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ABSTRACT I

PATTANSHETT], S.S.; CHAUHAN, O.8,, and SIVAKHOLUNDU, K.M., 1993. Quantification of changes
in seabed topography with special reference to Hansthal Creek, Gulf of Kachchh, India. Journal of Coastal
Research, 9(4), 934~943. Fort Lauderdale (Florida), ISSN 0749-0208.

Variations in the bathymetry in macrotxdal Hansthal Creek between 1984 and 1950, along 14 closely
spaced lines, are used to quantify the v tric ch in seabed topography in terms of erosion/
accretion. Two surfaces from the bathymetric data of 1984 and 1950 have been modelled. The proﬁle
wise comparison along the transects indicates a dynamic deformation due to distinct alteration in the
shoreline and a shift in the channel course. The shoreline has retreated 650 and 450 m on the northern
and southern banks respectively.

The studies suggest scouring of horizontally deposited fine sediments (clays deposited in an antecedent
depositional phase) in the Hansthal Creek due to existing dynamic equilibrium among (a) influence of
physiography in amplifying the tidal range, (b) increased efflux due to contribution through inter-creek
water movements, and (c) high magnitude currents. Magnitude of erosion in the creeks, particularly on
the flanks, is much more than in the axial channel. The degree of the erosion reduces from the Hansthal
Creek mouth to inland (area in the close vicinity of Little Gulf of Kachchh). During the last 34 years
about 71.5 x 10° m? of sediments were eroded from Hansthal Creek, of which 12.9 x 10¢ m? were redeposited
leading to a net loss of 58.6 x 10° m® from this creek during the course of the present study. Offshoreward
movement of scoured sediments and their redeposition in the outer gulf as a fill in the paleo-channel is
observed.

ADDITIONAL INDEX WORDS: Gulf of Kachchh, Hansthal Creek. shoreline changes, bathymetry,

erosion, accretion.

INTRODUCTION

Macrotidal environments characterized by high
energy systems significantly influence the physi-
ography and sedimentary dynamics of an area,
and often lead to resuspension and distribution
of surficial sediments. These processes are, how-
ever, very complex. Migration of large quantities
of sediment, particularly in the form of sandwaves
and megaripples, and associated physiographic
modifications signify the importance and mag-
nitude of this morphodynamic agent (Evan, 1982;
STRIDE, 1982; PALLETIER and McMULLEN, 1972).

Determination of long term sediment budgets
and associated physiographic changes in a macro-
tidal body are essential to better understand its
dynamic characteristics and to provide a data base

for future offshore projects such that might in-

clude, for example, optimum use of tidal channels
for navigation purposes or utilizing the tidal en-
ergy for power generation. The Gulf of Kachchh
is one of three promising sites in India for tidal
power generation. In addition, its tidal channel is

91097 received 30 October 1991; accepted in revision 6 September 1992.

used for navigation at several ports on both banks
of the Gulf. These considerations require the com-
pilation of a database to assist efforts to determine
the influence of the macrotidal regime on the
physiographic evolution of the area, sediment dy-
namics and quantification of sediment exchanged
in this complex environment.

The present study utilizes data collected in the
Gulf of Kachchh by the National Institute of
Oceanography (NIO) during 1984 and compares
this with bathymetric data from 1950. This com-
parison was made by surface modelling and com-

~putation of volumetric changes in the study area.

An estimation of the changes in bottom topog-
raphy associated with dynamical factors and vol-
umetric changes that have occurred within the
channel, is made. Attempts are made to quantify
the shoreline change, shifts in the channel course;
as well as estimate the magnitude of erosion and
accretion, together with the factors responsible
for these changes in Hansthal Creek.

