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ABSTRACT

Bombay port handles bulk of India's seaborme
trade and the recent discovery of offshore oil and
gas fields provided an impetus for industrial deve-
loprent. The industrialisation, urban development
(population 8 millicn) and concern for environment
led to considerations for deepening of the harbcur,
laying of the submarine pipelines lor cil*and ¢gas or
disposal of sewage/effluents and construction of 2
bridge or subsea tunnel across the harbour. An oif-
shore area of about 65 sq.km. in the harbour and
adjacent areas extending from shallow tidal flats to
about 14 m isobath was surveyed, with echosounder,
side scan sonar and high resolution shallow selsmic.
profiler {(followed by seabed sampling) with a Mini-
ranger position fixing system. The paper presents
an integrated analyses of the data and reviews the
geological environment for offshore engineering
constructions. The acoustic bedrock is the conti-
nuation of the onshore Deccan flood basalts (around
65 milljon years old) or its derivatives. The
bedrock characterised by lithological inhamogeneities,
tectonic disturbances and erosion is overlain by
recent sediments (maximum 16m thick). The bedrock
15 observed in the inner harbour and near shore areas
a1d could be traced till about 9 km. seaward in the
wist. The sediments are mainly the unconsolidated
‘luy lecally intercepted by sand bodies. The seabed
\5» largely ever but uneven seafloor is observed
vhere stiff clays cover the seubed or rocks outcrop.
“ipples on the seafloor indicate nobile sediments.
'ne isopachs of ‘sediments show basement deeps and

 palacochannels which can be utilised for decpening of

the hartour, 7The need for transport across the

harbour and continual ship noverent would require
development of a Transharbour transit corridor in the
less congested northern part, The bedrock in the
northerm part of the harbour shows fractures and
discontinuities and is not favourable for a tunnel

which ny be deeper and without sufficient rock roof

and with. longer approaches. Large rock exposures on

the sealeqd can be considered for piled structures for

o wridge.  ue to cnvironmental constralnts effluent.,
~an not be discharged in the harbour and have to ke
yscharged in rhe open sea to the wust. In the wesl

- ovardE Ol sl o ke dr 20k could te traced as out- 1
:rop or subcrop till S KT T 1Y 1T O W PRI em reipe.
Jreas between OutCrops are covered by 4 to b m

diments in which effluent pipelines can be layed arc
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<hore area of about 65 sq.km. in the harbour and As a result of accelerated petroleum exploration

adjacent areas extending from shallow tidal flats to nd exploitation, rapid urbanisation and assceiated
Jevelopment activities during the past one decade,

about 14 m isobath was surveyed, with echosounder,
s1de scan sonar and high resolution shallow seismic
profiler {(followed by sdabed sampling) with a Mini-

Jany site investigations have been carried out in the
Hombay harbour and adjacent areas. The Naticeal
mstitute of Oceanography (NIQ), Goa surveyed about

ranger position fixing system. The paper presents ' , :
1 integrated analyses of the data and reviews the 65 . km. ot the area covering the hartour and the
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Fig. 1-Map showing the areas of detailed geophysical
surveys Off Bombay island and in the harbour.

gXUTPMENT AND METHODS USED

Pogition Fixing

These surveys were mostly carried out using
Motorola Miniranger (MRS II1I) system. However, in
some: areas sextants with a station pointer have also
been used.

Echog ing

Echosounding was carried out mainly with an
Atlas Deso-10 dual frequency (30 and 210 KHz) echo-
sounder. Bathymetric charts were prepared after
+pplying tidal corrections. The echograms were also
teed o identify the areas of even and uneven topo-
by

fiav toan Sar Profilang

s el mark IB Side Scan Sonar with tow fish
“Modui 272) was used, The Side Scan Sonar records
‘sonugraphs) were interpreted on the basis of the
+-r.al variation of the records. These data were
2ad Lo demarcate the areal distribution of the
tok out crops, thelr trends and joint pattems,
carrioution of various sediment LYpes. seabed
w neluding periodic bedforms and dredgirg

UL oW,

-

Subbottom profiling o .

