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l. 1. EXecutive Summary

Cairn Lanka Pvt. Limited (CLPL) proposes to caray 450 sq kilometres of 3D seismic survey
in the SL-2007-01-001 block off Kalpitiya in the [Bwf Mannar. CLPL is a wholly owned
subsidiary of Cairn India that holds a 100% papating interest in the Mannar block. The
Block SL 2007-01-001 was awarded to CLPL in theen¢cSri Lanka bid round under an
agreement with the government of Sri Lanka. The&ha basin is a frontier petroleum province
for Sri Lanka that is yet to be explored. Cairn kamwill invest in the region in exploring the
block by applying the best in class technologies iadustry practices in the search to establish
whether commercial quantities of hydrocarbons cardoind. Cairn India is currently focused
on exploration and production in South Asia wheteas a working interest in 15 blocks, two of
which are producing hydrocarbons. Cairn has begiogrg for hydrocarbons in India for more
than a decade. Today it has a proven track recbrdaiing exploration discoveries and fast
tracking them to production. As of today there 4Pediscoveries to Cairn India’s credit. Cairn
India Limited is listed on the Bombay Stock Excharand the National Stock Exchange of
India. Cairn Energy PLC, the UK based parent comypenids a 65% interest in Cairn India.

This project boundary includes the Indo-Lanka nragt boundary on the West, The Gulf of
Mannar to the North and South and Bar Reef mararectsiary which is approximately 2.3 km
to the East of the block. Kalpitiya is the closeswn and is approximately 11 km from the

south-eastern boundary of the block.

Sri Lanka’s efforts in oil exploration dates back1960s, when Sri Lanka acquired first off -
shore reflective seismic in the north western neginl1967. Thereafter, between 1974 and 1981,
seven exploratory wells were drilled with assiseafrom Russian and US companies. Although
some evidence of presence of hydrocarbons was foargkrious efforts were made to extract
oil, as it was said to be commercially unviableyegi the depth of reserves and technology
available at time (CBSL, 2007).

Recent efforts for oil exploration commenced vatB-D seismic survey programme carried out
by TGS-NORPEC, a Norwegian oil company in the Marbesin in 2001 and 2005. The 2-D
seismic survey in the Mannar basin covers an af&8015 sq. km divided into eight blocks.
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Out of these blocks, blocks 1 & 8 have already lreserved for the governments of India and

China respectively for oil exploration.

Sri Lanka is highly dependent on imported crude aatural gas for meeting its energy
demands. While at the same time there has beetetinfiydrocarbon exploration to assess
potential for domestic availability and productiobhis exploration is thus of great national
importance. Any successful discovery would leadeuction on import of hydrocarbons and

provide a boost to the economy.

A review of the Regulatory and Institutional Franoelv with respect to environmental

clearances as applicable to this project indicttas the Petroleum Resources Act, No. 26 of
2003, and regulations under it are applicable te firoject. While recognising that any

petroleum operation involves certain negative inpaen the environment, the Petroleum
Resources Act No.26 of 2003, specifies in article51that an Environmental Impact Study
should be carried out by competent persons. Intiaddio Sri Lankan regulatory requirements
Cairn’s corporate procedures requires that Enviemtal Impact Assessment is carried out for
all its operations. The EIA processes of Cairn’gragions are guided through its HSE policy
and Corporate Responsibility Management System (SRIdrocedures. Cairn Lanka Pvt.

Limited has obtained the services of National Agu&esources Research & Development
Agency (NARA) a premier Sri Lankan institution. NARhas been providing technical advisory

services to the Sri Lankan government and otheafgiagencies.

This Initial Environmental Examination (Report) HR) has been carried out keeping in mind
existing regulatory requirements and in line withir@'s corporate procedures and guidelines.
The baseline data on various environmental comgenkas been compiled from NARA'’s
resource base as well as from various other resedrsources. It is a general practice to base
the EIA for seismic surveys on available informatidhis report is prepared based entirely on
secondary data available from previous studiesrapdrts only. Cairn Lanka will invest in the
region in exploring the block by applying the bistlass technologies and industry practices in
the search to establish whether commercial quastdf hydrocarbons can be found. Cairn has
been exploring for hydrocarbons in India for mdnart a decade. Today it has a proven track

record of making exploration discoveries and femtking them to production. As of today there
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are 40 discoveries to Cairn India’s credit. Camdi& Limited is listed on the Bombay Stock
Exchange and the National Stock Exchange of Ifdarn Energy PLC, the UK based parent
company holds a 65% interest in Cairn India.

The identification and assessment of impacts iedas professional judgement, simulation
methods and application of mapping techniques Gk8. Distance of the block from various
protected areas has been analysed so as to plaartreyy accordingly. In addition, studies done

in several other countries have been referreddrptieparation of this report.

The fauna within the seismic survey area (i.e.d@she offshore block SL-2007-1-001) and in
adjoining and neighbouring areas comprise of ingmartfisheries resources. The Bar Reef
marine sanctuary is also located in the area. TdnreRef is one of the most productive coral
reef systems as well as it is unique in termsobib diversity. About 400 species of reef fish
and numerous species of crustaceans including cocratlg important species such as lobsters
and sea cucumbers have been found from the areaPuittalam Lagoon, a highly productive
estuary in the Northwest coast of Sri Lanka is &®ated close to the block. Marine mammals

have also been reported to frequent the area.

The Initial survey would be a 3D Seismic within thleck and the impacts have been listed in
some detail in this report. It is supposed to Hage impact than exploratory drilling, which may
not be necessary in the latter stage of exploratigoroper 3D Seismic is conducted. Though
there have been efforts to study the impact ofnsieissurvey on marine environment, the
analysis has been very qualitative so far. Thehasig is on behavioural and physiological
effects due to sounds at or above the 180 dB tovass 10 dB level for different species. The

key factors involved in assessment of risk to neanimals during seismic survey are:

I.  Knowledge of sound level at which risk of physigajury or significant behavioral
change can be envisaged
ii. Damage quantum associated with duration of expdsegeency and speed of sound
iii.  Can continuous noise at moderate levels cause darage than intermittent noise of

higher levels?
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The proximity of the Bar Reef to the Eastern bounds# the block, the movement of fishing
vessels within and across the block, fishery agtiand fishing gear laid within the block, Reef
fishery conducted by divers, Turtles, Marine Mansratd their migratory patterns are expected
to be affected due to the project activities. Fertllamage associated with duration of exposure

frequency on other biota has also been considered.

Several other possible impacts have been consider@densitive areas within 50 km of the the
boundaries of the block have been mapped. Reefs, gbass beds, Wetlands and Villus,
Mangroves are some of the eco-systems and thekinpity to the project boundaries are

indicated clearly in this report.

It would be advisable to make arrangements to mftire following Government Agencies and
Departments with the consent of the PRDS. A shescdption of proposed activities in the
exploratory block and precise schedules will befulsder them to be informed and advice on

appropriate measures to be taken in case of ctmétc.

I.  Ministry of Fisheries and Aquatic Resources Develept

ii.  Department of Fisheries and Aquatic Resources

iii.  Central Environmental Authority

iv.  Marine Environmental Protection Authority

v.  Ministry of Defence

vi.  Sri Lanka Navy
vii.  Provincial Environmental Authority of North WestePnovince.
viii.  Chairman, Kalpitiya Pradeshiya Sabha

ix.  District Secretary-Puttalam and Mannar.

X.  Divisional Secretary, Kalpitiya

The recommended mitigatory measures are indicat@dsieparate chapter and a monitoring
plan is also given. It is recommended that the sesurvey be conducted as soon as
possible while ensuring that the precautionary giple is adopted in the consideration of
impacts on biota and the mitigatory measures enateerin this report and the

Environmental Management Plan be followed with goaentions by all concerned.
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. Terms of Reference

This report is based on the following Terms of Rexfiee.

i.  Collation of information on methodology of proposssismic survey.

ii.  Collation of hydrographical and bathymetry data foe region based on existing
information / records / documents

iii.  Collection and Collation of existing baseline envimental quality

iv. Ildentification and demarcation of environmentakysitive areas such as marine national
parks, sanctuaries, breeding grounds, wet lands Tdie sensitive areas should be
mapped using GIS with area coordinates.

v. Review of legislative requirements, rules and ragohs applicable to the seismic
operations. The regulatory requirements have inelicaeed for permits and the process

for obtaining these

vi. Identification of impacts due to seismic surveynoarine ecosystem of the region
vii.  Prediction and evaluation of significant impacte do proposed activities / operations
viii.  Delineation of appropriate measures for prevengiot control of environmental damage

iX.  Suggest environmental monitoring program. SocionBoac Status of Communities
around the project area and impacts and mitigatoeasures needed due to project
activities.

X.  Fishery Activities- Stocks of Fish resources, TymésFishing Techniques and Geatr,
Landings according to seasons and Variations, Bogies, Fishing Grounds with

locations —Impacts and Mitigatory Measures
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CHAPTER 1
INTRODUCTION

1.1 Background of the Project Proponent

Cairn Lanka Pvt. Limited proposes to carry out 146Qare kilometres of 3D seismic survey in
the SL-2007-01-001 blockairn Lanka (Private) Limited, is a wholly ownedsidiary of Cairn
India that holds a 100% patrticipating interesthe Mannar block. The Block SL 2007-01-001
was awarded to Cairn Lanka Pvt. Limited in the ne&i Lanka bid round. The Mannar basin is
a frontier petroleum province that is yet to belergd. Cairn Lanka will invest in the region in
exploring the block by applying the best in classhhologies and industry practices in the search
to establish whether commercial quantities of hgdrbons can be found. Cairn India is
currently focused on exploration and productioisouth Asia where it has a working interest in
15 blocks, two of which are producing hydrocarbd®airn has been exploring for hydrocarbons
in India for more than a decade. Today it has avgmotrack record of making exploration
discoveries and fast tracking them to productios.ohtoday there are 40 discoveries to Cairn
India’s credit. Cairn India Limited is listed onettBombay Stock Exchange and the National
Stock Exchange of India. Cairn Energy PLC, the Wisdnl parent company holds a 65% interest

in Cairn India.

As described earlier Cairn Lanka Pvt. Limited preg®to carry out 3D seismic survey in the
SL-2007-01-001 (Mannar) block. The block area ipragimately 3000 sq km with depth
varying from 50m to 1800m. It is located to the NdVColombo off the Puttalam Peninsula in
the Gulf of Mannar. There are no sizeable towrar iilee block and the eastern extent of the
bloc is some 6 km to more then 15 km from the cdéast water mark. An exploration and
production agreement has been signed between Goeatrof Sri Lanka and Cairn Lanka Pvt.
Ltd for identifying potential hydrocarbon resenassd production upon a successful discovery.
The initiation of exploration activities in the lolo are planned during the first quarter of 2010.
The hydrocarbon exploration process at the blocklevatart with gathering of seismic data
which will be interpreted and analysed to idensifyuctures that could be potential hydrocarbon

reserves.
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While recognising the fact that any petroleum openamay involve certain negative impacts on
the environment, the Petroleum Resources Act. Nof2B003 specifies in article 14.5 that an
Environmental Impact Study should be carried outcbynpetent persons. In addition to Sri
Lankan regulatory requirements Cairn’s corporate@dures require that Environmental Impact
Assessment be carried out for all its operatioge EIA processes of Cairn’s operations are
guided through its HSE policy and Corporate Resibditg Management System (CRMS)

procedures. Cairn Lanka Pvt. Limited has obtaifeddervices of National Aquatic Resources
Research & Development Agency (NARA) a premier ISmkan institution. NARA has been

providing technical advisory services to the Smkan government and other private agencies.
1.2 Background on hydrocarbon exploration in Sri Lanka

Sri Lanka is an island nation which is situatedusen 855" - 9 50” north latitude and 732"

— 81° 51" east longitude. The total land area of tharidlis about 65,000 Kmand having a
maritime jurisdiction over 517,000 KmiThe total population of the country is approxietat20
million.

Sri Lanka’s efforts in oil exploration dates back1960s, when Sri Lanka acquired first off -
shore reflective seismic in the north western ne@gmn1967. Thereafter, between 1974 and 1981,
seven exploratory wells were drilled with assiseafrom Russian and US companies. Although
some evidence of presence of hydrocarbons was foargkrious efforts were made to extract
oil, as it was said to be commercially unviableyegi the depth of reserves and technology
available at time (CBSL, 2007).

Recent efforts of oil exploration commenced witB-B seismic survey programme carried out
by TGS-NORPEC, a Norwegian oil company in the Marmasin in 2001 and 2005. The 2-D
seismic survey in the Mannar basin covers an af&8015 sq. km divided into eight blocks.
Out of these block (block 1& 8) already has resegri@ India and China respectively for oil

exploration.
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Sri Lanka is highly dependent on imported crude @atdral gas for meeting its energy demands.
While at the same time there has been limited loattmn exploration to assess potential for
domestic availability and production. This explaratis thus of great national importance. Any
successful discovery would lead to reduction onarhpf hydrocarbons and provide a boost to

the economy.

1.3  Objective and Scope of IEE

The scope of the IEE study has been determineddbaseTerms of Reference’ assigned to
NARA, professional understanding, nature of adgeit geographical boundaries, marine
ecosystem conditions prevailing in the block aneriction of project activities with various
stakeholders.

The scope of work for the IEE includes:

* Review of regulatory and institutional frameworlattCairn needs to be aware of while
carrying out seismic exploration and subsequentities in the block. Providing a
regulatory framework upfront would assist Cairn umderstanding compliance
requirements for carrying out various activitieghe block.

« Compile and analyse necessary information on enmental components like
meteorology, wind & wave patterns, infrastructungarine water quality, bathymetry,
coastal & marine ecology, environmentally sensitareas, archaeological sites, ship
movements, fisheries, socioeconomic condition, $gcconcerns, disaster proneness and
stakeholder analysis.

» Identify and assess potential impacts to variougrenmental components as well as
interactions with various stakeholders. The impactiude the ones that are adverse,
beneficial, direct as well as indirect. The impdwse been identified and analysed based
on professional judgement, and application of magpools like GIS.

* Propose mitigation measures for adverse impactggestion on good practices,
emergency preparedness and response, disasterrquiepss plan and stakeholder

management.
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1.4 IEE Methodology

The IEE has been carried out keeping in mind exgstegulatory requirements and in line with
Cairn’s corporate procedures and guidelines. Tagelme data on various environmental
components have been compiled from NARA'’s resolrase as well as from various other
recognised sources. It is a general practice te blas EIA for seismic surveys on available

information.

The identification and assessment of impacts iedhas professional judgement, simulation
methods and application of mapping techniques Git8. Distance of the block from various

protected areas has been analysed so as to plauartiey accordingly.

An environment and social impact management planbean developed to take care of adverse
impacts and suggestions have been made on gooticepsadRecommendation on emergency

preparedness and response plan as well as dipasparedness has been covered separately.

1.5  Structure of the Report

The report has been structured in a manner to cthwercomplete scope of this IEE. The
following sections of this report covers regulatanyd institutional framework, project details,
baseline environmental & social condition, assessnoé environmental & social impacts,
environmental & social management plan and respdosemergencies & disasters. Maps,

charts, tables and photograph has been used fpref@sence. The report covers the following

chapters:

Chapter 1 : Introduction with Regulatory & institutal framework
Chapter 2 : Project description

Chapter 3 : Description of existing environment

Chapter 4 : Environmental Impacts

Chapter 5 : Mitigatory Measures

Chapter 6 : Environmental Management Plan

Chapter 7 : Conclusions and Recommendations

Chapter 8 : References
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CHAPTER 2
DESCRIPTION OF THE PROJECT

2.1 History of Exploratory Surveys for Petroleum armd Geotechnics

Oil exploration work in north-west Sri Lanka hasehestarted from 1973 by the Soviet firm
Techno-import. They have drilled three stratigraphells based on geophysical data gathered
from the works carried out in Palk Bay and Manrsand. The test wells were found to be of
low potential but there was evidence of hydrocasbionLower Tertiary, Upper Cretaceous and
Lower Cretaceous successions. In addition that sockessions, sand and limestone rocks were
also observed throughout the succession. Two aédserwells which were located at Delft and
Palk bay in 1974, indicated the presence of a thigcession of clays, siltstone, sandstones and
limestones ranging from Lower Cretaceous to Pliecpariod. In addition to these well data,
seismic data suggested the presence of structanlres favourable to the accumulation of oil
and gas namely stratigraphic trap. Soil cover efdbastline along the proposed area is dominant
with dune sands with thickness varying from 1.9@5t40meters. The Geotechnical works
were done by National Building Research OrganizaffddBRO) revealed that the soil profiles of
boreholes with an extent to a distance of 2.5kmmftbe shoreline. It also revealed that the sand
deposits along the boreholes mainly composed afibtto grey, fine to medium grained angular

particles with little or no plasticity.

The results from the same study shows that thesitejsogradually varying beyond 2.5km and
the soil cover was found to be a dark grey, finenalium grained sand with traces of clay down
to a depth of 4 m from seabed. Also, they havecadtthe sand deposit is underlain by a thick
bed of sedimentary limestone which belongs to Miecperiod. The borehole interpretation of
this area indicates the presence of large cauitigbe order of 1 to 2 m width and zones of
moderately to highly karstic limestones. The karétiature of the limestone is extended from
shallow depth to entire borehole and Rock QualigsiDnation (RQD) is less due to such
solution cavities (Offshore Geotechnical Enginegstudy, 1998).

2.2 The Petroleum Industry in Sri Lanka

The available information from Ceylon Petroleum @wation (CPC) indicates a steady increase

in demand for Petroleum Products over the yeark wislight decrease in demand in 2005 as
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well as in 2008 (Table 2.1) probably due to therenir World Economic crisis that has affected
the developed as well as developing countriesjigao recession in many countries around the
world. While the oil imports have always been a anarain on the economy, development
activities and the general improvements in livitgnslards have resulted in increase in demand

for petroleum products from industry, power gerieraaind transportation in particular.

Table 2.1 IMPORT OF PETROLEUM PRODUCTS FROM 204 TO 2008

TYPE OF YEAR

PETROLEUM | UNIT

PRODUCT 2004 2005 2006 2007 2008
MET.

CRUDEOIL | -\ |2.200,734 2,008,408 2,157,039 1,938,656 1,853,983
MET.
Tonsg | 19170 14,517 28,050 20,740 -

AUTO MET.

DIESEL TONG | 939:343 715741 746864 1,020,057 868,418
MET.

PETROL TONG | 137:643 159,652 163613  208,764| 204,675

FURNACE MET.

ol TONS -| 270,761 157,709|  191,809| 266,946
MET.

JET A-1 200,725 200,807 223,227| 161,852 193,523
TONS
MET.

AVGAS TONS 137 103 163 196 178

BITUMEN MET. - 8,805 25,487 27,563| 48,000
TONS ! ! ! !

TOTAL 3,497,752 3,378,884] 3,502,152 3,569,637 3,435,723

Source: Ceylon Petroleum Corporation
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The Ceylon Petroleum Corporation has forecast thatthere will be an annual increase
demand of approximately &b annually, for most of the petroleum productstaphe yeal
2012.

2.3  The Proposed Surve

The Government of Sri Lanka hgranted Cairn Lanka Pvt. Limitatie block SL-2007-01-001
( Fig: 2.3.1)in the North Western Marine Area of Sri Lanka tndoct Seismic Surveys

assess the potential availability Petroleum Resourcesithin the territorial boundaries of £
Lanka. Cairn Lanka Pvt. Limited proposes to camy 450 Square kilometres of 3D seist
survey in the block during this exploratory survéhe block area is approximately 3000 sq

with depth varying from 50nto 1800m. It is located to the NW of Colombo offe
Puttalam/Kalipiya Peninsula in the Gulf of Man (Table 2.3.1).The distance of the block fro
the North Western Coast is sc6 km to more than 15 kfnrom the low water line. Th
southern end of theroject area is just north of Talawila and the wasboundary extends to t

Indo-Lanka maritime boundai

Pesalai-2

Pearl-1

SL 2007 - 01- 001

. ;\ "

Fig 2.3.1: The Project Area

The detailed bathymetry based on the coordinatdsiote 2.3.1 indicates that the western boun
of the project ares close to the Bar Reef Marine Sanctu
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Table 2.3.1: Coordinates of Project Area

Long Lat
Decimal Decimal

Point Degree Degree| Minute| Second Degree Degree Minute| Second
A 79.66 79 39 36 8.5 8 30 0
B 79.048 79 2 52.8 8.6 8 30 0
C 78.918 78 55 4.8 8.37 8 22 12
D 78.877 78 52 37.2 8.17 8 10 12
E 79.642 79 38 31.2 8.17 8 10 12
F 79.642 79 38 31.2 8.25 8 15 0
G 79.66 79 39 36 8.2 8 15 0

As seen from the sketch of the exploratory blobl, project boundary includes the Indo-Lanka
maritime boundary on the West, The Gulf of Manmathie North and South and is off Bar Reef
marine Sanctuary to the East.

Kalpitiya is the closest town to the block boundangd is approximately 11 km from the south-
eastern boundary of the block. Kalpitiya has aeiisgds harbour located within the Puttalam
Lagoon. Access to Kalpitiya could be by Road (V@dnbo-Puttalam road turn west at Palavi)
or Sea. There is a rail link from Colombo to Pattalwhich is 40 km from Kalpitiya. Colombo

Harbour which is approximately 180 km from Kalp#igind is the largest commercial harbour in
Sri Lanka. There are also minor fisheries landimgssat Chilaw and Negombo which abut the
Colombo-Puttalam highway. The closest airport & Bandaranaike International Airport which
is about 30 km North of Colombo and 150 km Soutlalpitiya. The protected areas around a
distance of 50 km of the project area is givenig E.3.2. This figure indicates that the Bar Reef

Marine Sanctuary and the Wipattu National Parkwathin the indicated radius.

10| Page



TAT0"E

S0T0E

Protected Areas within 50 Km Boundary
from the Boundary of the Seismic Survey Area

Gu¥f of Mag, .
i o

hannar
o

AT0"N

270N

wankalal
o

"'qru i P

Tao

e

R e
£ e
2

Willpattu
National Park .

