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EROSIONAL HAZARDS IN CHITTAGONG CITY, BANGLADESH.

. ‘
KIR FAZLUL KARIN® & HOMAMMED JAMAL HAIDER

ABSTRACT

The port city of Chittagong is situated at a junction of sea,
hill range and plainlapd and subject to heavy rainfall along with a
number of natural hazards like cyclones, tidal surges and flash
floods. |

Due to a complex geological environment it has been potentially
susceptible to erosion. During the last two decades, an increase in
human interference like defofestation and cutting of slope, has
triggered massive erosion. The erosion, in the city area, 1s graded
into severe, moderate and low. It has élso resulted in various types
of landslides in the dipping and fractured strata.

Proper management is imperative to COnfrol this erosion. A model
is proposed on which a management plan may be developed.

INTRODUCTION

The port city of Chittagong is located in the south-eastern part
of Bangladesh at a junction of the séa, hill range, flood and tidal
plain and experiences heavy rainfall. The mapped area lies between
latitudes 22014' - 22024'ny and longitudes 91%45' - 91954'E. chitta-
gong, the second largest city of the country, shows a continuously
increaéing'industrial development,

The climate is tropical characterized by cool winter, hot

summer and rainy monsoon. The major climatic parameters are given in

* Deputy Director, Geological Survey of Bangladesh, Segun Bagicha, Dhaka, Bangladesh.
*k Deputy Director, Geclogical Survey of Bangladesh, Segun Bagicha, Dhaka, Bangladesh.




figure 1. The city experiences different types of natural hazards
including cyclonic storms, coastal surges and flash floods.The cy-
clonic storms occur during the transitional period of monsoon and
flash floods during the months of May to August.
The area has two distinct topographical divisions.

(a) The hill range and (b) the fluvio-tidal compiex.‘In_general,
these two divisions are divided into ten engineering geologic units
(Fig. 2 and Table 1). Most of -the urban and industrial zones have

been developed in the hilly region. The general geomorphology of the

city area has begn described as structural denudational hills and

slopes (Karim et.al.1990).

EROSIONAL HAZARDS

The two distinct geological environments of the region are

controlled by different erosional processes. The hilly area of the
city is affected by soil erosion together with mass movement phenome-
na like landslides,slope-failures, flash flood and debris flow. The
hazards in the plainland are flood, saline water intrusion and soil
collapse.

As indicated by Holy (1980) kinetic energy of torrential rain-
fall in the tropics is greater than 32 J/m? for imm of rain where the
intensity may reach upto 100 mm/h. The monthly rainfall co-efficient
and erosivity index of Chittagong city were derived using Fournier
equation (Moldenhauer, 1980). Ten years rainfall data was used in
determining the indices (Table 2).

The high kinetic energy and erosivity of rain have made the

study area severely susceptible to erosion. Due to natural growth of

dense tropical vegetation, erosion was considerably less. But during

the last two decades severe erosion has been triggered by human
Al

i4




1

I e i
= tox |8 HE | E 3 Ryp o ] S/
T wie| S | 32| =252 | 2 Ar A
=tz SIS I= | 22| 2EERRL2 % M ; Yy A
Eox=l |233% (30| cEEE=s:| 2 N
o= = LR Lo - ] - - ts' . Y 3( B
e I N ¥ L,
12,085 = | : rx\@ vb ‘
=SS " RATLUAY STITS
"_"E : E A RAILMAY STATION i
]
104 &
8. 41 sd1eg]
. v
63l 7 Timemes
3 ’
1 1tmae——" -*=ﬂ="!
4- 2- 5.J,r- / 1 n ¥ ./‘k '\'
\ . ~ N\ 7 ya-si
1 1 \ g - L\"\?\PDRT = Aot
2015 | 1L < \\ Xy (4R acaseny .
. 10y . 1 FT P T
= \ V) 3 N
184 PATENGA » (3 I '
£ b =
E _0 o =z am e x] LS o - ’J
JIF['[-‘I T n *“‘:;HIBII
8 Menths | N ] p 2 Ll T !
= (WRT BT oy I (<14 f.‘g !
FIG.1: RELAT;ON BETWEEN CLIMATIC CHANGES Fig. 2. ENGIKEERING GEOLOGICAL MAP OF CHITTAGONG CITY

AND POSSIBLE :GEOLOGICARL HAZARDS.

