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FOREWORD

The South Asian Seas Programme (SASP) has taken the initiative in organising a
Training Workshop on Marine Resources Sampling, Data Collection & Interpretation
for the South Asian Seas based on a recommendation of the Intergovernmental Meeting
of Ministers of SASP, wherein Capacity Building has been identified as one of the four
major activities. Some of the cross-cutting issues are Development of National
Research, Monitoring and Assessment Capacity, including Training in Assessment
and Early Warning; Support to National and Regional Institutions in Data Collection,
Analysis and Monitoring of Environmental Trends; and Access to Scientific and
Technological Information.

It is noted that the Bali Strategic Plan for Technology Support and Capacity Building,
approved by Ministers in the Twenty-Third Session of the United Nations Environment
Programme, Governing Council (UNEP-GC), capacity building was taken as a priority
area and one of the thematic areas identified by Bali Plan of Action was Oceans and
Seas and Coastal Areas, including Regional Seas and the Protection of the Marine
Environment from Land-based Activities.

As a part of this workshop SACEP has complied a Manual which we feel is indeed
timely and would be a bench mark document not only for this region but to all other
Regional Seas Programmes. The themes covered in the Manual are Marine Pollution,
Oil Spill & Mitigation Techniques, Near Shore Environment, Ocean - Data Collection,
Presentation & Analysis, Policy & Management and the Status of Multilateral
Environmental Agreements (MEAs) on Coastal and Marine Environment for SAS
member countries.

We also wish to place on record, the contribution received from Government of India,
in their capacity as the current Chairman of the South Asian Seas Programme in
providing technical facilities to conduct this workshop which amounts around 70% of
the total budget and UNEP’s financial support to meet the cost of participation of the
member country delegates and the technical support.

Itis SACEP’s wish that this Workshop will pave the way for future similar activities. We
look for a positive outcome from this workshop and would endeavour implementation
of the recommendations resulting from our effort.

Jacintha S. Tissera
Officiating Director General
South Asia Co-operative Environment Programme
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MESSAGE

The marine environment experiences multiple uses by human ranging from traditional use for
fishing and navigation to modern use for harnessing energy, minerals and waste disposal. These
uses stress and in many cases adverse effects on marine ecosystem, especially the fishery
resources. Athorough understanding of the physical, chemical, biological and geological processes
prevalent in the marine environment reveal the causes of decline in fish production. For example
the physical processes like currents, play a vital role in transporting the chemical elements present
in the wastes disposed into the sea from its place of disposal to remote areas thus affecting a virgin
area which is devoid of any source of waste generation and disposal. The high levels of chemical
elements in the sea have several adverse effects like reproductive failures in fishes.

Understanding the marine processes is achieved through observation of wide range of parameters.
Considering the vastness and hostile weather conditions in the sea, observation of oceanic
parameters through ship based methods has always been remaining a challenge. The recent
advancement of remote sensing techniques especially by sensors from satellites has given
tremendous advantage of obtaining data on oceanic parameters on a higher frequency due to
repetitive coverage of satellites over the world ocean.

The present training workshop on the Marine Resources Sampling, Data Collection and
Interpretation for the South Asia Seas has included the unique feature of ship based techniques for
ocean observations onboard the Oceanographic Research Vessel (ORV) Sagar Kanya, which is
one of the ocean going research vessels of Ministry of Earth Sciences, Government of India.
Further training organized at Integrated Coastal and Marine Area Management Project Directorate
(ICMAM-PD), Chennai and Indian National Centre for Ocean Information Services (INCOIS),
Hyderabad can signify the importance and need for collecting these data.

| am also glad to note that UNEP is financially supporting this programme and UNDOALOS and
UNEP-GRID Arendal have also joined to conduct this training workshop. Further | appreciate the
efforts taken by the South Asian Seas Programme / SACEP for organizing this workshop and all
my colleagues who have participated to this task.

| hope that this training workshop will provide an opportunity to the participants to get familiarize
themselves in the sampling and observation techniques using a wide range of equipment. | wish
the training all success.

Dr. Shailesh Nayak

Secretary

Government of India

Ministry of Earth Sciences

‘Mahasagar Bhavan’, Block-12 C.G.O. Complex
Lodhi Road, New Delhi-110 003
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Envirenmentol Knowledge for Change

Dear workshop participants

GRID Arendal is an official UNEP collaborating centre located in Arendal Norway. GRID Arendal
has established a marine programme that focuses on the application of geoscientific information
to provide knowledge, tools and the development of capacity to support the improved management
of the oceans. The programme draws on the expertise developed through the UNEP Shelf
Programme and its network of partners.

GRID Arendal fully supports the approach to the marine environment championed by the Regional
Seas Programme — acknowledging the transboundary nature of many marine environmental and
management issues and that we share the common ocean.

GRID Arendal hopes that this workshop in Chennai, addressing the important issues of marine
resources and data collection, marks the beginning of a very fruitful relationship with the South
Asian Seas. The South Asian Seas region combines unique marine habitats with rapidly expanding
human use, so careful marine management is essential. It is an area where there is large capacity
for the collection and interpretation of geoscientific and biophysical data and GRID Arendal looks
forward to working with the South Asian Seas in finding ways to use this data to support ecosystem
based management.

Best regards
Morten Sorensen

Head, Marine Programme
GRID-Arendal
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INTRODUCTION

Background and Rationale

The Inter-governmental Meeting of Ministers of the South Asian Seas Programme (SASP) had
approved the South Asian Seas Action Plan and identified Capacity Building as one of the four
major activities. Within this framework, SASP has identified Capacity Building in Marine Sciences
as one of the important issue pertaining to this region. It is acknowledged that the mid-level managers
working in the field of policy making and research relevant to SASP should be given an opportunity
to understand the latest developments in the field of Marine Environmental Management at the
National, Regional and Global level and also to provide platform for them to interact with each
other.

The Bali Strategic Plan for Technology Support and Capacity Building approved by the Environment
Ministers at the Twenty-Third Session of the United National Environment Programme, Governing
Council (UNEP-GC) also noted that Capacity Building is to be taken as a priority area.

This is ajoint effort of SACEP / SASP in collaboration with UNEP and the Ministry of Earth Sciences,
Government of India. The programme funded by Government of India and UNEP.

Also United Nations Department of Ocean Affairs and the Law of the Sea (UNDOALOS) and UNEP
- GRID Arendal are partners to this Training Workshop.

Objective
To conduct a training on board research vessel and in laboratory for middle managers working in
Government Departments in SAS member countries; i.e. Bangladesh, India, Maldives, Pakistan
and Sri Lanka, on Marine Resources, Sampling, Data Collection & Interpretation.
Expected Outcome
Enhanced skills and knowledge from the hands-on experience and the lectures delivered
by eminent resource persons from Regional Research Institutions and UN organizations

on correlation and interpretation of data.

Enabled the mid-level managers to define policies and programmes to effectively perform
their duties in conservation and management of marine resources

Strengthened collaboration and interaction among the participants that will contribute to
develop and implement future regional activities

Methodology

The SAS member countries are represented by 2 participants from each country viz. Bangladesh,
India, Maldives, Pakistan and Sri Lanka.

Resource Persons are from Ministry of Earth Sciences, Government of India, ICMAM PD Chennai,
NCAOR Goa, INCOIS Hyderabad, UNEP Nairobi, UNEP-GRID Arendal Norway, UNDOALOS New
York, Indian Coast Guard and SASP / SACEP Colombo Sri Lanka.



Training is divided into three components such as on board the ship and in laboratory in Chennai
and Hyderabad for a period of 5 days. Marine Pollution, Near shore sampling and GIS techniques
for the coastal data presentation are demonstrated at the Integrated Coastal and Marine Area
Management -Project Directorate (ICMAM) Chennai India. The training workshop also covers
practical demonstration in the field on board the research vessel Sagar Kanya which is co-ordinated
by National Centre for Antarctic & Ocean Research, Goa, India. Finally visit to the Institute Indian
National Centre for Ocean Information Services (INCOIS), Hyderabad India to understand the
ocean data collection, interpretation and dissemination techniques.

The programme is organised in three stages

Integrated Coastal and Marine Area Management- : 18 September 2009
Project Directorate (ICMAM - PD), Chennai

Sailing on board Sagar Kanya : 19 to 21 September 2009
Indian National Centre for Ocean Information : 22 September 2009

Services (INCOIS), Hyderabad

This is unique of its kind as training workshop comprises of field data collection and specialist
lectures on international policies and regulations.

Manual:

It is decided that a manual on this training workshop will be very beneficial to participants and can
be used as reference material for the SAS region. With support of resource persons the manuscripts
were compiled and printed.

From the lecture notes, themes are divided as Marine Pollution, Near Shore Environment, Ocean
- Data Collection, Ocean - Data Presentation & Analysis and Policy and Management. The status
of Multilateral Environmental Agreements on Coastal and Marine Environment for SAS member
countries is compiled and presented here. This is a long standing requirement, as these are co-
ordinated by different ministries in the respective countries. All efforts are made in coordinating
with various agencies to make this Manual a useful and Unique Reference Material for the Effective
and Sustainable Management of Coastal and Marine Resources in the South Asian Seas Region.

R. Venkatesan
SASP Coordinator — South Asian Seas Programme

SACEP



MARINE POLLUTION

Marine pollution
includes a range of
threats including
from land-based
sources, oil spills,
untreated sewage,
heavy siltation,
eutrophication
(nutrient
enrichment),
invasive species,
persistent organic
pol-lutants (POP’s),
heavy metals from
mine tailings and
other sources,
acidification,
radioactive
substances, marine
litter, overfishing
and destruction of
coastal and marine
habitats

UNEP




1.STATUS OF MARINE POLLUTION IN THE BAY OF BENGAL AND ARABIAN SEA
BORDERING INDIA

Dr B.R. Subramanian
Integrated Coastal and Marine Area Management Project Directorate
Ministry of Earth Sciences
Chennai, India

India has a coastline of 7516 km. It has an Exclusive Economic Zone of 2.04 Million Sg. Km. Out of
its 820 million population, nearly 25% live in the coastal areas. Many highly populated and
industralised cities like Bombay, Madras, Calcutta, Cochin, Visakhapatnam are located along/near
the coastal areas. There are 11 major ports and a humber of minor ports handling shipping to
various degrees of intensity. The coastline of the mainland fall under the divisions of 9 States and
two Union Territories. The coastline of islands belong to Andaman, Nicobar and Lakshadweep
(Laccadives) group of islands. The details of its population, area etc., are given in Table 1.

1. HYDROGRAPHIC FEATURES

In relation to the Equator, the Indian Ocean has an asymmetric shape largely due to the presence
of the Asian continent. The result is that this ocean gets separated from the deep-reaching vertical
convection areas of the northern hemisphere. Such an asymmetric configuration leads to a weak
circulation and poor renewal at depths of the Northern Indian Ocean.

The Indian Ocean can, broadly speaking, be divided into three regions on the basis of their distinct
circulation systems (i) the seasonally changing monsoon gyre; (ii) the south hemisphere subtropical
anticyclonic gyre; and (iii) the Antarctic waters with the circumpolar current. The monsoon gyre,
unique to the Indian Ocean, is separated from the subtropical anticylonic gyre by a front in the
hydrochemical structure at about 10° S. Latitude.