0N

0N

T

\

f

#

“
EFEE e
a5
T -
A

e
S

- -
oo
B

S e

Legend
=== -+ Bathymetrical Cantours Sea Area Within 20 kKm Boundary
~7 " River D 80 KmArea from Sunvey Boundary

SekEmic Suwenys Area

:

Tem=8km

S0T0E

1
TAT0E



IEER - 3D Seismic Survey for Oil Exploration in Block SL-2007-01-001 in Gulf of Mannar-CAIRN Lanka Pvt. Ltd

2.4  Seismic survey process:

The marine seismic survey process consists of sauaveés produced on the surface of the sea
which pass through the sea and are reflected bsesugpeological layers to receivers (Streamer)
which are towed behind the survey vessel. The tirtakes for these waves to be reflected back
from sub seabed geological formations, as welhasenergy content of these reflected signals,
provides a basis for evaluating the structure araperties of the rocks below the seabed.

Seismic surveys utilise, special ships that tow @ins (source) and pressure sensitive
hydrophone receivers located in streamer cables.alihguns fire, compressed air-based sound
pulses (sound waves) at regular intervals, typrcallery 25 meters as the vessel moves. The
length of the streamers vary from 4 — 8 Kms. and3D seismic surveys 6-10 streamers in

parallel towed at a depth of around 7 m from thesee Streamers are typically 100 meters apart
and are spread out by two doors at each end dfttkamer array which keeps the streamers in
position. The survey vessel, typically up to apjmately 100+ metres long travels at a speed of
around 4 — 5 knots (approx. 10 Km/hr) when recuydilata. Vessels are self contained and
have operational endurance from 30 to 90 dayssn8eivessels often operate with a support
vessel which can transport personnel, spares andunmables supplies, to ensure smooth
operation of the main vessel in addition to a fleiesmall chase vessels (typically local fishing

vessels) to ensure no obstruction takes placeetontin survey vessel and its streamers by other
vessels. Approximately 1 km wide swath has to lbarcof fishing boats, nets etc to allow the

vessel and streamers to pass safely.

A typical survey vessel operates with around 45p&®@sonnel onboard who would all be
considered essential for 24 hour a day operatiahncansist of 20 ship crew with 20-30 seismic
management and technical staff and client repraiees. The duration of the seismic operation

in the SL block is expected to be around one atfchianths.
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Fig 2.4.1: Schematic Diagram of Seismic Pulse Path

2.5  Air gun Source:

An air gun source is a mechanical device that sthigh pressure compressed air in a chamber
and releases it suddenly through ports into therseasponse to an electrical trigger. When the
air escapes, the resulting bubble releases endnghwravels into the subsurface rock structures
and is reflected back. Air gun capacity typicalgry from 10 cu in (0.16 litres) to 500 cu inches
(8.21 litres) in volume of air discharged. 10-2@ls@guns in arrays are used during 3D seismic
survey. By putting several air guns together imceatended air gun array, the overall chamber
volume can be as much as 4000 cu in. A typicaldayd air gun sub array has been shown in

the following figure: 2.4.2.
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2.6 Streamers:

The 4 — 8 km streamers are hollow flexible tubbsdiwith refined paraffin some of the seismic
crew use foam filled streamers as well. The streanh@ve hydrophones (receivers) related
electronics and cabling together with navigatiostriunments that feed data to the recoding room
aboard the survey vessel. The streamers are lotgtecanes called “doors” located at the

extreme front of the streamers and held by cablesd by the survey vessel.
2.7 Sound waves:

The frequency of a energy wave is the number ofque or particle fluctuations per second,
measured in hertz (Hz). The human ear is senditiveund pressure and can normally detect
sounds between 30 and 20000 Hz. Seismic signair@gncontain sound energy where most of
the energy is at frequencies below 200 Hz. Singlguns generate a frequency range of 5-200
Hz, while the comparable range for multiple guragrired simultaneously is in the order of 5-

150 Hz. The sound pressure for individual frequesi@r bands varies, however the maximum

level for falls between the range typically10-80. Hz

Discription of Facilities in Survey Vessel

Facilities within the main vessel:As indicated earlier the seismic vessels use@isurveys
are self sustaining. There are all facilities tointan continuous operations for 30 — 90 days.

Some of the facilities that are related to envirental impacts are as follows:

Water treatment plantThere is Reverse Osmosis (RO) plant that treatsasger into potable
for domestic consumption. The resulting RO rejedidue is treated at the effluent treatment

plant also installed in the vessel.

Effluent treatment plant: The effluent treatment plant treats all types afte water generated
in the vessel i.e. RO reject, sewage, bilge wdter ail removal (water collected at the bottom
of the vessel hull which may contain oil from thashinery rooms) and showers, washing galley

and floor wash water. The solids are separateddandrifuge and stored in closed containers.
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The treated effluent is tested to meet the higimstnational MARPOL standards before being

discharged into the sea. The oil from the bilgeewet separated and incinerated.
Incinerator: The incinerator is used to incinerate paper ahgeparated from bilge water.

Storage:There is substantial storage facility for fuel t@rachemicals, cleaning reagents, paints,
solvents, paraffin, equipment spares etc. Thereotimer facilities like the engine room, control
room, helipad, cabins etc. that may not be of gragatest from the environmental impacts point

of view.

Support vessel and fishing boat¥here will be a support vessel of around 50 mtlernvghich
mainly carries equipment spares and fuel and fagaplges if required. There will be locally
hired 8 — 10 fishing boats that will be used foagling the streamers to prevent other vessels
approaching the streamers.

_'l- 1
i kg 5

ai T
et T

Sea surface)

o bk
: \‘* Hyrdrophone array t ~12%m
urce - (receivers /detectors)

1.

Energy so

(Air gun array)

Figure 2.7.1: The basic components of a marinerseiseflection survey (the layers of the seabed are
shaded) (Simmonds et al. 2004)

2.8 Description of the Gulf of Mannar

The Gulf of Mannar is an inlet of the Indian Ocdhat lies between Southeastern India and
Western Sri Lanka. It is bounded to the north égsRameswaram Island, Adam’s (Rama’s)

bridge (a chain of shoals) and Mannar Island wikigbarates it from the Palk Strait. The Gulf is
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130-275 km wide and 160 km long. TampbaraparaneRin India and Malwathu Oya in Sri
Lanka both drain into the Gulf.

The continental shelf around Sri Lanka averagesi2@ih it being narrowest in the south of the
island. The widest point in the northwest of tHand is north of the Kalpitiya Peninsula, which
lies in the Southern Gulf of Mannar, where it ram@®m 30-60km (Table 2.8.1). Sri Lanka’s
continental shelf is divisible into a wider inneone and narrower discontinuous outer zone
which is separated by a 55m isobath. The seawage efl the shelf occurs at a depth of
approximately 90m. The shelf edge around the isiancbvered with a thin layer of detritus
material with organic compounds consisting mainfycalcareous material, shell and coral
fragments, worm tubes, echinoderm spines and foiéera. The inorganic component consists
of quartzes, sand and other coarse materials. TitfeoGMannar, Palk Strait and Palk Bay areas
act as repositories for detritus materials that swept northwards along the west coast and
southwards along the Southeast coast of India. &aodmulation is also high (Swan 1983) in
this area.

Table 2.8.1 Continental shelf morphology within the Gulf of Maar and its surrounding areas
(Swan 1983)

Location Principal Shelf Edge (m) Shelf width
depths (m) (km)

Adam’s Bridge <15 18-45 20

Gulf of Mannar <15 22-45 30-40

Point Pedro <60 119 60

2.9 Regulatory and Institutional Framework

A review of the Regulatory and Institutional Franoek as applicable to this project indicates
that since the boundaries of the project area dbfall within 1.6 km of the boundary of any
National reserve, prior written approval from thigdator of Wildlife is not necessary in terms of
the National Environmental Act (NEA). Further, seis survey is not listed in the list of
prescribed projects under NEA. Discussion of ratéviagislation below indicates that the

Petroleum Resources Act, No. 26 of 2003, and régukaunder it are applicable to this project.
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2.10 Environmental legislation in Sri Lanka

In 1980, the National Environmental Act (NEA) waseted to serve as the main legislation for
environmental protection and since then it has lzaeended by Act No 47 of 1980, Act No 56
of 1988 and Act No 53 of 2000. In 1983, the CabiofeMinisters considered including in it
provision for environmental assessment of develogmeojects, which was subsequently done.
Other legislation, such as the Coast Conservatich (€CA), amended Fauna and Flora
Protection Ordinance , North Western Provincial @mluEnvironmental Statute No 12 of 1990 ,
and the National Heritage and Wilderness Act furteengthened the regulations on the EIA
process. EIA in Coastal Areas The legal requirenfimnan EIA was first provided in the CCA,
restricted to the coastal zone. In relation to Am the Director Coast Conservation has the
discretion to identify which projects should follatve EIA process. The CCA does not specify
the criteria on which such discretion would be eisad.

2.11 EIA in the Fauna and Flora Ordinance

The 1993 amendment to the Fauna and Flora (Protgclirdinance addresses the issue of EIA.
Under this enactment, prior written approval frdme Director of Wildlife is necessary for any
development activity within one mile (1.6 km) ofetbboundary of any National reserve and
mandates that such projects should undergo the [l#cess in terms of the National

Environmental Act.

2.12 EIA under the National Environmental Act

Part IV C of the National Environmental Act incliederovision for the EIA process . This
applies only to “Prescribed Projects” which haverbaspecified by the Minister in charge of
environment and is implemented through designatege& Approving Agencies (PAAs) as
prescribed by the Minister. Depending on the sigaifce of the anticipated impacts, there are
two types of reports submitted for approval, ite Initial Environmental Examination (IEE) and
the Environmental Impact Assessment (EIA). The watabn of environmental impact is
delegated to various government bodies, dependirthenature of the project. The EIA process

is initiated by the Project Proponent (PP) anddéermination of the PAA appropriate to it is on
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the basis of having the largest jurisdiction over project area, having jurisdiction over diverse
unique ecosystems, within whose jurisdiction theiremmental impacts are likely to be the
greatest, and being the statutory authority tanbeeor otherwise approve the prescribed project.

The PP cannot perform the functions of the PAA.

2.13 EIA in the Provincial Administration

Provincial environmental protection and managenaas introduced by the 13th amendment to
the constitution in November 1987, in Sri Lanka. f8g only the North Western Provincial
Council (NWPC) has enacted legislation on enviromta@e protection. The National
Environmental Act remains suspended and inoperatitt@n the North Western Province with
effect from 10th January 1991.

2.14 Operating Procedure

The EIA process is ideally made up of several stiegiscan be divided into two stages i.e. EIA
preparation and EIA evaluation. Submission of prelary information, environmental scoping

and EIA preparation falls into the first stage, @¥his essentially a technical exercise (Fig. 2.14).

In Sri Lanka the project approving agencies opetatethe purpose of management, at three
levels; i.e. EIA Cell, EIA Oversight Committee aBtA Inter-agency Co-ordination Committee.
The EIA cell has legal responsibility for all theassions of the PAA in respect of the EIA
process; this included the evaluation of the coamglé monitoring reports in liaison with the
Project Proponent and the public. The EIA Oversigbimittee is comprised of the technical
subcommittee and co-operating Agencies, its duigag to advise the chairman on the EIA
process.The EIA Inter-agency Co-ordination Comnaitteludes representation from all

PAA, NGOs being invited as well; the function ofstitommittee is to review the status of the
implementation of the EIA process, to advise andgthe PAAs and to recommend approaches

for integrating EIAs into the national policy arrdriheworks.
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The Flow chart of the EIA process for Developmafgrts given above is the basic procedure
used by all project approving agencies in considgeaipplications for environmental clearance

2.15 Prescribed Projects

Only “prescribed projects” are required to be solgd to IEE / EIA. The list of prescribed
projects requiring an IEE / EIA under the provismf the National Environmental # are given

in the act.

The proposed Seismic Survey is not listed as apbesl project in the list. However, the

following related activities (numbered as in ori@ifist) are prescribed:

6. Mining and Mineral Extraction

All off shore mining and mineral extractions.

14. Pipelines

Laying of gas and liquid (excluding water) trangfgyelines of length exceeding 1 kilometer

24. Petroleum and Petrochemical

Petroleum refineries producing gasoline, fuel dllaminating oils, lubricating oils and grea

aviation and marine fuel and liquefied petroleura fyfam crude petroleum

Manufacture of petro-chemicals of combined praduc capacity exceeding 100 tons per
from production processes of oil refinery or natgas separation. As indicated ealier, Sgis

surveys are not specified as a prescribed prajeber NEA.

2.16 The Petroleum Resources Act, No. 26 of 2003

The above Act and regulations formulated under it guplieable for the seismic survey. 1
relevant articles and sections with respect to pinggect are indicated belogumbered as

original list)
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11. (1) In order to ensure the efficient condugpetiroleum operations within the area covere
the Development Licence issued under section 1&h&yPRDC, the Cabinet of Ministers r
from time to time determine the conditions to whisbhch license shall be subject. ¢
amendment or variation of tlenditions applicable shall also be done only il approval ¢

the Cabinet of Ministers.

(2) The Cabinet of Ministers may, in consultatiottvthe Ministry of the Minister in charge
the subject of Petroleum Resources Development thed PRDC (Petleum Resourc

Development Committee),

determine—

(a) the additional conditions to be attached toewdlopment License, for the maintenanc
navigation, protection of the environment, mitigathverse social impacts on communities al
the interest bnational security; and (b) the amount of reastsmabmpensation to be paid by
Contractor to any person who may be adversely t&ifieby petroleum operations condur

within the area for which the development licerssessued.

(3) The PRDC shall sie a development license in respect of a desigrsaita of an explorati
block for a period that will ensure the maximumiaéint recovery of petroleum resources f
that area, so however, that such period does noteelxthe period for which a Pewahlr

Resources Agreement has been entered into, inatesipguch exploration block.

32. The provisions of this Act shall have effectwithstanding anything contained in any o
written law, and accordingly, in the event of angansistency betweendlprovisions of this A

and such other law, the provisions of this Act kpedvail.

2.17 Conditions to be attached to Developmielicences

28. Any person authorised in writing by the PRD@ynat any time enter into, and inspect,
site where petroleum operations are being condwaredcarry out such investigations or sur

thereon as may be necessary to ascertain whethéertns of &etroleum Resources Agreen
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or the conditions imposed in relation to a DevelepinLicense or any provision of this Act

any regulation made there under are being complitd

In addition to the provisions of this act, the galides issued by the BRC for Geophysice
Environmental and Geotechnical Program/s speci&§ #n Environmental survey be done

proposed technical prograr

2.18  Other Approvals and Consent

It would be advisable to make arrangements to mmftire following Government gencies an
Departments with the consent of the PRDS. A shescdption of proposed activities in
exploratory block and precise schedules will befulsier them to be informed and advice

appropriate measures to be taken in case of ctmétc.

xi.  Ministry of Fisheries and Aquatic Resources Develept

xii. ~ Department of Fisheries and Aquatic Resources

xiii. ~ Central Environmental Authority

xiv.  Marine Environmental Protection Authority

Xxv.  Ministry of Defence

xvi.  Sri Lanka Navy
xvii.  Provincial Environmental Authority of North WestePnovince.
xviii. ~ Chairman, Kalpitiya Pradeshiya Sabha

xix.  District Secretary-Puttalam and Mannar.

xX.  Divisional Secretary , Kalpitiya
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CHAPTER 3:
DESCRIPTION OF THE EXISTING
ENVIRONMENT

3.1  The Socioeconomic profile of the communities ithe project Area.

The surrounding seas in block 1 of the oil explorablock stretches over coastal area of two
administrative districts of Sri Lanka. These adstirtive districts are Mannar and Puttalam.
The whole Mannar district and a part of Puttalasirdit (Kalpitiya DS Division) located aside
the project area and hence the socioeconomic praffilhose two respective was considered for
the social & economic impact assessment of oil @gpion.

3.1.1 Historical Background of Mannar

Mannar means ‘deer river or ‘silt river. The aent port was known as Mahaotota in
Mahawansa, Mantota, and Mahatheetha in Sanskrérenihmeans the ‘great port’. In the period
prior to the 18 century Mathottam or the great port, opposite Maron the north western coast
facing the Arabian Sea was the most important rigaghiort of the island. A large number of
articles of foreign origin including coins and pelain-ware have been excavated at Mannar by

archaeologists.
3.1.2 Mannar district

The district is one of the 25 districts of Sri Lanht is located in the north west of Sri Lanka in
the North western Province. The district cover$2,6g km. approximately 3% of the total land
area of Sri Lanka. Geographically the Gulf of Manisaon the mainland within the arid and dry
zone. High temperatures and low rainfall charazgerihe climate. The primary economic
activities in Mannar are crop cultivation (mainhaday), fisheries and animal husbandry.

Employment opportunities in this district are higkkasonal.
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3.1.3 Demography

Mannar district population was 103,688 in 2007. Population of the district is mostly Sri

Lankan Tamil. The following table depicts populatichanges of Mannar district from 1971-

2007.

Table 3.1.3  Population of Mannar District by ethn¢ group 1971 to 2007
Year Sri Lankan | Sri Lankan Moors| Sinhalese Other Total

Tamil

1971 Census 55,353 20,878 3,568 83 77,882
1981 Census 68,128 28,464 8,710 1,58¢ 106,940
2001 Estimates| 92,911 5,038 16 0 97,665
2007 Estimates| 95,560 8,073 55 0 103,688

Source: Department of Census & Statistics, Sri bBank

3.1.4 Administrative units

Mannar District is divided into five Divisional Setary’s Divisions (DS). The DS divisions are

sub divided into 53 Grama Niladhari (GN) Divisions

Table 3.1.4. DS Division wise population in Mannabistrict

DS Division GN Division Population
Madhu 17 4,498
Mannar 49 51,249
Manthai west 36 26,741
Musali 20 0
Nannattan 31 21,200
Total 153 103,688

Source: Department of Census & Statistics, Sri bank
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3.2 Livelihoods of the people in the project area
3.2.1 Agriculture

Agriculture is one of the key economic sectorsha district providing livelihood over 15000
families, approximately 67% of the population. Gufta land area of 200,206 ha, the total
cultivable land is 37.160 ha (19%). Over 65% isemidrest cover. The pattern of agriculture

practiced is dependent on climate and traditions.

Table 3.2.1  Crop distribution in Mannar District

Perennial crop Cultivable land (%)
Palmyrah 7
Coconut 7
Cashew 6
Highland crops 9
Paddy 62

Source: Department of Agriculture, Sri Lanka

3.2.2 Fisheries

Fishing is major contributor to the local econonfiyMannar district. It provides principal source
of livelihood for a large portion of population, rfaularly in Mannar and Musali Divisions.
Thus nearly 50% and 40% of families respectively mn fishing activities with over 9030

families in 41 villages engaged in fishing.
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Table 3.2.2 Basic Marine fisheries Information in he Project Area, 2007

Mannar Puttalam
Number of fishing villages 41 108
Fish landing centres 50 66
Fishing households 9,030 12,500
Active fishermen 10,930 13,700
Fishing population 42,440 56,840
Total number of fishing crafts 2,315 4,638
Total fish production(MT) 9,170 17,110

Source: Sri Lanka Fisheries Year Book, 2007

The Gulf of Mannar is an ecosystem of high bioditgrand hence it is a rich area for fish

resources. There are more than 42,000 fishing ptipal and around 10,000 active fishermen
conducting fishing operations in the Mannar basiharge number of fishermen from adjacent
Puttalam district too are engaged in fishing in pha@ect area. Therefore, approximately 60,000
people are dependent on fish resources of thegbrajea. In 2007, the total fish production from
Mannar district was about 9,170 mt while Puttalastritt produced 17,110 mt. This shows that
the fishing in the Mannar basin is vital for theelihood of people living in both Mannar and

Puttalam districts. A large number of allied ad¢ies are linked with fishing. For an instance, dry
fish making is an allied activity taking place metMannar district in medium scale. More over,
a large number of people are linked in the chairfigii marketing and processing. So the
fisheries are of immense importance for the welh@p@f communities living on the edge of the

Mannar basin.
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3.2.3 Other income generating activities

Though the mainstay of the economy is agriculturd &sheries, salt production and animal
husbandry are practiced in the Mannar district @ssigliary livelihoods. Until 1989, Mannar
Salterns produced between 3500 and 4000 Mt ofpsailtyear. However, now its capacity has
reduced drastically to 1251 Mt per year. Curreittsupplies salt to fishing communities for dry
fish production, to the ice factory at Pasalai andMulti-purpose Co-operative Societies

(MPCSs) and private sector for consumption.

3.3  Site Description and existing Physical Environent

The survey area is located within the Mannar Bagiicth lies between north western part of Sri
Lanka and the Indian coastline. The minimum and imarm water depths of the study area,
ranging from 30 m to greater than 3000m, lies imiatety to the south of the Cauvery Basin

which is identified as a productive zone for boihaad gas in adjacent Indian jurisdiction.

The fauna within the seismic survey area (i.e.di@ghe offshore block SL-2007-1-001) and in
adjoining and neighbouring areas comprise of ingurtfisheries resources. The Bar Reef
marine sanctuary is also located in the area. TdreR®ef is one of most productive coral reef
systems as well as it is unique in terms of its diiersity. About 400 species of reef fish and
numerous species of crustaceans including comnligroigportant species such as lobsters and
sea cucumbers have been found from the area. TtheddPo Lagoon, a highly productive estuary
in the Northwest coast of Sri Lanka is also locatiede to the block.

The Fig. 3.3.1.1 and Fig. 3.3.1.2 show the geneattiymetry and geo-morphology of offshore
Kalpitiya area. The Fig. 3.1 shows the bathymetdadations in the study area. The available
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bathymetric data indicates the depth variatiorOis13o 1800 meters. The morphological map of

the study area indicates a narrow continental stieith is about 5 kilometres.

3.3.1 Topography

Bathymetry of Kalpitiya area

uuuuu

Klometers

Fig 3.3.1.1. Bathymetric map of the proposed ingasibn area
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Fig 3.3.1.2 Digital elevation model of Kalpitiyadiuding project area

3.3.2 General Geology of Sri Lanka

The crust of Sri Lanka predominantly composes ofstalline, non-fossiliferous rocks of
Precambrian which belong to one of the ancient gfattie earth’s crust. The Country consists of
three major crystalline rock units called Highla@dmplex (HC), Vijayan Complex (VC) and
Wanni Complex (WC). Those are named due to lithoklgvariation in rock units. The

crystalline crust of the country represent the nargh of the total area.