STUDY AREA

The Gulf of Kachchh (Kutch) is a large tidal
water body (area 7,325 km?) situated in a seis-



Quantification of Changes in Coastal Bathymetry v 935

5' 10'
e -
12' L S a5
R manovi__H QY1
A GUL L |
B F OF -
L KACHCHH :
N

50'H ANCHORAGE e
AREA v
! 1 1 1
45 5, IOI |5l

Figure 1. Study area and position of surveyed tracks.

mically active indentation in the Saurashtra Pen-
insula along the northwest coast of India (Figure
1). The gulf is about 170 km long and 75 km wide
at the mouth, and narrows down to 18 km near
Kaladara Shoal (Figure 1). At this -location, it
branches into three major creek systems, the most
prominent among them is Hansthal Creek. The
Gulf is situated in an arid zone (rainfall 50 cm
yr~!) and receives insignificant discharge from
short, seasonal; and estuarine rivers (CHAUHAN
and Vora, 1990). The detailed geomorphology,
sedimentological parameters and shallow subbot-
tom features of the Gulf are described by Hasamvi
et al. (1978), WaGLE (1979), NARR et al. (1982),
Rao (1988), Vora and CHAUHAN (1988) and CHAU-

HAN and Vora (1990). The entire Gulf is tide dom-
inated, semi-diurnal type with an average tidal
range of 2.2 m at the open sea (Gulf mouth) which
amplifies to 6.87 m in the study area (SHARMA and
Devasanavam, 1988). These ranges are associated
with 2.5-4.5 knot ebb and flood currents (GOKHALE
and KANETKAR, 1988).

A current-scoured deep axial channel and in-
dented shoreline on the southern flank are the
conspicuous features of the Gulf. Two major and
several minor ports are situated in the Gulf and
the axial channel is used as navigational channel,
particularly for Kandla and Navlakhi Ports sit-
uated 150 km inland of the Gulf mouth-in the
vicinity of the Hansthal Creek.

Journal of Coastal Research, Vol. 9, No. 4, 1993
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Figure 2. Observed bathymetry of the Hansthal Creek in 1950.

METHODOLOGY

Soundings along 11 transects spaced about 500
m apart, across the creek, and along three longi-
tudinal lines were collected (Figure 1). The depths
along the survey tracks were obtained using an
Atlas Deso 10 dual irequency (30 and 210 kHz)
echosounder. An ORE Mud Profiler (frequency
3.5 kHz), an EG & G side scan sonar, (frequency
1.05 kHz) and an EG & G uniboom (power 0.4 k
Joule) were used to delineate sub-bottom features
and the plan view along selected lines to supple-
ment sounding data. A Miniranger MRS III radio
electronic position-fixing system (accuracy =3 m)
was used to obtain positions along the survey
tracks.

"The side scan sonar data were applied using

slant range corrections. Shallow seismic reflection

data were used to determine the seabed character-
istics, to measure the depth to the acoustic base-
ment, and to delineate the nature of sediments
and the zones of deposition and erosion. Tidal
corrections for the sounding data were applied
using co-tidal charts of the Survey of India and
observed tide at Kandla Port to reduce the ba-
thymetry with respect to chart datum at Kandla
Port. Maps were prepared on a scale of 1:25,000.

Bathymetric data of the Hansthal Creek for the
year 1950 were extracted from the hydrographic
chart published at the Naval Hydrographic Office
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Figure 3. Observed bathymetry of the Hansthal Creek in 1984.

(NHO) on a scale of 1:25,000. Bathymetry data
based upon the 1984 survey were compared with
those of the 1950 year chart. Since the data points
collected in 1984 and the data available in 1950
charts were randomly distributed, the chart of
1950 was digitized on a high resolution digitizer
and the entire area was transformed into a set of
XYZ coordinates (X = Easting, Y = Northing and
Z = Depth). Similarly, the survey data from 1984
were also made into a similar file containing ran-
domly distributed XYZ coordinates. In addition
to this, a zero level contour line adopted from the
NHO chart (1981) was also merged to define the
channel boundary in the 1984 data set. The ran-
dom data of both the charts were grided sepa-
rately with a spacing of 200 m along X and Y axes
using the software package SURFER, and Z co-
ordinate (depth) at each grid node was interpo-
lated based on the random XYZ input data. These
grid files were then used to create a perspective
view and contour map of the study area to de-
termine shoreline and channel geometry modifi-
cations and quantificatior: of sediment exchanged
between years 1950 and 1984.