The Indian Ocean, north of the Equator, comprising of the Arabian Sea, the Bay of Bengal, the
Andaman and Laccadive Seas, in addition to the equatorial region, comes under the monsoon
gyre. However, the hydrographical and hydrochemical characteristics are widely different in different
parts of this gyre itself owing to the diverse meteorological and geographical factors characteristic
of each area.

The Arabian Sea is bordered on the northern, eastern and western sides by the land masses of
Asia and Africa. It is connected to the Gulf through the Gulf of Oman by a 50m deep sill at the
Hormuz Strait. Similarly, a 125m deep sill at the Strait of Bab-el-Mandab separates the Red Sea
from the Arabian Sea through the Gulf of Aden. The Arabian Sea is an area of negative water
balance where evaporation exceeds precipitation and runoff. The excess of evaporation over
precipitation is maximum (100- 150cm) off the Arabian coast and decreases steadily towards the
southeast. A slight excess of precipitation over evaporation (<20cm) occurs annually off the
southwest coast of India. The high rate of evaporation results in the formation of several high-
salinity water masses. The Arabian Sea high salinity water, formed in the northwestern Arabian
Sea, flows southward and can be traced as a tongue of high-salinity within the surface layer. The
high salinity water in the Gulf, characterised by a sigma value of 26.6, flows through the Hormuz
Strait and the Gulf of Oman into the Arabian Sea and maintains its density level at about 300m
depth. This water mass flows south, mostly east of 63°E longitude, and loses its characteristics in
the southern Arabian Sea. The Red Sea water enters the Arabian Sea through the Strait of Bal-el-
Mandab and the Gulf of Aden along sigma 27.2 at the surface. This water mass is generally confined
to south of about 17° N latitude.



Occasionally, the sub-surface high salinity water masses originating in the Gulf and the Red Sea
form a thick layer which is vertically of almost uniform salinity, although the individual layers can
still be recognized as weak salinity maxims. The wholelayer is called the North Indian high-salinity
intermediate water. The deep and bottom waters are of circumpolar origin, probably transported
by a deep western boundary current through a chain of basins. They are called the North Indian
Deep Water and North Indian Bottom Water.

Surface circulation in the Arabian Sea undergoes biannual reversal associated with the southwest
(SW) and northeast (NE) monsoons. The NE monsoon is weak in this region, but the SW monsoon
is very intense. Strong winds blowing with the Somali and the Arabian coasts to the left cause
intense upwelling off these coasts during the SW monsoon period. Moderate upwelling also occurs
off the southwest coast of India, partly due to the cyclonic motion in the neighbourhood of the
Maldives and the Laccadives.

In contrast to the Arabian Sea, the Bay of Bengal is a region of positive water balance. The average
annual excess of precipitation is of the order of 70cm. The total annual river runoff in the Bay of
Bengal has been estimated to be about 2.000 km’. The high excess of precipitation over evaporation
and the massive river runoff result in low surface salinities, especially in the northern Bay of Bengal.
The salinity, lower at any level in the Bay of Bengal as compared to the Arabian Sea, increases
steeply within the thermocline/ pycnocline and a weak salinity maximum may be observed at a
depth of about 500m. The salinity thereafter decreases monotonously with depth. The SW monsoon
current probably carries the North Indian high salinity intermediate water from the Arabian Sea and
fills the Bay of Bengal at intermediate depths, resulting in the salinity maximum. The deep water is
of circumpolar origin probably derived from the Central Indian basin.

As in the Arabian Sea, the surface circulation in the Bay of Bengal changes with the monsoon
cycle. The NE monsoon is much more intense here as compared to the Arabian Sea. Induced by
favourable currents and winds, moderate upwelling occurs along the coast of India during the SW
monsoon, even though the runoff from the rivers may partially compensate for the offshore movement
of surface waters.

2. COASTAL ECO-SYSTEMS
Coastal wet lands

Along the Indian coastline, the brackishwater areas including marshes, backwaters, mangroves,
inter- and sub-tidal measures about 14,16,300 hectares. These areas act as feeding and nursery
grounds for a variety of commercially important fish, prawn and crabs, media for inland transportation,
fishing etc.

Mangroves

Along the Indian coast mangroves are found along the islands, major deltas, estuaries and
backwaters of the east coast of India. They also exist along the oceanic island groups of the
Andaman and Nicobar . The total mangrove area is estimated to be 6,81,976 hectares. While the
mangroves along the west coast of India are dense, they are scattered and comparatively small in
area along the West coast. Gangetic Sunderbans (418,888 ha), Andaman-Nicobar Islands (115,000
ha), Krishna, Kaveri and Godavari deltas and Mahanadi delta are some of the best mangrove
formations of India. There are about 45 mangrove species along the Indian coast. The dominant
genre are Rhizophora, Avicennia, Bruquiera, Sonneratia, Canocarpus, Heretiera, Xylocarpus,
Ceriops, and Exoecaria. Mangrove forests mainly function as the most ideal spawning, breeding
and nursery grounds for nearshore an estuarine organisms like fishes, crabs, prawns, molluscs,
etc. Some of the common and economically important species are Mugil cephelus, Hilsa ilisha,
Lates calcarifer, Scylla seratta, Meretrix casta, Crassostrea grephoides and Penaeaus spp.
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Apart from the captive and culture fisheries, mangroves are also important as “Coastal Stabilizers”
and “Shelter belt areas”. These formations protect the coasts and the landward areas from erosion
and cyclonic destructions to some extent. Apart from these the mangrove forests of India have
importance from a wildlife, recreation and education point of view. “Project Tiger” of Sunderbans
and “Crocodile Sanctuary” in the Mahanadi delta are examples of such activities.

Coral reefs

Around India, coral reef formations are found in the Palk Bay, Gulf of Mannar, Gulf of Kutch,
Central West coast of India, Lakshadweep atolls, and Andaman-Nicobar Islands. Both the coral
atoll and the fringing coral reefs are of utmost significance in Indian waters. A few species of corals
have recently been reported from the Malvan (Maharashtra) coast. 32 genera from Minicoy Islands,
34 genera from Palk Bay and Gulf of Mannar, 25 genera from Andaman Islands, 9 genera from
Lakshadweep and 3 genera from Nicobar Islands have also been reported. 342 species belonging
to 76 genera from the seas around India have been described.

Primary productivity studies of coral reefs in Indian waters indicated comparable rates with other
reefs and marine ecosystems. Often the large benthic algal communities and extensive seagrass
beds are equally important as the energy released from them is transferred to higher trophic levels
by way of the detrital food chain.

3. ENVIRONMENTAL PROBLEMS

India is one of the highly populated countries in the world. The demographic pressure, rapid
industrialisation and urbanisation in the coastal cities, and towns have added variety environmental
problems, besides those are caused due to natural events. Details on population, reverine discharge
etc., are given in Table 1. A brief account of these problems and remedial measures taken are
outlined below:

Disposal of Domestic Sewage

Demographic pressure in the urban cities and towns have resulted in the production of enormous
amounts of domestic waste materials. These materials reach the marine environment either directly
or indirectly through rivers, creeks, bays, etc. The domestic sewage contributes to the largest
amount of waste and it has been estimated that approximately 18,240 MLD (Million Litres per Day-
as of 1994) reach the coastal environment of the country. Even though the quantity of these
wastes vary from place to place, the chemical characteristics of these almost remain similar. The
features of domestic sewage of Bombay is given in Table 2.

Domestic wastes are discharged mostly in untreated conditions due to the lack of treatment facilities
in most of the cities and towns. It has been reported that only primary treatment facilities are
available in cities and towns where the population is more than 100,000 and the capacity of the
plants is not adequate for the treatment of the total waste generated in the cities and towns. For
example, in Bombay, the treatment facilities are available only for 390 MLD as against 1600 MLD
of domestic sewage which is generated. Due to such partial treatment, the chemical characteristics
of the waste water retain almost their original features and cause damage to the environmental
water quality.

Industrial Waste

India is one of largest industrialised nations in the world. Major industrial cities and towns of the
country such as Surat, Bombay, Cochin, Madras, Visakhapatnam and Calcutta are situated on or
near the coastline. The total quantity of wastes discharged by these industries is estimated to be
0.7 x 109 cu.m (as of 1994) Details of industries located in the coastal states are givenin Table 3.
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4. PROGRAMME FOR MONITORING MARINE POLLUTION

One of the basic requirements for controlling pollution is generation of data on levels of pollutants
over a period of time so that a clear picture on the increase and decrease of pollution in
correspondence with measures taken can be obtained. For this purpose systematic monitoring of
levels of pollutants along the selected and appropriate regions of the country’s coastline is essential.
With this objective, a programme on Coastal Ocean Monitoring and Prediction Systems (COMAPS)
is being operated since 1991 by the Department of Ocean Development in close co-operation
with the Ministry of Environment and Forests. The main objective of the programme is to constantly
assess the health of India marine environment and indicate areas that need immediate and long-
term remedial action. Data on nearly 25 environmental parameters are being collected at 77
locations with the help of 11 R&D institutions in the 0 -25 km sector of the coastline of the country.

Objectives

- To establish a knowledge-base in the field of biogeochemical parameters in estuaries and in
coastal, shelf and open seas.

- To operate an appropriately structured information system for ready dissemination of various
data sets to users in government, industry, research and social institutions.

- To provide advisory and technical services to government, industry and public institutions aimed
at evolving pollution containment measures.

- To detect radical changes in the biogeochemical regimes of the marine system and to alert
government, public and social institutions, of their implications.

- To set standards for the measurement of various pollution parameters and to ensure compatibility
between the data acquired and processed by various monitoring agencies.

Institutional arrangements

In order to achieve adequate coverage for monitoring of our coastal waters, DOD Centre/Units
were established in the major laboratories in maritime States

Parameters and locations of monitoring marine pollution

The coastal waters from Kandla to Kanyakumari to Bangladesh border upto a distance of about
25km from the shoreline along the predetermined transects was monitored. These transects were
selected on the basis of (a) location of industries (b) Ecologically Sensitive areas and (c) location
of urban establishments and d) based on earlier base line survey. Accordingly 78 locations have
been selected and the details of these locations are given below :

GUJARAT
Kandla, Poshitra, Vadinar, Okha, Dwarka, Porbandar, Veraval, Hazira

DIiU, DAMAN
MAHARASHTRA

Trombay, Bassein, Mahim, Thane, Bombay Harbour, Versova, Ulhas creek, Murud, Thal, Ratnagiri,
Reddy



GOA
Mandovi, Zuari, Marmagao*

KARNATAKA
Karwar*, Honawar, Mangalore*

KERALA
Kasargod, Cannanore, Calicut, Ponnani, Kochi*, Alleppey, Kayamkulam, Paravur, Quilon*, Veli*

TAMIL NADU

Kanyakumari, Koodankulam, Arumuganeri, Tuticorin, Vaiparu estuary, Gundaru estuary, Mandapam
(Palk Strait), Mandapam (Gulf of Mannar), Uchipulli, Thondi, Nagapattinam, Cuddalore, Cooum,
Madras Harbour, Ennore

PONDICHERRY Pondicherry, Karaikal, Yanam (Gautami - Godavari)

ANDHRA PRADESH
Krishnapatnam, Nizampatnam, Machilipatnam, Kakinada Bay, Visakhapatnam Harbour,
Visakhapatnam Steel Plant, Kalingapatnam

ORISSA
Dhamra, Gopalpur, Paradip, Puri, Konark, Chandipur

WEST BENGAL
Saptamukhi, Digha, Sandheads, Diamond harbour, Haliday island, Dalhousie Point, Sunderbans,
Indo-Bangladesh Border

ANDAMAN & NICOBAR ISLANDS
Port Blair

LAKSHADWEEP ISLANDS
Kavaratti

Parameters

A list of parameters on which data is being collected is presented below :

a) Water quality

Temperature, salinity, dissolved oxygen, pH suspended solids BOD, inorganic phosphate, nitrate,
nitrite, ammonia, total phosphorous, total nitrogen, total organic carbon, petroleum
hydrocarbons,pathogenic Vibro pathogenic Enterobacteriaceae (E.Coli, Salmonella, Shigella,
Proteus klebsiella, Vibrio cholera, Pseudomonas aerugenosa and Streptococcus faecalis).

b) Sediment quality

Texture, organic carbon, phosphorous, cadmium, lead and mercury and pesticide residues (DDT,
BHC and Endosulfan). Radioactivity levels through the assistance of Bhabha Atomic Research
Centre, Bombay. Pathogenic Vibros, pathogenic Enterobacteriaceae (E.Coli, Salmonella, Shigella)
c) Biological characteristics

Primary productivity, chlorophyll a phaeophytin, phytoplankton cell count, total and major species

of phytoplankton. Zooplankton standing crop. Experimental trawling for catch, total species and
major species of fishes.