The main rock types in the Highland Complex areripdanded meta sedimentary rocks and
chanockitic gneisses. The Wanni and Vijayan Congsesonsist of groups of gneisses, granites
and mixture of both. The rest of the country cosgub of some sedimentary formations
specially in northwestern portion formed as Mesoz@Qlurassic), Tertiary (Miocene), and

Quaternary (recent) sedimentary formations (sorasiliterous deposits) (Cooray, 1984).

Northwest of Negombo to Mankulam line is the latgedent of tertiary sedimentary rocks in
Sri Lanka. This is Jaffna limestone of Miocene agmsisting of thick limestone together with
calcareous sands and mud. The Miocene rocks, h&eltirassic, rest on an eroded basement of
the crystalline complex (Cooray, 1984).
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3.3.3 General geology of the area

The available information on this study area iddpreinantly over the Quaternary sand deposit,

overlaid by Miocene limestone. Other common codstatures in this area are sand dunes which
are strongly oriented SW-NE direction representmagnsoon wind patterns. The recent and past
exploratory evidence provide vertical extensiorseflimentary succession is about 2600meters

(Offshore Geotechnical Engineering study, 1998).

=
.

Legend

Alluvial clay silt sand
[2552 Beach sand and dun AT B
e o
Fig 3.3.3 Geological map of the study area

Limited offshore geological works have been donethis area. According to the available
surficail sedimentological information on the ask®ws mainly (Fig:3.3.3) terrigeneous coarse
sand, yellowish brown sands, rust brown ferrugesgptedominantly quartzose with fossils (>
10% CaCQ). Also, sediment samples collected from Puttalagobn area consists of soft silty
mud, sandy mud, grey green, green grey brownistkbdath shell debris, semi liquid contains
Glauconite. In addition to those results, some kpaithes in the offshore area consist of rocky
bottom, sandstone or crystalline rock adorned witlvithout a macro relief of calcareous algal
ridges and cusps (Sedimentary map, 1985). The rextedies carried out by NARA in Palk
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Strait and Mannar Bay area shows that the surfealiment of this area represented by the
coarse grained sand (87.5%) with large amount efl sragments (0 to @). Total organic
carbonate content of this area varies from 0.12.%8. The carbonate study shows that the
average carbonate content of the surface sedinoéritss area is about 30 percent (Jinadasa,
2006).

3.3.4 Tectonic setting

The Mannar basin developed during at least twoogsriof rifting and associated continental
breakup as part of the multiphase breakup of Gondiaad during the Mesozoic (200Ma
before). The first phase began as an originattnedacommencement of seafloor spreading in the
Bay of Bengal and was followed by a second phasétofy associated with the detachment of
Madagascar from the western side of the developid@an sub-continent, ending in a second
breakup unconformity at the top of the Late Cretase(100Ma). Subsequently the Sri Lankan

margins entered a phase of subsidence, drivendosnti contraction (Baillie et al, 2002).

The plate collision between Indian and Eurasia oeduin the lower Eocene and it began around
53 Ma. Together uplift and erosion of the Himalagzade rapid deposition of sediments into the
Bay of Bengal. Also, influx of terrigeneous sedintsemto deposition centres of the bordering
Indo-Sri Lanka landmass, including the Cauvery Bamnd the Mannar Basin (Baillie et al,
2002). Mannar Basin is lying between northeas&rirLanka and the Indian coastline, in water
depths ranging from 30-3,000m, contains over scosds (Travel time) of Late Jurassic-Early
Cretaceous to Recent sediments. There are fouontestratigraphic packages have been
recognised during previous studies which are ctergisvith the tectonic setting of the region.
The oldest sedimentary sequence 1 was depositadgdtire initial synrift phase of basin
development, prior to the commencement of seaipoeading of the west of Sri Lanka within
the Bay of Bengal. The sequence 2 sediments werasied during the rift and sag phase, after

start of seafloor spreading in the Bay of Bengéle Fequence 3 was deposited during tertiary
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sag phase of basin development, which terminat@tiegnate Miocene following compression.

Subsequent basin-wide regression resulted in diposif sequence 4 (Balillie et al, 2002).

3.3.5 Air temperature

Temperature (°C)

26_ ......... ............... . ............................. i

Fia. 3.4 Monthlv and weeklv means of air tempere
Air temperature is strongly seasonal with two maxirone in March, during the first inter-

monsoon period and one in September during thengeauer-monsoon (Fig. 3.3.5). The
maximum air temperature fluctuates between 30 € 34ith a mean air temperature of °G2
The lowest temperature of 30Gis recorded during the northeast Monsoon (Noverthearly
January). The air temperature increases during Ringt Inter Monsoon and reaches its
maximum of 33.8C in March. The temperature decreases with thetoofs¢he Southwest
monsoon and reaches a mean value of 320C. Theatlitange in the air is typically from 6-
12°C.

Air Quality and Noise

Some data for areas far from the project boundadyraecasured on land is given in Annex Il.
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3.3.6 Rainfall

The site is situated in the belt of monsoon climated governed by its tropical location as well
as by the monsoonal regime, thus rainfall exhiitsng seasonal variation. The coastal belt falls
under the dry zone and receives a long-term meacigitation of about 1200 mm y-1
(Arulananthan et al. 1995). More than 50% of thalteainfall is received during the Second
Inter Monsoon and Northeast Monsoon (October toeDdxer) Fig. 3.3.6).

)
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Rainfall (in mmn day'l)
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Accurnuilated rainfall (i

Fig. 3.3.6 Daily and cumulative rainfall (Ten yeaerage-1996-2005)

3.3.7 Wind

The study site is under the monsoonal regime; tvamsaons and two transitional periods in-
between, four seasons are identified. They areNbeh-East monsoon from December to
February, First inter-monsoon from March to mid M&puth-West monsoon from mid May to
September and Second inter-monsoon from Octoldovember (Fig. 3.3.7).

The mean wind speed during the Southwest monsaatwoist 6 m 3, during the other period the
average speed is 3 ni.s
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Fig. 3.3.7 Weekly mean wind speed (1¢-92)

3.3.8 Evaporation

The average annual pan evaporation is 1900 mm™. The pan evaporation during t
southwesmonsoon and the inter monsoon period followingehéer is higher (5.5 mm d?)
than that of northeast monsoon (3.5 mm™). The annual minimum and maximum are 1.2
7.1 mm day, respectively. The average free surface evaporai@500 mm ye*, equal to 6.8
mm d™. Relative humidity at 08:00 hrs and 15:00 hrs&0-90% and 7(B5%, respectively

3.3.9 Salinity

The Fig. 3.3.9.1shows the monthly averaged salinity variation & $tudy site. The manu
measurements are conducted by Digital ‘ometer during 199@2. It indicates that the salini
at the study fluctuate from 32.8 to 34.93 with aerage of 33.9. In general, the salinity is |

Northeast Monsoon period due to the extensive Wwasdr discharge by rivers into the coa:
zone.
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Fig. 3.3.9.1  Monthly salinity variation

Monthly CTD profiling in 2007-08 indicated (Fig®9.2 a-b) the surface salinity at the study
site is 33.8 psu. Furthermore, the results alsicateld that site undergoes extensive coastal;
upwelling during the northeast monsoon period (Mabver to March). The CTD profile of

December (Fig. 3.8a) shows that high saline wasasrto the surface due to the upwelling,

while Fig. 3.8b shows the ceasing of upwelling adgriApril.
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3.3.10 Water Temperature

The average water temperature at the study s&.& C with the annual fluctuation from
26.93 to 30.7%C. In general, the water temperature rise thigher value during the first Inter
Monsoon (March — April) until the onset of the Sowest Monsoon. Due to its regional

phenomena including dipole heating and cooling.

The temperature profiles of study sites showsttiatvater temperature during the Northeast
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Monsoon (December) is generally lower than durimg other periods (see Fig. 3.3.10.1 a-b).
This reemphasise the fact that the study site goesrextensive coastal up welling during the

Northeast monsoon period.
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Fig. 3.3.10.1a Temperature profile — Fig. 3.3.10.1b Temperature profile — April,
December, 20( 2007
3.3.11 Mixed layer Depth

The mixed layer depth during North-east monsoonD@tember) is recorded at about 70 m
depth. The salinity and temperature of the mixg@das 33.9 PSU and 286 respectively. At
the end of the Northeast Monsoon, i.e. during thgirming of the First inter-monsoon, the
mixed layer shows higher homogeneity, however therage salinity is 0.2 is higher, while
temperature is 0°& lower, in comparison. Furthermore, in generabiphyll content of the
water is higher and also waters at the proximitgvehhigher chlorophyll content, an indication

of upwelling during the monsoon.

At the end of the First Inter-monsoon, the thernmecldepth increases at least by 10 m. The

mixed layer temperature increases Bg.2Again at the beginning of the Northeast Monsaen,
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in November the water temperature reduces 1, 2vhile salinity increases by 1 PSU. The
mixed lay depth varies by almost 10 m between tbasoon, deepen during the monsoon and
shallows during the inter monsoon. The temperaama salinity also fluctuates by@and 0.2

PSU respectively.

3.3.12 Nutrients
From Fig 3.3.12.2 to Fig 3.3.12.5 shows the NutsePQ>- P, NQ -N and NQ - N)

variations among locations from coast to Offsharé their monthly average during the year.
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Fig 3.3.12.1. The map showing the sampling sites

Phosphate — Phosphorus
According to the Fig 3.3.12.2, the highest (1.02791and the lowest (0.0656ug/1)

PQ.>- P concentrations are recorded at location nurfiber(5) and location number one (1) in
January and November respectively. During the marfitipril PO,>-P concentration is less
than 0.2ug/l at all locations. During the months Rebruary, March and April, RO P
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Concentration of all locations varies between O38b— 0.766p.g/l. According to the Fig 10, the
highest average R&-P (0.634pgl/l) is recorded in February while thedet value (0.162ug/l) is
recorded in April.

—e— January —s— February March April

Concentration (ppm)
( =
L
%

Location Number

Fig 3.3.12.2. Variation of Phosphate concentrasimmong locations

Nitrite — Nitrogen

The highest (1.434ug/l) value of NGN concentrations are reported at location numiver (5)

and location number one (1) during March and Nowemtespectively (Fig. 11). Meanwhile
NO, -N concentration is less than 0.100pg/l among fa kocations during the month of
November. During the other months NEN concentrations are remained between 0.0075ug/l —
1.161pg/l among all the locations. (Fig 3.3.12E8)wever the highest monthly average of NO

N concentration (0.634ug/l) is recorded in monttrebruary while the lowest value (0.162ug/l)
is recorded in April. (Fig 3.3.12.3).
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Fig 3.3.12.3. Variation of Nitrite concentration @ng locations

Nitrate — Nitrogen

According to the results obtained, the highest &atiNG;” - N concentration (3.5692ug/l) is
recorded at location number six (6) in January avhawest value (0.0008ug/l) is recorded at

location number seven (7) in April.
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Fig 3.3.12.4. Variation of Nitrate concentrationarg locations from January-April 2007
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Fig. 3.312.5 Monthly averages of phosphate, Nitrite anddagt off Thalawila, 20C

3.4. Biological Environment

The proposed exploration area is rich in bioditgrand several important biologically sensit
areas are located close to the boundary of thenge®irvey sitesNatural wetland ecosystems
the Puttalam district include rivers, streams,ug)l magrove, sea grass beds, coral reefs,
marsh and seashore vegetation influenced wetlamotisdie rice fields, irrigation canals, saltp:

and shrimp pond# description of some of the biology of the areliofes.

3.4.1 Marine mammals of the Gulf of Mannar

Sixteen species of marine mammal have been recavithoh the Northwestern maritime zo
of Sri Lanka (Table 3.4;llllangakoon 2004, 2002; de Vos et al. 2003). &tipular, many
researchers have documented cetaceans in and areiB@r Reef Marine Sanctuary, whict
located in the Southern Gulf of Mannar (Leatherwebdl. 1984; Alling 1986; Leatherwood a
Reeares 1989; Alling et al. 1982; lllangakoon 2002). gairticular significance is the populati
of the globally endangered Dugong (Dugong dugoniclvihas been documented within
extensive sea grass beds north of the Kalpitiyangefa (lllangakoon 200. A recent survey of
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the Bar Reef Sanctuary indicated that it supportgear round species richness of marine
mammals and suggests that the northern and cané@imay be considered a cetacean ‘hotspot’
(langakoon 2005). Additionally, a previous survegnducted within the Southern Gulf of
Mannar during the Voyage of the Odyssey (2003)hligbted the possibility that this area may

be a breeding ground for at least one species@é lahale (de Vos et al., 2003).

No comprehensive long term marine mammal surveyse baen conducted within the Gulf of
Mannar to date. This is a result of the lack ofesscto the area due to the civil conflict and a
lack of funds. As a result the information providegte has its limitations and an Environmental

Impact Assessment can benefit from a rigorous plalined survey.

Table 3.4.1: Marine mammals of the Gulf of Mannar checklistaftiyakoon 2002; de Vos et al.
2003)

Scientific name Common name Global Red Depth at
List Status* which
sighted
(m)

Balaenoptera Blue whale EN 2000
musculus
Balaenoptera Minke whale LC
acustorostrata
Megaptera Humpback whale LC
novaeangliae
Physeter Sperm whale VU 80-1500
macrocephalus
Kogia sma Dwarf Sperm whale DD
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Scientific name Common name Global Red Depth at
List Status* which
sighted
(m)
Lagenodelphis Fraser’s dolphin LC 1500-1900
hosei
Pseudorca False Killer whale DD
crassidens
Peponocephala Melon-headed LC 1800
electra whale
Sousa chinensis Indo-Pacific NT
Humpback dolphin
Delphinus delphis Common dolphin LC
Sendla Long-snouted DD
longirostris Spinner dolphin
Senedlaattenuata Pan-tropical spotted LC 1500-1800
dolphin

Sendla Striped dolphin LC 1450
coeruleoalba
Tursiops Bottlenose dolphin LC 1800
truncatus
Orcinus orca Killer whale DD
Dugong dugon Dugong VU

* Global Red List Status from www.redlist.omhere EN = Endangered, LC = Least Concern, VU in&table, DD = Data
Deficient, NT = Near Threatened.

In addition to the species listed in table 3.4rareed specimens of species such as the Cuvier's
beaked whale (Ziphius cavirostris - LC), Pygmy spavhale (Kogia breviceps - DD), Rough-
LC), Shoridth pilot whale (Globicephala

macrorhynchus - DD) and Fin whale (Balaenopterasalug - EN) have been documented from

toothed dolphin (Steno bredanensis -

areas such as Negombo and Colombo on the West gbaisé country (lllangakoon 2002).
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Although there are no live sightings of these spewiithin the Gulf of Mannar due to the lack of
comprehensive year round surveys it is safe tonasdhat they are probably found within the
Gulf of Mannar as well increasing the number ofcege within this area to 21.

3.4.2 Reefs

The continental shelf of Sri Lanka in the Gulf olavhar contains the most extensive shallow
coral reef habitats in the country (Rajasuriya BadSilva 1988; Rajasuriya et al. 1995). They
are continental patch reefs and the largest ofetlaes Vankalai reef, Arippu reef, Silavathurai
reef and the Bar Reef (Rajasuriya et al. 1995)s&hae approx 45 km, 38 km, 36 km and 2.3
km respectively from the boundaries of the proggeta. There are smaller coral patches situated
further to the south around Kandakuliya (1 km frtme boundaries of the project area, and
Talawila). (Fig 3.4.2.1-GIS Map of Reefs around fieject area). Their extent varies from a
few square meters to several hectares and occuetaitively shallow water to a depth of about
10m. Further south there are scattered coral patghmving on sandstone and limestone reef
structures. In addition to coral reef habitats ¢hare extensive sandstone reefs from near shore
areas to offshore areas to a depth of more than(B@jasuriya et al.1995). Sandstone reefs are
conglomerates of sandstone and old coral limes(Bmean 1983) and form platforms and flat
surfaces that are raised above the surroundingededlhese habitats are widespread and occur
around the coast of the country and according tarS@983) they indicate locations of former
coastlines. The famous Pearl Banks of Sri Lanka lacated among these sandstone and
limestone reef areas west of Silavathurai and Ariggefs.

The reefs in the northwestern coastal waters isigpi@ Sri Lanka as they are linked to a much
larger system which includes the Puttalam Lagodh W mangroves, extensive sea grass beds
and estuaries. The most extensive sea grass beds gountry are also found in these coastal
waters from the Puttalam lagoon to the Palk Bayyébatne et al. 1997). The linkages among
these various ecosystems have not been well stutiedBar Reef is the most well studied reef
in the area. Reef studies have shown that the Baf R rich in species diversity and support

many larger forms of marine life such as whale$phias and sea turtles. Due to its uniqueness
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the Bar Reef was declared as a marine sanctuat998 under the Fauna and Flora Protection
Ordinance of the Department of Wildlife Conservat{®hman et al. 1993).

There is extensive resource use in the north-westeastal waters. Reef fisheries include the
harvesting of reef fish for edible purposes, sdolysters, collection of marine aquarium fishes
and invertebrates. In addition sea cucumber andkshare collected from the reef habitats as
well as in the sandy areas among reefs. The BdrNRagne Sanctuary and its environs has been
the subject of a Special Area Management Prograomder the Coastal Resources Management
Project of the Department of Coast Conservatiomf@000 to 2005. An environmental profile
and a management plan have been developed for @&heRBef and Kalpitiya area (Coast
Conservation Department 2005, 2007).

3421 Reef habitats

Coral reefs

Coral reef habitats in the northwest are mainlghallow water to a depth of about 10m. Coral
growth is good due to relatively high water clarftygh transparency and very low turbidity)
which is about 15m or more throughout the calmqeeduring the northeast monsoon. During
the southwest monsoon the water clarity is abdot®)m. In the areas there are extensive banks
of corals consisting mainly of branching, tabulatel foliose coral species. These shallow coral
patches vary in size from a few square meters verak hectares. They form banks of coral
about 3 to 4m high and are surrounded by sandysaidge dominant species are Acropora
cytherea, A. formosa, A. intermedia, Pocilloporamdrnis, P. verrucosa, Montipora
aequituberculata, M. foliosa and Echinopora lansalldHowever, over one hundred species of
reef building corals have been identified in the Baef. Common species belong to the family
Faviidae, Siderastreidae, Agariciidae, Oculinid@eritidae and Mussidae. Below the depth of
10m there is a reduction in the abundance of cdhalsoccur in the shallow areas. However,
there is greater species diversity due to the albiitly of reef substrate in the form of sandstone
and limestone reefs. In these habitats there aage Ildomes of Porites lutea, P. lobata and

Diploastrea heliopora (Rajasuriya et al. 1998).e Hlard coral cover in the shallow coral area
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was about 80% prior to the coral bleaching everit988, which destroyed most of the shallow
water coral patches (Rajasuriya, 2000, 2002). Hewemost of the reef structures remained
intact with dead coral consolidated by corallingaal and have now been recolonised by hard
corals and the live hard coral cover has rapidtyaased since 2001 and at present some coral
patches have shown very high recovery with a hardlcover of about 70% (Rajasuriya 2005)
(Figure 3.4.2.1.). Coral reefs in Kandakuliya aradaWila and to the south contain more massive
corals, especially Faviidae with smaller amountsbdnching Acropora species and Foliose
Montipora species.

In addition there are little known coral habitateng the 20 to 30m depth contour. These are
located at N8.32503 E79.69107 and N8.24517 E79%7T6e continental shelf begins to
rapidly increase in depth to the west of this deghtour. Currents are relatively strong along
this edge and hard corals (mainly Fungiidae) hatabdished small patches along the edge.
These patches are less than 100 square metergeimt exd have a relief of about 0.25m. They
consist of a single species or a combination of dwthree species of hard corals together with
calcareous algae; Halimeda sp. The dominant spediésrd corals are Diaseris fragilis, D.
distorta, Fungia scutaria, F. paumotensis, F. pamd Stylophora pistillata. The relief of these
habitats is less than 0.25m and support specifecigp of fish and invertebrates. These are
unique habitats support a diversity of speciesf, fisk and invertebrates that are uncommon in
other reef areas.
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Figure 3.4.2.1. Hard coral cover at the Bar ReefiihdaSanctuary since 1998 showing the

impacts of the bleaching event and recovery of leardl cover.
Sandstone/Limestone reefs

These reefs are widespread and are generally edienta north-south direction approximately

parallel to the present shoreline. These habitatsroas discontinuous bands at different depths,
and are indicative of former shorelines (Swan 19838)}he northwest most of these reefs are
visible within a depth range of 10 to 30m. They &a@nseen scattered along the shoreline from
Kala-oya towards Silavathurai. They are also vesilbl areas where coral growth is sparse and
the underlying old reef structures are exposed. Sar@lstone/limestone reefs are platform like
structures with varying levels of relief; with theghest having a relief of about 4m. The width of

these platforms varies from about 5m to about 50here is sand on both sides of these long
reef structures. Hard corals are not abundant girout these structures, but occur in clusters
and within them hard coral cover can be as mucBO&s. But overall hard coral cover has been
estimated to be about 15% in the Bar Reef areaafiddaya et al. 1998). In addition to the raised

platforms there are low relief flat reef substrateéhe same composition, but has little live corals
(<5%) and is generally located at a depth of al2@m. These habitats contain widely separated
depressions of 2 to 5m with many small holes am¥ices that support moray eels and reef

shrimps Lysmata amboinensis, L. debelius and Rynchocinetes uritae) together with fairy
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basslets Anthias spp) and grouper<pinephelus undulosus, Cephalopholis sonnerati) (Ohman
et al. 1997; Rajasuriya et al. 1998; Ohman and<Raijga 1998).