The subbottaw profiling wes carried out with 4
Wuntec Hydrosonde system (rark-2n), with an £DS Boomer
(5 KHz) as the enerdy source, The northern inner
narbour area was surveyed with an ORE subbottom
profiler compristiug of rransceiver {(Model 140) and
transducer assenbly (Model 132 B).

While determining depths to the reflectors no
corfection has been applied for the velocity of sound
in water or in the sediments. P-wave velocity
measured from several core sanples collected in the
area showed littlie difference from the speed of the
sound in water, hence the factor 1500 m/sec was used
to convert the time sections into depth sections.

Seabed Sampling

Based on the shallow seismic records and sono-
graphs, sites were selected f3r sampling. The
surficial sediment sanples were collected by a grab
and gravity piston corer, while rock outcrops were
dredged. The sarpling information was used for out -
crop control and to conpliment the echosounding, side
scan sonar and subbottom profiling data.

RIEF DESCRIPTION OF THE GBOLOGICAL AV IRCNMENT

The western side of the Bombay harbour is porder-
ad by the Bombay group of jslands whereas in the
north and the east lies the mainland. The coastline

marshy tidal flats and creeks (1), Several small
shoals, islets and few jglands are present in the
inner marbour. 'Ihemainrmktypeﬁe)q:osedmthe
adjacent onshore areas comprises pasalts and
associated rocks (Deccan traps, about 65 million years
old), interbedded with tuffs (2).

surfjcial and shallow gubsurface geolody

In the Bombay harbour ared recent (3) sediments
are deposited over a fractured, weathered and eroded
basalt surface. The acoustic basement (lowermost
reflector observed in the seismic records) therefore
mainly represents this basaltic bedrock. For the
convenience of digcussion the Bombay harbour area is
divided into four ate blocks (marked as 1, 11,
111 and IV in Fig. 1), and the stallow subsurface
geology of each block described separately. Line
drawings of the representative seismic sections,
lithologs of selected cotes are ed in Figures
2 and 3 respectively. Distribution of sediment types
alongwith isopachs of sediment is shown in Figure 4.

The: northem JUmer harbour: This area (block 1)
contains i) Elephanta and Butcher islands and the
channels on either side of the Elephanta igland. The
river Ulhas from the north through the creek and the
river bunvel from the east fall in this area. The
water depth varies around dries cver the mudflats to
a maximum of about 13 metres in the channel between
£lephanta island and mainland. Steep seabed and
subbottan slopes are noticed to be associated with
these channels, Supmarine badrock outcrops occur
oxtensively near the islands and isolatedly in bet-
ween Durcher island and Pir Pau, whereas the rest of
the nearshore arear are characterised by muxlflats.

Phe scimmie suctich Shows {Fig. 2) that £the bedrock



% nainty in the farm of ridge and valley, developed
due to dit ferential weathering and erosion. Along
Cxen. apparently linear zones (Fig. 5) the bedrock 1is
Ciiper Gdisturbed or terminated abruptly. possibly

St Lot L rectonic activity. The partially filled
Ceaitxn ko ovalleys etween LElephanta island and mainland

o
St
Felied of rhe badrock is reflected in the rapid
war Lo 1on ol Lhe overburden thickness which reaches
= ©about 16 metres.  The overburden is
wLly ~onposed of acoustically transparent ¢lay, of
whioh atleast the top 2.3 metres are very soft.
Lyedien T present as the fill in the buried channel.
by surficial sediments comprise of mostly the soft
oy, ut .solated sand ribbons also cccur., Near Pir
L1 ieflectors below the seabed are masked probably
ey seee lOgenic material in the sediments.

I1x southern inner harbour: This area (block II)
o rordered by Colabta on the west and Karanja on the
st . The water depth varies from less than a metre
;. the nearshore areas to a maximum of arcund 11

ares.

onshore rocks continue as submarine outcrop near
Colapa and extend till about 2 Km towards inner
mu-bour and about 4 Km towards south, This offshore
- pping bedrock surface have & relief of the order of
© o owetres., Tre pedrock is overlain by the acoustica-
Cly transparent clay (maximum thickness about 6
vrras).