Selected organisms to be analysed for cadmium, lead and mercury and for pesticide residues
(DDT, BHC, Endosulfan)

Intensively monitored as an area of concern/definite source of pollution
Coastal Research Vessels

The institutions involved in the Coastal Ocean Pollution Monitoring Programme (COMAPS)
programme were collecting sea water , sediment and biological samples by engaging small
trawlers. Afew parameters like nitrate, phosphate, etc. will have to be analysed immediately after
the collection of the samples. These fishing trawlers, have an endurance of less than 14 hours
and have no space to keep instruments, and therefore, the samples collected were brought back
to the shore to rush to the laboratory for analysis of the mandatory parameters. This is a time
consuming and laborious procedure. Further, as the fishing trawlers are available in places where
jetty facilities are available, collection of samples around 2 to 3 kms in places where jetty facilities
are available, alone was possible.

In order to overcome the shortcomings, the DOD has acquired two Coastal Research Vessels
namely Sagar Purvi and Sagar Paschimi in 1996. They are of 30 metres in length. These
vessels facilitate collection of samples at all desired locations. Laboratory facilities along with
analytical instruments are also built in for onboard analysis of mandatory parameters. Some of the
analytical equipment kept on board the vessel, include Auto Analyser, Spectroflurometer,
Spectrophotometer, etc. The vessels have modern satellite communication and navigational
facilities.

OUTPUTS OF COMAPS PROGRAMME
STATUS OF MARINE POLLUTION

From the data generated the status of marine pollution in the country could be fairly understood
and the details are as under:

Areas Of Clean Sea Water Quality

The sea approx. off 2 km all along our coastline except off Bombay and the locations not specified
in the under mentioned categoriesis clean and conform to qualities of clean sea water.

As a result of the systematic monitoring of the coastal areas, health of our seas could be assessed
and areas of low, medium and high concentrations of pollutants could be identified. The areas of
high concentration of pollutants are being monitored intensively. Details of these locations are:

i) Areas of clean sea water quality:

The sea approx. beyond 2 Km along the coastline of India except off Bombay is clean and
conform to quality of clean waters. In Bombay, the sea off 5 Km is clean. Thisis primarily due to
the fact that the levels of dissolved oxygen and other parameters fulfilling the requirements of
clean sea water.

ii) Areas of no concern:

In Vadinar and Kandla of Gujarat, Ratnagiri in Maharashtra, Mandavi and Zuari in Goa, Mangalore
Port in Karnataka, Cannanore and Calicut in Kerala, Cuddalore in Tamil Nadu and the West Bengal
coast, the concentrations of dissolved oxygen was fairly good and other toxic elements like ammonia,
heavy metals in sediments and biota were slightly higher (about 15%) than the clean waters.



iii) Areas that need intensive monitoring

In Porbandar, Damanganga estuary, and Vapi industrial estate in Gujarat, Mangalore coast in
Karnataka, Kochi backwaters, Quilon, Paravur in Kerala and Tuticorin and Arumuganeri in Tamil
Nadu, Puriin Orissa the levels of dissolved oxygen were moderate to normal and however some
of the elements like ammonia, pathogenic bacteria in sea water and heavy metals in sediments
showed higher concentration (about 25%) than the normal values. Due to the definite source of
pollutants and chances of increase in concentration are likely to be high, these areas need intensive
monitoring.

iv) Areas of concern

In Veraval Port in Gujarat, Versova Creek, Mahim Bay and Thane Creek in Maharashtra, Veli in
Kerala, Visakhapatnam Harbour and Kakinada Bay (canal) in Andhra Pradesh, the concentrations
of dissolved oxygen were nil to low during low tide period and improved their levels only moderately
(30-50%) during the high tide period. Further, the levels of toxic metals like cadmium and lead
were high in sediments in some locations (like Thane creek) and pH was very low (Veli). If no
control measures are exercised now, the areas will become regions of high concentrations of
pollution in the another 5 to 6 years.

Levels of organochlorine pesticides like HCH and DDT were analysed in 32 species of marine fish
collected at various locations along the east coast of India. The levels of both the chemicals were
very much lower than those observed in the terrestrial animals and other food items. These levels
are well below the limits (5 parts/billion is the safety limit) set by the Health authorities. This would
indicate that the marine fish is not contaminated with the pesticide residues in the locations from
which the samples were collected.

Several samples of fish species collected along the various locations along the West Coast also
indicated that the DDT levels ranged from 0 to 1.7 parts per billion and HCH levels from .045 to 1
part per billion well below safety limits.

The results are being brought to the notice of the State Pollution Control Boards and they are being
evaluated by a Steering Committee chaired by the Chairman, Central Pollution Control Board and
represented by all the Coastal State Pollution Control Boards (CSPCB). In these meetings action
taken by the CSPCBs are discussed at length.

5. ACTION TAKEN FOR REMEDIAL/CONTROL MEASURES

India has a wide range of laws and regulations governing the environment. These include: laws
enacted by the Parliament, regulations issued by the Central and State Governments as well as an
increasing body of judicial decisions affecting industrial activity that generate pollution. The major
environmental acts are:

- The Water (Prevention and Control of Pollution) Act, 1974

- The Water (Prevention and Control of Pollution) Cess Act, 1977
- The Air (Prevention and Control of Pollution) Act, 1981

- The Environment (Protection) Act, 1986

- Public Liability Insurance Act, 1981

- Hazardous Waste (Management and Handling Rules), 1989

- Environment Audit Rules, 1992

- Environment Impact Assessment Notification, 1994



Policy Framework

The Government of India has formulated a comprehensive Policy Statement for Abatement of
Pollution which envisages integration of environmental and economic aspects of development
planning, lays stress on preventive aspects of pollution abatement and promotion of technological
inputs to reduce industrial pollution.

The Policy aims at:

- Prevention of pollution at source,

- Encourage develop and apply the best available, practicable technical solutions,
- Ensure that the polluter pays for the pollution and control arrangements,

- Focus on the protection of heavily polluted areas and river stretches, and

- Involving the public in decision making

Promotional measures

Pursuant to the Policy Statement for Abatement of Pollution, several initiatives have been taken for
promoting cleaner technologies of industrial production. These include: economic instruments,
such as water cess, effluent charges, financial assistance by way of credit and loans at reduced
rates of interest, establishment of a clean technology institutional network designed to promote the
development, diffusion and transfer of technologies with environmental benefits for industrial sector,
extension services for the identification of appropriate waste minimisation and abatement methods
for small scale industries and organisation of waste minimisation circles, strengthening of standards,
eco-labelling etc.

Industrial Zoning Atlas

A detailed exercise for preparation of zoning atlas for siting fo industries based on environmental
considerations in various districts of the country has been taken up. So far, zoning atlas for 19
districts have been developed. 24 critically polluted areas have been identified and action plan for
control and abatement of pollution have been prepared for 21 areas, out of which 12 are in coastal
areas. Studies on effect of environmental pollution on health of surrounding population in these
areas have also been taken up.

River Action Plans

River basin-wise surveys were conducted to identify the polluted stretches and their sources.
Based on such surveys, Ganga Action plan and subsequently National River Action plan for all
major rivers in the country have been launched.

Pre-Assessment

Environmental Impact Assessment for 29 categories of projects have been made mandatory. The
proponent has to prepare a detailed a EIA report indicating the existing status, likely environmental
impacts and proposed remedial measures. Public consultation and incorporation of their views
regarding social and socio-economic aspects relating to the project are also mandatory. While
approving the project, conditions for environmental safeguards are given to the proponent, which
are periodically monitored and reported during the implementation of the Project.

Treatment of wastes and results

For the past three years the efforts to put up the sewage treatment plants in all the coastal states
and towns were intensified and also the dispersal of the treated effluents in the deeper areas of the
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sea for better dilution and dispersal through pipelines have also been planned. Several treatment
plants have been set up in Bombay city and similar such proposals are under consideration in
Madras and Calcutta. The government has prepared an action plan for treatment of wastes that
are being generated from the domestic sources. Assistance from the International funding agencies
like World Bank have already been availed for setting up of waste treatment plants and for
construction of deep sea outfalls for the Bombay city. Efforts are also on to avail more technological
and financial assistance for other areas.

The enactment of Water Pollution Act in 1974 and Environment Protection Act, 1986, have helped
in regulating the disposal of wastes from the industries. Now all the major industries treat their
effluents and comply with the standards set for each type of industry. The impact could be seen in
improvement of seawater quality in Bombay, Cochin, Madras, Visakhapatnam, etc. Rules and
guidelines have been prepared relating to hazardous waste management and handling of hazardous
substances which have been notified under the Environment (Protection) Act, 1986.

While the major industries treat their effluents, the problem always remains with the processing of
waste generated by medium and small scale industries. To deal with such issues several measures
have been taken. Common treatment plants for small and medium scale industries have been set
up in the coastal states like Andhra Pradesh, Gujarat and Tamilnadu. In remaining states they are
under construction. A scheme to promote adoption of waste minimisation technology for small and
medium scale industries has also been taken up. About 15 waste minimisation circles in sectors of
electro-plating, paper, textiles, dyeing and printing, hostels etc. have been established in various
parts of the country including in the coastal states. These measures have resulted in reduction of
pollution loads to the ambient water bodies to the extent of 15 to 30%. In addition to this, a
National Cleaner Production Centre has been set up with the assistance of UNIDO. Capacity
building and awareness creation in the areas of cleaner production in small and medium scale
industries have been taken up. Environmental audit has been made mandatory for all polluting
industries. Implementation of this scheme, resulted in smooth monitoring of industrial activities
and also adoption of low waste technology and minimisation of consumption of resources. Fiscal
incentives are provided for installation of pollution control equipment and also for shifting of industries
from non-confirming areas. These include: depreciation of allowance at 100%, investment
allowance, customs and exercise duty exemptions for pollution control/monitoring equipment etc.

