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a)

b)

d)

EXECUTI VE SUMVARY

On 17 May 1993, a mgjor oil-slick about 10 mles long
and 2 mles wide, was forned about 165 km north off
Bonbay after the Bonbay-H gh-Uran pipeline ruptured and
estimated 3000-6000 tonnes of oil was spilled into the
sea. Steps were imedi ately taken to contain the oil
slick with the help of rubberised boons as well as

treating it with chemcal dispersants.

Alerted by the news, Joint Secretary, Departnent of
Qcean Devel opnent (DOD), requested t he Di rector
National Institute of Oceanography (NNO to send a team

of scientists to the area of the oil spill (Bonbay Hi gh

region) to estimate the magnitude of the oil spill as
well as assess the environmental inpact in the spill
ar ea.

Director, NGO advised ORV Sagar Kanya, the research
vessel, to take onboard 4 scientists and proceed
imediately to the spill area. The ship sailed from
Bonbay on 20 May evening and reached the site on 21 My

nor ni ng.

After reaching the spill area, contact was established
with the Coast CQuard vessel Vajra to get the |atest



f)

9)

position of the oil slick. Three transects, parallel to
one another and 12 stations, 4 on each transect were
wor ked out. The total area surveyed was 1564 square

nautical m es.

bservations were mnade on oil slicks, floating tar
bal I s, dissol ved/ di spersed petrol eum hydrocarbons (DPH),
chl orophyl I, zoopl ankton and bacteria. Water sanpling

was restricted to a depth of 25m

Qoservations in the spill area showed that the oil-slick
had broken into snall patches by winds, currents and
waves and because of the treatnent of chem ca

di apersants, a chocolate - nousse |ike appeared floating
on the sea. The probable direction of the drifting of
oil slick was south-easterly towards south of Bonbay
coast. Aerial survey observations showed sonme signs of
oil patches drifting towards the coastal areas of Mirud
Zanzira, south of Bonbay. Concentrations on tar
balls (0-95.82 ng/nf) and DPH ( 0.19 - 3.65 ng/1l) were

found quite on the higher side as conpared to nornal

val ues.
The floating oil patches will ultimtely end up as
floating tar particles which, finally will either sink

to the bottom or be washed ashore on beaches.



1. BACKGROUND

Oh 17 May, 1993, a npjor oil slick about 10 mles 1long
and 2 mles wide was forned about 165 km north off Bonbay
(latitude 19°32'N and Longitude 71°18' E) after the Bonbay -
Hi gh-Uran pipeline ruptured. The accident occurred around
0800 hr, thus spilling roughly 3000-6000 tonnes of oil into
the sea. QI continued to leak out of the pipeline at the
rate of around three barrels per mnute. St eps wer e
i mredi ately taken to depressurise the line by closing all the

wel I's and stopping operation of the pipeline.

The Coast Cuard was alerted about the oil spill a, about
0930 hr on the sanme day and by 1350 hr, it had commenced
spraying of chem cal dispersants on the slick. The spread of
oil was limted with the help of the rubberised boons and the
oil was being recovered with the help of the skimers in
oper ati on. Coast @uard vessels Vajra, Vijay, Vivek and
Ahi l yabai were involved in the containnent operation along

with two ONGC vessel s Sanudra Surakaha and Nand Sham k.

Under the action of the chem cal dispersants sprayed on
the oil-slick, the slick had been broken up into seven or
ei ght patches scattered along the periphery of the 20 square
nautical mles. The largest of these, was a patch of around
400 neters long and 100 neters wide and was | ocated 75

nautical mles away fromthe coast on 18 May, 1993.
1



Oh 18 May, the Joint Secretary, Departnent of Ccean
Devel opnmrent (DOD) telephonically contacted the Director,
Nat i onal Institute of Cceanography (NIO requesting him to
send out a team of scientists on board ORV Sagar Kanya, one
of their research vessel, at the earliest. The main aim was
to proceed to the area of the oil spill (Bonbay H gh region),
estimate the nmagnitude of the oil spill and assess the
envi ronment al inpact in the Bonbay Hgh region. Four
scientists from Goa were nomnated to the task who proceeded
to Bonbay and boarded ORV Sagar Kanya. The ship sailed out
on its mssion on 20th evening. After conpleting the survey
in Bonbay H gh region and covering about 350 |ine nautical

mles, the ship came back to Bonbay on 23 My.

