Sea level has risen & fallen by over 300m throughout the
geologic history. It has been established that during:
the last age (15,000 years ago) mean sea 1eve1- was
approximately 100m lower than the present 1level (Don,
Farrand, Ewing 1962) when the global temperature was 50
°C colder than the present temperature. Sea level rise

was most rapid upto 6000 years ago after which the rate

became quite slow.



Sea level rise in the last century

The 1last century has witnessed that mean sea level has
maintéined' a steady rise on a global scale, much in
consonant with the steady rise in the concentration of
~atmospheric green-house gases. Combined studies have
concluded thdt the average worldwide sea level has risen
10-15 cm in the last century (Barnett 1983, Gornitz et
al 1982). This Eas been attributed to ocean water
‘expansion (Gornitz et al 1982) and meltwater from

mountain glaciers (Meier 1984).

Fig 3.1 shows the trends of global temperature and sea

Tevel in the last century.
Future Estimates

Groups of workers have attempted to project the future

rises in sea level which have some direct relationship

with the global warming.

Bruun (1962) has given an early westimation that the
complete deglaciation of the existing ice mass (of
approximately 37.5 x 106 cu cm) would cause a sea level
rise of 95 m. But due to oceanic crustal lowering and to
the fact that the rising sea would spill over enoromous
éosta] Tow]ands, the final level of the ocean might be

perhaps only approximately 50 m. above the present

level.
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Fig. 3.1 Global Temperatures and Sea level rise in the last century.

SOURCES : Temperature curve from Hansen et al 1981, Sea level curve
adapted from Gorniz et al 1982.
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According to Revelle (1983) on the basis of a global
warming of 3-4°C in the next century thermal expansion
of ocean water would result a 30-50 cm rise in sea level
and deglaciation of Greenland and mountain g]aciefs
wouldv contribute 10-30 cm each (assumed fhat no
Antarctica deglaciation will take place in this period).
Meier (1984) also supported that contribution of alpine

.glaciers would be 10-30 cm in the next century.

Hof%man et al (1983) estimated that sea level was 1ike1y
to rise between 26 and 39 cm by the year 2025 and
between 91 and 137 cm by 2075. Later in 1986 they
revised their projection and estimated the rise by 2025
to be between 10 & 21 cm and by 2075 to be between 36 &
91 cm (Table 3.1 and Table 3.2). According to Thomas
(1986)the total sea level rise by 2100 is estimated to

be 0.9 to 1.7 m with a preferred value c]bse to 110 cm

(Fig 3.2).

Although the impact of Antarctica is unknown it s
generally agree that a complete deglaciation of west

Antarctica ice sheet would result a 5-7 cmvrise in sea
~Jevel which would take 3 to 5 centuries (Bantley 1983,
Hughes 1983). Thomas (1985) estimated that the
Antarctica contribution resulting from-a 4 °C warming

would most likely be 28 cm, but could be as high as 2.2m

27



TABLE - 3.1
Contributions to Future Sea Level Rise in the Year 2100 [.4n centumetens]

Study Thermal Alpine Antar-

_ Expansion Glaciers Greenland ctica Total
Hoffman et al. (1986) 28-83 12-37 6-27 12-220 57-368
Thomas (1985) - - _— 0-229  --
Meier (1984) - 10-30 - - -
Hoffman et al. (15.)83)‘ 28-115 b b b 56-345
Revelle (1983)3. 30 12 12 c 70

@ Contribution in the year 2085.

b . . .
Hoffman et al. assumed that the glacial contribution would be one to two
times the contribution of thermal expansion.

c .
Revelle attributes 16 cm to other factors.

TABLE - 3.2
Temporal Estimates of Future Sea Level Rise [4n centimeterns]

Hoffman et al. (1986)

Low - 3.5 10 20 36 44
High 5.5 21 55 191 258
Hoffman et al.(1983) )
Low 4.8 13 23 38 --
Mid-range low 8.8 26 53 91 --
Mid-range high 13.2 39 79 137 --
Revelle (1983)a -- -- -- -- 70

a . . . e
Other studies only provided an estimate for a specific year.
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Fig. 3.2 Totak Sea Level Rise During the Next Century

The dark shading indicates the most probable response %o the
climate scenario. The broken Line depicts the response Lo a
wanming trend delayed 100 yeans by theamal inertia 0f the
ocean. A global warming ¢'f 6°C by 2100, which rnepresents an
extreme upper Limit, would result 4n a sea Level nise o4
about 2.3 m, but errons on this estimate are very Large.

SOURCE : Thomas 1986.
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General Effects of sea-level rise

A sea level rise tends to cause a general recession of
the shoreline due to inundation and/or erosion except
where this trend 1is totally off-set by an adequate

influx of sediment.