near Karanja the onshore rocks continue offshore

.11 apout 12 Km either as submarine outcrop or as
serop below a thin cover of clay. The hedrock has
Taracteristic high.relief and is expressed as
< illevs and ridges. The bedrock valleys are filled
Lanly wath acoustically transparent clay {maximm
Ckcgs sbout 16 metres), From the trend of the
copach and the depositional pattern, a buried
carsdering channel is inferred to be present near
o owou (Fig. 5). Near the Dharamtar Creek the
s nasewent surfoce is conspicuously flat and

'\ wereG with a uniform 2-3 metres clay. This
ot lector perhaps represents either a relict beach or
. patch of sandy O shelly deposit. Large patches
- Wil defined ripple marks (4) are present on the
caflowr on some areas particula.rly near the rock
A (':'.:)p:a'.

The guter harpouc: This area (block III) is
ool oy the coastal areas in the east and open
e u the west. The water depth varies from dries

o dore o a maximan of about 12 metres towards
e nster end of the surveyed portion. Most of the
. arshore area is dotted with patches of submarine

Cvi ok outcrops of varying sizes, of which the Thal
dearl 1o the largest. The bedrock outcrops in the
Sl nhoal ayea have unevenness of the order of 3-4

ores,  The seafloor gradient over the shoal is
~ay stoep and ranges between 1:750 to 1:50. The
¢t in this area Occurs only as thin veneer or
. o the bedrock. West of Thal shoal, the
. seepens rapidly and could not be traced
he overhurden thickness gradually increas-
. cmxumpn of about 12 metres towards the
s tenn e b the block. The acoustic baseren!
oot oo Thal shoal s oan angular unconformity
cu o L Mas unconformity surface is overlain by
Cedten of tawntl)y stratified layers which onlap

against the bedrock as they approach shore. The top
sost sedimont. layer is composed of acoustically

1 ransparent clay of more or less uniform thickness of
bout 2-3 wetres. The sonographs irdicate the
presence of extensive areas of ripple marks close to

| he rock alorops. OFf Thal a narrow shallow channel
like fealure vauscd by scouring was reported (5) to be
present on the flat clay covered seabottan.

Tre Mulun offshore ared: This area {block v}
represent.s O typical geological situation from the
shore towardhs open sed off the Bombay island. The
Ledrock cortlinues waslwards either 35 extensive out-
Srop or as subcrop beneath thin sediment cover and
outcrops even upto 9 ¥m away from the shoreline. A
ubsurface 1ineament was jdentified (Fig. 5) about 10
wn west of Lhe coast. Along this lineament the
gradually wostward dipping bedrock surface shows an
abrupt, increase in 1tS slope. At places some faint
reflectors could be seen below the acoustic basement
and therefore it is infarred that there the acoustic
basefrent represents the dense consclidated or ceamented
nverburden or weathored basalts. Storewards of 10
metres isobath the averburden thickness is less than
2 metres except for some pockets where more sediments
ure noticed. Seaward of 10 metres isobath the bed-
rock deepens rapidly and the sediment cover increases
Lo a maximum of about 12 metres towards the western
tunit of the block. !

<AL IENT GEDLOGICAL FE‘A’I‘URES AND COONCLUSIONS

Some of the significant submarine geological
features which require consideration for any of fshore
snineering studies in the Bombay harbour. area are
sumarised bhelow:

nedrock surface

The bedrock surface has an overall relief and
sigmificant microrel ief, Bedrock occurs either as
utcrop or subcrop under a thin cover of clay over
large areas. The sorthern inner harbour area contains
tew lineat zones where the bedrock surface is either
highly fractured or pounded by sharp discontinuities.
some of thesce zones coincide with the reported (&)
onshore fravture |inecarents, which possibly sugyest
rectonically weak zones in this region. Deepening of
Lhe inner harbour nay be necessary for enhancing
navigability or accommodating large draught vessels,
while the less conqgested northern harbour can be
considered as a feasible logation for construction of
t ransharbour runnel, or bridge. These outcrops or the
ahallow subcrops van pe the foundation sites for piled
srructures, such as 8 bridge, but may pose problems
where dredglnd, ¢ renching or burial is concermed. The
werall relied of the pedrock may be disadvantageous
ror subsen ored turmels, which possibly have to be
sored deeper and the approach may have to be longer to
wintain suirvable aradient and required solid rock
Sl The presence of weak zones also have to be
faken 1hto Oaeount {or construction of any tumnel.