Diversity of Reef fish

The reefs in the northwest have high species diyestreef fish. More than 400 species of reef
in 57 families have been recorded for the Bar R€efast Conservation Department 2007). The
most commonly observed species belong to the femilof Acanthuridae, Balistidae,
Caesionidae, Carangidae, Chaetodontidae, Haemulidaabridae, Lutjanidae, Lethrinidae,
Mullidae, Nemipteridae, Pomacentridae, PomacanghiBaaridae, Serranidae and Siganidae. In
addition there are many cryptic species such asni@e (Blennidae), gobies (Gobiidae) and
dartfishes (Microdesmidae) that have been recoateBar Reef, Kandakuliya and Talawila
(Ohman et al. 1997; Coast Conservation Departm@mi 2

Prior to the bleaching event in 1998, thirty-thegeecies of butterfly fish (Table 3.4.2.1.) were
recorded from the Bar Reef, among these were theettdon semeion, C oxycephalus, C.
bennetti, and C. rafflesi, which are rare speciebutterfly fish in Sri Lanka (Rajasuriya and
Karunarathna 2000). Presently the latter two sgebi&ve been recorded in areas that have
shown good recovery after the bleaching event. @hetal., (1998) reported that corallivorous
butterfly fish (Chaetodon collare, C. kleinii, Cetannotus, C. octofasciatus, C. trifascialis, C.
trifasciatus, C. triangulum and Heniochus pleunoi@eshowed a significant positive correlation
with live coral cover indicating that the preserafecorallivorous species of butterfly fish is a

good indicator of the live coral cover of coralfreabitats (Ohman and Rajasuriya 1998).

51| Page



IEER - 3D Seismic Survey for Oil Exploration in Block SL-2007-01-001 in Gulf of Mannar-CAIRN Lanka Pvt. Ltd

Table 3.4.2.1. Butterfly fish (Chaetodontidae) speées recorded in the Bar Reef showing

rare species«) and very rare () species in Sri Lanka.

Species Recorded Recorded at

orior to 1998 present 2008 — 2009
Chaetodon auriga X X
Chaetodon bennetti ** X X
Chaetodon citrinellus X X
Chaetodon collare X X
Chaetodon decussatus X X
Chaetodon falcula X X
Chaetodon gardneri X X
Chaetodon guttatissimus X X
Chaetodon kleinii X X
Chaetodon lineolatus X X
Chaetodon lunula X X
Chaetodon melannotus X X
Chaetodon meyeri X X
Chaetodon mertensii (previously calledC. X X
madagascariensis)
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Species Recorded Recorded at
orior to 1998 present 2008 — 200¢

Chaetodon octofasciatus X X
Chaetodon oxycephal us ** X -

Chaetodon plebeius X X
Chaetodon raffles * X X
Chaetodon semeion ** X X

Chaetodon trifascialis X X
Chaetodon trifasciatus X X
Chaetodon triangulum * X -
Chaetodon unimacul atus * X X
Chaetodon vagabundus X X
Chaetodon xanthocephal us X X
Forcipiger flavissimus X X
Forcipiger longirostris X -
Hemitaurichthys zoster * X X
Heniochus acuminatus X X
Heniochus diphreutes X -
Heniochus monocer os X -
Heniochus pleurotaenia * X X
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Species Recorded Recorded at

. present 2008 — 2009
prior to 1998

Heniochus singularius X X

Total number of species 33 28

Reef and Reef associated invertebrates

Reefs and adjacent areas support many specieyatahrates some of which support foreign
export earnings. These include invertebrates usédei marine aquarium fishery, sea cucumber,
spiny lobsters and chank fisheries. The marine raguafishery harvests two species of reef
shrimp Lysmata amboinensis andL. debelius) that are the mainstay of the aquarium fishery in
Sri Lanka. There are several species of soft cq&ascophyton spp, Dendronephthya spp and
Snularia spp), gorgonians, sea anemonedeté¢ractis spp, Entacmaea quadricolor,
Cryptodendrum spp.Sichodactyla spp,) anemone shrimps and anemone crabs (Dayataaie

1997; Coast Conservation Department 2007).

Various species of molluscs that include gastrop@@gprinidae, Strombidae, Cerithiidae,
Trochidae, Turbinidae, Cassidae, Tonnidae, Murgid&lassariidae, Olividae, Harpidae,
Volutidae, Conidae and Terebridae), nudibrnachsrd@bdoridae, Hexabranchidae, and
Phyllididae) and bivalves (Pteriidae, Pinnidae, rg@jydidae, and Tridacnidae) have been
recorded. Several species of sponges, hydroidgates, crabs, cephalopods and echinoderms
(sea cucumber, starfish, crinoids and sea urcliiagg also been recorded. The coral predator
‘Crown of Thorns’ StarfishAcanthaster planci) is also present in the area and have caused large

scale reef damage in the past (De Bruin 1972).
Protected species

Protected species are primarily listed in the 188%ndment to the Fauna and Flora Protection
Ordinance (FFPO) of the Department of Wildlife Cemation. In addition the Fisheries Act of

1996 also contains protected species which inclsdese species listed in the FFPO. Species
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that are found in the north-western coastal watehsted in table 3.4.2.2. . There is a separate
‘Restricted Export Category’ under the Fisheries thaestrict the export of live ornamental fish
and live groupers for aquaculture and speciesat@ir in the northwest are listed in table 3.4. 2.
3. . Invertebrates that include hard corals, soffls, gorgonians, molluscs and echinoderms are
listed in table 3.4.2. 4.

Table 3.4.2.2. List of protected reef fish spedisted under the Fauna and Flora Protection

Ordinance (FFPO) and the Fisheries Act (FA) founthe north-western coastal reefs.

Species Protected by FFPO or FA
Chaetodon semeion, FFPO & FA
Corisaygula, FFPO & FA
Labroides bicolor FFPO & FA
Pteroisradiate FFPO & FA
Epinephelus lanceol atus FA
E. flavocoeruleus FA
Plectorhinchus albovittatus FA
Chrysiptera kuiteri, FA
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Table 3.4. 2. 3. Species of reef fish listed urtderRestricted Export Category’ that occur in the

Gulf Mannar reefs.

Species

Chaetodon octofasciatus

Chaetodon falcula

Chaetodon xanthocephalus

Chaetodon ephippium

Chaetodon unimacul atus

Chaetodon madagascariensis

Chaetodon bennetti

Chaetodon meyeri

Chaetodon triangulum

Heniochus monocer os

Heniochus pleurotaenia

Centropyge flavipectoralis

Balistoides conspicillum

Pseudobalistes fuscus

Variola louti

Variola albimarginata

Cephalopholis argus

Cephalopholis boenack

Cephalopholis formosa

Cephalopholis miniata
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Species

Cephalopholis sonnerrati

Epinephelus areolatus

Epinephel us caer uleopunctatus

Epinephel us hexogonatus

Epinephelus malabaricus

Epinephelus merra

Epinephelus morrhua

Epinephelus tauvina

Epinephelus tukula

Epinephelus undul osus

Plectropomus laevis

Table 3.4.2.4. Species of protected reef invertebréhat are found in the Gulf of Mannar reefs.

Family or Order Species Protected by FFPO or FA
Scleractinia All species of hard corals FFPO
Alcyonacea All species of Soft corals FFPO
Gorgonacea All species of Gorgonians FFPO
Crustacea Hymnocera elegans FFPO & FA
Enoplometopus spp FFPO
Dardanus magistos FFPO

57| Page




IEER - 3D Seismic Survey for Oil Exploration in Block SL-2007-01-001 in Gulf of Mannar-CAIRN Lanka Pvt. Ltd

Family or Order Species Protected by FFPO or FA

Mollusca Charonia tritonis FFPO
Tridacna spp FFPO
Tibia spp FFPO
Strombus listeri FFPO
Lambislambis FFPO
Lambis chiragra FFPO
Cypraeatigris FFPO
C. talpa FFPO
C. mappa FFPO
C. argus FFPO
Cypreacassis rufa FFPO
Cassis cornuta FFPO
Chicoreus palmarosa FFPO

Annelida Tube worms FFPO
Fan worms FFPO

Echinodermata Heter ocentrotus mammilatus FFPO
Cerianthus spp. FFPO
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Bar Reef Marine Sanctuary

The Bar Reef Marine Sanctuary (BRMS) is the largesstine protected area in Sri Lanka and
encompasses an area of 306.7 square kilometerasitleclared in 1992 under the Fauna and
Flora Protection Ordinance. The BRMS contains & emea of about 70 square kilometers that
includes the shallow coral reef habitats. The eastdge of the Survey Block is approximately
2.3 km from the eastern edge of the BRMS (See Gdf Mo.1- Reefs around the project area)

Boundaries of the Bar Reef Marine Sanctuary as in @zette no 708/24 of 1992

North: From the point described by the coordin&e&3 00" N and 79° 40' 75" E towards the
east by an arbitrary straight line until it medts point described by the coordinates 8° 32'
00" N and 79° 46' 00" E.

East: From the last mentioned point southwardsgatba arbitrary straight line until it meets the
point described by the coordinates 8° 19' 30" N #fd45' 50" E, then southwest wards by
an arbitrary line until it meets the point descdli®/ the coordinates 8° 16' 00" N and 79°
44' 00" E

South: From the last mentioned point towards thetWwg an arbitrary straight line until it meets
the point described by the coordinate 8° 16" 0@&hN 79° 40' 75" E.

West: From the last mentioned point northwards myagbitrary straight line until it meets the
starting point of the northern boundary describgdhe coordinate 8° 32' 00" N and 79° 40'
75" E.

The Bar Reef Marine Sanctuary and environs corgame of the high species diversity marine
ecosystems in the country. In addition to coraf resources this area contains several species of
marine mammals (whales, dolphins and dugongs) aral tartles. Furthermore the now
endangered species of Hump head wras€bgil(nus undulatus) is found both among the
shallow coral and deep sandstone reef habitathioddjh the BRMS was declared in 1992
management is minimal (Coast conservation Depattr3605; Rajasuriya 2005). A Special
Area Management Project of the Coastal Resourcesmiyfganent project was carried out at the
BRMS and Kalpitiya area from 2000 to 2005 (Coashgawvation department 2005) and at
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present the community has been made aware of thetusay laws and restriction regarding
resource extraction. However resource extractis dwmtinued due to lack of enforcement of

sanctuary regulations (Wilkinson 2002; 2008).

Fishing is the main economic activity in the noréstern coastal waters. Edible fisheries and
export oriented fisheries are the main activitietated to resource extraction. The marine
ornamental fishery is carried out mainly on theatoeef habitats and adjacent areas. Butterfly
fish (Chaetodontidae), angelfish (Pomacanthidae)rasses (Labridae), damselfish
(Pomacentridae), scorpion fish (Scorpaenidae), egolfGobiidae), blennies (Blennidae), sea
anemones and reef shrimpygmata amboinensis, L. debelius and Rhyncocinetes uritae) are the
main species harvested from the area. They aree$ta by snorkeling or scuba diving.
Collectors use a variety of nets; hand nets, matg and barrier nets. In addition divers harvest
spiny lobsters, sacred chanks and sea cucumbegthoat the north-western coastal waters to a
maximum depth of about 35m. Fishing for ediblecigs is also common using a wide range of
different types of fishing nets, among them the thafien employed fishing gears are stationary

gill nets, drift gill nets, bottom set nets, pusgnes and beach seines (Dayaratne et al. 1997).

The Bar Reef and adjacent area including the Ruttdlagoon has been identified for a major
tourism development programme by the Governmefrofanka. However, this project has not
begun yet and development activities related togouin the future will also have an impact on

reefs and their resources.

3.4.3 Benthic Invertebrates

The benthic invertebrates of survey area are poangerstood but may support unique and
diverse invertebrates, with communities that chasigeificantly with depth along its slopes. No
specific data is available on the benthic habitatd communities of the deep waters of the
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survey area. The biological productivity of the thecn environment is expected to be limited due
to low light availability at depth and low nutrieavailability at the deep waters of the survey

area.

Thirty species of invertebrates are reported bydbalyakaet al. (2007) in the benthic samples
from north western coastal waters. Among them wrespecies of polychaetes, 2 species of
gastropods, 5 species of crustaceans and 2 spddidgalves (Table 3.2.3.1). The high values
for species diversity, which were above 1.25 apored at closer to coastline and the most of
the areas, which were located far away from coestlepresented low species diversity.
According to Dahanayakat al. (2007) % of gravel in the sediments and the walspth
significantly affects the diversity and abundandenwacro benthos in north western coastal

waters. These benthic invertebrates were founigptihs between 12-15m.

Table 3.4.3.1. The relative abundance of diffesp@cies of macrobenthic invertebrates in
the marine waters of North-Western coast (Daharesgtadl. 2007).

Taxa

Class : Polychaeta  Class: Crustacea

Order : Errantia Order: Decapoda

Nereis sp Decapodasp 1
Nephtyidae sp 1 Decapoda sp 2
Nephtyidae sp 2 Decapoda sp 3
Aphroditidae sp Order: Amphipoda
Eunicidae sp 1 Gammerid sp 1
Eunicidae sp 2 Gammerid sp 2
Nephtyidae sp

Pilargidiidae sp Class: Gastropoda
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Goniadidae sp Hydrobiidae sp
Un. Errantia sp 1 Assimineidae sp
Un. Errantia sp 2 Class:Bivalvia
Un. Errantia sp 3 Veneridae sp
Un. Errantia sp 4 Un. Bivalviasp 1
Un. Errantia sp 5
Un. Errantia sp 6

Order: Sedentaria
Spionidae sp 1
Spionidae sp 2
Orbiniidae sp
Capitellidae sp
Maldanidae sp

Un. Sedentaria sp 1

Un.- Unidentified Species

Table 3.4.3.2. Statistically significant values 8pearman Rank Correlation Coefficient
(p<0.05) for permutations of environmental variatd@d the abundance of macrobenthos in
north western coastal waters (source: Dahanagtedda(2007)).

Correlation Coefficient Environmental Variables
0.134 1
0.095 15

Environmental Variables:1-gravel (%), 2-sand (%3il8(%), 4-carbonate (%), 5- Depth
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According to Dahanayakarfpublished.) comparison studies of benthic invertebrates atgsass

areas and open areas of marine and brackish waft&alpitiya indicate there was significantly
high biomass (Table 3.2.3.3) and high abundanckl¢Ta2.3.4) association with Sea grass beds.

Table 3.4.3.3: Biomass of benthic animals (Wet Weig 250 crf)

Open area Sea grass beds
12| 3 4 5 Mean 1 2 3 4 5 Mean
Polychaeta 080 05 03 O 032 32 4 1808 28 252
Crustacea 0O 004 02 03 018 16 1 o0.8.2 09 11
Mollusca 020 04 03 02 022 22 6.8.6 46 6.2 5.08
Other
invertebrates 0 002 02 O 0.08| 18 4326 38 42 334
Vertebrates 050 04 03 0.2 028| 3.2 4638 28 23 334

Table 3.4.3. 4: No. of individuals / 250 ¢m

Open area Sea grass beds
Sample site 12 3 4 5 1 2 3 4 5
Tot. No of
species 100 14 16 9 65 52 48 54 62
Tot. No of
individuals 40 0 62 58 32 440 372 268 346 264
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Table 3.4.3.5 Benthic invertebrates of coastal ateag the stretch of Mannar to Talaimannar,
and shallow sea area from Mannar to Vidattaltival &#om Achchakulam to Naruvilikulam
listed below (2005 NARAInpublished).

Location Species Number/500tm
Mannar

Cerithidea ingulate 5.5

Nereidae spp 01

Errantia spp 01

Sedenteria sp 03

Unidentified polchaetesp 01

Amphipoda sp 1 01
Amphipode sp 2 01
Balanus spp 02

Decapoda crabs 01

Narrivilukullam
Cerithidea ingulate 13
Balanus spp 03

Achchankulum

Cerithidea ingulate 10
Sedenteria spp 04
Balanus spp 01
Errantia spp 03
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Benthic macro fauna play an important role in aguatosystems. In the aquatic food webs, they
act as primary or secondary consumers represewnlivgrsified feeding habits as grazers,

omnivores, carnivores and bacteriovores. Benthuwertebrates are very important as a food
resource for a large number of predators such aghigefish and some aquatic insects, and as
primary material exchangers across sediment waterface (Darby 1962; Popchenko 1971,

Bouguenec & Gaini 1989).

3.4.4 Mangroves

According to the remote sensing survey of 1981ag heen estimated that the mangrove cover
along the shores of the Puttalam lagoon, Dutch &ay Portugal Bay complex alone to be
3,385ha. Only 37% of the mangroves remained in Ro&alam lagoon in 1992 But the
corresponding figure in the Dutch Bay was 88% (Aesarghe and Perera 1995). Reductions of
the extent of mangroves in Puttalam lagoon are Isnaste to conversion of the lands in to
shrimp farms. GIS Map (Fig 3.4.4.1) indicates tla¢ches of mangroves within 50 km radius
from the project boundaries. However mangroved stiihaining in the Dutch Bay can be
considered as most productive. Accordingly mangraveas in Dutch Bay can broadly be
categorized into two groups, i.e. fringing mangvend riverine mangroves. Riverine
mangroves have been recorded a higher net printaguption (12t ha-1yr-1) than that of the

fringing (7t ha-1yr-1) mangroves (Amarasinghe aatbBubramenium, 1992).

As in many other mangroves in the dry coastal regjio Sri LankaRhizophora mucronata and
Avicennia marina are the major species of the mangroves in Puttédgoon and Dutch Bay. A
total of 14 exclusive mangrove species and 29 spaxfimangrove associated species have been
reported from Puttalam lagoon Dutch Bay. Among tHgayphihora hydrophyllacea is a very

rare species.
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Table 3.4.4.1: True mangrove and mangrove-assdcidecies in Puttalam lagoon and Dutch
Bay (Source: Amarasinghe, M.D. 1989)

True mangrove species Mangrove associated species
1. Acanthusilicifolius 1.Acrostichum aureum
2. Aegiceras corniculatum
3. Avicennia marina 2. Ardisia eliptica
4. Bruguieracylindrica _
5. Bruguiera gymnorhiza 3.Calophyllum inophyllum
6. Ceriopstagal . :
7. Cynometrairipa 4.Cassia auriculata
8. Excoe_caria agallocha 5.Cerbera manghas
9. Lumnitzera racemosa
10. Rhizophora mucronata 6. Cissus qudrangularis
11. Rhizophora apiculata
12. Scyphiphora hydrophyllaceae 7.Clerodndron inerma

13. Sonneratia alba

14. Xylocarpus granatum 8. Cordia subcordata

9.Cryptolepis buchanania
10.Derrisuliginosa
11.Flagedllariaindica
12.Gyrocarpus spp
13.Hibiscustiliaceus
14.Indigofera spp
15.1pomoea maritime
16.Pemphis acidula
17.Phoenix sp.
18.Premna integrifolia
19.Salicornia brachiata
20.Salvadora persica
21.Sesuvium portulacastrum
22.Sueda maritime

23.9ueda monoica
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True mangrove species Mangrove associated species

24.Sueda nudiflora
25.Syzygium cumini
26.Tamarix gallica
27.Thespesia populnea
28.Typha sp.

29. Vitis camosa

Fringing and island fringing are the type of manvg® observed in Mannar. Major mangroves
areas bordering to the coast of Gulf of Mannar fmend in the areas Achchankulam,

Nrivillukulum, Vankalai and just north of the Manmawn (Kanankottiko).

Table 3.4.4.2: Mangrove and associated speciesiatered in the area

(Pahalawattaarachchi:unpublished)

True mangrove species Mangrove associated species
1. Avicennia marina 1. Arthrocnemum indicum
2. Lumnitzera racemosa _
3. Rhizophora mucronata 2 Bengolensis spp
4. Sonneratia casseolaria

3.Cassia auriculata
4.Cactus spp
5.Clerodndron inerma
6.Pemphis acidula

7. Propsisjuliflora
8.Sueda maritime

9.Sueda monoica
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Table 3.4.4.3: Structural parameters of the margstand of Achchankulum

(Pahalawattaarachchi: unpublished)

Distance No. of Stand Stand basal Stand Complexity
from the species density area(m2) height(m) index
shore(m) (no/ha)

0-50 03 2300 8.34 3.68 2.1

Biggest patch of nearly 100m width mangrove belswaserved at Achchankulam area and
major constituent species of mangroves Somneratia cassolaries, Avicennia marina observed
beyond 50m.

Rare mangrove speci®emphis acidula which has being recorded as available only at Rumtta
lagoons far was recorded at Achchankulam area ofnslia Complexity index of the mangroves
are in similar trend with fringing mangroves of falam lagoon but the author of the study
suggests that the low complexity value of mangradeButtalam lagoon caused because of low

number of species but the functional value is gregtmarasinghe & Balasubramanium, 1992).

Hence it can be concluded that the mangroves ofnislamainland fringing mangroves have a

good functional capacity.

It s observed that Prosopsis juliflora the thorrgody tree has become invasive in most of the
coastal areas of Mannar. The tree has being red@slénvasive plant for Hambantota district
(Bogahawatte & De Silva 2002). Mangroves are latatea minimum distance of 11.33 km

from the block boundary (See GIS Map -Mangroves)-
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3.4.5 Sea Grasses

Sea grass habitats are considered to be among dbe productive submerged systems. This
productivity supports through dependent speciespgihytes fauna, large number of fish which
area important in lagoon and coastal fisheriesodgin their high productivity, sea grasses build
up large carbon reserves which are utilized inttbpics by herbivores such as turtles, birds and
marine mammals. Many species of prawns and fisithessea grass meadows as nurseries and
even as adults are dependent on sea grasses footheia the epiphytic community. Hence sea
grass ecosystems are very high in diversity andgarlin number of individual within the

community, compared to the eco systems where ssseg are not present (Cadeal., 1993).

Such communities thus become dependent on theeisdlof sea grasses for their own survival
or success. Puttalam lagoon is one of the larggsbhs in Sri Lanka which cover an area of 237
km? and provides large shallow areas which are fawmerdor the growth of sea grass

communities. Sea grass communities of Puttalamolagay a major role in various aspects
such as providing food for most endangered spemelseconomically important fish species.
Such communities thus become dependent on theeillof sea grasses for their own survival

or success.