EXPLANATIONS

1

! | pip direction
AL

| S
{ /1 .
! // | Formation
] 1 l boundary
Ut
[
Iy | Erodibility
| 42 | factor
| E—
7
| VL] Fault
v
|
M
] l Streams
| l
| I
! | Railway
! ]
S



Gl

el 55, 22| o235 L 2
=] - i B Rt I
= 3z S-S - | Zn|=Essl=T iz
"] = - o— .- - a - - -
‘:-—: -
1213 2 | =
=il =
b X ;
= oely [P~
10 &
8. 4] sal 104
6_ 3.J 3 --. .:""'""\l -;".‘
ki
5 ,-tl'llx.,-“'/
4]2] S50
[-+]
4 4 -
t - > N
2] 1] 1 . BVAY
E 19 ! PATENGA
E
[l O [
O Mentks | ITFTHTATHTI 77§ R
eiili seed | 1y f " Y ——y { 1 K R K
[ -1 H :
FIG

WAz RELAT;OH BETWEEN CLIMATIC CHANGES
AND POSSIBLE :GEOLOGICAL HAZARDS.

FT

(o

-

M

{

sk

N,
2351

o~ K
237

L2

G
]
ons ot/

. W

£DT-
] I.l

fi MARINE ACADEWY

.

!

/

.

f

e

Fig. 2. ENGINEERING GEQLOGICAL MAP OF CHITTAGONG CITY
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Table 2. Values for reainfall coefficient.¢ and erosivity index,El.
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activity in the hills formed of soft rocks.

Soil erosion

A soil erosion map (Fig. 3) has been made following intensive
engineefing geology field work. In the map, erosion is graded into
severe, moderate and low by-on—the—spot checking of visible erosion-
al features (concentration of rills, qullies, loss of soil cover,
density of vegetation and type of mass movement) and potential ero-
sional hazards.

Severe erosion

Severe erosion is taking place in the hilly region, mostly in

the eastern part of the city.and in the hillocks located in the

‘southern bank of the Karmaphuli river near the Marine Academy. Severe
erosion in this area was triggered about two decades back when devel-
opment work caused the removal of vegetation. In some places the
severe erosion is active (Sa), where the area has turned to badland.
At places like Sholoshahar, North Nasirabad, etc. erosion has been
recently initiated (Si) by cutting of hills. The valleys near
Kulshi, Foy's Lake and Nasirabad are being filled with uncompacted
sand creating a seat of potential catastrophe. Besides, erosion by

rills and gullies, landslide, slope failure and mass movement of
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Fig. 3. EROSION MAP

OF CEITTAGONG CITY

EXPLANATION

A. Severe erosiopal area subject to deforestation.

| S—
| sa | Active, severe erosion.

f—1

| si | Severe erasion, initiated by husan interaction.

f—

| sv | valley fill under potent erosional threat.
| E—

B. Moderate to low erosignal areas subject to flash
flood and steady water flew.

1 Noderate erosien initiated by sass movement
| W | atong the valleys, and slope surface.

b 1 .

1 Low erosion by steady water flow,

| RS | reel and sheet type erosion.

| I

1 Low erosion mainly reel and sheet type

] RS ! along the coastal plain and river banks.
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rocks are taking place.

Precipitation, slope and human interferenée are among the pri-
mary factors eliciting erosion. During a heavy rainfall, a sloping
area, in north Nasirabad, of about 2 sg.lkm was monitored. The slope
angle ranges from 15%-450, The vegetation and part of the soil cover
had been removed earlier due to human activity. It was found that
sediments upto a depth of 0.5m was removed at places by gullf
écouring in 2 hours of rainfall . This phenomenon probably occurs
seldom, but it giyes an idea of the severity of the erosion.

Moderate erosion

Moderate erosion is taking place in the west of the city area
and in the hills in the north and south of the river. Rills and
gullies have been initiated with relatively lesser amount of mass
movement.Presently, this part of the area is covered with shrub, reed
and dgrass type vegetation but once it was covered with dense forest;
Low erosion

The plaiﬁland including river banks and coastal area is affected
by low erosion. Exceptionally, during cyclones, the coastal area may
suffer severe erosion. The coastal plain and river bank are being
eroded due to rill, sheet,bank and marine erosion. Rest of the
plainland is affected by rill and sheet erosion.

Some pafts of the plainland are acting as pockets of deposition
including alluvial fan deposits along the foot of the hills. Aerial
photographs of 1960 show that a large number of ponds/depressions
were present in and around the city areas. The result of the field
investigation indicates that a number df these have been filled up by

natural sedimentation in the last 30 years. Most of the existing
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'ponds are about 3.5 metre deep.