Inundation 1is the submergence of the wunaltered shore,
while erosion 1is the physical removal of the shore

material.

By submergence wuplands are slowly converted to marsh
lands. For this Kana et al (1584) have given drowned
valley concept (Fig 3.3). Here slope 1is the chief
controlling variable. Steep.s1ope areas will experience
1ittle horizontal shoreline displacement with each
increment of water level rise, while gently sloping
shores will undergo a much broader area of flooding for

a given sea level rise.

The fe]ationship between the rising sea lTevel and beach
was first formulated by Bruun (1962). This is known as
~ °Bruun theory', °Bruun rule' or °Bruun effect', which
ho]ds that assuming a profile of equilibrum, as the sea
level rises, -material eroded from thé upper beach s
deposited on the nearshore bottom (Fig 4.1).

Quantitative relationship in this exchange are as

follows.
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Fig. 3.3 - Dnowned valley concept

SOURCE + Kana et al (1984)
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Original Topography
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Fig. 3.4 - Combined effects of submergence and erosion

SOURCE : Leatherman (1984)



a - There is a shoreward displacement of the beach

“profile as the.upper beach is eroded.

b - The material eroded from the upber beach s
equal in volume to the material deposited on

the nearshore bottom.

¢ - The rise of the nearshore bottom as a result of
this deposition is equal to the rise in sea
fevel, thus maintaining a constant water

depth in that area.

Thus it is a two-dimensional quantitative relationship.
Bruun (1962) applied his rule in Florida coast and Gulf

Coast (Santa Rosa Island) to test the validity.

After the publication of this theory several workers
have performed regional tests, most of which have been
ended wup 'with fair degree of a@curacy. The regional
tests which need mention afe those of schwartz (1967) at
two cape cod beaches (Massachussets), Dubois (1975) at
Terry Andre state Park (wiscbnsin), Rosen (1978) at

Virginia Chesapeake bay etc.:

Also Schwartz (1965a) conducted two small-scale
laboratory model studies with wave basin experiment to

test the validity of the Bruun theory.
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The underlying reason (Responding to .changes in Sea
level, 1987, NAP) that a rise in sea level would cause
beach erosion is that natural beach profiles are concave
upward, -this geometry results in the wave energy being
dissipated in smaller water volume than without sea
1eve1 rise and thus the turbulence generated within the
surf zone is greater. The profile responds by conforming
" to a more gentle nearshore slope, which needs additional

sediment to be eroded from the beach.

With sea 1level rise both the processes erosion and
submergence may act Jjointly (Leatherman 1984).. The
figure 3.4 illurates this combined effect. The ferm ‘D,
V represents the Tlandward movement of thé. sea due to
simple submergence of the Tand, for which-the vresponse

time is instantaneous.

The second displacement term.°D2' refers to costal

erosion. Thus D1 + D2 represents the combined effect due

to sea level rise.

Sea level rise would also result coastal flooding 1in
maﬁy ways (Titus et al 1987). Natural drainage would be
decreased because of higher ground water table,

decreased hydraulic head on the surface etc. More areas

will be flooded by spring tides.

33



The .effects will be more pronounced in the coastal
lowlands where the population, land use and economic sef
up will get severely affected. The possible consequences
for many lowlands have been discussed, on which numerous

Titeratures are available,
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CHAPTER 1V
STUDY APPROACH
In the present work two types of study have been
undertaken geomorphic impacts. and the effects on
population and 1andusé. Two scales of future scenarios
of sea level rise have been followed in this work. The
first one is : to show the area of Submergence and the
effects on population and 1land use for “which two

scenarios were examined. The more optimistic scenario

assumes a future 1Im. rise in sea level. The more

. pessimiétic.high figure assumes a 3 m rise in sea level.

Then coming to show erosion potential another scale has

been adopted, i.e. the worldwide rate of eustatic sea

level rise (1.2 mm/year).

Preparation of flood Map

Paradeep and its adjoining areas have been taken as the
area of focus. The final map of this area (Fig 2.3) was
prepared with the help of maps given 1in the Census
Handbook. The flood map (map showing area of
submergence) was prepared from the "Ecosystem mapping of
Mahanadi Delta" (which also shows relief) of the Deptt
of Geography, Utkal University. In that map heights of

the contours are given in feet. Those were converted to

metres and the 1m & 3 m lines were drwn which are taken
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as the future shorelines as the sea level rise by 1Im &
3m respectively. The new shorelines were drawn from the
present high water ,]ine; Hence the Im & 3m 1lines

represent the 1imit of highwater rather than. the mean

sea level.