2. OL ONTHE SEA

Weat heri ng Process:

| medi ately after a spill, the lighter fractions of oil
evapor at e. In the warm waters of the equatorial and tropical
oceans, it has been observed that this evaporation wll
remove as much as 40% of the spill during the first 24 hours.
Gl will also be oxidised by dissolved oxygen at the rate of
1 nmg of oil per 3 ng of oxygen consunmption. M crobi al
degradation wll account for 2g of oil per square neter per
day. Around 1% of the spilled oil will be dissolved or
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dispersed in water. In addition, photo-oxidation by solar
radiation will also dagrade a part of the oil. Thus, it can
be expected that around 45-50% of any oil spill wll be
removed during the first 24 hours in the warm zone of the
ocean. The heavier fractions of the spill wll formdrifting
patches being split up by the prevailing winds and currents.
These patches will ultimately end up as floating tar
particles which finally, wll either sink to the bottom or be

washed ashore on beaches.

Chem cal Dispersion:

clearly oil does not remain permanently on the sea
surf ace. It may disperse into the water colum either
conpletely or partially under the action of natural forces
and/or it may cone shore. Dispersants are sinply a neans of
increasing the natural dispersion rate so that sufficient
di spersion will have occurred to renove the oil fromthe sea

surface before it reaches the shore.

D spersants are mxtures which include surface active
agents to reduce the interfacial tension between oil and sea
water. This nmakes it possible for an oil-slick to break into
very fine droplets (less than 100 mcrons in dianeter) which
are rapidly distributed throughout the water volune because
of the natural water novenent. Wth normal m xing energies,
the oil concentration in the water colum rapidly decreases

3



to background levels. The droplets may rise slowy to the
surface water but special conponents in the dispersants
(stabilizer) inhibit reaggloneration or coal escence. The
di spersion action is enhanced by mxing energy derived from

wave action, propeller wash, etc.

Al  dispersants are likely to be toxic to marine |life
and as such direct application of the dispersants nmay prove
fatal to nost marine organi sms. Hence, the dispersants to be
used, nust be carefully chosen with particular reference to

their toxicity and applied with caution.

3. SLI K MOVEMENT PREDI CTI ONS FOR A HYPOTHETI CAL
SPILL IN BOVBAY H GH REG ON

Movenents of oil slicks and oil spills are regulated by
novenents of water at the surface. If the speed and
direction of surface currents over a long period of time at
any place is known, then a neaningful forecast of such
novenent s can be nmade. Using this concept, Nat i ona
Institute of Cceanography, Goa, carried out the studies for a

hypot hetical oil spill novenment from the Bonbay H gh region

Fig. 1 shows the trajectories of oil spills occurring in
different nonths of the year whereas the interval for the
spilled oil to reach and affect the coastline is given in
Table 1. The drift trajectories show the novenent of the oi
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from the spills occurring in Bonbay Hgh region at the
begi nning of each nonth. It can also be seen fromFi g.1 that
the tracks for the spills occurring later in any nmonth lie

between the tracks plotted for that nonth and the next.

In general, the findings conclude that from My to
Septenber i.e. the period of south-west nonsoon, the west
coast of India remains vulnerably exposed to oil slicks and
oil spills whereas during the remaining part of the year, the

spilled oil nmoves away from the coast.

4. WORK PLAN

Thr ee transects, parallel to one another and 12
stations, 4 on each transect were worked out (Fig. 2). The
di stances between the transects and the stations were put
roughly as 15 nautical mles (NM. Transect | was along the
directions of the drifting of oil-slick whereas transects |
and TIT were on the either side and parallel to transect |I.

The total survey area covered was around 1563 NW.

The northern and southern limts were at 19°38' and
18°49' N latitudes and the eastern and western linits were at
72°16' and 71°19'E longitudes. The station 8 (19°24'N -
71°32'E) was about 16 NMfromthe spill area (19°32'N -
71°18' E) whereas the nearest station 12 (19°10'N
72° 16' E) from the Bonbay coast was around 32 NM .



5. METHODOLOGY

At every station, two Neuston nets (300 M) having a
mouth area of 30 x 15 cm each rigged 1in a catamaran
arrangement, were towed at the surface, for 15 minutes with
the ship steaming at 2 knots. The strata sampled were 0 - 15
cm and 20 - 30 cm. This would collect floating tar balls and

other debris.