It has been revealed that Puttalam lagoon hadladexeloped sea grass community, and given

the extensive fishery, sea grasses are likely &y @l considerable role in supporting local
fisheries production. The two most common sea gspssies found in Puttalam lagoon are the
Round tip sea grasSsymodacea rotundata and Tropical Eelgrasg&nhalus acoroides (Johnson

and Johnstone, 1995). Sea grasses within 50knoggbboundary is given in fig 3.4.5.3
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Other six species encountered in the lagoon islsifs;
1. Cymodocea serrulata

2. Thalassia hemprichii

3. Halodule uninervis

4. Halophila ovalis

5. Sringodium isoetifolium

6. Halophila decipiens

Distributions of sea grasses in coastal areas talam are indicated in the Fig.3.4.5.1.

Distribution of sea grass beds in Mannar is illad in the fig.3.4.5.2. It has being recorded
that rich sea grass beds are found in the areat btwemon sea grass species found in the
shallow bays of Mannar Sea Enhalus acaroids. Other species common to the area were
Cymodacea rotundata, Cymodacea serulata, Syringodium isotifolium, Halodule pinifolia,
Halodule uninervis andHalophila ovalis. Very shallower pans area mostly exposed to tharalr

these types of flats it could be obsenalophila ovalis andRuppia maritime.
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3.4.6 Birds

The north western coast of Sri Lanka is an impadrémea for birds, specially for the migratory
species. The migratory birds that come to Sri Ladlang winter enter through two different
routes and spread through out the island. Therdfogeregion is very important to the birds
coming through the western fly way. Many sea badsd water birds are resident in the same
area. The Wilpattu National Park and the islandth&nlagoons provide breeding and roosting

sites for many resident bird species.

The North western province contained many marshgdand uninhabited areas along its coast,
including the Wilpattu national park. With the deymment of the shrimp industry part of the
marsh lands were lost and this affected the wadérmlopulations severely as large numbers that
came in during the migrant season settled in themshes with ample food and resting places.
However with the shrimp disease out breaks, furdhestruction was prevented, while most
farms became non operational and the area becameelabitable to birds and other fauna that

were once displaced.

Present condition

Presently the coast contains sand dunes, marstyg @onsisting of mangroves or salt marshes,
and shrub jungle areas. Forested areas and abahdbrimmp farms are also observed among
these, The major forested area is the Wilpattutsang, which is home to a large number of
wild life. Several important bird species have besrorded from the area including some of the

rare threatened species such as the spotted gheark,s(Nordmann's Greenshankringa

guttifer, Spoon-billed SandpipeCalidris pygmeus , Spoon-billed Sandpipetalidris pygmeus

etc. and nationally threatened species such asleJiBwsh-quail Perdicula asiatica ,Indian

CourserCursorius coromandelicus,etc. The coastline of the Wilpattu National Parld ahe
islands in the lagoon area as well as the marsdes provided good feeding and resting grounds

for these birds with little interference from ar@pogenic activities during past years. A list of
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birds observed in the area during the recent y&f87 — 2008) is in Table 3.4.7.1. Since the
coastal areas are not disturbed by activities dten traditional activities which were mostly
environmental friendly and did not use high tecbgygl the migrants entering through the
western route rested in the area before reachgighntering grounds. The area also contained
sufficient food sources for the different typesofls that were observed in the area - resident or

migratory (see annexure: Bird list in the North tees coast from Puttalam to Mannar region).

A large number of migrants therefore remained mdhea, specially the waders, and the shore
birds. The migrants enter the country commencimgnfate August until about November
through this route while travelling to the soutthey also use the same route to return to their
breeding grounds during summer. Generally most atogy bird enter between Mannar and
Puttalam to the coast of Sri Lanka and some tragath along the coast while some travel
inwards along the Malwatu oya and the Mi oya ribasins. Since the entrance to the country is
from this area and a large number of birds fly umirly migration it could cause high casualties.
In addition to this winter migration there is amaal sea bird migration in this area where sea
birds migrate outwards during the south west mons&ea birds coming from mainly northern
areas go out into the sea during the monsoons sathis same route for this purpose. Generally
summer migration commences in the latter parts effrirary and May go on till mid May.
However the most number of birds have been obsesageting during September and October

while most of them leave for their homes back dynmd March and April.

3.4.8 Seaturtles: species, nesting sites anddainge

Turtles are believed to have a life-span greatan 80 years. Most of the species are highly
migratory, moving between nesting and feeding gasumvhich can be thousands of kilometres
apart. The only time marine turtles leave the odsavhen the females come ashore to nest.

Out of a total of seven living species of turtlasthhe world, five are reported to nest along the

coastal belt of Sri Lanka namely; Loggerhe@drgtta caretta), Green turtle Chelonia mydas),
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Olive Ridley (Lepidochelys olivacea), Leatherbablermochelys coriacea) and Hawksbill turtle

(Eretmochylus imbricata) (Amarasooriya and Dayaratne, 1997).

Three species of marine turtles have been recomdethe Gulf of Mannar region. The
predominant species is the Olive Ridléggidochelys olivaceae), followed by the Green Turtle
(Chelonia mydas) and the Hawksbill TurtleHrytmochelis imbricata). All three species are
considered to be globally threatened. The Gulf @nkbr area is known to be an important
foraging site and a migratory route of the OlivallRy population inhabiting the South Asian

marine region (Kapurusinghe and Cooray, 2002).

Olive Ridley Lepidochelys olvaceae), and Green TurtleGhelonia mydas) have been observed
occasionally in Palliyawatta, Bathalangunduwa amadaiivu areas (M.G.K. Gunawardane, pers.
comm.). Also, their nesting areas have not beemjuately documented although there are
reports of nesting south of Kandakuliya to Talavaifal in the Wilpattu coast. The coastal waters
closed to the Kalpitiya peninsula (part of the GafliMannar) have been identified as a foraging
ground of the olive Ridley turtles nesting along rrissa coast of India (Pandav et al.1994).
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3.4.6 Biomass

3.4.6.1 Chlorophyll

Chlorophyll a is an indicator which determines tpbytoplankton biomass in seawater.
Chlorophyll a concentration was determined at sesttions with an interval of 2 km.
Chlorophyll a content is decreased towards thenoffs. Mean chl-a concentration at the surface
waters off Thalawila is 0.53 mg frshowing a variation of 0.21 - 1.58 mg°rim February and

November respectively (Fig.3.4.6.1).
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Fig. 3.4.6.1  Monthly Chlorophyll-a variation off &lawila -2007

79| Page



IEER - 3D Seismic Survey for Oil Exploration in Block SL-2007-01-001 in Gulf of Mannar-CAIRN Lanka Pvt. Ltd

0.4

0.2

RO ERTR R D) [ _ RT] - ,

i i [
Lloct 2 3 4 5 B 7

B0

i i I T R
loc12 3 4 &5 B 7 Lec1 2 3 4 5 6 7

December 2006 March 2007 April 2007 November 2007

Fig. 3.4.6.2 Vertical variation of Chlorophyll-a BEmber 2006, March, April, November 2007

Chlorophyll Fig. 3.4.6.3hows the vertical variation of chlorophyll a atee selected stations in
December 2006 and March, April, November 2007. iaktvariation shows that maximum
chlorophyll levels are not at the surface watersthe ocean. In December, Chlorophyll
maximum (1.2 mg i) is recorded at the depth of 60 m. But, in MardtioBophyll maximum is
observed within the depth range of 20-50 m. In B@hlorophyll maximum is observed at 80 m
which is deeper than other months. The depth wiscbbserved maxima of chlorophyll a
indicates the highest abundance of phytoplanktdmerdfore, due to higher abundance of
primary food particles, fish may aggregate at theeqeths for feeding.
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3.4.6.2 Phytoplankton
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Fig. 3.4.6.2.Monthly variation of phytoplankton abundance offaldwile

Phytoplankton analysis showed that mean phytoptenktbundance of the off Thalawila
3217.257 No/l and varied monthly from 1976 (Apr- 6174 (November)(Fig.3.4.6.2.1).
However, higher phytoplankton densities were reedrdt the Gulf of Mannar (0.-5.84x1d
no/l) and Palk Strait (0.12 x* to 10.67x10 No/l), (Jayasiri,2007).
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Fig. 3.4.62.2. Phytoplankton abundance at selected stabifbri$halawile
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Phytoplankton density decreases towards to offshidighest and lowest abundances were
observed at stations no 8 and 32 respectively. highak of abundance was associated with

Chaetoceros sp. which accounted for 23.75% of the total abundan

Fig. 3.4.6.2.3. Phytoplankton composition off Thdla

The total of 27 phytoplankton taxa were reporteninfrthe area belonging to three groups
identified as diatoms (23 genera), dinoflagelldBgenera), silicoflagellates (1 genus), see table
3.2.9.2.1. However 38 and 27 genera were repomedsulf of Mannar and Palk Strait
respectively (Jayasiri, 2007). Diatoms accounted between 85.3-99.09% of the total
phytoplankton population in the 32 sampling siEkfved by dinoflagellates, which contributed
between 0-33 percent. Other groups accounted faweea 0-15% (Fig. 4). Most dominant
phytoplankton genus ihizosolenia sp. which contributed 21.25% of the total populatio
followed by Bacillaria sp (12.65%), Coscinodiscus sp. (10.45%) and Navicula
sp.(10.31%)(Table 3.2.9.2.1). Statistical analysisveéd a significant correlation G0.90)

between phytoplankton abundance and chlorophytireentration at the surface.
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Fig. 3.2.4.64 Monthly variation of species richness off Thala

Highestspecies richness is observed during the month géMber while lowest is observed
April (Fig. 3.4.6.2.4).

Table 3.4.&.1. Phytoplankton species and their mean percet

Identified groups Species Mean
%

Bascillariophyceae

(Diatoms) Coscinodiscus sp. 10.45
Pleurosigma sp 1.42
Rhizosolenia sp. 21.25
Pseudor hizosolenia sp. 0.34
Psedosolenia sp. 0.50
Navicula sp. 10.31
Nitzchia sp. 5.46
Melosira sp. 8.17
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Identified groups Species Mean
%

Bacillaria sp 12.65
Bacteriastrum sp. 1.21
Eucampia sp. 2.08
Pololampus sp. 0.07
Prorocentrum sp. 1.79
Chaetoceros sp. 9.31
Skeletonema sp. 0.26
Biddul phia sp. 1.19
Ditylum 0.18
Guinardia sp. 1.19
Triceratium sp. 0.13
Cosmarium 0.57
Thalassionema sp. 0.77
Cderatulina sp. 0.78
Thalotrix sp. 0.18

Dinophyceae

(Dinoflagellates Peridinium sp. 5.64
Ceratium sp. 2.39
Noctiluca sp. 0.17

Chrysophyceae

(Silicoflagellates) Dictyocha sp. 0.49
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3.4.6.3 Zooplankton
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Fig. 3.4.63.1. Monthly variation of zooplankton abundanckeTdfalawile
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Fig.3.4.63.2. Composition of major zooplankton groups diilawile
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Monthly zooplankton abundance of the area is varaa 27-134 indivi./l. Highest abundance
of 134 indivi./l is recorded in November 2007 andiést is recorded in January 2007 (Fig:
3.2.9.3.2). However zooplankton abundance was thfrgen 30-244 individuals/l in Palk Strait
(Jayasiri 2007). Zooplankton taxa of the area viggatified under 21 groups. Most dominant
group was crustacean larvae (Fig. 9), which coremis18.41% followed by copepods (34.5%).
Urochordates contribute 2.5 % to the zooplanktanmasition of the area (Table 3.2.9.3.1.).
Statistical analysis showed a significant correlati*=0.89) between phytoplankton abundance
and zooplankton abundance.

Table 3.4.6.3.1. Mean percentage of zooplanktooggan the study area

Mean
Zooplankton group %
Calanoid 33.04
Cyclopoid 0.97
Harpactocoida 3.03
Nauplii 48.41
Ostracode 0.11
Bivalvia 1.40
Gastropoda 1.00
Mollusc egg/bivalve eggs 0.07
Decapoda 0.38
Chaetognatha 3.10
Fish Larvae 0.12
Fish eggs 3.11
Polychaeta 0.71
Hemichordata 0.06
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Sarcomastigophora 0.30
Ophiura 0.14
Urochordata 2.53
Cnidaria 0.07
Foraminifera 0.3¢
Cladocera 0.33
Unidentified 0.29

35 Fisheries, Coastal and Marine Fauna and theirtilization

The fauna within the seismic survey area (i.e.d@ghe offshore block SL-2007-1-001) and in
adjoining and neighbouring areas comprise of ingrdrfisheries resources. The bar reef marine
sanctuary is also located in the area. The barisemie of most productive coral reef systems as
well as it is unique in terms of its bio diversitgbout 400 species of reef fish and numerous
species of crustaceans including commercially irtgmdr species such as lobsters and sea
cucumbers have been found from the area. The Buittehgoon, a highly productive estuary in
the Northwest coast of Sri Lanka is also locatesgelto the block. The lagoon fishery comprises
of important freshwater, marine and brackish wafezcies of finfish and shellfish resources.
The coastal fishery is conducted in the coastaergatargeting small pelagics, demersal finfish
and shellfish resources. In addition, large pel&gleery, which mostly targets tuna and tuna-like
species, is conducted in the deeper waters ingjuiti@ areas that contain the block as well as in
neighbouring areas to the block. Fishing is themmegionomic activity in the sea as well as in the

Puttalam Lagoon.
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3.5.1 Fisheries in the Puttalam Lagoon

A total of about 70 species of finfish and crustacéelonging to 35 families have some
commercial value in the area (Dayarat¢hal. 1995). Around 75% of the total fish production in
the lagoon comprises of finfish whereas around 2&P%the total production is shellfish
(Dayaratneet al., 1997). ShadNematalosa nasus), Keeli shad Klilsa keeli), grey mullet Mugil
cepbalus), pony fish (Leiognathus spp.) and milk fis@hénos chanos) are the commonly
harvested finfish species. Penaeid shrimps (Giigen prawn -Penaeus semisulcatus and white
prawn —P. indicus) and swimming crabRortunus pelagicus) are commercially important
shellfish species harvested from this lagoon. Afrarh that, several species of sea cucumber
and invertebrates which are economically importarhmodities in the export market are also

collected from this lagoon environment.

Fishing in the Puttalam lagoon is conducted by raeided as well as non-mechanised fishing
crafts. A fishing craft survey was conducted in thgoon by NARA during the *iquarter of
2006. According to this survey, of the total of 431loperated fishing crafts in the lagoon, 373
were mechanised crafts and the rest was non-megtafishing crafts. The mechanised crafts
are either out-board engine Fibre Reinforced RIg§iRP) boats or motorised traditional crafts.
Gillnets and trammel nets are the commonly usddnigsgears inside the lagoon. Apart from
that, a wide range of fishing gears and methodh asgush nets, pull nets, encircling nets and
crab traps are also being employed in the lagosimefy. Some fishing gears and methods are
seasonally used and June — September period ipetlle season. A considerable number of
fishing crafts operated in the sea migrate to #g®dn during that period when the sea becomes
too rough for fishing and engages in the lagoamefig until sea is favourable to operate.

The Maximum Sustainable Yield (MSY) and Maximum BEomic Yield (MEY) for the

Puttalam Lagoon fishery have been estimated at 8B@nd 4945 MT respectively (Dayaratne
et al. 1995). But, the fish productivity of the lagoonshbeen considerably declining. Both
environmental degradation and resource over-exioit have significantly contributed for this.
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3.5.2 Geographical distribution of the marine fishdes

The narrow continental shelf of Sri Lanka rarelg@xds 40 km and averages around 22 km in
width. Many of the small pelagics such as sardimelzerring like species are concentrated in the
area of the continental shelf which is closer te #ihore and less than about 50 m in depth
(Sivasubramaniam, 1999). Medium pelagics such dsrnmackere(Rastrelliger kanagurta),
smaller sizes of Spanish mackerstdmberomorus commerson) and coastal smatllinas are also
distributed in shelf areas and are also conceutrateareas beyond 50m (Sivasubramaniam,
1999). Resource surveys and exploratory fishinyities have indicated that the 29-60 m depth
range is the most productive range for demersallptipns. Beyond 80m depths, there are
concentrations of stocks of medium demersals, fwstance threadfin bream (Family:
Nemipteridae) and larger demersals (some speciggoiper (Family: Serranidae), snapper
(Family: Lutjanidae), emperor (Family: Lethrinidaefc.), which are rather independent of the
stocks in shallow waters (Sivasubramaniam, 1998 [Erge pelagic fish including tuna and

tuna-like species are generally in the offshorefamic ranges.

Deep-water shrimps and deep-water lobsters alssi exithe 200-350 m depth ranges off the
northwest coast (De Bruigt al. 1994). The Deep Water Demersal Fish Resourcege$pur
conducted in 1972 discovered a location of a deggwarawn and lobster ground west of
Kudremalai point, located between°728 to 79 40 E latitude and 830 to & 48 N longitude
(Joseph and Dayaratne, 1994). However, at pregede resources are not really targeted. The
smaller short-lived demersal species such as pshed (e.gGazza minuta, Leiognathus spp.)

are predominant in the North-west coast.

3.5.3 Coastal Fishery

The coastal fishing is mostly confined to the sthalcoastal waters within the continental shelf.
The coastal fishery consists of trawl fishing coctéd for targeting shrimps, small meshed

gilinet fishery for small pelagics, beach seinehdis, flying-fish fishery, the fishery for
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ornamental species, the fishery associated withl aeefs and other export oriented fisheries

such as sea cucumber, chank and lobster.

3.5.3.1 Fishing crafts and gears used in the coaktishery

Fishing is carried out in the coastal waters usimgiorized boats as well as traditional non-
motorized boats. There are 4 638 operating fislurafts in the Puttalam fisheries district
(MFAR, 2007). Except the 84 fishing crafts whicle avith inboard engines, multi-day fishing
crafts normally operate in the offshore and deey sk other fishing crafts are engaged either in
the coastal fishery or in the lagoon fishery. logld be noted that inboard engine single-day
fishing boats have not been reported from PuttaMajority of the fishing crafts operated in the
coastal waters are FRP boats. The FRP boats, nohamieed traditional boats and non-
mechanised beach seine crafts operated in theatoeeters were estimated at 2 419, 764 and
227 respectively. All mechanised traditional crafte confined to the lagoon fishery. The types
of fishing gear used in the coastal waters inclgitieets, hand line, bottom set nets, beach seine
etc. Scuba diving is a popular fishing method fea sucumber, lobster, ornamental fish etc.
There have also been destructive fishing gearsratitiods such as purse seines, use of dynamite

etc.

Followings are the important fishing activities doited in the coastal waters neighbouring to
the block.

3.531.1 The Trawl Fishery

Shrimp trawling is carried out in the Portugal Bagyth of Puttalam lagoon (Figure 3.5.1). The
trawl fishery is mainly conducted targeting shrinfpesmprised mainly oPenaeus semisulcatus,
Metapenaeus moyebi and M. dobsoni) but it also exploits a reasonable amount of shby-

catch. The pony fish (Leiognathus spp.) is onehefrhajor contributors to the trawler by-catch.
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In the shallow trawling grounds in the Portugal Bagwling is conducted by 3.5 t trawlers and
11 t trawlers. The number of 3.5 t and 11 t operatawlers in the area at present are 10 and 19
respectively. Seasonal fluctuations are noted m tidawl catches. The bottom trawling is
conducted more or less all round the year and ¢hiegh from October to April is the best fishing
season for shrimps. The average catch rates for tBabvlers and 11 t trawlers were 23 kg per

haul and 73 kg per haul respectively (JayawardadeDayaratne, 1995).

3.5.3.1.2 The small meshed gillnet fishery

A wide variety of mesh sizes are used in the cormiakgillnet fishery. Mesh sizes ranging from
6 mm to 38 mm (small mesh) are commonly used feretkploitation of small pelagic species.
Small meshed gillnet is the main fishing gear uedcatching small pelagics and around 90%
of small pealgics are caught by this gear (Haputha®004). The major small pelagic fish
landing centres are located in Talawila and Kandakk. These gillnets are mainly operated
with FRP boats. Two fishermen normally participfttea fishing operation conducted by using
small meshed gillnets. Both morning and night fishbperations are conducted. The time of
leaving for morning fishing operations is mostlyeaf2.00 am. The fish catch is normally landed
between 7 am and 10 am. For night fishing operatiishermen usually leave at around 4.00
pm. The night catch is landed between 9 pm andntltenight. Single fishing operation is
normally conducted per day. Morning fishing operasi are conducted more or less all round the
year but, night fishing operations are confinedets months of the year. The engine size of the
vessels varies on the range 9 — 40 hp. The depihatg has mostly confined to 7 — 180 m. The
target species of the small meshed gillnet fishag sardines. Around 80% of small meshed
gillnet fishery catch comprised of sardines. The teeget species is Herringufiblygaster sirm).
The preferred depth range for small pelagic speldkesherrings is below 70m (Froese and
Pauly, 2008). The average catch rate was estinattel® kg per FRP gillnet boat. A strong
seasonal variation in the catch rates of small eedlilinet fishery is observed but, July—
November is normally the peak season. It has bexsated that present level of exploitation of

small pelagic stocks is not sustainable (Haputhahél. 2008).
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3.5.3.1.3 The beach seine fishery

The beach seine fishery is a traditional fishinghnod practiced in the coastal fishery. This is a
seasonal fishery carried out at several beach $amung sites in the Puttalam fisheries district
during the period from October to April when the $& calm. The main beach seine centres are
located in Sinnapadu, Mukkuthoduwawa, Kandathoduavand Daluwa. A substantial quantity
of small pelagics (around 10% of the total landjriggaught by beach seines. Key small pelagic
species caught by beach seines are Indian macKBRestrelliger kanagurta), sardines
(Sardinella spp.) and anchoviesstflephorus spp.). Silver bellies Leiognathus spp.), Tunas
(Scombridae) and Carangidae like species are alsetimes found in the beach seine catches.
Two types of beach seine crafts are basically apéra the beach seine fishery: traditional large
wooden canoes (Wallam) and modified fibre glasddd@each seine crafts are operated by oras
and usually 8 fishermen are engaged in a crafdifioaal wooden crafts are being progressively
replaced by the modified fibre glass boats. Theraye catch of a beach seine during the early
months of the season tends to be 2 250 kg per togeraut this is reduced to about 120 kg per
operation by the end of the season (Dayaretak, 1997).