Estimation of the area of submergence

The  areas that are gofng to be submerged when the new

shorelines of 1m & 3m were projected on the study area,

were estimated by planimeter.

Application of Bruun's theory

Bruun rule of shore erosion has been applied to estimate

‘the erosion potential of this area due to sea level

rise.

Accoding' to Bruun rule as the sea level rises material
eréded from the upper beach 1is deposited on the
nearshore bottom. bAs the séa level rises by ‘a’ dnit
(Bruun 1962) the quantity of material needed to
reestablish the same bottom depth over a width of shelf
'b' is 'b' times ‘a' (i.e. ba). The quantity ‘ba' s
derived from the shore erosion. This will give rise to a
shore recession of 'X'. If the elevation of the shore is

'e' the quantity eroded above the shore s ‘xe'

Meanwhile to re-establish the original bottom profile,
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the entire profile must be moved shoreward by the same
distance “'x' upto a depth 'd' at dstance 'b' from the
shoreline (Fig 4.1). The balance between eroded &

deposited quantities is expressed by x(e+d) = ab

or the magnitude of shore recession x = ab

To apply this rule, the three variables, b, d & e (a s
the rate of sea level rise) are to be obtained from the

beach profile.

Beach profiles at four locations were prepared with the
help of Paradeep Port Trust authorities. With these
beach proff]es future erosion potentials were claculated

applying Bruun rule.
Effects on population and land use of the area

The effgcts on popu]atioq and the Tand use of the area
have been examined village-wise. The map showing
distribution of villages in the study area was prepared
with the help of census Handbook. Then the earlier
prepafed flood map (showing lm & 3m shorelines) was

superimpbsed on the village map.

The population and 1land use of the villages were
estimated that are to be submerged due to Im & 3m rises
in sea level. The villagewise population and 1land use

data & infomation were obtained from the same Censug

Handbook.
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Fig. 4.1 - Influence of sea-fevel nise on the devefopment of beach and offshone prefle.

SOURCE : Bruuun (1962}
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CHAPTER V.
RESULTS AND DISCUSSION

Submergence & its effects

The area forms a part of the coastal plain which slopes
gently seaward. Therefore a slight rise in the sea level
would cause a significant horizontal displacement of the

shoreline.

With an 1m rise of sea level (Fig 5.1) the area of
submergence will be 335.67 sq.km which is 19.9%2. of the
study area and with 3m the figures are 905.52 sq. km. &

53.7% repectively (Table 5.1)

Effects on wetlands :-

The 1m shoreline will submerge all the wetlands lying

around the mouth of Mahanadi river and more than three-
fourth of the wet lands present around the Jatadharmohan
river. These lands normally store f]oodwater'and provide
potection from storm surges and high tides (allowing
excess water to spill over there). With the 1loss of
these Tlands new lands of relatively Jlower elevation

than the sorrounding areas may be converted to wetlands.

-In the other words wetland 1loss WOuld remove an

important barrier to stofm surges etc. The 3m shoreline

will submerge all the remaining wetlands in the area.
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FUTURE 1M AND 3M SHORELINES
IN THE STUDY AREA

SCALES‘. 0 5

PATKURA

Figure 5.1 Area of submergence in Im and 3m rise in the
sea level in the study area.
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TABLE 5.1. AREA OF SUBMERGENCE (IN SQ.KM.)

Unaffected area

Sub areas Total Area fpr Im for 3 m

MAHAKALPADA 376,77 151.71 . 340.1 . 36.68
PATKURA 380.26 0 69.14 311.12
ERSAMA 382.5 145,59 357.35 25.09
TIRTOL 523,49 19.27 115.62 407.87
PARADEEP 23.31 19.1 23.31 0
TOTAL 1686.33 335.67 905.52 780.76
PERCENTAGE 100 19.9 53.7 46.3
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Coastal flooding & river damming :-

Sea level rise causes coastal flooding in two ways:

storm surge & backwater effect.

The effective area to be affected will be more than what
is estimated, when storm surge {(which takes place in the

viscinity of the coast) will cross the future shoreline,

(Im. or 3m)

The floodwater from upstream backs up along the river
because of a rise in sea level at the basin outlet. This
is known as backwater effect. This will be hard-felt
particularly along the major rivers 1like Mahanadi,
Santra etc in this area. Again the flatness of the areé_
will enhance this problem. The result will be flooding
of river water across the levees. This effect will
diminish gradually towards wuprtream direction. The
flatness which exists along the upper reaches of the
major rivers would bring fear that the future rises of
sea level would threaten more areas than protrayed in
the present scenarios. These flat areas now frequently
experience severe flooding (mostly during the monsoon
seasons). If the scenarios, discussed here unfolds,

flooding might intensify in these regions.
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The sea Tevel rise will also effect damming of the river.
courses resulting in the reduction in sediment disch&rge 
to the sea. Thus deposition of .excess sediments enroute
would add to local subsidence due to overloading and

sediment compaction.