Effect of coastal circulation and oceanic currents

The coastal circulation patterns and also the reversal of currents during the bi-monsoonal periods
make the process of coastal circulation complicated even though it remains passive. Recent
studies on the role of coastal physical processes in dispersing and diffusing the pollutants indicate
that the wastes discharged into the sea are primarily diluted by the tidal action which is very
prominent in Bombay and Gujarat coasts since the tidal amplitude in these regions is more than 6
metres. In other areas the tidal action does not play a major role in diluting the pollutants. All the
studies have revealed that the wastes discharged into the sea, by and large, remain within the
coastal region upto 1 km from the coast due to the effect of long shore and onshore-offshore
currents. While wastes present in dissolved form get diluted and degraded, the particulate forms
settle on the sediments and cause an accumulation of pollutants Lead, Cadmium and mercury in
the sediments. In some areas the thickness of the contaminated sediments reach even upto 40
cms. It is hoped that future reduction in input of pollutants into the sea water due to treatment of
wastes generated through domestic and industrial sources, the problem of accumulation of toxic
metals in sediments would get solved. further accumulation of these metals on these sediments
can be prevented, the question remains about the removal of the contaminated sediments from
the coastal areas, particularly in Bombay.
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Agricultural Waste

The pesticides are used in agriculture and public health. DDT which was used previously in
agriculture as well as public health is now used in public health in a very limited and regulated
manner. Low HCH formulations are used in agriculture. The pesticides used in present days
mostly belong to organophosphorus, carbmate and synthetic pyrethroid groups. Since the latter
group insecticides are bio-degradable and sparingly soluble in seawater, the problem of pesticide
residues in marine fishes due to these pesticides does not occur. Due to the restricted usage of
DDT and HCH, their levels in food fishes have also decreased significantly. For eg., samples of
popular edible fish Scomberomoru guttatus collected over a period of two years from areas where
agricultural wastes are drained into the sea showed only maximum values of 2.00 ng/g (wet wt.) in
case of DDT and 0.04 ng/g (wet wt.) in case of HCH. Usage of pesticides are regulated under the
Pesticides act.

Radioactive and thermal wastes

Although, power generation is mostly thermal in the India, nuclear power is also being generated.
So far no serious harm has been reported from these sources, but fly ash from thermal power
plants invariably creates environmental problems.

Radioactive wastes from nuclear power plants are normally disposed of according to strict
international conventions. However, their heat generation poses several problems. Nuclear power
plants normally release 50 per cent of their generated heat to the coastal marine environment.
Localised damage to ambient flora and fauna appears to be unavoidable.

Degradation in specialised ecosystem
Mangroves

Mangroves in India have suffered from various biotic problems such as reclamation, deforestation
and pollution. The abiotic problems like extreme climates resulting in cyclones and floods also
pose a danger to mangroves. The Gangetic Sunderbans, Cochin backwaters, Bombay region and
Gulf of Kutch are examples of indiscriminate exploitation, reclamation and pollution. Mangrove
forests have been converted into agricultural land, fish farms, residential complexes and industrial
units. The effect of insecticides and pesticides like Dimacron, Nuvan and Nuvacron was also
found to be harmful to these plants although at a slow rate.

Control Measures

Mangroves have been declared as ecologically sensitive areas under the Environment Protection
Act, 1986. All exploitation and developmental activities in these areas have been banned. Disposal
of wastes from the adjoining industries and also carrying of wastes by pipelines through the
mangrove areas have also been prohibited. A state-wise Mangrove Committee has been formed
for effective management of the mangrove ecosystem.

Coral Reefs

It has been observed that dead as well as live coral beds are exploited for the carbide industry and
for white cement. Large scale exploitation of corals in the Gulf of Kutch, has been checked to a
great extent due to timely warning. A survey of the coral reefs in the Gulf of Mannar emphasized
the need for conservation. Development of Tuticorin harbour and associated industrial activities as
well as oil pollution, has resulted in large scale destruction of coral reefs around the islands of
Tuticorin Andaman-Nicobar fringing reefs and Lakshadweep coral atolls are comparatively free
from such problems. However, the recent data of Minicoy and Kavaratti atolls and Great Nicobar
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Island indicate that there is a definite effect of oil pollution on corals of these areas. Acanthester
plancii, a reef dwelling echinoderm, which feeds extensively on corals, is also responsible for
destroying the corals in these two major groups of islands.

Apart from this, use of corals for ornamental and decorative purpose is yet another serious threat
to this sensitive ecosystem. Local people of Lakshadweep also use corals for construction and
white washing of houses and as mortar. Corals and mangroves occur together at some places in
the Gulf and Andaman-Nicobar Islands. Of course mangroves grow mostly in the intertidal region
while corals are found in somewhat deeper waters. However, extensive deforestation of mangroves
in the Gulf of Kutch resulted in siltation on the coral reefs, which ultimately killed them.

Control Measures
Under the Environment Protection Act, 1986, mining of corals and coral sands have been banned.

The coral reefs have been declared as special ecosystem for protection. Efforts for rejuvenation of
corals are being taken on mission basis.

Table 1. Population and related data and some estimates of pollutants entering the sea
around India (as of 2009)

Population 1.2 BILLON
Coastal population (19% of total) 228 million

Area of the country 3.287 x 106 km?
Agricultural area 1.65 x 106 km?
Exclusive Economic Zone 2.015 x 106 km?
River runoff (annual mean) 1645 km3
Rainfall per year (on land) 3.5x 1012 m3
Rainfall per year (on Bay of Bengal) 6.5 x 1012 m3
Rainfall per year (on Arabian Sea) 6.1 x 1012 m3
Domestic sewage added to the sea 13.6 x 109 m3

by coastal population per year
(@ 60 | per head/day)

Industrial effluents added to the sea 0.6 x 109 m3
by coastal industries per year

Fertilizer used per year (@ 30.5 kg/ha yrl) 13 x 106 tons
Pesticides used per year (@ 336 g/ha yrl) 80000 tons
Synthetic detergents used per year 125000 tons
Qil transported across the Arabian Sea 550 MT

per year
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Table 2. Characteristics of the domestic waste water pollutants entering the marine
environment of Bombay. Daily domestic waste water output at 1200 mid (approximate)
(Source: Zingde 1985)

Parameter ug/l kg/day
Dissolved Solids 1450* 7.4%*
Suspended Solids 245* 2.9**
BOD 258* 3.1
Sulphate 75* 0.4**
Nitrogen 35* 0.9**
Phosphorus 6* 7200
Chloride 587* 7
Manganese 507* 608
Iron 2529 3035
Cobalt 30 36
Nickel 81 97
Copper 110 132
Zinc 251 301
Lead 11 13

* x one thousand ** x hundred thousand

Table 3. Details of some of the industrial complexes/industries, located along the coastal areas,
are given below (as on 1995)

State No. of coastal industrial
complexes/industries

West Bengal 10 major industries
Orissa R

Tamil Nadu 17 =« -

Pondicherry 4 « -

Kerala 20 * ¢

Karnataka N

Maharashtra 20 industrial complexes
Gujarat 15 industries and

2 industrial complexes
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2 OIL SPILL MANAGEMENT IN MARINE ENVIRONMENT

R.S. Kankara
Ministry of Earth Sciences, ICMAM-PD, Chennai India
E-mail: kankara@icmam.gov.in

The bulk quantity of the world’s oil is transported through sea. 70% Of India’s demand for crude oil
is being imported through sea. Similarly South-East Asia, East Asia, Japan and China are heavily
dependent on the import of oil from West Asia which passes through Indian Exclusive Economic
Zone (EEZ). As a consequence, there is a constant risk of oil spills all along the ship routes, near
oil handling facilities and ports. So far, 66 spills incidents reported in Indian water during last 20
years from (1988-2007), though most of them were minor quantity.

The threat for oil spill demands the preparedness to protect
our all economical / ecological sensitive habitats and marine
national parks along Indian coast such as Gulf of Kachchh,
Mumbai, Malvan, Goa coast, Mangalore, Kerala coast, Gulf
of Mannar, Kakinada, Haldia and Sundarbans etc. However,
Gulf of Kachchh (GOK) is on top of the list due to its strate-
gic proximity to Persian Gulf and it is an ecological rich habi-

tat declared as Marine National Park and Marine National ) )
Sanctuary. GOK as the hub of oil handling agencies catering to its present capacity of about 78

MMT of crude out of total Indian import of 128 MT for 2007, and it is likely to increase upto 195
MMT by 2012. Any possible incidence of collision of oil tanker in the GOK is bound to result in
extensive damage to fish, corals, mangroves, and other inter-tidal flora and fauna and the marine
ecological system in the region.

The oil spill may occur at any time, any where in the open ocean along tanker route or near oil
installations, but have threat to impacting the shoreline at any where depending on the action of
currents, winds and tides conditions. Management of Oil spills in marine environment are challenging
task to Qil Spill Coordinating Agencies and demands a quick and adequate response in order to
reduce the environmental consequences. Proper understanding of the physical and chemical
properties of crude oils and how they weather and behave on the sea surface is crucial for evoking
[ activating appropriate spill control and clean up procedures for managing oil spills in an optimal
way.

Worldwide Operational Incidence of spills by cause, 1974-2007

Causes of oil spill OPERATIONS <7tonnes 7-700 tonnes > 700 tonnes  Total
. Loading/ 2823 333 30 3186

Spills usually happen due discharging

to  bad  weather | gynkering 548 26 0 574

(hurricanes, storms, and Other operations 1178 56 1 1235

earthquakes), intentional

acts of violence (like war, Accidental Incidence of spills by cause, 1974-2007

vandals, or dumping) and

human mistakes. The ACCIDENTS < 7tonnes 7-700 tonnes > 700 tonnes  Total

main causes of oil spills | cjjgions 175 300 %8 573

are usually result of @ | Goyndings 235 226 119 580

combination of actions |y fajlures 576 90 43 709

and_ circumstances, all _Of Fires & explosions 88 15 30 133

which —contribute in | otherlUnknown 2186 150 25 2361

varying degrees to the TOTAL 7809 1196 346 9351

outcome and may be
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grouped into two categories like “Operational” and “Accidental”. The worldwide information about
spills from oil tankers indicates that most of operational spills(>91%) are involving small quantity <
7 tonnes due to routine operations such as loading, discharging and bunkering which normally
occur in ports or at oil terminals. While accidental causes such as collisions and groundings gen-
erally give rise to much larger spills, with at least 84% of incidents involving quantities in excess of
700 tonnes being attributed to such factors.

Oil type and properties

There is several hundreds type of crude oil depending upon their origin and their physical and
chemical properties, whereas many refined products tend to have well-defined properties irrespective
of the crude oil from which they
are derived. Residual products
such as intermediate and heavy

fuel oils, which contain varying Physical characteristics of three typical crude oils
proportions of non refined com- | Origin Arabian Light Merey Super
ponents blended with lighter Bonny Light

refined components, also vary

considerably in their properties. | . .. ig‘gdi Arabia gldifggzrla \1/2”792“6"&
The main physical properties peciic : : :
which affect the behaviour and gravity "API

h . ; il spilled Specific 0.79 0.85 0.96
the persistence of an oil spille gravity at 15°C
at sea are specific gravity, dis- Wax content 12% 13% 10%
tillation characteristics, viscos- [ aAsphaltenes 7% No data 9%
ity and pour point. All are de-

Y P P Pour point -29°C 12°C -18°C

pendent on chemical composi-
tion (e.g. the amount of
asphaltenes, resins and waxes
which the oil contains).