Water samples were collected to a maximum depth of 25m
for DPH using Niskin water samplers at 0, 10 and 25m depth.
All the water samples were analysed for their
dissolved/dispersed petrol sum hydrocarbon (DPH) contents, by
spectrofluorometry after hexane extraction. Samples were
also analysed for chlorophyll, phaeophytin and primary

productivity upto a depth of 40m.

Plankton samples, freed from tar and other floating
matter, were examined for their biomass and preserved for

detailed examination.

6. OBSERVATIONS (21-23 May : 4-6 days after the spill)

0il sightings:

Observations on oil sightings, showed no signs of oil
patches either treated or untreated in the spill area at
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latitude 19°32'N and longitude 71°18'E where the incident
occurr ed. Since this incident occurred in the nonth of My
which is the period of south-west nmonsoon, the spill mght
have already drifted as a whole or in patches in south-
easterly direction towards the Bonbay coast as predicted in
our earlier findings. Several snall isolated patches of
treated oil (oil + dispersant) were sighted in the south
easterly direction along the track I and between the stations
1 and 3. The size of the treated oil patches varied roughly

between 1 x 0.5 mto 10 x 2 m Only one patch of untreated

oil (about 100 x 2 m was observed at station 3 along the
nane track. No oil patches either treated or untreated were
sighted at other stations along the transects Il and IlI

t hroughout the survey. Aerial observations carried out |ater
on 25 May showed sonme signs of oil patches drifting towards

the coastal areas of Mirud Zanzira, south of Bonbay.

Tar balls:

Tar could be collected at 7 of the 12 stations. In
general, tar concentrations ranged between 0 - 95.82 nmg/nf |,
with a nean value of 8.52 nmy/nt (Table 2). Maxi mum
concentrations of tar were observed along the transect | at

stations 1,2 and 8 (1.38 - 95.82 ng/nt ). This was the
transect, where nmaxinum oil patches were also observed
drifting in sout h-easterly di rection. The observed
concentrations were quite on the higher side as conmpared to
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those in the Arabian Sea (0-6 mg/ nt).

After the first 24 hours, owing to sea state and high
tenperature, water-in-oil nousse may be formed due to the
prevailing wnd which will adsorb on to the surface of any
suspended particle to formtar balls. These tar balls either
sink to the seabed or get suspended by the buoyancy of its
size in an internediate water mass and flow out. The
remaining tar balls will, ultimately, be washed ashore on the
near by beaches. Since this is a period (My - Septenber ) of
SW nonsoon when the al ongshore surface current develops an
easterly shoreward conponent, there is every possibility that
these tar balls will be deposited on the beaches along the

west coast of India between Bonbay and Goa.
Di ssol ved/ di spered patrol eum hydrocarbons (DHP):

DPH concentrations ranged between 0.19 and 3.65 ny/1,
with a nean value of 0.89 ng/1 (Table 2). The hi ghest
concentration (3.65 ng/1l) was obtained at the surface (#1)
whereas the |owest concentration (0.19 ng/1l) was at 25m depth
(# 12). The maxi num concentrations were obtained at the

stations along the track I (0.53 - 3.65 ng/1l) as conpared to

t hose obtained along the tracks Il (0.37 - 3.23 ng/1) and Il
(0.19 - 0.70 nmg/1). The higher concentrations along the
track | showed the simlarity with that of oil pat ches and
tar balls which were also maxi num along the sane track. In

general, the DPH concentration showed a gradient with depth.
8



The observed DPH concentrations between 0.19 and 3.65 ng/l
(ppn) were higher by 3 orders of magnitude or around 1000
times as conpared to those background level a in Bonbay Hi gh
region (1 - 30.8 ppb) and in the Arabian Sea (3 - 22 ppb) as

shown in Table II1I.