Effects on drainage :-

The area 1is marked by high drainage density. This
surface drainage will again be increased when the rise
in sea level would result rise in ground-water table

which in turn would reduce underground drainage.

Increase in the water levels in the rivers and high
tides would cause substantial lowering of hydraulic head
(the difference in elevation between source to sink)

along the s]opeé which will further slow down the

drainage process.

Decreased flow rates along the channels would allow more

siltation & deposition. Thus the effective capacity of

the rivers would decrease.

A11 these would ultimately result a higher drainage

density (which will include new channels), slow & poor

drainage in the area.
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~Shore retreat due to Erosjon

Erosion potential of the study area due to sea level
rise has been determined applying Bruun rule, at four

beach locations.
The locations are:

Beach profile No.1-2.25 km south of Paradeep port along

the shore.

Beach profile No.2 - 1 km North of Paradeep port.
Beach Profile No.3 -~ 3;75 km North of Paradeep port.

Beach profile No.4 - 8 km north of Paredeep Port.

According to Bruun rule the rate of shore erosion

rate of sea level rise

1}

where a
b = width of the shelf
¢ = shore elevation

d = depth at distance 'b’

In all the following calcualtions the rate of sea level

A}

rise (the quantity ‘a') has been taken as 1.2 mm/yr.
which 1is the worldwide tatic sea level rise rate. For
the quantity 'd', it is the 18 m depth; the Timiting

depth between the near hore and offshore material.

so ‘a' = 1.2 mm/yr

d =18 m
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For sandy, open sea shores Bruun assumed the value of
‘d' as 18m, the depth contour whiéh forms some kind of
‘1imit between  nearshore and deepséa littoral drift
phenomena. Again the slope of the shelf is of prime
importance here. The transverse migration of‘ eroded
sediments is retarded by the gentle slope which exists
at around 18 m depth in most of the shores of opén &
sandy character. With a close look at the beach profi]eé
(Fig 5.2 & Fig 5.3)‘drawn for the study area, it can be
marked that the s]dpe between 12m & 18 m depths
(approximately) is gentle enough to retard . the
trans?erse movement of the gediments.Hence the depth
contour 18m has been taken here as the outer 1limit of
nearshore sediment migration. This figure (for quantity
fd') is also approximately same for most other shores

world-wide.

Shore retreat at location-1:

b = 9 km
e = 2 km
thus x = ab = 0. 12 x 900,000
e +.d 200 + 1800
= 54 cm/yr

at location - 2:

i

b 8.025 km
e = 2.25 m
thus x = 0.12 x 802500 = 47.6 cm/yr

225 + 1800

45



BEACH

PROFILE NO 3
MSL
4L UNITS :.TKM

dv

w .

&

4LLJ

b

2"

1z

13

BEACH y W
PROFILE NO & ‘ .
MSL &

) 4 UNITS = 1K™

[%23

1w

&

1w

by

o

1%z

2

I

5.3 Beach Profiles at Location No.3 & Location No.

47

4



BEACH
PROFILE NO 1
] MSL
1 LUNITS s 1KM
1w
1%
W
1
A e~
BEACH 13
PROFILE NO 2 4
| MSL
p LUNITS = 1KM
w
] w
&
4 W
z
; o~
3
)
5.2 Beach Profiles at Location No.l & Locatioﬁ No. 2
46




at location 3

b 8.35 km

e = 1.9 m

thus x 0.12 x 8350,00

S = 50.35 cm/yr
190 + 1800

at location 4

b = 8.05 km
e = 2.2 m.
0.12 x 8050,00
X = mmmmmmmmmm——ee = 47.82 cm/yr.
220 + 1800

In a test study carried out by Bruun along the southern
coast of Florida, where the shelf width upto the depth
contour 18m is 2000m. ('d'). The beach elevation “e' is 3
m. Thus the shore retreat is 11 cm/yr. Again for the
akeas north of Cape canavera1 to Daytona beach and from.
the Cape South to about St. Lucia in-let where b =
8,000m and e = 4.5m. The whole reteat is estimated to be
43 cm/yr. For the upper Gulf coast (Santa Rosa island) .
he predicted the shore retreat to be l6cm/year (where b
- 3,000 m and e = cm.). In all these ca]cu]afions he

took 18m for 'd' and 1.2 mm/yr for the quanity ‘a

Again Rosen (1978) obtained the»dverage ;hore retreat
figure as 98 cm/yr for his study area at the beaches of
Virginia chesa peake bay. Local rate of sea level rise
in that area was taken to be varies from -0.46 mm/yr to