RESULTS AND DISCUSSIONS

The bathymetry of the study area in 1984 and
1950 is presented in Figures 2 and 3. Transverse
sections showing variations in the seabed of 1984

Journal of Coastal Research, Vol. 9, No. 4, 1993
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Table 1. Physical parameters of the channel during 1984 and 1950. (1950 data is shown within parentheses.)

Present Depth Shift of Present
C&f;:i‘:l Against 1950 H.W.L. as Compared Gradient of Profile
Reference to 1950 (in m) Across Channel Flanks
Sr. Changes
No. in m N.B. S.B. N.B. S.B. N.B. S.B.
1 3,625 +1.6 +1.1 +25 +325 127 1:153
(3,125) (1:23) (1:138)
2 3,350 +1.2 +15 —180 +375 1:50 1:120
(2,750) (1:57) (1:85)
3 2,975 +1.7 +2.5 —150 +425 1:76 1:66
(2,450) (1:80) (1:87)
4 2,975 +1.5 +1.7 00 +450 1:91 1:56
. (2,425) ~ (1:83) (1:33)
5 2,800 +2.7 +1.6 +100 +325 1:106 1:43
(2,400) (1:68) (1:44)
6 2,850 +2.6 00 +40 +360 1:76 1:42
(2,425) (1:76) (1:44)
7 2,775 +4.3 +14 +650 +350 — 1:49
(2,375) (1:32)
8 2,875 +2.7 —_ +500 +200 1:61 —
(2,450) (1:57)
9 3,125 +3.2 +0.5 +300 +50 1:99 1:125
(2,875) (1:69) (1:95)
10 3,175 +2.4 +2.0 +125 +50 1:145 1:164
(2,775) - (1:110) (1:108)
i1 3,350 +0.7 +1.3 +100 +75 1:125 1:94
(2,950) . (1:125) (1:92)

N.B. = Northern Bank. S.B. = Southern Bank

and 1950, together with the sediment distribution
map of the study area, are shown in Figures 4-6.

The picture that emerged on the basis of the
above results is that the Hansthal Creek has rug-
ged topography (Figure 5) with parallel horizontal
reflectors down to 18 m on the flanks and a rugged
deep axial channel (Figure 7b). The sloping flanks
show a high gradient (Table 1). The scouring of
horizontally deposited clays which is observed at
the flanks only (Figure 7b) appears to have pro-
duced the present deep axial channel.

The comparison of cross-sections along all tran-
sects based upon 1984 and 1950 data shows con-
trast in the degree of erosion (Figure 5). On pro-
files 1-3, the flanks have higher gradients (1:30)
and the depth of the axial channel is also greater
(Table 1). The flanks at profiles 5-11, however,
have a much gentler gradient (1:125). The depth
of the creek is reduced between profiles 5-11 and
is the least at profile 11. The degree of erosion,
in general, is observed to be the smallest in the
axial part with the flanks showing higher erosion.
The process of channel widening is more domi-
nant than deepening leading to loss of clays from

the flanks. When the flanks are compared, the
northern flank has more erosion than the southern
flank {Figure 4); and at a few locations, deposition
is also observed (profiles 1, 2, 9 and 14; Figure 4).
These results further suggest that erosion of the
flanks and the deepening of the channel are more
dominant at the mouth of the creek than at the
head. These processes attest to the fact that the
channel has yet to attain equilibrium under the
present hydrodynamic regime.