3.5.3.14 The flying fish fishery

The flying fish fishery is a seasonally carrying @ishery and it is conducted in the coastal and
offshore waters around 20 — 30 km away from thestcdaring the period from October to April.
The fishermen engage in other fishing activitiestdwto the flying fish fishery during the
season because of better economic returns (Dagagiagh.,, 1997). The involved fishermen in
this fishery are either resident fishermen at K&otlga or seasonally migrant fishermen to
Kandakuliya from other fishing villages along theeswt coast. The flying fish fishery is
conducted by FRP boats using nets. Jayawarden®ayaratne (1995) estimated the average

catch rate at 120 kg per boat.
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3.5.3.15 The coral reef associated fishery

A considerable number of fishermen engage in sigefiy targeting fish species inhabited in the
coral reefs along the Kalpitiya Peninsula and nathKalpitiya. The Bar Reef is a highly
productive coral reef ecosystem, particularly doets location, which is adjacent to Puttalam
lagoon with extensive mangroves and sea grass HQdus. particular fishery is carried out
throughout the year targeting various reef assediapecies including rock fish (Mullets) and
the fishermen engaged in this fishery are fromfisi@ng villages like Kudawa, Kandakuliya,
Talawila and Mampuri as well as from the Islandsated north to Kalpitiya. The major target
groups of reef associated species are grouggisgpheius spp.), snapperd.@tjanus spp.), sea
crabs Portunus spp.), emperor fished €hrinus spp.) and sweetlipsPlectorhynchus spp.)
(Dayaratneet al., 1997). Unlike small pelagic fishery, the catchmpmsition of the dominant
species varies regularly. Bottom long lines, botsenhgillnets and hand lines are frequently used
fishing gears for the exploitation of reef assaaiafish. Bottom set gillnets are seasonally
operated whereas the bottom long line and hand kne operated throughout the year. October
— April is the fishing season for bottom set gitlheBottom long lines comprised either large
hooks or small hooks are employed to catch a wimke imnge of species. Bottom set gillnets
which are banned under fisheries regulations weuad to be one of the destructive fishing
gears used on the reef and have a major impadieophysical condition of corals. In addition,
purse seine nets also called ‘Laila nets’ oftendusecombination with explosives is another
illegal but has become an extensively used methddtfas is the most dangerous fishing method

in practise at present.

3.5.3.1.6 Other export oriented fisheries

Apart from prawns and ornamental fish, other expaented fisheries include spiny lobster, sea
cucumber and chank. Exploitations of these growpe lalso significantly increased during the

last few years since there is a high demand imvitrdd market for these commodities.
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3.5.3.1.7 Deep water lobsters

The Deep Water Demersal Fish Resources Surveyucted by R/V ‘Optimist’ in 1972
discovered deepwater prawn and lobster grounds aféaidremalai point, located between°79
23/ to 79 40/ E latitude and 830/ to 8 48/ N longitude. This finding was reconfirmed et
resources survey conducted by R/V DR Fridtjof Nandaring 1978-80. The major fishery
group found in this fishery ground are deep seat@iPueru/us sewelli), prawns Aristeus
semidentatus and Heterocarpus gibbosus) and large demersal fish specig&shlrophthalmus
b/scornis, C. agassizi, Cubiceps sp. and Myctophids). The catch rates (kg/hr) reedndere 37.4,
46.2 and 91.6 for prawns, lobsters and fish respEygt However, at present, these resources are
not really targeted by Sri Lankan fisheries dulatk of facilities.
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Fig 3.5.3.1.7 Deep water trawling ground off Kexthalai Point
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CHAPTER 4
Impacts of the Project

4.1  Oil and gas exploration: Seismic surveys

Noise is produced in all phases of oil and gas aagibn and extraction with sources being
continuous or impulsive, transient or permanentb(&at.1.). However for the purposes of this

report we will focus on the noises associated witlexploration, particularly seismic surveys.

Marine seismic surveys are known to produce sigafi manmade noises in the oceans and may
occur over extensive areas for extended periodginoé. Seismic exploration or marine
geophysical surveys often includmttom profiling via high intensity, low frequensound
sources. However, most seismic exploration sourglsizort, discontinuous pulses separated by
quiet periods (Gordon 2004; Richardson et al. 199hese noises, referred to as impulsive

sounds are created by the rapid expansion andpsellaf an air-filled cavity.

These sounds are directed through the earth’s endstreflected at the geological boundaries
that define the different strata. The reflectednsbis then processed to provide information on
the structure and composition of geological formati below the sea bed and to identify
potential hydrocarbon reservoirs (Figure 4.1). Tilgh energy sources typicallysed are arrays

of 12-70 air guns towed at 4-6 knots at a depth-2Om (McCauley 1994, Gulland and Walker
1998), and the sounds reflected off the seafloerracorded using towed hydrophone arrays
several kilometers long. Air gun shots are firedregular intervals of 6-20 seconds along
planned transect lines (Richardson et al. 1995n&®inds et al. 2004). The transects will cover

an area of 1450 sq km and is expected to last drd&b0 days.
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Many other sound sources are also associated aigmi surveys such as those associated with
the networks of high frequency transponders usedraok the positions of the arrays of

hydrophone streamers (Gordon et al. 2004).

<. | {
o e :
. fl,:::.;il_ by Sea surface)
o i L e
N T Hydrophone array imlgm
Energy source \*- \\H (recetvers /detectcrs)
(A gun array) -

Figure 4.1.: The basic components of a marine seismic reflediovey (the layers of the
seabed are shaded) (Simmonds et al. 2004)

While the energy produced by the air guns is bellogvfrequencies of the calls and optimum
hearing of toothed whales, the received levelshagke enough to be clearly audibke 130 dB re

1 Pa). These pulses may have energies of betw@@H@ Hz and as such maybe audible to
odontocetes as far as 10-100 km away (Gordon i@hardson et al. 1995). Single air guns are
generally known to produce broadband source lebetareen 215 and 230 dB replPa-m
possessing energies of between 10-300 Hz (McCdl98y, Greene 1995). Broadband source
levels of 248-255 re i1 Pa-m, zero to peak, are typical of a full scal@ay(Richardson et al.
1995). Although most energy is produced at the fofnequencies, air gun arrays can produce

significant sound energy up to, and probably bey@2dkHz (Gordon and Moscrop 1996)

As the air gun arrays are directed in a downwarection sound intensity is also greatest in this

direction, however, a considerable amount of enes@yso radiated sideways (McCauley 1994).
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As a result the far-field signature may be deteetiegreat distances from the source (e.g. 50-75
km in water 25-50 m deep; Greene and Richardsoii)19®erefore sound levels received by
animals in close proximity to the source will degesn their depth and position relative to the
array’s axis. However, arrays perpendicular to dkis will experience a sound pressure level

greater than those in the line axis of the arragh&dson et al. 1995).

The use of three-dimensional seismic surveys @ teaproduce data of higher quality than two-
dimensional surveys and provide more accurate datalefine potential and/or existing
hydrocarbon deposits. The staggered firing of rpldtarrays, to reduce interference, increases
the period of noise exposure (McCauley 1994). Thiscentration of seismic activity in a small
area for a prolonged period may have the potetdialause long term exposure effects in the
faunal populations.

The oil and gas exploration will take place in a@aaof 3000 sq km in +200m to 1800 m deep
water. However, the streamers may come close tavéistern boundary of the Bar Reef Marine
Sanctuary (about 1.5 km west) and therefore sw@tadsecaution needs to be taken when
operating in this area. This area is generally taag 200m deep and such shallow waters are
known to encourage reflection and refraction ofrgboff the sea surface and sea bed or off
different density layers (Simmonds et al. 2004)lif@yical spreading loss is said to occur
because the range of the receiver from the sosrgeeater than the depth of the water column.
As a result, in the shallower regions of the GuifMannar, it is likely that sound would
propagate horizontally through the entire area.i#althlly, this depth would favour the arrival
of higher frequencies first. However with increaskstance from the source, received pulses
would decrease in level but increase in duratianth& medium depths (several hundred metres)
assuming free field propagation, animals direcdiolw the array and deeper in the water column
will receive higher intensity sounds than thosevais closer to the surface but at the same range

from the array.
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4.2 Sound and marine mammals

Light penetration below the ocean surface is mihiMéile long wavelength light is the first to
vanish, barely any light penetrates depths grehter 200m. As a result cetaceans have evolved

to depend on sound rather than vision as theirggireense for communication and navigation.

4.2.1 Echolocation:

Echolocation is the ability of an animal to producil- or high- frequency sounds and detect the
echoes of these sounds that bounce off distaneetsiip perceive the physical features of their
environment. The higher the frequency used, thatgrethe ability to detect small objects,

however, higher frequency sounds have a more lkinmaage underwater.

4.2.2 Navigation:

Baleen whales are known to use low frequency sowntis high source levels for navigation
purposes. These properties allow the sounds teltgreat distances and are said to assist them
on their long range migrations. These low frequecals are said to be used in the same way

odonotocetes use echolocation and as such, allen tb perceive their environment.

4.2.3 Communication

Cetaceans communicate inter- and intra- specificalsing acoustic signals. Cetacean

communication has a variety of functions which uags
Intra-sexual selection
Inter-sexual selection
Mother/calf cohesion
Group cohesion
Individual recognition

Danger avoidance
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4.3 Impacts of sound on marine mammals

Marine mammal’sreliance on sound could causenumber of potential effects on marine

mammals. These effects can be divided broadlyfmiocategories (Gordon et al., 2004):

i.  Physical effects
ii. Perceptual effects
iii.  Behavioural effects

iv. Indirect effects

4.3.1.Physical effects

This couldinclude in the extreme case damage to body tisgmess damage to ears, permanent
threshold shifts (PTS — permanent reduction in tawgisensitivity), temporary threshold shifts
(TTS — temporary reduction in auditory sensitiwijth eventual recovery) and chronic stress
effects that may lead to reduced viability. Thrddlghifts can be induced by exposure to intense
short tones and sounds of moderate intensity ftanebed periods.

4.3.2 Perceptual effects

‘Masking’ of biologically significant sounds by elated background noise levels caused by
man-made noise that may prevent detection of atbends important to marine mammals. The
signal reaching the animal is appreciably weakan tihe background noise. Baleen whales, low
frequency specialists who vocalize below 1 kHz, aften the most vulnerable to masking
effects (Clark 1990).

4.3.3. Behavioural effects

Changes in behaviour characteristic of disturbanckide disruption of foraging, avoidance of
particular areas, altered dive and respiratoryepast and disruption of mating patterns. Table
4.3.3 provides a summary of research that hasurshghanges in behaviour in response to

exposure to seismic noise. The selected studiegdaralata on received noise levels and/or
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ranges from sources for behavioural responses.cofigenal table has been modified to only

include species that are found around Sri Lanka.

Table 4.3.3 Summary of observations of behaviocihainge in marine mammals in response to air gul

and seismic surveys (modified from Gordon et a040

Kanren Recaival laval Water dopth  Prap.Madal Reforones
Cammor daphin  Irish Sea Operating 20 Seismic »1 km Recucad vocal sation ratewitiinwocal - 50100 m Goald (1996)
saismic 2120cu In. range and/er ecclusion within 1 km.
Eattienose dalprin Capbivity 13580 17875 kHo Belavioural avaidznce resporses at Ridgewayetal.
20 kHz palse dB-136 13 kHz dB 178dB (1386)
Saerm whales Southem Opportanistic Seismic &6l 112dB »300km  Cessatian of vecal sation in respense »800 m Brwles etal.
[caan (eh3 08 2. 0 S0Me INstances of @ér gin activty (134
1UuPa—r) o100 m
Humpback whale 5.E. Alaska Bxperimendal  Seismic cun . TE0-16E <.2km  Short-term starlle rReponse. Mo clear Walmeeta.
playback 1.64L 1266 d3) avnidanee a- levels up to 172 dB re. 11935)
1m Pa efecive pulse pressure level.
Humphack whale  Horth West Cape, Operating Seismic amay . 170dBP-P F44m  Stand-off (Gereral avoidance) 10H20m 25 oaR Vicfauky et al.
W. Lustraliz seizmic 44258 dB . . BZdB P-P km Ivoidance manceuvres 11998)
| WP p-py - STUBP-P akin Bpoidane i es
Humpback whale  Esmouth Galf,  Beperimental — Seisrric cun .162dB P-P 1km General avoidance 1020 m Wetauky et al.
W. Bustraliz playback 043L,(227 dE = 11998)
1uP#-mp-p) - "5AdBP-P 2km Gourse alterstions begin
Diue whale Horlh Pacifiz Operating Seismic soure - 143 d0 P-P 10 km (loszt approach 11 kn? 2,400 m Wacdonald et
Oczan seismic 1,600¢cu.in, Cessation o vocalisaticns for ¢.1 hr, 3l. (1855)
(215 4B = Resumption of vocalisatiors and
1P 1= pph mieezienl sy [on sourse.

4.3.4 Indirect effects

Marine fish may be vulnerable to intense soundsiise most possess air-filled swim bladders.
Despite having less acute hearing than marine mdsnnmaany are more sensitive than
odontocetes in the range 100-500 Hz where mostgeisound is produced. The exposure of
potential marine mammal prey to seismics could tredtice their accessibility as they may
move out of an area or become more difficult teleal his could in turn affect marine mammal
distributions and feeding rates. Conversely, damlagedisoriented prey could attract marine
mammals to a seismic survey area, providing stesrh tfeeding opportunities but increasing
levels of exposure to sound.

Deep diving odontocetes such as sperm whales may pparticular risk to increased man-made
noise as their behaviour puts them in the deepdsatannel or SOund Fixing And Ranging

(SOFAR) channel, along which sound is channeled cardtravel efficiently for hundreds to
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thousands of kilometers (Simmonds et al. 2004). Dward focused seismic sources tend to
expose any submerged or deep diving cetaceangholdwels of acoustic energy. Deep divers
such as Sperm whales balance their energy budgetsrely finely to ensure that the oxygen
stores within their bodies are managed and spehdliorited periods at the surface to rest and
recover. The healthy population of deep diving spevhales in the Gulf of Mannar and its
vicinity maytherefore be particularly at risk as diving takiesn into regions in which received
sound levels are higher than those measured oicprdatlose to the surface. Additionally, it has
been shown that within a species, different clas$@sdividuals might be differently vulnerable
and/or responsive. A mother nursing a young calildibe expected to show stronger avoidance
behaviour than a male guarding a breeding terrib@gause of the importance of communication
and vulnerability of the calf. Other species suslspinner dolphins have also been documented
in large groups that include numerous calves (ds pMersonal observation; lllangakoon 2002).
As such, multiple species depend on the food sepglihd oceanography of this region and as a
result breed in the area. These populations areftire particularly vulnerable to the effects of

seismic exploration.

Of the small odontocetes, bottlenose dolphins heeaently been shown to possess low
frequency hearing abilities (Turl 1993) while cormmdolphins have been known to show signs
of distress when exposed to seismic activities (Goand Fish 1998). However small
odonotocetes may be less vulnerable to low frequéndustrial sounds but are likely quite

susceptible to the higher frequency componentgisfric sources.

It is evident that a majority of man-made soundgehsignificant amounts of energy at low
frequencies, thereby leading to potential distuckarnlamage and interference to the mysticete
whales (figure 2). Another species frequently doeated in the Gulf of Mannar, the blue whale,
is also known to display avoidance behaviours Wdd by reduced vocalization in the presence
of seismic operations (MacDonald et al. 1995). Hhagk whales, also found in the Gulf of
Mannar, are known to alter their songs in respdonseoise; the length of their mating song
increases in response to low frequency sonar, psriva an effort to compensate for the
interference. The dugong, which is found exclusival this area around Sri Lanka, is also of

particular concern because of its reasonably goadilequency hearing abilities. Unfortunately,
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very little is known about the impact of seismias this species. It is important that further
studies have to be done to understand locatiomitidad habitats and the impacts of continuous

seismic activity in the vicinity of specific spesie

Alterations in migratory paths caused by continuseismic activities could drive animals out of
critical habitats or move them into dangerous areésry few comprehensive year long marine
mammal surveys have been conducted in Sri Lanka #sult, the understanding of migratory
patterns is very poor. Additionally, historical oeds have consistently alluded to the presence of
a variety of cetacean species around Sri Lankacél@&mnther studies are necessary to ascertain
migratory patterns.
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Figure 4.3 1: Some examples of sound frequencied bg marine mammals and man-
made sources of ocean noise pollution (IFAW 2008).

4.4 Impacts on Reefs and Divers

Coral reefs may not be directly impacted by seissnicvey work. But they may be affected by

accidental oil spills, if any from the marine vdsseéeployed for the seismic survey operations
and thus good waste management and maintenandes@nacist be ensured during the proposed
project operations.

Some impact of seismic surveys on scuba diver® ibet expected as most of the diving is

conducted in the 20 to 30 m depth range which & te the depth contour where the depth of
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the sea bed increases rapidly. Therefore it issadie to exercise control and management of

scuba diving during the period of seismic explanati

4.5 Impacts on Benthic Communities

Potential environmental effects will be limited piysical impacts on benthic communities
arising from the cable and associated equipmerkingnto the seafloor, damage and/or
destruction of seafloor habitats due to anchoriregsel grounding or the accidental loss of
equipment. Physical impacts on soft sediment conitiesrfrom equipment will be limited, as

the gear is not likely to penetrate the subst@aenty great extent.

4.6  Spawning seasons, spawning grounds and migrayoroutes of fish

Even though the spawning seasons of some fishasomably known, little is known on
spawning grounds and migratory roots. The reprodectycle of different species has
developed in respective to the natural range abddtaof the fish. The timing of spawning fish
has developed as a response to “ultimate” fackaswill maximize the survival of the eggs and
fry. Some of these ultimate factors include theewaupply and water quality, availability of
food and reduced number of predators. Fish areyremdpawn when the ultimate factors are
proper. The fish needs to respond to "proximatetofd or cues to adjust the reproductive cycle
to match the changing environment (Sumpter, 198@m April to July, many small pelagics
respond to the ultimate factors well when havirgdppropriate conditions during the Southwest
monsoon. Therefore, this season can be considerédeamain spawning season of the small
pelaigcs even though spawning is sometimes takase ghroughout the year. Even though fish
migrate to the offshore areas for spawning, spagvrgnounds are reasonably unknown.
However, there is some possibility to either béefalsuch migration routes across the seismic
survey area or be positioned such grounds inseléltick. Since large pelagic fish like tunas are
highly migratory as well as highly abundant in tee=p sea and offshore areas, it is reasonable to
assume that there is a high probability of be prese massive schools where the block is
located.
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Many Penaeid shrimps show migratory behaviour betwthe lagoon and the sea. Sexually
mature shrimp spawn in the deeper marine wateexi&plike Penaeus indicus, P. semisulcatus
and M. dobsoni bread in the sea and their postéamigrate to the lagoon for growth and

maturation, and then return to the sea for subsgquaturation and reproduction (Sanders et al,
2000).

Many coral reef fish species aggregate at spetifies and locations for the purpose of
spawning. The spawning migrations vary widely ansbngpral reef fishes (Robinson et al,
2004). For example, some species of grouper ingolerg distance migrations whereas some
other coral reef fish such as the species belortbedamily of Acanthuridae spawn close to or
within the areas of residence (Domeier & Colin, 7P9However, little is known on the
behaviour, spawning seasons and spawning grountiseaforal reef fish inhabited in the Sri

Lankan waters.

4.7 Possible effects of seismic surveys on maringtt, crustaceans and sea turtles

Effects of marine seismic surveys on fish and seammals have extensively been studied
(Booman et al., 1992; Kosheleva, 1992; Popper t28I05). Seismic surveys can have an
adverse impact on individual fish, fish populati@m fisheries, either directly through harmful
physiological effects or behavioural effects (DNA007). The physiological effects will mainly
affect early stages of fish such as eggs, larvaefgn(Booman et al., 1992; Kosheleva, 1992;
Popper et al., 2005). This may lead to a certailmeced net production in fish populations. For
later life stages and for adult fish, the behawabeffects are considered most important (DNV,
2007). This can mean that fish are scared away fisining banks and areas. However, reef-
dwelling species appear less easily scared awagreThas also been reports of adult fish Kill
during Seismic surveys have been found to havediidult fish. There is also the potential to
cause physical damage to fish ears and other §smue organs such as swim bladders. These
effects vary by species, with distance from airgurays, and in relationship to sound wave

characteristics etc. Although such effects may kit fish immediately, they may lead to
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reduced fitness, which increases their suscepsiltiti predation and decreases their ability to
carry out important life processes (AMCC, 2009)hé&timpacts on fish include disturbances in
the migration routes of the fish and reducing tladitity to find food. Another issue is potential

disturbances that spawning fish may be exposed spawning areas and during concentrated
spawning journeys to the spawning grounds (DNV,7200his can change the areas that are
used for spawning, and possibly the timing of thavaing since spawning conditions become
less favourable. Pelagic fish responded to seismimd by moving deeper rather than laterally
in the water column (Slotte et al., 2004). Wardleak, (2001) found no evidence of fish or

invertebrates moving away from reef areas expasedismic survey.

If the proposed seismic survey is conducted dutiregsouthwest monsoon period then there is
some possibility to adversely affect it on spawnpapulations of sardines and other small
pelagic fish. More impacts of the seismic surveghmhiprobably be on large pelagics than others
since large pelagic fish are relatively abundanti@eper waters including the seismic survey
area. Only little impacts are likely to be on sfigl and finfish populations inhabited in the

lagoon and the coral reefs.

Since important foraging sites and migratory rodesome turtles are located in the kalpitiya
peninsula within the proposed region of the seissniwey operations, the sounds of the air guns

may disturb the sea turtles.