Chlorophyll a (il a) Phaeophytin (Phaeo)

and Primary productivity (PP)

Table 4 shows that in the region of oil patch, the nmnean
value of extinction coefficient (i.e. a light penetrating
I ndex) was 0.14. Chlorophyll a (chl a) and phaeophytin
(phaeo) values in surface waters ranged fromO0.24 to 1.78 ny

3

m and from 1.37 to 8.32 ng m® , respectively. The nean

primary productivity (pp) in the surface waters was 9.3 ngC

3

m?® day'- In the vertical water columm, nean values of chl

a, phaeo and pp were 14.2 ng m? 77.9 ng m? and 0.19 gC m’
day?! , respectively. Mean zoopl ankton bionass was 49.3
m /100 nt. As seen fromtable 5 the total zoopl ankt on

counts ranged from 2438 to 8038 nos/|00n? -

In the oil free region, the nmean extinction coefficient
value was 0.36. This high value was due to water turbidity
as a result of agitated bottom sedinments. Chl a, phaeo and
pp in surface waters ranged from 0.27 to 3.18 ng m3 1.39 to
12.4ng m® and 0.74 to 4.36 ng C m?® day!, respectively.
In the water columm, the nean values of chl a, phaeo and pp
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were 30.9ng m? 15.26 ng m? and 0.25g C m? day!. The
mean zoopl ankton bionmass was 23.2 m /100 nt . The tota

zoopl ankton counts as shown in Table 5 ranged from 1123 to
20000 nos/ 100 . Vi sual observations showed that sone

portion of oil slick. was associated wth Trichodesm um

bl oom Organi sms such as medusae, were found floating and
entangled in the oil slick and small crabs crawled on the oil

Mass.

As conpared to chlorophyll, the concentrations of
phaeophytin were high in the area surveyed. Also the rate of
phot osynthetic production showed |ow values of 7.7 ng C(ny
chl a)™! day along the oil patch region as conpared to that
of 54.1 nmy C (ng chl a)™* day! in the region free of oil
pat ch. This indicated adverse effects of oil on basic
phot osynt heti c processes. Copepods which generally dom nate
t he zoopl ankton organi sms showed very low counts (at # 4 and
#5) of less than 32% and 18% respectively (Table 5). Al so
hydromadusae group domnated at # 5. These results indicate
poor quality of water and consequent adverse effects on the
basic . biological processes and life in the area affected by

oil spill.

7. CONCLUSI ONS

i) The estinmated volune of spilled oil is about 3000 - 6000
tonnes, around 40% of which should have been evaporated

10



i)

wthin first 24 hours. This could nean that the
remnants should be of the order of 1800 - 3600 tonnes of

continuously decaying oil in the Bonbay H gh region.

The volune of the oil was further reduced by treating
with chemcal dispersants, as a result of which, the

oil is partially dispersed into the water col um.

The wi nds, currents and swells broke the renmaining part
of the spill into several patches. Since, this is a
period of SWnonsoon, these patches were drifted in
sout h-easterly direction towards the south of Bonbay
coast. These patches will ultimately end up as floating
tar balls which finally, either sink to the bottom or be

washed ashore on the beaches.

11



TABLE - |

TI MVE

AFFECT THE COASTLI NE

I NTERVAL FOR THE SPILLED AL TO REACH AND

IS S S A G G COO Gab T S GO P NP R (D GUe W D S S G TN SR SR e S M S — D — - . — f  Gme i S W e S G - VY M WS WS W

Time of spill

Coastline threatened
as a result of spill

Time interval between
spill and oil reaching
shore (in days)

R D W W G . D WO T G € W R s 4 S W WS P G G WD MR M S M M G e W TR MR VN S G @S W S S WP W G G R G S WS WD S W

Early March
Md March
Early April
Md April
Early My
Early June
Early July
Early August
Early Sept
Md Sept

No threat

Far south of Bonbay
Around Kar war

Around Ratnagiri

70-80 km south of Bonbay
Around Bonbay

70-80 km north of Bonbay
Around Bonbay

70-90 km south of Bonbay
No t hreat

105
45
35
22
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TABLE II: Data on oil-sightings, tar balls and DPH in oil-spill area

. . ——— . ———— — " A e A 0 e S ST G S TRE MR R PR R ek B D M MRV T A G e e Ml WISV TR GBS R M I A TEL MR G B S S G Y R A VI S e Ve S W B M Aev et Sw s S GmA e s Y = = e S . G — .