Substantial changes in the position of the low
and high water lines have been observed on both
sides of the banks along the Hansthal Creek (Fig-
ure 4). Considering the horizontal shift in the
shoreline, it is seen that there is a maximum re-
treat of about 650 m along the northern bank and
450 m along the southern bank. Maximum scour-
ing is, however, recorded on the northern bank
close to transect 14 and 7 (Figure 4). Further, the
shoreline has accreted as much as 190 m along
the northern bank in the western section near
transects 2-3 only.

Volume difference in the seabed was deter-
mined by superimposing the 1984 and 1950 sea-

Journal of Coastal Research, Vol. 9, No. 4, 1993
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Figure 4. Difference between 1950 and 1984 surfaces showing shoreline and channel width changes, and variations in erosion/

accretion in the Hansthal Creek.

floor maps in terms of erosion/accretion. Based
upon comparisons of the surfaces of 1950 and 1984,
the volume of the seabed eroded is found to be
71.5 x 10° m® in the Hansthal Creek. These stud-
ies also suggest that out of these eroded sediments
about 12.9 x 105 m? have been redeposited inside
the study area resulting in a net loss of 58.6 x
10° m® of sediments during the course of the pres-
ent study.

Seismic sections from the Little Gulf of Kachchh

(inland of the study area) and from the outer
anchorage area (offshore of the study area; Figure
7a and c) demonstrate that in the Little Guif of
Kachchh, the physiography is uneven and that
four horizontal reflectors (clays) down to 15 m are
present. Isolated scouring, cutting through these
reflectors, are observed at a number of locations
(Figure 7¢). The Outer Anchorage Area, on the
contrary, has evenly deposited clays with three
horizontal and parallel reflectors down to 18 m

Journal of Coastal Research, Vol. 9, No. 4, 1993
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(Figure Ta). These reflectors have a maximum
thickness in the axial region, but thin down at the
flanks. The seabed is characteristically even and
no ruggedness is observed. Below these reflectors,
an undulating reflector is interpreted as a paleo-
channel and overlying sediments seem to be re-
cent fill in this paleo-channel.

For determination of the probable cause and
the dynamics of these scoured sediments and their
possible redeposition in the study area (an area
that is submerged at high tide only and has a low
lying land form) necessitated a reevaluation of
waves, sea level rise, current and tide data, and
high resolution seismic reflection sections. Based
upon the deployment of wave rider buoys in the
study area, NaYAk et al. (1988) reported signifi-
cant wave heights (H,,) 0.2-1.6 m during March-
May. The wave heights were higher in April only
(H.. 0.23-2.75 m). As these waves have low energy
(following E = pgH?) and the study area mostly
remains above chart datum and submerged dur-
ing high tide only, the erosional influences of these
waves on the study area appear to be rather in-
significant. The reperted sea level rise in the study
area is 1.22 mm yr~! (SURVEY oF INDIA REPORT,
1992), and is rather insignificant in trying to ac-
count for erosion of this magnitude in the creek.

The sub-bottom profiles in Little Gulf of
Kachchh (Figure 7¢) depict isolated V-shaped
cutting extending through horizontally deposited
clays. The presence of these clays (down to 15 m)
and the nature of the reflectors in this region ap-
parenily attest to a low energy environment prior
to present phase of erosion. This suggests that the
existing erosion in this region is fairly recent and
is superimposed over an antecedent depositional
phase due to a reversal in the environment of
deposition. This led to the dominance of an ero-
sional component under the existing hydrody-
namic regime. The outer anchorage area, on the
contrary, has even physiography. The thick clays
(18 m) deposited over the entire region (Figures
6-7), over the erosional surfaces are observed in
this area. This sequence clearly depicts existing
dominant depositional phase superimposed over
an antecedent erosional phase in this area. Fur-
ther, the Gulf of Kachchh lies in an arid region
and has insignificant sediment input from its small
estuarine rivers. The deposition of 18 m thick
clays in a 23 km wide channel, in the absence of
any sediment input, is intriguing, and probable
reasons for this may lie in the contrasting changes
in the physiography of the area and magnitude

Chart datum e
ol tkm 2 - 6 Tkm

T T T = t T
=" !