5.43 mm/yr at differnet beaches.
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The magnitude of average shore retreat calculated for
the present study area (aprox. 50 cm/yr j seems too high
for this region. The factors which may be compansating
for such a retreat are; high \Sediment influx from
rivers, local tectonic movements, iﬁueased water load
(resulting the subsidence of nearshore bottoq_) etc. The
cpnt ributions of these factors have not been taken into
consfderation, which may set a sea level change rate for

this locality far away from the rate adopted for the

present study (1.2 mm/yr).

The rate of reaction (erosion) in response to action
(sea level rise) will probably dépend to a large extent
on the slope of the offshore bottom (Bruun, 1962). Steep
pofiles are sensitive to short term rises in sea Tevel
than the long term rises, whereas the gentle profiles
respond to long-term changes and demonstrate a prounced
phase lag (the time gap between action and reaction). In
case of Paradeep, the profiles have nearhore steep part
as well as an offshore flat part. The steep part will
respond to short-term flactuations whereas the profile
as a whole including the flat portion will respond to

the long term rises in sea level.

The erosion rates at the beaches north of Mahanadi river
may exceed the estimated rate. The explanation for this
is; the longshore drift direction here is form south to
north. The main river in this localty (Mahanadi) is also

the major source of sediment supply. With the



5.3

submergence of river mouth, the rate of . sediment
discharge will also come down (as already mentioned 1in
5.1). This gap in supply to the up-drift beaches will be

filled up by increased erosion of thse beaches.

Other factors and procceses which may become -operative
to facilitate increased erosion are: increased wave
attack resulting from the deepening of the nearshore
bottom due to sea level rise,'increased wave attack due
to climatic change yielding a high frequency, duration &
severity of storms 1in costal waters. Sea level rise’
will also <cause increased erosion resulting from the
rise in water table, increase in rainfall -or 1local
drainage modifications rendering the beach sand wet and

more readily erodible.

Effect on Population and land use

The future Shorelines of Im. & 3m were projected on
map prepared with the help of Census Handbook. The

village wise population and 1landuse were estimted

. separately for 1m & 3m rise, which are going to be

affected (Table 5.2 & Table 5.3). The affected villages

haQe been 1isted in the appendix.

A]though this .study employs a detailed scale of data
available to arrive at a meaningful characterization of
the present level of pupulation and tand use pattern in

potentially effected areas, it does not take into
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TABLE 5.2. lm SCENARIO IN THE SUB AREAS (AREA IN ACRES)

The Sub-areas No.of Popn Total Forest Irrigated Non-irri- Culti- Notau
villages Area Area Area gated Area vable ilabl
Waste for
cult.
MAHAKALPADA A 163 71861 92596 15068 3020 . 40094 25579 8835
B 56 25502 49798 15068 809 11291 19708 2922
C - 35.48 53.8 100 26.8 28.2 77.0 33.1
PATKURA A 278 173938 93217 0 3545 69322 9250 11100
B 0 0 0 0 0 0 0 0
C - 0 0 ~ 0 0 -0 0
ERSAMA A 209 83577 95096 2702 440 63688 11687 1657¢
B 33 23883 37942 . 2429 0 21845 4519 9149
C - 28.6 39.9 89.9 0 ' 34.3 38.7 55.2
TIRTOL A 487 215549 129399 1860 24877 69567 7924 225171
B 7 142 4865 1025 1065 1326 187 1262
C - 0.1 3.8 55.1 4.3 1.9 - 2.4 5.0
PARADEEP A - 6705 5758 0 0 0 0 5758
B - 6705 5758 0 0 0 0 5758
C - 100 100 - - - - 100

A - Total No. of villages,

B - Affected villages, population and area

C - Percentage

population and total area
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TABLE 5.3. 3 M SCENARIO IN THE SUB AREAS (AREA IN ACRES)

Sub Areas No.of popn Total Forest Irrigated Non-irri- Cultiva- Area not
Villages , Area Area Area gated area ble area available
for culti-
vation
MAHAKALPADA A 163 71861 92596 15068 3020 40094 25579 8835
B 143 61728 84410 15068 2516 34938 25288 6600
C 85.9 91.2 100 83.3 87.1 98.9 74,17
PATKURA A 278 173938 93217 0 3545 69322 9250 11100
B 57 26999 21521 0 0 16813 . 3568 1140
C 15.5 23.1 - 0 24,2 38.6 10.3
ERSAMA A 209 83577 95096 2702 440 | 63688 11687 16579
B 188 '76246 90129 2702 440 59647 11275 16065
C 91.2 94.8 100 100 93.6 96.5 96.9
TIRTOL A 487 215549 129399 1860 24877 69567 7924 25171
B 100 56228 39980 1123 5371 24214 2761 6511
C 26.1 30.9 60.4 21.6 34,8 34.8 25.9
PARADEEP A - 6705 5758 0 0 - 0 0 5758
B - 6705 5758 0 0] (0] 0 5758
c - 100 100 100