Station Date Lat °N Long E 011 sightings Tar balls DPH mg/l (ppm)
Nos mg/m Om 10m 25m
1 21.05.93 19°16.3" 71°47.9" Treated oil patch 95.82 3.65 2.86 0.74
2 -do- 19°06.4" 71°55.2" -do- 4.36 1.35 1.07 0.81
3 -do- 19°01.3" 72°09.5" untreated oil patch A 1.62 0.9.1 0.82
4 -do- 18°49.4" 72°01.1" A 0.21 3.23 0.61 0.58
5 22.05.93 18°57.3" 71°46.0" A A 0.56 0.44 0.37
6 -do- 19°04.9" 71°34.3" A A 0.63 0.63 0.64
7 -do- 19°13.4" 71°19.6" A A 0.50 0.60 0.52
8 -do- 19°24.5" 71°32.2" A 1.38 3.03 0.61 0.53
9 -do- 19°38.3" 71°45.3" A A 0.49 0.52 0.34
10 -do- 19°27.4" 71°56.9" A 0.48 0.38 0.43 0.39
11 23.05.93 19°17.8" 72°09.1" A 0.05 0.54 0.37 0.22
12 -do- 19°10.3" 72°16.8" A PT 0.70 0.51 0.19
DPH - Dissolved/dispersed petroleum hydrocarbons
A - Absence

PT - Presence indicated.
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TABLE III - Comparison of the data on floating tar balls and
DPHconcentrations.

e v 0 SR EB M W R ma W . TSSO W SR e MR s G N G W e BW b W S S Sen e M S - ot G - - e - - w e T Em  E— e Me

Spill area Normal wvalues
Bombay ~ mmemmseee—eeeee- Remarks
Variables High region Bombay High Arabian
region Sea
. 2
Floating tar balls 0-95.82 0-6 mg/m Increase
mg/m’
DPH 0.19-3.65 1-30.8 3-22 Increase
(0-25m) mg/1 (ppm) Mg/l (ppb) Mg/l (ppb)

14



TABLE 1V: Data on chlorophyll a,

phaeophytin and primary
ar ea.

et . e G e o A e 4 o o T A e T . " ke - ——— — " " e R - U T A T o o - - - —— -

0. 07

32

13.6

66

productivity in the oil spill
Vari abl es Al patch regionb
Mn  Mx  Man SD
Extinction coeff. 0.12 0.15 0.14
Surface waters
Chl orophyl | a
mg m’* 0.24 1.78 0.64
Phaeophytin
my mS 1.37 832 3.2
Primary productivity
nmy Cm?® day?) 9.3
Zoopl ankt on bi omass
m /100 n? 13.1 100 49.4
Vertical water colum
Chl orophyl | a
my m 2 3.9 37.4 14.2
Phaeophytin
mg nt 2.1 190 77.9
Primary productivity
gC i? day! 0.19

0.27

1.39

0.79

4.8

10. 4

53.7

3.18

12. 4

4. 36

65.5

85.0

407

1.21

5.44

2.58

23.2

30.9

152. 6

1.10

4.20

20. 4

24

112



TABLE V -

Zooplankton texa in the spill

- e - - - —— T o Y A - T " o T > - n T = S = o o e o o e = e o S R i s W e = o A A T = - e . T T e o A - M A e R S o e A - G - e e . i e e s - - e ——

HYDROKEDUSAE

S| PHOSOPHCRA

SALPS AND DCLI OLI DS
CLADOCERA

LDCl FEP SP.
0STRAQO\ S

AVPH PCDA

CCPEPCDA

| SCPCDA

DECAPCDA
CHAETOGNATHA
APPENDI CULARI A
PTERCPCDA
GASTROPODA
LAVELLEBRANCH LARVA
ECH NCDERM LARVA

FI SH EGGS

FI SH LARVA

OTHERS

e - e - T o e = e i G r . A e = = . e . M o e e e M - e e e N A 4 A T " . = - — S -

1 2

38.0 100.0
152. 2 416. 6
323.8 232.1
23.8

19.0

60.7

1333.3  4095.2
23.8

83.3

95.2 65. 4
152. 3 11.9
15. 4

304.7 32.1
9.5

38.0 13.0
2438.0  5202.3

S
3 4
46. 4 38.0
61.9 704.7
66. 6 95.2
94.0 228.5
914. 2
1180. 9
2563.0 2571. 4
28.5 1752. 3
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53.5
76.1
178.5
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TRAJECTORIES OF OIL SPILLS OCCURRING IN DIFFERENT
MONTHS OF THE YEAR (1-12 REPRESENT THE CALENDER
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