Fate of oil spill in the Marine environment

The transport and fate of oil spill in marine environment are governed by physical, chemical, and
biological processes that depend on the oil properties, hydrodynamics, meteorological and
environmental conditions. The processes include advection, turbulent diffusion, surface spreading,
evaporation, dissolution, emulsification, hydrolysis, photo-oxidation, biodegradation, etc. When
the oil spill occurs on the sea surface, it spreads to form
a thin film called as oil slick. The movement of the oil
slick is governed by advection due to current and
turbulent diffusion due to wind action.

The composition of the oil and oil phases changes from
the time of the spill. Light (low molecular weight) fractions
evaporate, water-soluble components dissolve in the .
water column, and immiscible components become T T
emulsified and dispersed in the water column as small o b o
droplets. The formation of an oil-in-water emulsion
depends upon turbulence, but usually occurs within days
to weeks after the initial spill. It forms thick pancakes
on the water and intractable sticky masses if it comes ashore. After a long time this may disinte-
grate into lumps of tar. In some circumstances, the oil droplets may become attached to sedi-
ment particles in the water column and move towards seabed where oil gets buried leading to
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bacterial degradation, a much slower processes. Although the individual processes causing
these changes act simultaneously, but their relative importance varies with time.
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Factors influencing oil movement, impact and
recovery
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Environmental factors

Oil Spill Modeling is a complex process, influenced
by many factors, both human and non-human. The
main factors affecting the fate of spilled out are :(i) Oil
properties- surface tension, specific gravity,
temperature; (ii) spreading; (iii) advection - waves,
winds and current ; and (iv) weathering. Most general
environmental factors affecting oil spill weathering are
water and air temperature, sea state and wind speed.
Type of release, solar radiation, air temperature, water characteristics, sediment load are also
import to some extent. High temperatures and wind speeds increase evaporation, which decreases
the toxicity of the remaining oil. Temperature also influences the rate of microbial degradation
which is the ultimate fate of oil in the environment

The computer models are able to consider the temporal and spatial changed in these parameters
for a given domain over a period. However, in the lack of information, Oil movement can be calculated
by using approximately 3.5% of the wind velocity and at the surface current velocity.

Geographical factors

The geographical features of the coast along influence the impact and recovery processes. Though
the, oil slicks may disperse in the open sea, the most damage occurs closed to shore in sheltered
bays and inlets close, where oil becomes concentrated. On the shore, the fate and effects of oil

vary with exposure to wave energy and shore type. On
exposed rocky shores, effects tend to be minimal and
recovery rates rapid. The most sheltered shores have
high biological productivity and are the worst oil traps.
If oil penetrates into the substratum, residence times
are likely to be increased. Shores with sand, gravel or
stones are porous, and oil penetrates relatively easily.
If it weathers in situ to become more viscous, it may
remain in the sediment for many years. In contrast, oil
does not readily penetrate into firm waterlogged fine
sand or mud. However, sheltered sand and mud shores
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with high biological productivity provide oil pathways in the form of animal burrows and plant stems
and roots. Oil penetration can kill the organisms that normally maintain these pathways, which
then become filled with sediment; oil trapped within them degrades very slowly.

Estimating the volume of a spill

It is very difficult to get accurate information about oil quantity and type. Therefore, initially to run
the model, the quantity of spilled oil can be computed by visual observing the thickness of the
film of oil and its appearance on the surface of the water and estimating the surface area of the
spill. Subsequently model can be updated using more precise information about oil quantity to
generate the oil trajectry.

Oil Type Appearance Approximate Approximate
Thickness Volume (m3/km?)

Oil Sheen Silver >0.0001 mm 0.1

Oil Sheen Iridescent (rainbow) >0.0003 mm 0.3

Crude and Fuel Oil Brown to Black >0.1 mm 100

Water-in-oil Emulsions Brown/Orange >1 mm 1000

Application of Modelling and GIS in oil spill management

(a) OIL SPILL MODELLING

Oil Spill Modelling is a complex process, influenced by many factors, both human and nonhuman.
The main factors affecting the fate of spilled out are :(i) Oil properties- surface tension, specific
gravity, temperature; (ii) spreading; (iii) advection - waves, winds and current ; and (iv) weathering.
Oil will move at approximately 3.5% of the wind velocity and at the surface current velocity. Computer
models are able to make predictions about the trajectory and fate of spilled oil and to generate the
likelihood of sensitive resources being threatened and associated time scales using required data.
Modelling exercise provides clear idea about oil movement and will enhance the decisions
concerning strategy development and the identification of necessary response capability. However,
it is very essential the operator of these models understand their various limitations, such as the
guality of information on water currents programmed into a model and the inherent difficulties in
predicting some oil fate processes. Modelling is only a predictive tool and cannot readily replace
the need to monitor a spill physically in the event of an actual incident. This can be effectively
verified from aircraft or remote sensing or interpretation of visual observations of oil on water.

(b) GEOGRAPHIC INFORMATION SYSTEM

A GIS is useful in handling spatially referenced data which can hold information at any scale
indeed, provided the data are correctly formatted, data from all sources can reside together, including
satellite images, air photos and standard cartographic products. These advantages should only be
exploited with careful use of the data, respecting issues of common data scales and data quality.
The following information may be incorporated in the maps:

1. Oil spill trajectory model Results
Model results for various scenario showing bathymetry, circulation pattern, movement
of oil, oil concentration and thickness, quantity of dispersed oil etc
2. Ecological sensitive areas:
- Coral reefs, Seagrass beds, Mangroves, Salt pans, Mudflats, beachs and nature of
shoreline, Wildlife protected areas and fishing activities,
® Details of the areas of greatest sensitivity such as feeding and breeding areas ,
locations, which are important for threatened or endangered species, nearshore shallow
water fishing areas, seaweed gathering; beaches with fishing activities

19



3. Socio-economic features -
- Ports, harbours, jetties, SPMs and boat ramps;
Industrial facilities, for example water intake system for power stations and desalination
plants, coastal mining, and salt evaporation lagoons; recreational resources such as
amenity beaches, bathing enclosures, water sport and game-fishing areas; and sites
of cultural, historical or scenic significance, on or close to the shore.

7. ACASE STUDY

A few incidents of oil spills in the gulf have been reported in the past. The probability of incidents
from tanker traffic, loading, unloading, and associated activities may increase in the years to come
as the demand for petroleum and its products continues to rise. Since the oil spills cause extensive
damage to fish, corals, mangroves, and other intertidal fauna, the threat due to the spills on the
ecology of the gulf and consequent economic losses need to be addressed through scientific
techniques to help manage these sensitive habitats from accidental oil spills. Tracking the movement
of oil during the spills in Gulf of Kachchh is a fundamental requirement in oil spill contingency
planning and prevention of marine resources and MNP & MS.

As per the Allocation of Business Rules 1961, Ministry of earth Sciences (MoOES) is responsible for
coordination and regulatory measures to prevention, conservation and protection of ocean.
Accordingly, Ministry has taken up a R&D programme to understand the movement of oil in marine
environment and identifying the resources at risk using two mathematical models of different level
of complexity. First is very generic model, which is developed to predict the movement of oil and
its fate in the Indian Ocean water. Other is habitat specific model for detailed trajectory and impact
analysis on marine resources. The generic model uses GNOME (Generalized NOAA Oil Spill
Modelling Environment) computer code for tracking of oil spills from offshore to coastal areas of
India. The model works based on wind speed, wind velocity, sea current, etc with 60 to 18 km
resolution. The model is capable to run in hindcast and forecast mode using diffusion, forecasted
winds and forecasted regional currents for ocean state. The model also considers uncertainty
parameter which can be decided based upon the data quality being used for the model.
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Once spilled oil reaches in the vicinity of Gulf of Kachchh region, the detailed habitat specific
model simulates the detailed analysis of oil fate and trajectory using the bathymetry and local
circulation pattern at 450 m spatial resolution. The oil spill trajectory models are linked to a GIS
information system to provide the vital information about the extent and type of the resources likely

affected.
Surface Elevation and circulation pattern in Gulf of Kachchh

Hydrodynamic and Oil Spill modelling
An integrated model was used to generate the oil trajectory in the gulf water and to track the path
and fate of spilled oil under prevailing hydrodynamic and meteorological conditions for the
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entire Gulf covering Okha to Navlakhi. Tide and circulation patterns were generated and supplied
for oil spill modelling. The circulation in the Gulf is mainly governed by tides and winds. The
scientific validity of model for hydrodynamic and oil spill model results were demonstrated at various
forums in India and published in international peer reviewed journal.

The oil spill module takes into account all important
phenomena of an oil slick in an aquatic environment
and computes the slick thickness and dynamics, and
distribution of the oil in the water column and
atmosphere, which are required for contingency
planning and environmental impact assessment. The
major forcing functions for trajectory analysis of an oil
spill model are local wind conditions and circulation
pattern, while chemical composition and properties of
oil along with environmental parameters are the
deciding factors for fate analysis.

surface Elevation and drculation pattem in Gulf of Kadhchh

Past 30 years wind data at Jamnagar was used to determine the monthly meteorological scenarios
in the gulf. Three wind scenarios, i.e., no wind during calm period, a constant wind speed of 5 m/s
blowing from 240° and 330° from north during pre-monsoon (March—-May) and post-monsoon
(September—November), respectively, were selected. These derived wind conditions were
reconfirmed from synoptic field observations.

The spill results were evaluated for all three seasonal wind conditions, i.e., calm, SW monsoon,
and NE monsoon. Wind and water currents guide movement of oil parcels at the water surface.
The currents play an important role in transportation of dispersed oil in the water column. The area
covered by oil spill trajectories simulated under different wind conditions for the Gulf. The modeling
results revealed that under the “no wind condition,” oil was moved as per the path of the streamlines
of tidal flow. During flood tide, the oil moved in the Pathfinder creek toward the Vadinar jetty located
on the southwest side. For the second scenario, when wind blows from 240° from the north, the oil
moves toward the central channel (NE), and it would reach the northern coast near Kandla creek
within 5 hours. While under the third condition, when wind blows from 330° north, the spilled oil
would be transported toward the southern coast. The oil residues would hit the coast at Narara
reef, located on the southeast side, in 12 h.

The oil mass balance calculation concluded that 40 % volume of spilled oil was lost due to
evaporation and 5 % dispersed in the water column after 48 hours simulation. It was noticed that
about 1% oil was vertically dispersed in first 12 hours, but it reached upto 5% at the end of 48 hour.
Thisis due to increase in the oil density and degradation of oil due to emulsification. The left out oil
(55%) was the threat to coastal and marine environment as either it would hit the coast or disperse
in the water column in the long term.
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Oil Spill Movement after 24 hours when Wind is blowing from 330°N
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USE OF GIS IN ESTIMATION OF AREA OF RESOURCES AFFECTED

An operational GIS-based information system was used to predict the comprehensive movement
and fate of spilled oil, to explore the possibility of different strategies in an interactive manner, to
respond to an oil spill, and to quantify the impacts of oil spill on resources. To analyze the impact of
an oil spill on marine organisms and resources, a model output was generated in terms of track of
oil, oil thickness, area of dispersed and dissolved material, and these model outputs were converted
into GIS compatible format. The results were then analyzed using Arc-View to identify the resources
that were “hit” for a given scenario. The time exposition maps were prepared and overlaid on the
resource map to quantify the resources at risk with time.