IN METRERS

DEPTH

Figure5. Transverse sections along the transects showing vari-
ations in the seabed in 1984 and 1950. For location of the tran-
sects see Figure 1.

of morphodynamic agents within the study area.
An evaluation of the parameters for observed ero-
sion in the Hansthal Creek and deposition in the
outer Gulf follows:

1. The Hansthal Creek lies close to the junction
of three major creek systems (Figure 1). At this
point, the broader Gulf narrows down land-
wards. As the tide propagates from the wider
outer gulf to the narrow Hansthal Creek due
to width and depth factors in the creek, the
tide evidently amplifies during flood tide. The
relation between magnitude of current and tid-
al range in the study area (Figure 8) also sug-
gests an increase in the magnitude of currents
(1.67 m sec™!) associated with this increase in
the tidal range in the area. These high mag-
nitude currents have high erosive power and

Journal of Coastal Research, Vol. 9, No. 4, 1993
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Figure 6. Sediment distribution map of the Hansthal Creek and adjacent area.

scour the sediments within the creeks and the
area adjacent to it.

2. The Hansthal Creek which branches out to-
wards the east draws more tidal influx than the
Kandla Creek. During flood tide, about 864 x
10° m® and 320 x 10° m® of water enters the
Hansthal and Kandla Creeks respectively.
During the ebb tide, however, 918 x 10 m?
returns through the Hansthal Creek, whereas
280 x 10° m® water returns from the Kandla
Creek (GokHALE and XKANETKAR, 1988). This
means, Hansthal Creek receives an additional
efflux of water mass (about 40 x 10° m?) through
intercreek water exchange which augments the
ebb flow. This augmented ebb flow in the
Hansthal Creek induces erosion in the creek.

3. The difference between the rise and fall at the
mouths of the three creeks and the rise and
fall about 27 km up the creeks in the upper
Gulf (innermost Gulf) is +3 to 3.5 m (U.S.
Nawvy, 1942). This difference in level causes the
ebb currents in the Hansthal Creek to flow
longer than the flood with their duration being
about 8 and 4 hours, respectively. The ebb cur-
rents in the Hansthal Creek owing to the large
shallow area which covers and uncovers attains
a rate of 6 to 7 knots at its mouth (U.S. Navy,
1942). This means the strong ebb flows much
longer than the flood in the region with the
high magnitude currents.

Thus, it is apparent that Hansthal Creek ex-

Joﬁrnal ofv Coastal Research, Vol. 9, No. 4, 1993
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Figure 7. High resolution seismic reflection records (a) from a portion of the outer Gulf depicting horizontally bedded clays over
undulating acoustic basement; (b) uneven bed in the Hansthal Creek resulting due to scouring of horizontally bedded clays at the
flanks; (c) the Little Gulf of Kachchh with isolated scouring extending through parallel reflectors (clays).
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Figure 8. Relationship between current speed and tidal range
for the study area (modified from GokHALE and KANETKAR,
1988).

periences stronger currents, higher tidal range and
higher efflux due to inter creek transfer of water
mass and amplification of tide due to physiog-
raphy and associated high magnitude currents.
All the above factors suggest an erosion-dominant
environment in the creek, and are reflected in the
scouring of sediments from the flanks. The chan-
nel geometry of Hansthal Creek (Figures 5 and
7) also suggests that the channel development is
in an advanced stage, and the widening of the
channel is more dominant than the deepening.
Due to this, evenly deposited sediments (clays)
are transformed into rugged topography (Figures
4 and 5) and huge amounts of sediments are
scoured (of the order of 71.5 x 10¢ m?) from this
creek.