Disturbance and displacement of spawning fish ftbeir spawning areas can have an effect on
recruitment to the fish population. This would Ispecially significant in specific spawning and
nursery grounds such as Mangroves, Sea GrasseS@atiReefs and care needs to be taken

during the project operations to minimise the imipat¢hese sensitive areas.
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4.8  Birds

The negative impacts that could be anticipatedusheloil spills from any leaking or damaged
pipes and the glare effect from the seismic vdggais. The birds may get attracted to the vessel
light during the night .The light also may causprablem in the migratory habits of the birds.
Since the birds migrate using the light for navigjadl purposes, an illuminated night sky would
disorient the birds. Generally they are attra¢tedhite or red light sources and therefore their

navigation system may be affected.

4.9 Fishery

Approximately 15,000 fishermen are engaged in thghdfy Industry in the two districts
adjoining the Seismic Survey Area. The commenceraktite seismic survey may temporarily
restrict the movement of fishing vessels in a ladiirea in and around the survey vessel. This
could cause some limitations to the fishing operaiduring the period of the seismic survey

operation in the specific area. Some of the padédamage / restrictions that may result are;

* The survey vessel and supporting may cut throwdhrfg grounds and nets already laid.

» Restricting the movement of the fishing vesselthmimmediate vicinity of the seismic
survey operations.

» Vessels from landing sites in Colombo, Negombo J&®hietc moving North and South
through the survey area may require to take loeabuwd to avoid crossing the safe
exclusion zone of the survey vessel operationa.are

» Possible effects on movements of fish/fauna pofulatfrom the fishing grounds due to
survey operation including vessel movement and d¢@diects.

» Temporary restrictions likely on Divers to opermteeef areas
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4.10 Other Impacts

The survey operations are expected to be condurctin “good weather window” from around
October to March. Other activities planned to beedin the area by different organizations
which may be affected would be:

Research activities on Reefs and other sensiteasar
Water quality and Plankton abundance studies
Marine Mammal studies

Bathymetric surveys

YV V. V V V

Oceanographic studies
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CHAPTER 5
MITIGATORY MEASURES

The potential likely impacts due to the proposed3tsmic survey operations for hydrocarbon
exploration in the SL-2007-01-001 block in GulfM&nnar was detailed in the previous chapter.
Though the seismic survey operation is temporanaitire, it does require due precautions to be

taken to minimise the adverse impacts on the ejgicosystem and the local communities.

Proactive consultation with the concerned stakedrsldespecially the local fisher community
and the fishing authorities for collecting of dédi information on fishing crafts and fishing
gears use inside and close to the block, the sabtyoof their use and the routes of the fishing
crafts etc. is required. The traditional knowleddehe fishermen can perhaps be made use for
knowing the breeding seasons, migratory roots alh ase breeding grounds of the fish.
Therefore, interviewing the fishermen as well aaduwting the group discussions with them
would perhaps be very useful in the process ofectitig above mentioned information that is
much relevant to the proposed seismic survey. Abooation of mitigation measures must be
used to ensure effectiveness in the variety of exdstlikely to be encountered. It is also
necessary to bear in mind that the direct impadetgmic surveys on marine mammals is quite
well documented, but the other threats associatédtiaese activities such as noise generated by
the survey vessel and potential oil spills have &sbe considered. The cumulative impacts of
these threats and others faced by marine mammats beitaken into consideration while
planning the mitigatory measures and implementingolust environmental management

program while carrying out the proposed survey afpens.

51 Marine Mammals

Mitigation measures are operational techniquesgdesi to reduce the adverse impact on the
species or stock and its habitat (Roberts and hyghead 2002). The effect of these mitigation
measures varies based on the differing sensitvitfecetaceans, different groups and age classes

and underwater topography, oceanography etc thaesasound to travel in a non-uniform
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manner through water. Mitigation procedures mustdailer made to the particular habitat and

situation to ensure best results.

As a result of the limited cetacean surveys thaeh®een conducted in these areas, baseline data
on the populations in the Gulf of Mannar and Smka as a whole are lacking. As such, it is
imperative that a precautionary approach is adopyeithe oil and gas industry when conducting
seismic exploration surveys to safeguard both idd&ls and populations. Adoption of the
precautionary approach is imperative because ofintipgecision and uncertainty surrounding
studies of the effects of noise on cetaceans.do&atly, areas that are considered critical feeding
or breeding areas of marine mammals should be &gfitee from noise pollution as possible,
even in the absence of conclusive scientific ewisdeof harm. The mother-calf pairs of sperm
whales and large schools of mixed age group spidokhins have been detected during the
months of January to April. However, no surveysenbgen conducted out with this period in the
offshore areas and as such, it is not possiblenclasively state if this is a year round breeding
ground. This highlights the greater need for ajilon of the precautionary approach coupled

with the collection of good quality data that calvige further actions.

Primarily all survey vessels should be require¢dday a trained marine mammal observer on
board at all times e.g. scheme run in the UK by GNGordon et al. 1994). These observers
should be appropriately trained in survey, idecdifion and recording techniques prior to
commencement of operations. The observers wouldcetpeired to visually detect the marine
mammals in the vicinity and document any behavidhat might occur in the presence of the
seismic activity. Observations from the vessel &hbe initiated 30 minutes before ‘ramping up’
the air guns. The ‘ramping up’ or ‘soft start’ petiis intended to allow animals to move away
from an area should they choose to do so and ssirstegquld not commence until the area has
been clear for at least 30 minutes. In many otlemties a ‘soft start’ or ‘ramp-up’ is also
common, working on the assumption that a graduaksse in sound levels gives whales and
dolphins sufficient time to leave the area. Durthg surveys if an individual is sighted within

1km of the emitted noise, all seismic activity mbst suspended for 30 minutes until after the
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cetacean leaves the area. The observer will baregto document any sightings made with

details such as behaviours observed, group sizemdtthe prevailing environmental conditions.

In order to ensure reasonably effective visual nooimg surveys must be scheduled for daylight
hours, and not near sunrise or sunset. Howevédy,ahmited proportion of whales within the

survey area are likely to be visually detected asduch, passive acoustic monitoring coupled
with acoustical localization methods must be enaged to improve chances of their detection.
An eight-fold improvement in detection rates of otiiwetes was reported when undertaking
acoustic monitoring by Gillespie et al. (1998). @mt best practice insists on the combination of
acoustic and visual monitoring in an effort to détemall or deep diving animals and cause
minimal damage to the marine mammals of the areticpkarly because of the paucity of

knowledge and high level of uncertainty surroundingential effects on marine mammals.

In addition to placing marine mammal observers e main survey vessel it is recommended
that individuals are also placed on smaller crafts surrounding ‘safety zone’. This is useful as
studies of impacts have focused on smaller numbeenimals close to the surveys but it is
possible that the effects are far reaching and @&y impact®n populations further away. All

information related to the marine mammals and emvirental conditions at the time should be

documented.

As a further precautionary measure, marine mamrsémers should survey the area at least
prior to and post the seismic survey in an efforgain an understanding of the densities and
species present prior to activities and the longem effect after the surveys have been

concluded.

The data collected by the observers during theseegs will provide valuable information on
the presence and distribution of species and duri&ito the existing knowledge base. Surveys
should be planned in a manner that reduces the eward power of the sources employed.
Companies should be encouraged to share the redydsst and future surveys in an effort to
effectively achieve this. Source levels should dstuced to a level no higher than necessary and

the boats should maintain a stipulated speed Whilte within the survey area.
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As previously mentioned consultations with locah#r communities and authorities should be
conducted prior to commencing any field activitiesgain insight on Traditional Ecological
Knowledge. As many of the fisherfolk in the areatswas the flying fish fishermen from
Kandakuliya engage in resource extraction actwiiie the offshore areas in and around the
designated area they will most probably be ablpravide some indications of what types of
animals are present and if there are any trendgyhtings. This information will also contribute

to the baseline knowledge of the cetaceans ofréee a

5.2 Coral Reefs and Benthic Communities

Potential environmental effects will be limited piysical impacts on benthic communities
arising from the cable and associated equipmerkinginto the seafloor, damage and/or
destruction of seafloor habitats due to anchoriregsel grounding or the accidental loss of
equipment. Physical impacts on soft sediment conitiesrfrom equipment will be limited, as

the gear is not likely to penetrate the subst@aenty great extent.

Some impact of seismic surveys on scuba diversbrdikely as most of the diving is conducted
in the 20 to 30 m depth range which is near todigath contour where the depth of the sea bed
increases rapidly. Therefore it may be requiredetjulatescuba diving activities in and around

the seismic survey operational area during theoderi

5.3 Birds

The survey operational area will be in the openwel away from the coastline. The marine
fleet for the survey activities will consist of argey vessel ship and 4 or 5 supply / guard
vessels. The night lighting from these vesselsnateexpected to cause any significant glare in
the surrounding area. Nevertheless, use of bishdity lighting systems as introduced in some
northern countries and the use of minimal lightthging the nights would help to reduce the

impacts from light pollution, if any.

113 |Page



IEER - 3D Seismic Survey for Oil Exploration in Block SL-2007-01-001 in Gulf of Mannar-CAIRN Lanka Pvt. Ltd

5.3 Fishery

Certain precautionary mitigatory measures needettaken to minimize the above impacts on
the marineresources as well as to the fishing activities. &mmple, the southwest monsoon
period is found to be the important period for iirghactivities (the fish catch is expected to be
high over the period) as well as the best suitaibgdor rebuilding of the fish resources by
spawning and successive growing of fish via optiynatilizing the favourable conditions that
are much supportive for functioning of the bioladiprocesses well. Hence, it is advisable to
avoid that period for making use of conducting $kesmic survey. Seismic surveys can result in
reduced fishing time. Therefore, pre-planning catphio minimize this impact. In addition,
following mitigation measures can also be adoptedrder to minimize the impact on fish and
fisheries.

a) Formation of a fishing industry Task Force to de#h issues on an ongoing basis. This

task Force may include representatives from the
i.  Fisheries Cooperatives,

ii.  Individual Fishermen engaged in the different typeBshery who are not

members of cooperative societies,
lii.  Representative from Department of Fisheries,
iv.  Representative from Migrant Fishermen operatingpéArea.

v.  Other Stakeholders who may be affected by then8eiSurvey also may
be included.

vi.  High Level Representative from Cairn Lanka (Pvy Lt

This task Force should be convened before commesewwf operations and should meet
regularly to engage in consultation for the smadatplementation of the project, integrate the

local fishing community concerns during the implenagion of the seismic survey operations
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and resolution of any disputes that may arises #&lso recommended as stated previously that at
least one Biological-Fisheries observer/Marine Mah@bserver onboard the seismic ship on
duty at all times throughout the duration of thevey. In addition the guard vessels should have
members from the local fishermen community to effety dialogue with the local fishermen

and advise on the local sensitivities and issues

Survey vessel engaged in the seismic survey shmildischarge waste oil or any other solid or
liquid waste into the sea. This would be partidylaelevant in order to minimize the impact
especially on the sea turtles; The discharges stevail and liquid waste may alter the nesting

environment of the female turtles.
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CHAPTER 6
ENVIRONMENTAL MANAGEMENT PLAN

Cairn Lanka will take all measures necessary tarenthat the Seismic Survey operations will

have the least possible impact on the surroundinwy@ment including all biota in the short
term as well as in the medium and long term sualglity of any fragile, sensitive ecosystems
around the area of operations. In addition CairnL&nka will ensure minimal disruption of
normal activities of surrounding communities. Dgrimperation, either eliminate potential
environmental risks or to reduce them to as lowessonably practicable, a number of key
control and mitigation measures must be implemeriféeé management actions and strategies
for control of the significant environmental riskssociated with the proposed survey are

described in the following sections.

6.1.1 Management of Disturbance to Marine Fauna

The proposed survey should avoid potential disompto sensitive ecological values in the area
by both spatial and temporal separation. Table suthmarizes the control and mitigation
measures that eliminate or reduce any significanirenmental impacts on marine life. The

management actions and implementation strateggiscassed further in the following sections.

Table 6.1 Control and Mitigation Measures to MirgmiMarine Fauna Impacts

Sensitive Ecological Control and Mitigation Measures
Values
Cetaceans Temporal avoidance of periods of pealewhigrations.
Fish The survey maye operating over critical habitat for feeding,

spawning, breeding or migrating fish populationSoft start’ of
acoustic energy sources at the start of each line.

Epibenthic The survey is unlikely to have any significant effe on benthic
Communities communities due to the water depth.
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The project activities iproposed the study area, may cause transient logstce on whales and
other higher marine mammals whose presenceepated in this area. Specials attention needs
to be drawn to the Dugong and the Dolphins. Thennwintrol measures to minimise the

survey'’s potential impacts on cetaceans are terhpodaspatial avoidance.

Visual observations: A visual check for the presence of whales mustnzsle before the
commencement of each acquisition line;

Delay procedures: Acoustic energy source discharge must not begiesanwhales are a

minimum distance of 2 km from the survey vessel;

Soft start procedures: A sequential build-up of warning pulses (over aiqukof 30 minutes)
must be made at the start of each acquisition (feat start’) to arm and deter whales from
approaching the survey vessel. ‘Soft starts’ ov@0 aninute period at the start of each new line
will also serve to warn and scatter any other B@enming fauna (i.e. dolphins, pelagic and
demersal fish) in the area, thereby minimizing tileelihood of animals being within

pathological effects range;

Whale watch: A continuous watch for whales must be maintainedng ‘soft start’ sequences
and during operations to determine the presenedsence of whales within 2 km of the vessel,
and Stop work procedures: Acoustic energy sourcayadischarge must cease if whales
approach within 2 km, and are moving towards, tessel. Operations must not recommence
until the animals have moved outside a range a2k have not been seen for thirty minutes.
Any cetacean sightings during proposed survey medx recorded with the positions time and
the date.

6.1.2 Management of Disturbance to Benthic Habitat

The survey is unlikely to have any significant effeon benthic communities due to the water
depth. The survey vessel and support vessels ntagnebor during the duration of the survey,
except in an emergency situation. As a result @iwhater depths (approximately 30m to 3,000m)

there are unlikely to be any significant effectsnfr discharge of the acoustic energy source
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arrays on the benthic environment. In the evedss of a streamer or associated equipment (eg
paravanes, tail buoys) there is the potential éones limited disturbance of benthic habitats to
occur. Wherever possible, streamers and associgfigipment are recovered when lost during

survey activities.

6.1.3 Management of Waste

Risks to the marine environmental resources irptbposed survey area and adjacent areas from
disposal of wastes are considered to be negligjblen that wastes other than routine sewage
and putrescible material discharge will be returteeghore for recycling or disposal. The survey
vessel will have a ‘Garbage Management Plan’ icgld his plan will be consistent with the
requirements of MARPOL 73/78 (Annexe V) and includést of ship’s equipment and detail

the arrangements for handling of garbage.

6.1.4 Sewage and Putrescible Wastes

Sewage and food wadtiésposal must conform to the requirements of MARPQGL78 Annex IV
and must be macerated to a diameter of less thami5 prior to disposal. No sewage or
putrescible wastes (ground or unground) is to Beldirged within 12 nautical miles of any land
unless vessel has a certified approved sewagengeaiplant in place under Regulation 8 (1) (b)
of MARPOL 73/78 Annex IV. No significant environntahimpacts are expected because of the
biodegradability of the waste, short period of setsactivities and large dilution factor. Total
nutrient (nitrogen and phosphorus) input levelsl Wi insignificant compared with natural
nutrient flux in the area. Risks to the marine emwvinental resources in the proposed survey area
and adjacent areas from disposal of wastes arddavad to be negligible given that wastes
other than routine sewage and putrescible mateligdharge will be returned to shore for
recycling or disposal. The survey vessel will havé&arbage Management Plan’ in place. This
plan will be consistent with the requirements of RROL 73/78 (Annexe V) and include a list

of ship’s equipment and will detail arrangementstfe handling of garbage.

118 | Page



IEER - 3D Seismic Survey for Oil Exploration in Block SL-2007-01-001 in Gulf of Mannar-CAIRN Lanka Pvt. Ltd

6.1.4 Solid Wastes

No significant environmental impacts are expectedaid wastes will not be discharged to the
ocean. All solid wastes, such as packaging and diieneastes must be segregated into clearly
marked containers prior to onshore disposal. lo@aance with MARPOL 73/78 regulations, no

plastics or plastic products of any kind are todisposed of overboard. No domestic waste (ie

cans, glass, paper or other waste from living areas be discharged overboard.

6.1.5 Chemical and Hazardous Wastes

All chemical and hazardous wastes, such as clegmioducts, acids, solvents, toxic waste and
medical waste, will be segregated into clearly radrkontainers prior to onshore disposal. No
significant environmental impacts are expected lesmical and hazardous wastes will not be
discharged to the ocean. All storage facilities @aaddling equipment must be segregated in
good order and designed in such a way as to premedtcontain any spillages as far as
practicable. No significant environmental impacte a&xpected as solid wastes will not be
discharged to the ocean. All solid wastes, suclpakaging and domestic wastes, must be
segregated into clearly marked containers priorotshore disposal. In accordance with
MARPOL 73/78 regulations, no plastics or plastiogucts of any kind are to be disposed of
overboard. No domestic waste (i.e. cans, glassrpapother waste from living areas) is to be
discharged overboard. No maintenance wastes (algt pweepings, rags, deck sweepings, oil

soaks, machinery deposits etc.) are to be dispafsederboard.

6.1.6 Management of Potential Fuel and Oil Spills

The survey vessel will have a specific fuel spilhtingency procedures in the unlikely event of a
fuel spill and a Shipboard Oil Pollution Emergerielan (SOPEP). Minor spillages will be
managed through housekeeping cleanliness and thefusorbent materials to clean up any
spilled fuel or oils. Any fuel or oil spills muselreported to Cairn Sri Lanka, all spills of greate
than 80 L will be reported by Cairn Sri Lanka teetDesignated Authority within 2 hours.
Incineration of any oil sludges onboard, or dispadaany oil sludges/slops in port, must be
recorded in the vessel Oil Record Book (a requiremender MARPOL 73/78). Stocks of
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absorbent materials onboard the survey vessel rhesthecked for their adequacy and

replenished as necessary prior to the commenceshastivities.
6.1.7 Waste Reception Facilities

It should be noted that the Colombo port does agtlship borne waste reception facilities yet,
but Bunkering Agents and other contractors arelavia to provide such services to ships
berthing in the port of Colombo. They usually hawenp trucks and other waste carriers to take
waste matter from ships and dispose at approvetevdesposal facilities in and outside the city
of Colombo. The offices of the Sri Lanka Ports Aurtty (SLPA), which maintains the Colombo

port, and shipping agents could provide adviceg@ndance in this matter.
6.2 Roles and Responsibilities

The organization and structure of the seismic suiee be undertaken, including roles and
responsibilities for all key personnel onboard shevey vessel, are described with regard to the

implementation and management of this Environméan,Rhe key responsibilities are:
6.2.1 Vessel Master

1. Responsible for the safe execution of all operatiointhe survey vessel.

2. Overall responsibility for ensuring that appropegiaontrol and mitigation measures are
implemented to minimise potential environmentaéef$ resulting from vessel operations
(eg waste management/disposal, and fuel/oil sgsibonse).

3. Responsible for immediately notifying the Client teSi Representative of any
incidents/activities arising from vessel operatitmat are likely to have a negative impact

on the performance objectives detailed in this Emment Plan.

6.2.2 Chief Surveyor

1. Responsible for safe execution of all operationsi@d out by the seismic crew onboard
the survey vessel.
2. Responsible for ensuring that appropriate controld amitigation measures are

implemented to minimise potential environmental atis resulting from seismic

120|Page



IEER - 3D Seismic Survey for Oil Exploration in Block SL-2007-01-001 in Gulf of Mannar-CAIRN Lanka Pvt. Ltd

acquisition (eg ‘soft start’ procedures, whale wadnd stop work procedures, cetacean
recording).

Responsible for immediately notifying the Client teSi Representative of any

incidents/activities arising from seismic operasicimat are likely to have a negative

impact on the performance objectives detailed i Emvironment Plan.

6.2.3 Client Site Representative

1.

6.2.4

Responsible for ensuring that, during the S&smic Survey for Oil Exploration all sub-
contractors perform operations in a manner congistéth the performance objectives
and environmental management procedures detailéasiiEnvironment Plan.
Responsible for ensuring that the Vessel Master@mdf Surveyor are adhering to the
requirements of this Environment Plan.

Responsible for keeping himself fully appraisedoafjoing operations, particularly for
environmentally critical activities.

Responsible for immediately alerting the Cairnl@mka Acquisition Project Manager of
any changes in operations that could have a negatiyact on environmental
performance.

Responsible for immediately reporting any reposeaibicidents to the Cairn Sri Lanka

Acquisition Project Manager.

Cairn Lanka Acquisition Project Manager

Responsible for ensuring that the Designated Aitth(fPRDC or other) is notified of all
reportable incidents in a timely fashion.

Ensure compliance to the applicable rules and adiguis of the Govt. of Sri Lanka as
applicable to the proposed project operations aaohneunication to the relevant
government authorities on all statutory requireraest applicable

Responsible for ensuring full briefing all projepersonnel of the environmental
sensitivities of the survey area and environmentanagement procedures and

commitments detailed in this Environment Plan.
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4. Responsible for communicating details of the supegramme to relevant Government
agencies in advance of operations commencing.

5. Responsible to ensure consultation and engagem#nthve local fishing communities /
authorities prior to and during the proposed progativities and to ensure resolution of

disputes in timely and amicable manner

6.2.5 Marine Mammal Observer (MMO)

This would be an experienced biologist who has tallen Cetacean surveys and is

knowledgeable about Cetacean behaviour. The MM responsibilities would be to:

i. Keep watch with necessary equipment and monitadigces, for sitings of Cetaceans
(Whales, Porpoises, Dolphins and Dugongs in pdatitun the vicinity of the survey
vessel and streamer. The MMO should note the locatnd type of such siting and
record them.

ii.  Ensure that the Chief Surveyor and other respamsitalff on board are informed of such
siting immediately.

iii.  Ensure that immediate action is taken to ceasemgeisoundings and wait for the
Cetacean to move to a safe distance before recooningeseismic survey activity.
iv.  See that an action plan is ready and followedliswath instances. Any deviations should

be reported according to agreed procedures.