‘A - Total No. of villages, population and total area

B - Affected villages, population and area

C - Percentage
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account the future measures, adaptive responses or the
future changes in the distribution of pupulation & 1land

use pattern,

Here tﬁé whole village is taken as affected area even
if it 1is intercepted partially by the " new shorelines
(Im. cr 3m). That is why for the same shoreline the
total area affecfed, calcuated village wise is more than
the area going to be éubmerged, as described in the

earlier section 5.1 (Table 5.1).

The area that might be inundated in the 1low scenario
(Im.) represents approximately 23-24% land of the study
area, whfch contain 10.2 %2 of the estimated population
of the area inhabitd in 96 villages (Table 5.4). The
area that could be lost by flooding in the 3m scenario
represents about 58-59% area inhabited by 41:37% of the

total population in 488 vilages.

Nearly 66% 1land of the study area is presently being
cultivated (amounting 274553 acres) out of whch 13.27%
will be submerged with £he low scenario & 52.47 '%
cultivable Tand for a 3m scanario (these figures do not
include <cultivable waste lands). In this area rice
accounts bulk of the total Qrain output of the net
cropped area. It accounts more than 90% 1land in the
kharif season and 28% in the rabi season. [t will be
difficult to imagine and replace the loss of érop]ands

due. to sea level rise because the area 1is already
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TABLE 5.4 1m and 3m Scenarios for the whole study area

(Area in acres)

54

No.of Pop * . Total Forest Irrigated Non-irri Culti- Area not
Villages Area Area Area gated vable available
Area " Waste for culti-
vation
For Ilm A 1137 551630 416066 19630 31882 242671 54440 67443
B 96 56232 98363 18522 1874 34462 24414 19091
C - 10.2 23.6 S4.4 5.9 14.2 44.8 28.3
For 3m A 1137 551630 416066 19630 31882 242671 54440 67443
' B 488 227906 241798 18893 8327 135612 42892 36074
C 41.3 58.1 96.2 26.1 55.9 78.9 53.5
A - Total No. of villages, population and total area
B - Affeéted villages, population ancu area
C - Percentage



extensively cultivated. The cultivable waste areas which
‘will remain unaffected even after a 3m ie is a
negligible area (11548 acres) to compansate for the loss
of total croplands which amounts 134939 acres. Adoption
of strategies of intensive cropping and land utilisation
may bring some promise as a compansation‘for the loss of

agricultural lands.

Again an additional amount of agricultural ‘tand may
become unsuitable for cultivation as the saltwater would
trangress further landward with the encroachment of sea

water over the land.

The major towns in this area are Ersama, Mahakalpara,
Tirtol, Patkura and Paradeep which also form the nuclei
of relatively densely pupulated areas. Out of these;
with the 1m level rise, Paradeep would be the only &
most effected town area (Fig 5.4). More than 80% of the
area will be directly afected with the 1m. rise and the
- rest would be submerged under the 3 m rise. But for
population and 1land use study, whole paradeep is

considered to be affected with the Im. rise. (Table 5.2)
With the 3m rise, two more towns i.e. Mahakalpada &

Erasma will be submerged. However, Tirtol & Patkura

will remain unaffected in these scenarios.
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LOCATION OF TOWNS WITH RESPECT T0
NEW SHORELINES

SCALE

5 0 5 10 % 20km

.
PATKURA

’ ’ ' BAY OF BENGAL

5.4 Location of major towns with respect to future
shorelines of 1 m & 3m.
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The amenities like storage, transport, communication,
trade & services, power, water, sanitation etc are
assumed vto be distributed as population in this area.
These activities will also get affected due to sea level
rise in a scale more or less same as population. The 1m
rise would submerge 2km of the'Kendrapara canal which
runs E-W in the north of the study area and an
additional 8km with the 3m rise. The othéf major canal
which 1is to be affected is Taladanda céna1 running E-W
at the centre of the study area will loose .5km with a
Im rise and additional 5km for 3m rise. The NH-5A which
joins Daitari & Parardeep is also known as Express
Highway. Of this highway 6km & additional 21 km will be
affected with the Im. & 3m rise respectively. Paradeep
is also connected with Cuttack by SE Railway's Cuttaék-
Paradeep branch. It would also be affected with 8km &