Glsintezmated recoureE map for risk assessment

Resources exposed to oil (km2) after 48 h.

Resources Calm-Scenario SW Monsoon -Scenario NW Monsoon -
Scenario

Mud Flats 37.20 0.02 33.85

Sandy Flats 0.63 0.00 1.80
Mangroves 0.15 0.00 1.20

Coral Reefs 6.37 0.00 2.42

Seawater 148.25 258.15 81.36

Length of Shore (km)  54.30 2.00 34.40

Table 2. Total risks to marine organisms and ecosystems.

Scenario Area with TRR _ 1 (km?) Mean TRR
Calm 166 10

SW Monsoon 620 6

NW Monsoon 142 15

NATIONAL OIL SPILL DISSATER MANAGEMENT PLAN

The country has an Oil Spill management programme since 1980 to protect coastal and marine
areas against oil spill damages. The Ministry of Home Affairs is the nodal ministry for crisis
management in case of an oil spill disaster and Coast Guard is coordinating agency for combating
oil spill pollution in Maritime zones of India in the event of oil spills. The important aspects include
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R&D in oil spill detection, management, combating and legal aspects. The use of booms and
skimmers to recover floating oil and dispersants to enhance natural dispersion are established
methods of responding to oil spills. Response strategies to a spill are decided based upon the
aerial /visual observation of oil, quantifying floating oil, assessment of potential threat, protecting
Sensitive Resources, shoreline Clean-up etc.

The National Oil Spill Management programme of Government of India was reviewed in May 2005.
The Ministry of Earth Sciences (MoES) has given additional responsibilities to provide scientific
support in monitoring and detection of oil pollution / spills, predicting its movement towards Indian
shores and assessment of extent of damage along with existing responsibility scientific monitoring
of oil pollution through COMAPS programme.

INITIATIVES OF MOES

Though, the existing models provide an additional tool for efficient decision making, however, it is
necessary to interprete the model results cautiously as each model has some “limitations”. The
models needs to be calibrated with real spill situations. Key data restrictions include:

@ The databases of oil types may not have an exact match for the specific oil spilled, but
additional analysis work can allow a particular oil to be entered
@ Quality of tide and current data varies between regions and models

Therefore, Ministry has taken up a project on “Qil Spill Modelling” during XI plan period under
COMAPS programme 18 priority areas to delop Oil Spill Models by collecting the experimental
sea state data at Beaches of Dwarka, Mumbai, Dhanu, Entire coastline of Goa, Mangalore, Cochin,
Neendakara, Vizhinjam, Kavaratti, Kanyakumari, Gulf of Mannar, Chennai, Pulicat, Kakinada,
Visakhapatnam Paradip, Hooghly and Sundabans in West Bengal to understand the movement of
oil in marine environment and identifying the resources at risk for selected locations during 11th
pan period and to strengthen existing GIS based Oil spill tracking system. The major work involves:

@ Study of Sea state by collecting Oceanographic data at 18 locations along the coastline

@ Development of 18 habitat specific models for above locations

@ GIS database for providing all information about the sea state, resources, industry and oil
related other attributes

@ R&D onto improve the predictability and reliably of the model

The advantages of the GIS based Oil Spill Tracking System are:

accurate spill prediction for both forecasting and hindcasting model,

rapid output of results regardless of spill geographic location,

ability to adjust inputs considering changing conditions and field observations,

use in remote field locations or effective transmission of model outputs to field operators,
Useful aid to meet a number of requirements for Oil spill responders and incident planners
to take appropriate decisions to minimize the environmental and economical damage of
the shoreline.
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NEAR SHORE ENVI-
RONMENT

Shorelines are gen-
erally more or less
in dynamic equilib-

rium. Their evolu-
tion due to changes
in winds, waves,
currents, and sedi-
ment transport, is
rather seasonal,
characterized by
alternate erosion
and accretion. Addi-
tional changes occur
when perturbations
are introduced by
anthropogenic fac-
tors/activities.

Shoreline change is

a natural process of
evolution of coastal

areas. It may occur
on different scales

of time, from a
single tidal event, to
decades or centu-
ries.




3. MONITORING OF SHORELINE CHANGES - TOOLS AND TECHNIQUES

M. V. Ramana Murthy
Integrated Coastal and Marine Area Management -Project Directorate,
Pallikaranai, Chennai 601302 E-mail : mvr@icmam.gov.in

1. INTRODUCTION

Nearshore Zone, that extends from high water line on land side to depth of closure so called active
depth (approximately 6m to 8m water depth varies with tide and wave) on sea side is dynamic and
subjected to seasonal and annual changes due to various forcing functions such as wave, tide,
current wind and sediment inputs. Often, the processes in this zone are not understood completely
due to lack of proper monitoring. State Governments do monitor the shoreline changes but the
result could not be used for shoreline management studies due to lack of complete information.
The state Public Works Department of Tamilnadu is monitoring the shoreline under Crest of the
Berm Project, where the position of berm is monitored periodically from 1975. Though, the above
data forms a valuable information to a coastal engineer/scientist, still lot of gaps exits to interpret
the data for Shoreline Management. The various processes operating in nearshore area have
been discussed in the earlier papers. This paper discusses about the different monitoring techniques
required to understand the processes in the nearshore zone and instruments used for the shoreline
survey.

2. BEACH PROFILE MEASUREMENT

A beach profile is a two dimensional view of cross sectional transect measured perpendicular to
the shoreline. Having an accurate time series of beach profile measurements is essential for
deciphering shoreline erosion and accretion trends and tracking beach recovery after storms. The
transect of beach profile runs from well behind the backshore upto a wading depth (depth of
closure approximately 6 m to 8 m depending on prevailing hydrodynamic conditions). Beach profile
surveys typically must include an inshore survey or “wading survey” which is performed by using
standard land surveying techniques. A survey team member traverses the survey line holding a
rod, stopping at appropriate intervals to allow an instrument operator to read and record the elevation.
The type of instrument used by the operator may be simple as a level or as complex as an advanced
electronic survey instrument. The wading survey continues seaward into the water until the rod
holder can no longer stand steady with the survey rod. This land section of the profile is surveyed
preferably at low tide so that the cross section extends as far seaward as possible. Traditional
land surveyors may not be accustomed to or comfortable with entry into the water in the wading
survey, but gathering of these data is indispensable for obtaining overlap with the offshore survey,
discussed next. Understanding of surf

zone waves, circulation (such as rip currents), and morphology (such as berms, scarps, steps,
troughs and bars) is essential for obtaining accurate data, as well as for safety of the survey party.

2.1 Inshore Survey

Beach profiles are measured using the Emery technique, named after the person who applied this
topographic measurement method to beach studies. It is simple and “low-tech” but accurate, which
was used widely. The above technique can be slightly modified for speedy and accurate
measurement of vertical position using dumpy level. The difference between emery technique and
modified method is that dumpy level is used in place of two rods and siting level to measure
vertical position. A step by step procedure to measure beach profile is given below.
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Fig. 1- Atypical sketch showing the beach profile measurement using Modified
technique

Mark profile with stakes/flags - Flags will help the surveyors stay along a consistently oriented
traverse. See the Fig. 1 that illustrates this process.

a) One person goes to the fore dune crest or other point from which the entire profile is in view.
Using a sighting compass, site back to the datum and move left or right until the correct azimuth
is obtained (when sighting landward, the azimuth will actually be the reciprocal (180 degrees
difference) of the value listed as the azimuth). Place a stake or flag at this location.

b) Standing on this point, have a team member with a stake or flag move about half way between
you and the datum point. Line this person up so that they are on the profile (between you and
the datum point). Have them place another stake or flag. The landward portion of the profile is
now marked.

¢) Still standing on the same point determined in (a), turn 180 degrees and, with the compass,
site toward the water in the direction of the proper azimuth for the profile. Have a team member
go to the wet/dry line (The wet/dry line is the landward most limit of sand wetted by ocean
water, not rain). Direct the team member to move left or right until they are on the profile. Have
them place a stake or flag at this point.

d) Now have the team member move towards you along the profile. Line them up on the profile.
Have them place a stake or flag at the vegetation line (seaward extent of vegetation).

e) Place other flags along the profile at all bermcrests, the last high-tide swash line (often delineated

by a line of debris or wet/dry boundary), edges of beach roads, and other features you want to
be sure you measure during the profile survey.
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Note - If one can view the entire profile from the water’s edge, fewer stakes will be required. This
will be the case when surveying a profile without a prominent foredune. The idea is to place markers
so that at least 2 of them are visible behind or in front of the surveyors when conducting the
topographic survey.

Conduct topographic survey (profile) - After marking the profile line, you are ready to measure
distances and heights along the profile.

Start at the datum point. The top of the first point is point #1 and is always x1=0, z1=0. Use
your tape measure to measure z for point #2. The second point is the ground surface above or
below the datum point. At this point, x is always 0, and z is the distance above or below the top
of the datum point or w.r.t to MSL. The maximum distance between the rods should be about
5 meters. Shorter distances should be measured where there is a change in the slope of the
ground or some other key feature such as the vegetation line. The procedure upto this stage is
as per emery technique.

Use dumpy level to measure the level at each point with respect to the datum along the profile.
Record observations (vegetation, geomorphology and sediment) in the notes column. The
sediment samples should be collected at three or four selected points along the profile. Record
x and z where sediment samples are taken.

2.2 Sled Surveying Equipment

The method is needed to complete the beach profile survey in water deeper than wading depth,
the offshore survey. The offshore survey is conducted by using a survey sled (the method
recommended in this article) or by boat-mounted echo sounder. An echo sounder survey system
consists of a vessel mounted depth sounder and positioning system. A survey sled system consists
of a survey rod, or mast, mounted on a sled that rides along the sea bottom while being towed.
The mast supports surveying reflectors, prisms, or gradations that allow the elevation of the sea
bottom or beach to be read by a land-based surveying instrument. Figure 2 shows a survey sled
used on the Ennore coast by ICMAM-PD. In order to achieve accuracy as described above, a sled
survey system is required which consists of a towable sled with mast, tow-boat or truck, and
electronic distance meter/theodolite (total station) with data collector notebook computer.
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Fig. 2 - Photograph showing the Sea Sled and Dumpy level used for beach profile
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Electronic total stations, the most sophisticated survey instruments available, are normally used
when beach profile data are collected along the full profile out to depth of closure. Less capable
instruments generally will not have the range or accuracy for this application. High-quality
instruments have a maximum range exceeding 4 km.

The sled and towing mechanism (truck, boat, winch, etc) must be designed to operate in a range
of conditions that allow the work to be performed in a reasonable length of time and with safety.
Typical conditions for operation of a sled system will include 1-2 knots of longshore current, individual
waves with heights upto 2m for any possible wave period, and tow speeds up to 4 knots. A typical
survey sled is a bottom-riding frame that supports a tall mast. Survey reflectors are affixed on top
of the mast for siting and measurement by the total station. The sled is normally a pipe frame
constructed of steel or aluminium with two runners. Lighter ballasted PVC sleds have been used
in very calm sea conditions. The sled runners ride on the sea floor and a mast, attached to the
frame and properly guyed to maintain support under tow, is visible above the water surface and
waves during data collection. The mast must be designed to be stable under wave and current
forces. Portable sleds, which can be disassembled for transport, typically weigh between 400 and
1000 Ib depending on coastal wave conditions, before ballasting.