The observed depositional phase at the outer
Gulf in the absence of any sediment input to area
is apparently due to deposition of these scoured
sediments in the outer Gulf region. The deposi-
tion of the sediments in this area scoured from
the creeks appears to be due to changes in the
magnitude of tide and associated currents and a
physiographic factor. Due to change in the phys-
iography from the narrow creek (width 3 km) to
the wider outer Gulf (18-75 km wide) during ebb,
the flow emanates from the narrow creeks and
fans out to the wider outer Gulf. This fanning out
leads to a reduction in the magnitude of the tide
in the outer Gulf (tidal range 6.87 m in the Hans-
thal Creek and 3.67 m in the outer Gulf at Mandvi)
(SHARMA and DEvasaHAYaM, 1988). Also, there is
a two-fold reduction in the magnitude of currents
which is associated with a reduction in the tidal
renge (Figure 8), and is related to retardation in
speed (4~7 knots hr-! compared to 2-3 knots hr—*

in the outer Gulf) (U.S. Navy, 1942) due to a fan-
ning out of the flow. As these ebb flows are highly
charged within the sediments scoured from within
the creeks, the retardation in the magnitude of
currents and tide lead to deposition of these sed-
iments in the outer Gulf region. The observed 18
m thick clays and an even physiography of this
area (Figures 6 and 7a) are supportive of our above
contention. The observed offshoreward migration
of sediments in wave forms in an earlier study of
creeks in the Gulf of Kachchh (CHAUHAN and
VoRra, 1990) also confirm our proposed offshore-
ward migration. Studies by Evan (1982) from the
Bay of Fundy and Frmv et -al. (1991) from the
Nile Delta suggesting movement of sediments in

rhythmic wave forms in macrotidal environments

are in line with our proposition of large scale mass
movements and sediment redistribution in the
macrotidal environment. ,

Variations in the magnitude of erosion within
the study area, evidenced by the variations in the
gradient of the flanks at profiles 1-3 and 6-11
(Figure 5) and the reduced intensity of erosion
inland of the Hansthal Creek (isolated channels
scouring extending through underlying layers in
the Little Gulf of Kachchh), compared to a deep
axial channel in the Hansthal Creek (Figure 7b
and ¢) also attest to the contrast in the intensity
of erosion within the creeks. The ebb flows which
are gradually augmented due to (a) the contri-
bution of efflux from inter creek water mass move-
ments from Kandla Creek system, through the
Little Gulf of Kachchh, to the Hansthal Creek
mouth (40 x 105 m?), and (b) a 3 to 3.5 m water
level difference in the upper Gulf. These param-
eters suggest a gradual increase in the erosive
power from the inner most Gulf, e.g., from the
Little Gulf of Kachchh to the Hansthal Creek,
and explain the variations in erosion within the
creek.

CONCLUSIONS

Based upon the comparison of two bathymetric
charts from 1950 and 1984, it has become possible
to quantify the difference in volume of the sea-
floors in the study area. These results clearly show
the widened channel and volumetric variations at
different locations in the channel. Over a period
of 34 years, net shoreline retreat, shift of contours,
and a sharp increase in erosion at the flanks of
channei were detected with a net loss of 58.6 x
10° m?® of sediments.

The axial part of the creek was deep during
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1950 and, at present, deposition is observed at
only a few locations near the western part of the
porthern bank. This suggests that the channel
development in the Hansthal Creek is in an ad-
vanced stage and that the widening of the channel
is more dominant than the deepening.

The eroded sediments from the creeks are get-
ting transported offshoreward (Outer Anchorage
Area). The presence of shoals and the depositions
of recent origin as thick reflectors (18 m in 18-23
km wide gulf) suggest deposition of this eroded
material in this area.

Since there is no availability of a hard bottom
down to 18 m depth (Figure 7a and c), the existing
erosional trend may continue until channel ge-
ometry becomes stabilized in the landwards por-
tion and the flow pattern becomes more moderate.
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