14km with the rises of 1m & 3m respective1y.
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CHAPTER VI
SUMMARY AND CONCLUSION

In this area the Im rise in the sea level would result -
in the-submergence of 335.67 sq.km which is 19.9%2 of the
total area and for the 3m rise the figures are 905.52 &
53.7 respectively. The wetlands along the coast would be
lost to these rises. There will be an increase in the
backwater effect in thé rivers and severity in the storm
surges. Due to the rise jn‘sea level, groundwater table
will also risé. This will allow the saltwater wedge to
intrude further landward. Ground water tabié rise would
also affect the drainage condition of the area.
Underground drainage wi]f be decreased effecting the

opening of new chanels on thebland.’

Beach profiles taken across the shore of the area have
been examined to estimate the erosion potential.
Applying Bruun's theory it was found out that on an
average beaches would be eroded at a rate, of 50 cm/yr
approximately for a sea 1eve1vrf§e rate of 1.2mm/yr

(assuming neutrality of local modifying factors).

The nearshore portion the profile would respond to
short term rises in §ea level due to their steepness but
the profile as a whole (which include a much gentler 6ff
shore botfomf‘wou1d respond to the long-term rises. Sea
level rise would result in many.other factors to play

which-will accelerate the beach erosion rate.
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Most of the area here is occupied with cultivation
(especially of rice). So agriculture is going to be the
worst effected field in the land use map. 10.2% of the
estimated poplation in>96 Vi]]ages are to be affected
with the 1m rise. This also include 13.22 of the
cultiable 1land. With the 3m, scgnario 41.3% population
inhabited in 488 villages will be affected. The

cultivable land to be affectéd is 52.2%.

Little progradation has been décumehted in this area in
the Tlast decade although in detail the shore 1line has
ghown alternating advance & retreat, while just towards
north of this area the coastline has just started to
erode (Bird, 1986). The sediment currently delivered to
the delta mouth seems to be maintainingu a near
equilibrium, a balanced state with the forces of
tectonic and deltaic subsidence, to maintain a nearly
static situation with 1ittle deltaic progradation. Any
substantial reduction in the sediments delivery to the
delta would disrupt this balance & expose it to wide
scale  erosion. Hence cérefu] attention to this
possibility is very important in the planning and design
of upstream water management projects such as dams &
barrages and soil <conservation measures involving
afforestation (which is presently going on in the costal
tracts of orissa on a massive scale). A1l of which would
reduce sediment discharge to a large extent to induce

beach erosion.
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There 1is a needvfor refined estimates of current and
future rates of sediment discharge, 1land subsidence,
sediment compaction, nearshore bottom subsidence,
population growth, change in land-use distribution which
can be ’incorporated to the present study to make the
future impacts estimates, of sea level rise more

meaningful.

Considering the magnitude of human and economic stakes
feared for the two sea level rise scenarios discussed,
it is suggested that the private and public agencies
involved 1in the development or other prbcesses in this
area should begin to include consideration of the
possible effects of sea level rise in the coming futqre
in their long-range p1anhing & project development. The
types of activities to be threatened soonest and maximum
are agriculture, storm effect & erosion are'td be given

prior attention.

Maintaining natural deltaic proce§ses to combat shore
retreat nor slowing the rise of sea 1level due to
greenhouse effect would be easy to think 2 handle. However
if the sediment washing would be let continue to ‘reach
the delta the f&ture possible processes (impacts) can be

de1ayed to some extent.
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IA-VILLAGES UNDER 1M SCENARIO

Serial Loc-
No. ation
code
No
1 29
2 30
3 34
4 35
5 36
6 37
7 38
8 39
9 40
10 41
11 42
12 43
13 44
14 45
15 46
16 47
17 48
18 49
19 50
20 51
21 52
22 53
23 54
24 55
25 56
26 57
27 58
28 59
ERASAMA
57 35
58 36
59 38
60 39
61 40
62 41
63 42
64 43
65 44

Phirikichintakandha

71

APPENDIX-1
Name of the Serial
~village No.
Sanarahama 29
Babara 30
Guludia 31
Katlatunga 32
Gogua 33
Baliganda 34
Doligan 35
Nanjara 36
Garjung 37
Panikhia 38
Bhuinpada 39
.Sankhachit - 40
Maladiha 41
Bhopal 42
Tantiapala 43
Singhapura 44
Sasan 45
Tamulia 46
Chakulidiha 47
Baro 48
Paunsiapala 49
01iasal 50
Mundatalasaharakani 51
Ratpanga 52
Narsingpur 53
Banapara 54
Kandharapatia 55
Suniti 56
Kokakhanda 66
Kankardia 67
Badakantakandha 68
Trilochanpur 69
Badakandha 70
Abhaychandrapur 71
Kansaripatia 72
Dhinkia 73

74

Loc-
ation
code
No.