6.2.6 Biology-Fisheries Observer (BFO)

As indicated elsewhere in this report, the surueyaas a highly productive area for fishery and a
large number of fishing boats, trawlers and othegdr vessels are expected to pass through the
survey area during the operations within the blgciBiology-Fisheries Observer (BFO) is also

recommended to be on board the survey vessel.eBpensibilities of the BFO may be:

i.  Regulate the seismic survey activities during opamna in notified / observed breeding

and hatching areas and fish catch area.
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ii. A sequential buildup of the warning pulses (lowrgyeseismic signal) be made to deter
the fauna immediately before commencement of seiswctivity.

iii. At close range, Plankton and larvae may be damajeske areas need to be carefully
monitored and appropriate measures taken to duhiegsurvey. Small fish/crabs are
likely to be affected due to the high pressure w8&t®00-2000 Psi). A dry run with low
pressure air gun shooting will help migration otiatic fauna from the survey area so
that of high pressure waves during actual survdiynet affect the population.

iv. Itis recommended that the BFO has a good reldtipnsgith Fisheries cooperatives and
fishermen and ensure that nets are not laid adiesgpath of the survey vessel and
streamer. If nets or boats are present in the ityciprior action needs to be taken by the
BFO through discussion to remove such obstructaongably. There should be a chase
boat on standby to inform the local fishermen toageay from the seismic lines. The
programme should be intimated by the Task forceafi@r 5) to the fishermen and the

Fisheries cooperatives in advance to inform thallbshing communities.

v. Ensure, in collaboration with the Task force (Cleaf®) that no divers are present in the

area of operations and adequate notice has been givthem.

6.3 Awareness

All staff and contractors taking part in the surweill be advised of their responsibilities prior to
commencement of survey activities. This will ocdhrough meetings with key contractor
personnel and an induction and awareness presentatt will be given to all crew (including
support vessels).

6.4 Monitoring Plan

In order to ensure the implementation of necessaitigatory measures for environmental
management and pollution control, and to assesssiiceess of mitigation and identifying
residual impacts, the management of the projedt asihduct a comprehensive environmental

monitoring program. It is the responsibility of tipeoject Proponent to facilitate monitoring
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programme while the project approving agency has rédsponsibility of conducting regular
monitoring.

6.5 Institutional Arrangement for Impact Monitorin g

An environmental monitoring committee (EMC) has be appointed to oversee the
implementation of monitoring plan. The project appng agency (PRDC) has to appoint
committee members from relevant Departments/Agenag appropriate and inform CAIRN

Lanka Pty Ltd of the requirements and procedureset@dopted in the implementation of the
monitoring plan.
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CHAPTER 7:
CONCLUSION AND
RECOMMENDATIONS

Sri Lanka imports all its crude oil requirementsl @nwould be a welcome boost to the economy
and development of the nation if Petroleum resauamild be found within the seabed of Sri
Lankan territory. While it is the government of anka which has called for bids and awarded
the exploratory block to Cairn Lanka Pty Ltd, itappropriate that everyone gives their support
to the company to conduct the survey with minimelagls and problems. The fauna within the
seismic survey area (i.e. inside the offshore bl&tk2007-1-001) and in adjoining and
neighbouring areas comprise of important fishemes®urces. The Bar Reef marine sanctuary is
also located in the area. The Bar Reef is oneefthst productive coral reef systems as well as
it is unique in terms of its bio diversity. Aboud@ species of reef fish and numerous species of
crustaceans including commercially important spesigch as lobsters and sea cucumbers have
been found from the area. The Puttalam Lagoonghhfiproductive estuary in the Northwest
coast of Sri Lanka is also located close to thelblMarine mammals have also been reported to

frequent the area.

The proposed 3D seismic survey activities are teargoin nature. Any impact from such
activities would also be transient and regain iiginal state over time. Over the years seismic
survey vessels have evolved as more containedaaliéiguate facilities for control of pollution
e.g. sewage treatment plants, effluent treatmeamtpl waste management systems etc. The
impacts assessed in this report are more quabtativ nature and based on professional
judgement. The report also proposes environmentodéiak management plan for mitigating

potential adverse impacts and recommendations od g@nagement practices.

125|Page



IEER - 3D Seismic Survey for Oil Exploration in Block SL-2007-01-001 in Gulf of Mannar-CAIRN Lanka Pvt. Ltd

Considering the importance of hydrocarbon exploratin Sri Lanka and its economic
benefits and taking into account the transient neatif the seismic survey, the anticipated
impacts are of low significance. The impacts idedi during the study will be mitigated
adopting a profound Environment Management Planpradautionary principles identified

and highlighted during the course of this study.
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ANNEXURES

ANNEX -1
Table 3.2.7.1: Bird list in the North western coastrom Puttalam to Mannar region
No Common name Scientific name
01 Grey Francolin Francolinus pondicerianus
02 Lesser Whistling-duck Dendrocygna javanica
03 Cotton Pygmy-goose Nettapus coromandelianus
04 Garganey Anas querquedula
05 Northern Shoveler Anas clypeata
06 Northern Pintail Anas acuta
07 Little Grebe Tachybaptus ruficollis
08 Asian Openbill Anastomus oscitans
09 Woolly-necked Stork Ciconia episcopus
10 Black Stork Ciconianigra
11 Painted Stork Mycteria leucocephala
12 Lesser Adjutant Leptoptilos javanicus
13 Black-headed lbis Threskiornis melanocephal us
14 Eurasian Spoonbill Platalea leucorodia
15 Yellow Bittern Ixobrychus sinensis
16 Black Bittern Ixobrychus flavicollis
17 Black-crowned Night-heron | Nycticorax nycticorax
18 Striated Heron Butorides striata
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No Common name Scientific name

19 Indian Pond-heron Ardeola grayii

20 Cattle Egret Bubulcusibis

21 Grey Heron Ardea cinerea

22 Purple Heron Ardea purpurea

23 Great Egret Casmerodius albus

24 Intermediate Egret Mesophoyx inter media
25 Little Egret Egretta garzetta

26 Western Reef-egret Egretta gularis

27 Little Cormorant Phalacrocorax niger
28 Indian Cormorant Phalacrocorax fuscicollis
29 Great Cormorant Phalacrocorax carbo
30 Oriental Darter Anhinga melanogaster
31 Common Kestrel Falco tinnunculus

32 Oriental Honey-buzzard Pernis ptilorhyncus
33 Brahminy Kite Haliastur indus

34 Crested Serpent-eagle Soilornis cheela

35 Osprey Pandion haliaetus

36 Montagu's Harrier Circus pygargus

37 Western Marsh-harrier Circus aeruginosus
38 Pied Harrier Circus melanoleucos
39 White-bellied Sea-eagle Haliaeetus | eucogaster
40 Shikra Accipiter badius
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No

Common name

Scientific name

41

Changeable Hawk Eagle

Sizaetus cirrhatus

42

Black-shouldered Kite

Elanus caeruleus

43

White-breasted Waterhen

Amaurornis phoenicurus

44

Sri Lanka Junglefowl

Gallus lafayetii

45

Indian Peafowl

Pavo cristatus

46

Watercock

Gallicrex cinerea

47

Purple Swamphen

Porphyrio porphyrio

48

Common Moorhen

Gallinula chloropus

49

Eurasian Thick-knee

Bur hinus oedicnemus

50

Black-winged Stilt

Himantopus himantopus

51

Red-wattled Lapwing

Vanellus indicus

52

Pacific Golden Plover

Pluvialis fulva

53

Grey Plover

Pluvialis squatarola

54

Kentish Plover

Charadrius alexandrinus

55

Crab Plover

Dromas ardeola

56

Common Ringed Plover

Charadrius hiaticula

57

Long-billed Plover

Charadrius placidus

58

Little Ringed Plover

Charadrius dubius

59

Lesser Sand Plover

Charadrius mongolus

60

Greater Sand Plover

Charadrius leschenaultii

61

Pheasant-tailed Jacana

Hydrophasianus chirurgus

62

Black-tailed Godwit

Limosa limosa
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No Common name Scientific name

63 Bar tailed Godwit Limosa lapponica

64 Whimbrel Numenius phaeopus

65 Spotted Redshank Tringa erythropus

66 Common Redshank Tringa totanus

67 Marsh Sandpiper Tringa stagnatilis

68 Common Greenshank Tringa nebularia

69 Green Sandpiper Tringa ochropus

70 Spotted green shank Tringa guttifer
(Nordmann's Greenshank

71 Spoon-billed Sandpiper Calidris pygmeus

72 Indian Courser Cursorius coromandelicus

73 Wood Sandpiper Tringa glareola

74 Terek Sandpiper Xenus cinereus

75 Common Sandpiper Actitis hypoleucos

76 Ruff Philomachus pugnax

77 Ruddy Turnstone Arenaria interpres

78 Sanderling Calidrisalba

79 Little Stint Calidris minuta

80 Temminck's Stint Calidris temminckii

81 Dunlin Calidrisalpina

82 Curlew Sandpiper Calidrisferruginea

83 Broad-billed Sandpiper Limicola falcinellus

84 Brown-headed Gull Larus brunnicephalus
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No Common name Scientific name

85 Black-headed Gull Larus ridibundus

86 Slender-billed Gull Larus genei

87 Gull-billed Tern Serna nilotica

88 Caspian Tern Serna caspia

89 Lesser Crested Tern Serna bengalensis

90 Great Crested Tern Serna bergii

91 Roseate Tern Serna dougallii

92 Common Tern Serna hirundo

93 Little Tern Serna albifrons

94 Whiskered Tern Chlidonias hybrida

95 White-winged Tern Chlidonias leucopterus

96 Rock Pigeon Columba livia

97 Spotted Dove Sigmatopelia chinensis

98 Emerald Dove Chalcophaps indica

99 Orange-breasted Green- Treron bicinctus
pigeon

100 Green Imperial Pigeon Ducula aenea

101 Pompadour Green-pigeon | Treron pompadora

102 Rose-ringed Parakeet Psittacula krameri

103 Alexandrine Parakeet Psittacula eupatria

104 Indian Cuckoo Cuculus micropterus

105 Black-headed Cuckooshrike Coracina melanoptera

106 Drongo Cuckoo Surniculus lugubris
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No Common name Scientific name

107 Pied Cuckoo Clamator jacobinus
108 Common Hawk-cuckoo Cuculus varius

109 Grey-bellied Cuckoo Cacomantis passerinus
110 Asian Koel Eudynamys scol opaceus
111 Greater Coucal Centropus sinensis
112 Small Minivet Pericrocotus cinnamomeus
113 Scarlet Minivet Pericrocotus flammeus
114 Oriental Scops-owl Otus sunia

115 Brown Fish Owl Ketupa zeylonensis
116 Asian Palm-swift Cypsiurus balasiensis
117 Crested Treeswift Hemiprocne coronata
118 Indian Roller Coracias benghalensis
119 Stork-billed Kingfisher Pelargopsis capensis
120 White-throated Kingfisher | Halcyon smyrnensis
121 Common Kingfisher Alcedo atthis

122 Black-capped Kingfisher Halcyon pileata

123 Pied Kingfisher Cerylerudis

124 Little Green Bee-eater Merops orientalis

125 Chestnut-headed Bee-eaterl Merops leschenaultia
126 Blue-tailed Bee-eater Merops philippinus
127 Eurasian Hoopoe Upupa epops

128 Brown-headed Barbet Megalaima zeylanica
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No Common name Scientific name
129 Coppersmith Barbet Megalaima haemacephala
130 Black-rumped Flameback | Dinopium benghalense
131 Ashy Woodswallow Artamus fuscus

132 Common lora Aegithina tiphia

133 Brown Shrike Lanius cristatus

134 Black-hooded Oriole Oriolus xanthornus
135 White-bellied Drongo Dicrurus caerulescens
136 Asian Paradise-flycatcher | Terpsiphone paradisi
137 Asian Brown Flycatcher Muscicapa dauurica
138 Tickell's Blue Flycatcher Cyornistickelliae
139 House Crow Corvus splendens
140 Jungle Crow Corvus levaillantii
141 Barn Swallow Hirundo rustica

142 Jerdon's Bushlark Mirafra affinis

143 Oriental Skylark Alauda gulgula

144 Zitting Cisticola Cidticola juncidis
145 Ashy Prinia Prinia socialis

146 Plain Prinia Prinia inornata

147 Jungle prinia Prinia sylvatica

148 Red-vented Bulbul Pycnonotus cafer

149 White-browed Bulbul Pycnonotus luteolus
150 Common Tailorbird Orthotomus sutorius
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No Common name Scientific name

151 Blyth's Reed-warbler Acrocephal us dumetorum
152 Rusty-rumped Warbler Locustella certhiola

153 Yellow-billed Babbler Turdoides affinis

154 Yellow-eyed Babbler Chrysomma sinense

155 Sri Lanka Pellorneum fuscocapillum

Brown-capped Babbler

156 Dark-fronted Babbler Rhopocichla atriceps
157 Common Myna Acridotherestristis
158 Brahminy Starling Surnus pagodarum
159 Rosy Starling Surnus roseus

160 Oriental Magpie-robin Copsychus saularis
161 Indian Robin Saxicoloides fulicatus
162 White-rumped Shama Copsychus malabaricus
163 Great Tit Parus major

164 Pale-billed Flowerpecker Dicaeum erythrorhynchos

165 Purple Sunbird Nectarinia asiatica

166 Purple-rumped Sunbird Nectarinia zeylonica

167 Long-billed Sunbird Nectarinia lotenia

168 Ashy-crowned Sparrow-larkl Eremopterix griseus

169 House Sparrow Passer domesticus
170 Black headed Munia Lonchura malacca
171 Scaly-breasted Munia Lonchura punctulata
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No Common name Scientific name

172 White-rumped Munia Lonchura striata

173 Paddyfield Pipit Anthus rufulus

174 Richard's Pipit Anthus richardi

175 Indian Pitta Pitta brachyura

176 Forest Wagtail Dendronanthus indicus
177 Grey-necked Bunting Emberiza buchanani

178 Malabar Pied Hornbill Anthracocer os coronatus
179 Sri Lanka Grey Hornbill Ocyceros gingalensis
180 Oriental White-eye Zosterops pal pebrosus
181 Jerdon's Leafbird Chloropsisjerdoni

182 Golden-fronted Leafbird Chloropsis aurifrons
183 Common Nightjar Caprimulgus asiaticus
184 Jerdon’s Nightjar Caprimulgus atripennis
185 Rusty-rumped warbler Locustella certhiola

186 Large-billed Leaf Warbler | Phylloscopus magnirostris
187 Blyth's Reed-warbler Acrocephal us dumetorum
188 Eurasian Oystercatcher Haematopus ostralegus
189 Wilson's Storm-petrels Oceanites oceanicus

190 Pallas's Gull Larusichthyaetus

191 Heuglin's Gull Larus heuglini

192 Wedge-tailed Shearwater | Puffinus pacificus,

193 Lesser Frigatebird Fregata ariel
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No Common name Scientific name

194 Spot billed Pelican Pelecanus phillippensis
195 Brown Skua Catharacta antarctica,
196 Pomarine Skua Sercorarius pomarinus
197 Brown Noddy Anous stolidus

198 Lesser Noddy Anous tenuirostris
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ANNEX I

Extracts from NBRO Report
Ambient Air Quality Measurements:

No proper continuous air quality-monitoring programhas been established so far in the area.
In June 1999, an air quality monitoring programnael ibeen carried out at the premises of
Meteorological Department, for a period of one wemsing Automated mobile Air Quality
Monitoring Laboratory Unit by the Environmental Hion of NBRO. In that programme,
ambient level of S@ NO, NQ, O;, CO, PMy were continuously monitored along with
meteorological parameters.

Table 3.1. Summary of the outcome of the continubumated Air Quality Monitoring Data
at Meteorological Department, Puttalam.

Parameter Time Average| Averageugy/n?) | Maximum @g/n?) C%’i‘ ﬁrtg(t?gcjgr::;; for
SO, 01 hr 5.2 7.8 200
NO 01 hr 2.5 11.1 -
NO, 01 hr 3.8 7.5 250
CcoO 01 hr 174 1490 30,000
(OF 01 hr 9.82 825 200
"PMyg 24 hrs 26 27 7150

* PMyp was measured as 24 hr in average

** US - EPA Standards

=+ Monitoring period was 0¥ - 15" June 1999.

Source: Air Quality Data Base- Environmental Divisih of NBRO.
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In additions to above program, several short temgaality monitoring programs had been

conducted in the area especially around the Puottalad Kalpitiya areas by NBRO usingactive
and passive sampling technologies and resultsuanengrized in table 3.1.

Table 3.1. Summary of the outcome of the Ambient @iiality Monitoring Data around Puttalam and

Kalpitiya area.

Concentration (mg/m3)

Sampling | SO2 | NO2| CO| SPM| 03
Date Location Time

At the premises of Air Force Camr 0.C
4/5/2006 | Palaviya, Puttalam 1 hr 0.1 | 0.076| <5 0.083 | 04

At the premises of Mr. Malcum,

Manamunawatte,Puttalam Road,
2/3/2006 | Puttalam, 24 hur 0.001| 0.033| <5 0.126

At the Railway Station, Palaviya,

Puttalam, about 5 km South-East

direction to the Cement factory 24 hrs 0.014| 0.029| <5 0.125

At the premises of Mr.V. Rasalingam,

Karambe, Kalpitiya road, Palaviya, 24 hur 0.009| 0.022| <5 0.043
19/07/20 | At the premises of Dammika Holding
04 Resort, Puttalam. 24 hur 0.016| 0.022| 4 0.023

At the premises of Mr. W.J.Appuhamy,

Hadi-Estate, Periyakulam, Puttalam. | 24 hur 391 | 1.93

At the premises of Meteorological

Department, Puttalam 24 hur 6.02 | 2.75

At the premises of Mr. M.T.Halic

Polles Road, Main Street, Puttalam. | 24 hur 561 | 3.08

At the premises of Mr. Priyanka

Kithsiri, Phalamanaweeriya,

Sirambiyadiaya, Anuradapura Road,

Puttalam. 24 hur 3.04 | 1.86
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Concentration (mg/m3)

Sampling | SO2 | NO2| CO SPM 03
Date Location Time

At the premises of Mr. Sunil Shantha,
Mee Oya Road, Nelumwewa. 24 hur 561 | 1.55

At the premises of Maanamuna Estat
Kalladiya Road, Puttalam. 24 hur 297 | 1.09

(D

At the Sri Lanka Air Force cam
Palaviya. 24 hur 6.32 | 1.57

03%July | At the premises of Dammika Holdir
2003 Resort, Puttalam. 24 hur 11.85| 5.13 1.5 25

At the premises of Mr. W.J.Appuhamy
Hadi-Estate, Periyakulam, Puttalam. | 24 hur 487 | 191

At the premises of Meteorological
Department, Puttalam 24 hur 579 | 6.28

At the premises of Mr. M.T.Halid,
Polles Road, Main Street, Puttalam. | 24 hur 6.25 | 5.51

Source: Air Quality Data Base of NBRO Continuous Air Monitoring Programme in Colombo - Research
Programme funded by National Research Council of Si Lanka (NRC/99/15).

Results indicated relatively high level of air paibn in the Puttalam town limits and in the
vicinity of Puttlam - Colombo main road.
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The existing land use pattern of the proposed eoedd be considered as coastal. The area is
undeveloped and only few isolated house, cocorattations, porn cultural, agricultural and
fishing activities are scattered in the area. Nmificance industries within the area except the
"HOLCIM" cement factory at Attavilluwa, Palaviya wah is about 3.0 Km from the Palaviya
Junction and Salt industry about 2 Km from the Kala Junction. In addition there are few
industries such as color tile, tar sheet manufagjuiactories, timber, carpentry, lime and small-
scale household industries are scattered in tha. arberefore existing noise levels in the
surrounding areas of those industries are dominbyethose industries and in other areas by
sources such as agricultural activities, road Jekjadomestic activities and natural noises such
as sea breeze, wind action, birds and insects Ietcaddition, noise emission from the
forthcoming coal power plant at Kalpitiya area wahe of major contributor for the noise
pollution in the surrounding area.

The existing noise level measurement was carrig¢cbpithe NBRO on 14 and 1% January
2003 in selected locations around the proposedstgiven in Table 3.5 (Refer Annexture 02).
The survey results show that the proposed sitellyshias noise levels of Leq 67 - 68 dB(A)
closed to the main road and Leq of 40 - 45 dB(Axy¥vom the main road in day time. At night
time Leq of 45 - 50 dB(A) exist over the area. Retdy high noise levels at night time is mainly
due to the noise generated by "HOLCIM" cement fgctnd other natural noises such as wind
action, birds and insects etc.

The Lgovalue of the noise levels indicate the value okigagund noise and it represent the noise
levels that exist 90% of the time of noise levelnibared. It indicates that the area has very low
background noise level of 35 - 37 dB in day and 48 dB at night time.
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The Maximum permissible noise levels stipulatedh®/Central Environmental Authority of Sri
Lanka for different land use type are given in Ttadble 3.6 which was gazetted as extraordinary
gazette No. 924/12 of Democratic Socialist Reputliri Lanka in 2% May 1996.

Leq - The equivalent noise level generated dutiegsampling period

L10 - The equivalent noise level that exceeded 10%etampling period

Lgo - The equivalent noise level that exceeded 90%ebampling period

Table 3.6. Related Maximum permissible noise levelst boundaries in Laeq Stipulated by Central

Environmental

Authority,

Gazetted Extraordinary gazette No. 924/12 of the

Democratic Socialist Republic of Sri Lanka, 23.05996.

Area

Low Noise
Medium Noise
High Noise

Silent Zoni

Schedule |

Laeq T - Day Time Laeq T- Night Time

55
63
70

5C

Schedule I

Laeq T - Day Time

For Construction Activities
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Schedule IV
Area Laeq T - Day Time Laeq T- Night Time
Rural Residential 55 45
Urban Residential 60 50
Noise Sensitive 50 45
Mix residentia 63 55
Commercial 65 55
Industrial 70 60

Vibration:

Though an interim standard on vibrations is in &xise in Sri Lanka, no vibration levels have

been measured in the project area. However, natdlor measurements has been carried out in
the area since the existing environment does renhde expressed in any vibration that is not
accepted in the context of vibration pollution goht

END of Annexures
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