Cyclones and tidal surges cause spectacular erosion. During the
cyclone of April 2%, 1991, tidal surges washed away the 3 metre high
earth embankment, néar the port in Patenga and at numerous other
places. The coastal relief was changed to a considerable extent.
Besides devastation to life and property, the entire plainland was
flooded by saline water which was very harmful to crops.

Area covering Pbupi Tila Formation is being severely eroded
(Fig. 2 & 3). But when correlated with erodibility factor it is found
that, theoreticaliy, the constituent materials of Dupl Tila are less
likely to be eroded. Human interference, like removal of vegetation

cover and cutting of slope, is the main catalytic factor causing this

discrepancy. .

Landslide and slope failure

Slope failure is one of the major geologic constraint in the hilly
area which is causing recurring landslides. If management is not
planned it is liable to aggravate further., It may be noted that the
inclined, interbedded nature of the rock strata and heavy precipi-
tation are all potent for landslide. In this situation, human inter-
ference acts as the triggering.device by interrupting the natural
equilibriuﬁ. Three types of landslide and slope failure were identi-
fied in the area.

a. Lateral spreading failure,

b. Rotational and translational failure,

¢. Planer or block failure.

20
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spreading failure occur in the hill
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hills in which such landslides have
occurred varies from 20m to 25m where the width at the toes is around
30m.

The rotational and translational failures are found mostly
around Foy's Lake in Tipam Sandstone unit. During the rainy seasons
the failures mostly take place along the dip directions of the beds
consisting of massive sandstone alternating with fissile shale.
Rotational slides also take place in the hills formed of Dupi Tila

Formation in the south of the river Karnaphuli. The height of these
’hills is about 45m and the slope is around 200,

Planer slide or bhlock failure occurs in Tipam and Bokabil
Formations in hills having a height of more than 20m. In the Bokabil
Formation the landslides are composite of slump and block failures,
The formation is.composed of thinly laminated silty shale interlay-

ered with very hard calcareous lenticular bands of siltstone. The
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beds are fractured predominantly in the vertical direction, which
sliced the hills into large blocky segments. Though the bands have
unconfined compressive strength upto 350 kg/cmz, the breakdown of the
formation into blocky segments and the fissility of silty shale have
reduced its overall shearing strength. The increase in slope inclina-
tion and decrease of shearing resistance due to weathering or remov-
al of cementing material are among the causes (Terzaghi,1950) of
these landslides.

The correlation between the height and slope of the hills shows
a positive correlation of slope stability (Fig. 4). Except for the

Middle Tipum hills, the older the formation the higher the stability.

CONTRCL MODEL

Data Accumulation [E;tailed Study
[ ' ]
|

Management Plan/Data Base
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Stability Control
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Fig. 5. Model for erosion control in Chittagong City area.

For any control programme to be effective, the input data have

to ‘be sufficient in quality and quantity. For Chittagong city there
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is a dearth of data needed for estimation of erosion. There is a
great need for a systematic accumulation of data. This together with
detailed  engineering geological work will create a data éystem with
which a management plan against erosion may be initiated. The first
priority of the control would be to stop the spectacular anthropogen-
ic erosion and then to limit denudation.

As Chittagong is expanding as a port city, the following four
factors are to be considered important and be incorporated in the
master plan.

i) Further ﬁunicipal drainage and road communication network may
be set up so that it would also act as a countermeasure for erosion,
The first step would be to establish the pattern and quantity of
runoff., Then the drainage system should be made or suitably rein-
forced so that it would intercept the runoff causing it to run
through municipal\trained channels and making erosion significantly
ineffective. As cuts in the slopes also reduces erosion, required
roads be should cut across the slopes takiﬁg the mentioned factor
into account,

ii) Construction work may be integrated with a form of local
terracing which would reduce slope. For selecting the site for con-
structions, the dip oﬁ the local beds and fractutres are to be taken
in the design factors. -

iii) Afforestation and agricultural locations in and around the
city should influence the surface runoff and soil existence.

iv) The badland areas are drained by dense rills and gullies.
These gullies are prone to intensive scouring and réquire gradual
treatment and’ checking by stabilization of slope and plantation of

fast growing vegetation or using proper geo-textile.
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CONCLUSION

bue to the geographical location and the tropical erosional
factors, Chittagong city has always been a potentially erosive =zone.
With the expansion of urban development work, human interference has
triggered spectacular erosion.

Detailed study and systematic data accumulation are needed to
make a management plan of the city. This would first act as counter
measure to the anthropogenic erosion and next take on denudation in
general. :

Due to geographic and geologic factors, various forms and types
of erosion are taking place in and around the Chittagong citf. The
authors would like to propose this erosively dynamic zone as a type
area to be studied for various types of tropical erosion.
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