Under calm sea conditions, an inflatable boat with a small engine (50 hp) may provide adequate
power and control for towing a survey sled. However, more capable vessels are commonly used
with as much as 300 hp, especially in areas where occasional sea floor obstructions are present.
In such cases, vessel maneuverability and power are important. Navigational control and
experienced operators are critical for safe operation near the surf zone where breaking, refracting,

and shoaling waves can easily capsize a boat.

3. BEACH SEDIMENT SAMPLES

Geologic setting and physical and biological processes control sediment grain size and type.
Geologic setting refers to the geomorphology of the terrain and the type of sediment or rock on
which the beach is formed. In some cases, a topographically low, eroding, muddy marsh may be
the platform on which the beach is formed in others an earlier established sandy barrier island or
a bedrock ledge may be the setting. Physical processes refer to the action of waves, tides, and
wind as they move sediment on the beach. Biological processes are those associated with plants
and animals. Plants and animals may be sediment producers for the beach, especially shell
producing animals, but they also affect sediments by their burrowing and their baffling of wind and
wave energy.

Grain size and type analyses of three sediment samples taken along the beach profile will typically
reveal the different processes at work. Comparison of samples over time and among different
beaches will provide additional insight to how beaches respond to varying conditions. At each
location, you will take a core of sediment about 5 cm long that will represent conditions over some
period of time. Given the frequency of your sampling (every 2 to 4 months), analyses on a core of
sediment will provide more reliable data than just scraping the surface of the beach, which would
often just represent the last few moments of deposition or erosion. Take one sand sample from the
foredune, berm top, and beachface areas (Fig.3). Index the beach sediment samples such as
Sample location: foredune (FD), berm top (TB), or beachface (BF), Date (year/month/day) and
time: e.g. 1997/09/23 0830, Sample number: e.g. BEG08-BF-19970923-0830
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Fig. 3 - Location of beach samples to be collected along the beach profile

4. PROCESS MEASUREMENTS (LITTORAL ENVIRONMENTAL OBSERVATION)

Tracking the topography of the beach shows us how the beach changes, but measuring the wind
and waves will help us to understand why the beach changes. The process measurements you
make during your beach visits are just a snapshot of what is going on in terms of wind, waves, and
currents. These measurements are also named as Littoral Environmental Observation (LEO). What
is really pertinent to the state in which you find the beach, however, is what was happening for
some period of time (hours to months) before your arrival. Unless you obtained process
measurements every day, you will not be able to collect enough data to properly relate your
measurements to your beach profiles. Fortunately there are many areas where instruments are
acquiring hourly data on wind and waves.

Weather from IMD and current, and wave data from the National Data Buoy program of NIOT at
nearest stations should also be collected. These stations, however, will not likely be at your beach
profile location, but you can use the measurements you make to determine the differences in
measurements between your location and the continuously operated stations. After you have enough
simultaneous measurements, you will be able to “calibrate” the continuous data for your beach
location. For example, if your wave height measurements are consistently higher than those obtained
by an offshore gauge you will know to increase the wave height measurements at the offshore
gauge before applying the data to your beach location. Similarly if the wind direction at a weather
station is consistently more out of the north than at your location or the speed is higher, then you
know how to correct these data for your location.

There is another reason to make careful measurements of the processes. This is simply to hone
your powers of observation and to increase your appreciation of the physical processes shaping
the beach environment. The techniques here are qualitative, therefore, 3 people will make estimates
to provide more reliable data. Following are the methods to employ.

4.1 Wind Direction and Speed

Go to a high point in the area of the beach profiles. The foredune crest (location 7,
Fig.4) or on top of a seawall would do fine. Make sure you are not shielded from the
wind in any direction.

Face directly into the wind by feeling it on your face. Without moving your head, raise
the sighting compass and determine the bearing pointing into the wind. Record this
magnetic bearing.

Face directly into the wind and hold the wind meter to the wind. Watch the meter for
about 1 minute and determine the sustained wind speed. The sustained wind speed
does not include sudden gusts or short calm periods of wind.

Determine and record the highest wind gust speed during this time.
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4.2 Wave Direction

From the same point that you determined the wind direction and speed, now
determine the direction from which the waves are coming.

Look across the breaker zone and focus on the waves where they first break. Turn
your head so that you are looking directly into the oncoming waves. Raise your
sighting compass and determine the bearing directly into the waves. Record this
magnetic bearing. When sighting on the breakers, you may find it helpful to align the
horizontal edge of the compass so that it is parallel to the breaker line.

It is important to focus on the waves where they first break offshore and not on the
waves near the beach.

Keep your wave direction measurement secret and pass the sighting compass to
the second and then the third observer for their determinations.

All observers should record their observation in the place that corresponds with their
observer number as written on the top of the form.

4.3 Wave Breaking Height

Move to the waterline and estimate the height of the breaking waves when they first
break offshore (from location 8 in Fig.4). Moving to the waterline gives you a better
perspective for estimating height. You will be nearly on the same level of the waves.
Record your estimate in centimeters on the data form. Be sure to record in the
location that corresponds with your observer number at the top of the data form.
Keep your estimate secret and pass the form to the next observer.

4.4 Wave Period

Focus on an imaginary point in the middle of the surf zone and count the waves
passing this unmoving point for 10 seconds.

As the crest of a wave passes your point count that as zero and start your
stopwatch. The next wave is wave number one.

When the 10th wave passes your point, stop the watch.

Divide the number of seconds by 10 to get the wave period. Don't forget to convert
minutes of time to seconds before you divide.

Record your estimate in seconds on the data form. Be sure to record in the location
that corresponds with your observer number at the top of the data form.

Keep your estimate secret and pass the form to the next observer.

4.5 Surfzone Width

While standing at the waterline, estimate the width of the surf zone. This is the distance
from the waterline out to where the waves first break. Record your estimate in meters
on the data form. As with the period and height measurements, be sure to record in the
location that corresponds with your observer number at the top of the data form. You
should also consider that most people tend to underestimate distances across water.
Keep your estimate and cross checked with next observer.

4.6 Number of long-shore bars

Estimate the number of apparent long-shore bars by counting the number of
breaker lines or visible shallow zones oriented parallel to the beach. As with the
period and height measurements, be sure to record in the location that corresponds
with your observer number at the top of the data form.

Keep your estimate and cross checked with next observer.
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4.7 Wave breaker type

Waves break in different ways depending on the wavelength, wave height, and slope of the surf
zone. When the crest of waves curl and suddenly collapse, they are said to be “plunging”. These
are the types of waves surfers crave. When the crest continuously breaks as the wave moves on
shore, it is said to be spilling. Surging waves push up the shore and slosh onto the beach without
an orderly breaking of the crest. Observe the outer most breakers and record the breaker type as
plunging, spilling, or surging. Make sure you record the outer most breaker type. Along shorelines
with nearshore bars, spilling type breakers will almost always be present inshore of the outer
breakers so don't confuse these breakers with what is occurring where the waves first break.
There is often a mixture of plunging and spilling types, but you must decide which is the dominant
type and check only one on the form.

4.8 Long-shore current

The long-shore current is the movement of water along the shoreline and is caused by (1) waves
approaching at an angle to the shoreline, (2) tidal currents, and (3) wind. You will measure the
speed and direction of the current using a float that you throw into the surf zone.

a) You need a float that you can throw at least 30 m and that has a low profile to the wind
when it is in the water. A low profile is important because our intention is to measure the
water current, not the wind direction and speed. A rubber or hard plastic ball about the size
of a baseball and that has some weight to it makes a good float. You also need a stopwatch.

b) Go to the water line and throw the float into the middle of the surf zone or as far as you can
if you can not reach the mid surf zone.

c) Step back up the beach and, with your heel, mark a line in the sand at the position of the
ball and start the stopwatch.

d) Walk along the beach following the ball as it moves along the shore. Do not take your eyes
off the ball. When 50 seconds have passed, mark another line in the sand.

e) Record the distance from the waterline you initially threw the float. This is an important
record because your results may vary with this distance.

f) Measure in meters the distance the ball moved along the beach.

g) Multiplying the distance by 2 gives the speed of the longshore current in centimeters per
second. Record the speed and direction the float moved on the form.

h) Repeat (b) through (g) two more times.

Fig. 4 — Sketch indicating the various features to be monitored for Shoreline
Management
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Survey at least 500 m of the shoreline with the GPS receiver.

Survey at least 500 m of the vegetation line with the GPS receiver.

Take photograph looking along the berm crest or wet/dry line.

Take photograph looking along the dune crest.

Take photograph looking along the berm crest or wet/dry line.

Take photograph looking along the dune crest.

Determine wave direction, and wind direction and speed from highest point on profile,
count number of longshore bars, measure foredune crest orientation.

8. Estimate height of breaking waves, measure wave period and longshore current.
9. Measure beach cusps and berm crest or wet/dry line orientation.

10. Shoreline and process measurements.

Nogoh~wdhE

5. GLOBAL POSITIONING SYSTEM (GPS) SURVEY OF THE SHORELINE AND
VEGETATION LINE

Beach profiles provide detailed topographic information for analyzing morphology and sediment
volume. These profiles, however, cross the shoreline and vegetation line at just one point. GPS
surveys provide continuous data alongshore. Measured shorelines and vegetation lines from
different times can be plotted on the same map for comparison. This is how the rate of shoreline
change is typically determined along a coast.

The shoreline for the purpose of this study is defined as the wet/dry line. The wet/dry line is the
landward most limit of sand wetted by ocean water (not rain). This roughly corresponds to the
position of high tide on the beach and is identified by a tonal contrast. The vegetation line is the
seaward extent of vegetation. The vegetation line is measured because it is an important legal and
physical boundary. Often, houses and buildings must remain landward of the vegetation line.
Vegetation is also required for the natural growth and maintenance of protective foredunes. On the
otherhand,the crest of the berm can be defined as Shoreline. Monitoring of this line would indicate
the seasonal and annual variation in shoreline.

The GPS receiver uses transmissions from satellites to determine latitude and longitude. A GPS
receiver operating alone can determine positions accurate to about 3m. When a second receiver,
however, is operated simultaneously and remains in a known location, data from it can be used to
correct the position of another receiver in the area that is moving. This is called differential GPS,
and it can provide accuracy of a few centimeters. Real-time KGPS/ DGPS receiver is receiving
data from the satellites to calculate latitude and longitude while at the same time it is receiving data
from a nearby receiver operated by the Ministry of shipping in case for DGPS and from the movable
base station for Real Time Kinematic GPS. The detail of Base and Rover of Real Time Kinematic
GPS is shown in Fig 5. The receiver uses the data from the Ministry of shipping or movable base
to correct its computed position immediately or in other words in “real time.”

Fig.5 - Real time kinematic GPS for shoreline mapping
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Before beginning the GPS survey, the profile location should be marked with flags. Flags should
be placed on the vegetation line, the wet/dry line (shoreline) and crest of the berm along the
profile. Keep the base station (Leica SR530) in a known location where you know the precise
Latitude, Longitude and the height (MSL) values and make it on. Now the base GPS will start to
send the signals to the rover. Make the rover GPS on and wait till it tracks the available satellites in
that location. After receiving the sufficient signals from the satellites, with the help of signals from
the base stations it calculates Latitude, longitude and altitude of the present location. All this data
with the data and time will be automatically stored in the rover GPS receiver.