Open ang buried ¢hannels

Open channel!s 1n “he Borbay harbour area are
asily seen in the hydrographic charts. Several
uried channels could be mapped in the course of
jresent. sruay . Presence of more buried -
channels car not be ruled out. The open
channels either overlie the buried ones Or art
coent Or bl deepened mainly by dredyging. Buriec
lannels represent vhe former subaerially developed



drainage system, These are mostly infilled with urrent Scour ing of £ Thal, Maharashtra.” Bull.

bt ically transparent clay and at. places by inter- Sex-. tow Ol f shoee Pngineering and Underwater
eanaeng tons shoped bodies of sand or other coarsc Cewchupelenny of Indial, b & 6., 1984, 18-21.
srained material.  Foundations on these buried

Sanrels could undergo differential settling. Therc- (6. UG sad., and Ray, AR “Fracture pattem, Hol
tmi. wcurate mapping of these features and proper _ sprizqas ond Lineaments of West Ceast™. Geol. Soc.
sesat o cation of the infill materials is necessary. Telia.. Loabh year Nows letter, 1976,

earsor Yhese thick sedinent filled channels may be

. a2l routes for subnarine pipelines or cables and (7). sideiguie, H.N., Almeida, F., and Bhattacharya,
sl o oe utilised for deepening the harbour . ¢;.i7.: Unpublished Data of Natl. Inst. of -Ocearn.,

16

(8). Pewne, K.5.: "Lineament fabric and dyke pattern
ir the wester part of the Deccan Voleanic
Prowince.  In:Deccan Volcanism,, Geol. Soc. India,
ed., by K.¥.5ubba Rao and R.N.Sukheswala., 198i.,

Coe goeriily are relatively hard. Table.l gives 45-5 .

amom some of the geotechnical propertics ol .
" w1- frow. the core samples (7). The clay vover-
k! 4.3 may be suitanle for trenching and easy burial
¢ wrcdArine pipelines, or cables.

e el oaent overburden 1n the ared is mainly
wanga.cee T clay. however coarse grained materials
. s e, The Lop 2-3 metres of acoustically
Cransparent  clay is very soft, but the sand and stiff

Mauije seafliocor odunents

Sand ripples: Identification of ripple marks
urdicate the preserce of zones of unstable seafloor
' the Bombay harbrour area. This type of features
cay cause problems with the structures with shallow
muarial.

—r

Scouring of the sea floor: Seafloor scouring
1.+ npserved along a narrow zone off Thal. This
pheromenon is attritbwted to intensification of
Lotrom currents due to funneling during its passage
otveen two islands (3}, Offshore structures such
. pipelines built across this type of features are
fikely to be affected, Similar sitwation can be
wxpected to exist near other closely spaced islands
v osutanar ged rock outcrops.
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¥1g.. - Seismnic sections from the Bambay harbour with interpreted lithological sequences.
Locations of the profiles is shown in Figure.l.
Sample MO1 BHS BH3  BH1
Number
water 108 9.0 Lé 10.8
Depth (m)
0 = e FER OF=
-] T e = ‘
g oo g o §
— ] oo d BEAY
14 S B s I Gl i S -
- b= [ -] - Table 1: Geotechnical properties of surfical clay from
1 - =1 [-=1- the Bombay harbour area.
= [~ | -— - Sample number __, BH1 BH2 BHI BHL BHM5  BHé
o 2 — -] ~=] Specific gravity (Y 262 269 265 249 267 264
= el * Natural moisture .15 8620 0.0 8510 12650 9170
5 piming content {6}
J - — - .
Saia Liquid timit (%) 8500 6620 9840 65.00 99460 89.00
3  —
- - Plasticity index (%) 3540 39L L350 2630 L8522 44.07
_:___' . Sensitivity 330 W 120 360 290 2.20
L -
Olive Gray Clay
. A
Silty Clay with Shells
Olive Gray Clayey Silt
-EZZ7Z3 Shell Fragments
v teSotectd core bocations trom the Banbay
carbosu arca showing various lithological units.
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