60
61

62

63

64

68

69

118
122
123
124
125
126
127
128
129
130
131
132
135
156
157
158
159
160
161
162
163

45
46
47
48
124
125
126
127
128

Name of the

village

Kansarabadandua
Panchagachhia
Kantilo
Badapala

Sugal

Kansara
Pankapala
Baulakani
Badatotachhapaii
Cansapal
Bagagahana

Bhateni

Jamboo
Hukitola
Kansaradia

‘Batligad

Bhitarakharanasi
Kharinasi
Hariabanka
Petachhela
Badatubi
Sanatubi
Nipania
Jogidhanakud
Saralikuda
Hetamundia
Barakolikhala
Lighthouse

Gobindpur
Panigadiakandha
Nuagan
Bajanalakandha
Polanga
Noliasahi
Bhuyanpal
Jatadhartanda
Kankan



75
76
77
78
79
80
81
82

TIRTOL

129
130
175
178
179
180
181
182

130
131
132
133

Dhobaijungle
Pinpudia
Gadabishnupur
Khatikholada
Ambiki
Pibarkani
Jatadhar
Barakuda

Musadiajungle
Boitirakuda
Kaudia
Udaychandrapur

72

83
84
85
86
87
88
89

94
95
96

183
185
205
206
207
208
209

136
137
138

Padanpur
Asia

Salio

Goda

Garia
Harispurgada
Saharabedi

Chauliapalanda
Keruadiakandha
Kaduapalikandha



IB-VILLAGES UNDER 3M SCENARIO

MAHAKALAPARA
Serial Loc-
No. ation
code No.

1 13
2 14
3 15
4 16
5 17
6 18
7 19
8 .20
9 21
10 22
11 23
12 24
13 25
14 26
15 27
16 28
17 31
18 32
19 33
20 65
21 66
22 67
23 70
24 71
25 72
26 73
27 74
28 75
29 76
30 77
31 78
32 79
33 80
34 81
35 82
36 83
37 84
38 85
39 86
40 87
41 89
42 90
43 91
44 99

Name of the
village

Basaghara
Andhuli
Kalapara .
Ghantiapali
Balipala
Srichandanpur
Jasuapali
Balia
Mulabasanta
Sahoopara
Ramachandrapur
Potia
Chatar
Itakandia
Baradiha
Badarahama
Kakatapur
Kholanai
Bandhapada
Kharianta
Kusiapalla
Tarapada
Badamatha
Balabhadrapura
Radia
Badabaincha
Akalapur
Ranki

Arada
Kanpur
Maliancha
Baharsubala
Bardang
Jagati
Paiguda
Janra
Kiarbanka
Bijayanagar
Sankhapada
Sahobajpur
Chandiapalli
Amirabad
Deulapara
Reputa

Serial Loc-

No. ation
code No.
45 100
46 101
47 102
48 103
49 104
50 105
51 106
52 107
53 108
54 109
55 110
56 111
57 112
58 113
59 114
60 115
61 116
62 117
63 119
64 120
65 121
66 133
67 134
68 136
69 137
70 138
71 139
72 140
73 141
74 142
75 143
76 144
77 145
78 146
79 147
80 148
81 149
82 150
83 151
84 152
85 153
86 154
87 155

Name of the
village

Mahakalapara
Gamhan
Jaganathpur
Mangalapur
Baulapara
Dadhipur
Kumbharpara
Gajabandha

" Bandhapada

Marichakani
Mahulakandha
Batakudi
Tithi
Jemadeipur
Nantara
Pareswarpur
Adoi

Kiabaria
Malladihi
Tankibelari
Bhitarasubala
Ramnagar
Brajabahakud
Kentia
Sarumuhi
Kochila
Bachhuria
Potakani
Chhadakani
Sathiabati
Gokhakhati
Lunamatia
Tentulikandha
Barakandha
Guptagiri
Rajendranagara
Bahargadabadadan
Nalitajoripala
Dasarajpur
Akhalsali
Palligar
Bahakud
Banabiharipur



PATAKURA

105
106
107
108
109
110
111
112
113
114
115
116

ERASAMA

76

717

78

92

103
226
227
228
229
230
231
232
233
234
236
237
238
239
240
241
242
243
244
245
246
247
248
249
250

—OO~NOUMTHWN —

Samantsinghpur

. Belar

Nuagan

Kalagar
Bhaganpur
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