Differential GPS (DGPS) along with GIS software also can be used for the shoreline monitoring.
For this walk along the wet/dry line or crest of the berm while the receiver (Leica GS5+) is
automatically recording the data (Fig.6) and the GIS software (ARCPAD 6.0) in the pocket PC will
convert this GPS data in to the map format. If the receiver is set correctly, you can see your path
plotted on the screen.

Fig. 6 - Mapping of the Inlet or Berm using standalone GPS operates on GIS
software

Because of the small variations in beach topography and the way waves rush up the beach, the
wet/dry line/crest of the berm will have curves in it. It is not necessary to follow every curve.
Instead, walk a relatively straight line that is an average of these curves. Do not stray from your
line or you will have extraneous points in your recorded file. Do not stop for long periods of time or
your GPS receiver may run out of memory.

When you reach the flag on the other end of the survey area, proceed along the beach profile
without changing the receiver. Repeat the GPS survey along the coastline and profile line for the
area considered.

6. BEACH ORIENTATION AND BEACH SHAPE

Shoreline and foredune orientation — These measurements are needed for an exercise illustrating
the relationship between wave direction and height, shoreline orientation, and longshore current
speed and direction. Disparity between the shoreline and foredune orientation may also indicate
an ongoing “adjustment” of the shoreline. The vegetation line is a more stable feature than the
shoreline and under static conditions it would be roughly parallel to the shoreline. Varying rates of
shoreline advance or retreat alongshore, however, may cause the two lines not to be parallel.
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Stand on the foredune crest along the profile line and sight along the crest to determine the
orientation. Turn around and sight along the crest in the opposite direction. Record these values
on the form. If there is no foredune, use the vegetation line and make sure you note this on the
form. Stand on the shoreline (wet/dry line) and repeat the measurement you made standing on the
foredune crest.

7. BEACH CUSPS

Beach cusps are rhythmic topographic features on the beach caused by the interaction of waves,
nearshore bathymetry (slope and shape of the ocean bottom out to where the waves begine to
shoal), and beach. They appear as a scalloped pattern, but their regularity, spacing, and relief
(height difference between high and low areas) varies greatly over time. The high portions of the
cusps are called “horns”, and the low areas are called “embayments”. The relief of a set of cusps
is the height difference between the horns and embayments. The outline of the cusps usually
forms an identifiable berm crest, but sometimes the relief of cusps is so subtle that a berm crest is
not well defined. There are often two sets of cusps present. A high set that formed during a period
of high water and possibly large waves and a newer lower set that may be actively forming during
your observations. You will measure the wavelength (spacing) of the cusps and the relief. Count
the number of cusp horns along one of the 100-m distances you set out for the GPS survey. It does
not matter which direction you go from the profile. Counting over this distance will give you a more
consistent measurement for comparison from one time to the next because the spacing of cusps is
not always regular. Make this count for the lower and higher set of cusps if present. If cusps are not
present, make note of this on the form by recording the number of cusps to be zero.

Use the Emery rods to estimate the relief (height difference between the horns and embayments).
Pick a representative cusp for this measurement. There is no need to measure every cusp in the
set. You may want to measure a few cusps and average the results.

8. ROLE OF REMOTE SENSING AND GIS

The importance of shoreline monitoring is dealt in earlier sections. After monitoring the data needs
to be preserved and it should be made available to the coastal community. GIS and remote sensing
are the two important tools to handle and retrieve the spatial data sets respectively. “Remote
sensing is the science of deriving information about the earth’s land and water areas from images
acquired at a distance. It usually relies upon measurement of electromagnetic energy reflected or
emitted from the features of interest (Campbell 1987).” GIS is a useful tool for analysis, interpretation
and presentation of data, which can be aptly applied for shoreline management. The conceptual
design of GIS and relevant attributes for shoreline monitoring and management are discussed
initially and the usefulness of GIS is detailed with a case of Chennai.

8.1 Design Using GIS
8.1.1 Potential operations supported by GIS

In addition to monitoring erosion, which is a main task in shoreline management, operations relevant
to shoreline management that can be supported and improved by GIS technologies are discussed
below:

Coastal Engineering

Planning of coastal structures such as breakwater/ Groin/ gabbion/jetty requires information about
identified site and adjoining areas. The information on adjoining area would help in studying the
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structural influence on other areas. Asurvey has to be performed to provide topographic/bathymetric
maps, for example, on a scale of 1:1,000 for structure design. Tidal water level (High tide line and
Low Tide line) and storm surge data are necessary to determine height of the structure. In addition,
geotechnical data such as the shear strength of soil are also needed. Design drawings can be
generated using Auto CAD and linked to GIS. With all these data available in the digital form in a
GIS environment, a computerized or partially computerized design procedure is anticipated, which
will make the design process much more efficient and user friendly.

Inlet / Creek / Estuary Mouth Dredging

The local Government or agency often conducts inlet dredging to improve port access, navigation
of fishing boats at both high and low tides and for related purposes based on approximate area.
Though the current procedure does not envisage any guidelines for planning and implementation
of dredging operation and disposal, it is essential for effective shoreline and environmental
management. With the understanding of site and proper planning, the dredge spoil can be utilised
for nourishment of vulnerable erosion sites. The boundaries of the area to be dredged are drawn
on a 1:1 mile topographic map. A detailed bathymetric survey of the specified area is performed
and a map of 1:2000 is produced. The design boundary of the dredging area is located based on
the survey map. A post dredging survey is carried out to estimate the volume of the dredged
material. Periodical surveys may be performed to monitor trends of sedimentary movement and
predict future dredging sites and time. This operation may be improved by integrating numerical
modeling techniques. If the bathymetric data are in digital form, and the survey data are supplied
in digital form as well, the design procedure, volume estimation, and long-term trend analysis can
be accomplished in a GIS environment. The monthly variations of inlet cross section indicates the
amount of water exchanged between river and sea which is useful for assessing water quality
variations inside the creek / estuary.

Coastal Project Implementation and Monitoring

Services such as project cost estimation, project budget justification, tenders and budget monitoring
are part of project monitoring. When the design is completed and the contract has been awarded,
the progress of the project is monitored by government. This is done by reviewing progress reports
from contractors. In the monitoring work, important information needed is what has been done
and what still has to be carried out.

Numerical Modeling

Numerical modeling is a technique whereby the physical environment of the shoreline can be
investigated using computer technology. In particular, it is suitable for studying the erosion process,
shoreline changes, structure design and shoreline erosion prediction. Data needed for numerical
modeling include shoreline, bathymetry, size of grain, waves and tides. More sophisticated numerical
models consider the effects of wind as well. In an integrated system, if digital data are available,
data for numerical modeling should be organized in GIS and provided to the modeling system.
The result of the numerical modeling can then be displayed in the GIS environment. For example,
shoreline changes caused by different input data sets can be overlaid and compared. The simulated
shoreline can also be overlayed in GIS on other features such as land parcels and land use classes,
so that effect of erosion particularly the type of land that will be affected can be easily assessed.

8.1.2 Function Design

Based on the analysis of the operations to be supported under shoreline management, three
primary functions are identified:
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A flow chart describing the functional design of shoreline management is shown below:

Hard copies Time series/ Meta Digital data / Photography
data
Topographic Maps digital Maps Aerial
Hydrographic Maps SE;Zr/vations Drawings/ Photography
Satellite
Bathymetric Maps Statistical dat Imaaes

Geographic Information System ( GIS )
Shoreline Erosion Coastal Engineering and Coastal data inventory
Monitoring Management
Base map display
Shoreline erosion + Structure Design ) - Query by location
i Coastal Project - Query by types
conditions management . DataInput
Shoreline material - River / creek Mouth - Editing
Distribution dredglqg _
Numerical modelling
OUTPUT

Reports Digital maps Graphic Display Databases

Under coastal erosion monitoring, shoreline erosion conditions are available along shoreline
stretches at the regional/local level. The overall information to be provided for erosion monitoring
consists of a base map of shoreline that is extracted from a digital map including shoreline with
state and district boundaries. Different colours and patterns represent shoreline segments with
different erosion categories. Information including location, length of shoreline affected, area or
number of lots affected, protection measures, description of erosion categories, and a picture of a
typical scene of this segment, is associated with each shoreline stretch. GIS data can be used to
generate digital maps of shoreline material distribution, critical erosion sites, locations of existing
erosion control structures, and land use.

Digital maps integrate spatial and non-spatial data and allow flexible queries. Specific information
can be obtained by clicking the mouse on the segment one is interested in. The comprehensive
integration of available data, the queries, and the analysis of the information across geo-referenced
layers are efficiently used for erosion monitoring, analysis of erosion causes, and shoreline
management.
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Coastal Engineering

The coastal engineering subsystem covers functions related to additional operations discussed
previously. In this GIS environment, basic data for coastal engineering design such as topographic
data, bathymetric data, and locations associated with time series data are geo-referenced in an
unique system, disregarding the effect of scale and projection. For example, a digital topographic/
hydrographic map can be overlaid with a cadastral map and an erosion condition map to find lots
and parcels to be affected by coastal erosion. Design of a coastal structure may be accomplished
on the screen, in an interactive mode. River mouth dredging can be planned more efficiently using
GIS because this system provides an unique environment for interactively defining the dredging
boundaries (locations to be dredged precisely) monitoring dredging progress, dredge disposal
and representing post-dredging survey results.

Coastal engineering involves operations such as structure design, coastal zone management,
coastal project monitoring, river/creek mouth dredging design, and modeling. Specific coastal
engineering and modeling software packages are usually not provided by a commercial GIS software
system, and, therefore, need to be integrated in the GIS environment. Some of the modules
developed by Danish Hydraulic Institute for modelling can be integrated to GIS Arc View through a
module called MIKE INFO Coast to represent all sorts of the data. Otherwise, simple public domain
modules can be linked to GIS like Refraction-Diffraction program that shows wave energy
concentration along the shoreline. However, generalization of these modules for other areas is a
difficult task because the variables are site specific and needs expertise.

Coastal Data Inventory

The GIS is also a central coastal data inventory unit. If digital data are available from various
sources will be directly stored in the database. For digital data, that are very large and not of
spatial nature such as time series data, a metadata file may be stored instead of the actual data set
itself. The metadata supply the information such as data collector, reference system, datum, date
of collection, format for retrieving, storing site, availability and contact person. With this meta
information, users would be able to have an overview of the data and know how to request. This
is also beneficial to data collection planning.

8.1.3 Shoreline and Related data

To support the functions described above, various types of data are required. Because data
acquisition and database generation are often the most expensive and important, existing data
(both in digital or hard copy format) should be integrated into GIS. Considering the nature of this
coastal GIS, the following data can be included in databases:

Shoreline history: Aerial photographs of the entire country’s shoreline should be taken every five
years in order to accumulate data for monitoring long-term shoreline changes (Stanley 1985, Li
1995). In areas with severely eroded shoreline segments, large-scale aerial photographs should
be taken more frequently, i.e. every 1 to 3 years. Large-scale photographs may be used to calculate
shoreline and periodical changes, as well as for other purposes such as coastal zone topographic
mapping. Seasonal data on Beach profiling, crest of berm and erosion patterns should also be
considered.

Bathymetric data: These data can be obtained from hardcopy nautical charts of 1:125,000 and

1:150,000. Charts of National Hydrographic Department (NHD) and some local authorities are
valuable source for studying morphological changes.
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